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Background: Meniscus root tears are increasingly being recognized. Meniscal extrusion has previously been associated with
medial root tears; however, the relationship between secondary meniscal restraints, such as the meniscotibial (MT) ligament,
extrusion, and root tears has yet to be formally evaluated.

Purpose: To better understand the association between MT ligament competence, medial meniscal extrusion, and medial
meniscus posterior root tears (MMPRTSs) as well as to determine the progression of meniscal extrusion over time.

Study Design: Case series; Level of evidence, 4.

Methods: Serial magnetic resonance imaging (MRI) scans were reviewed for patients who showed evidence of medial meniscal
extrusion and MMPRTSs on at least 1 of >2 available MRI scans. All patients were symptomatic at the time of diagnosis. All MRI
scans were analyzed independently by 2 board-certified musculoskeletal radiologists. MT ligament disruption, medial meniscal
extrusion, and MMPRTSs were recorded for each MRI scan. The time between MRI scans, presence of insufficiency fractures, and
Outerbridge classification for the medial femur and tibia were also evaluated.

Results: Overall, 27 knees in 26 patients were included in this study, with a total of 63 MRI scans analyzed (21 knees with 2 MRI
scans, 3 with 3 MRl scans, and 3 with 4 MRI scans). All patients demonstrated clear medial meniscal extrusion and MT ligament
disruption before the subsequent development of MMPRTSs (P < .001). Mean extrusion at the time of initial MRl was 3.3 £ 1.1 mm
and increased significantly to 5.5 £ 1.8 mm at the time of first imaging with an identified MMPRT (P < .001). The mean time between
initial MRI and the first identification of an MMPRT on later MRI was 1.7 £+ 1.6 years.

Conclusion: In a sample of 27 symptomatic knees with serial MRI scans both before and after an MMPRT diagnosis, all patients
demonstrated MT ligament disruption and associated meniscal extrusion before the development of subsequent medial meniscus
root tears. These findings suggest that MT ligament disruption and medial meniscal extrusion represent early and predisposing
events contributing to MMPRTSs. Therefore, this provides a possible explanation of why meniscal extrusion is not corrected with
medial meniscus root repair.
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Meniscal tears are common, accounting for 1 in 7 clinical increase in tibiofemoral contact pressures, reduced knee

cases involving the knee, with an estimated prevalence of
60 to 70 per 100,000 persons.?*?% Meniscus posterior root
tears, first described by Pagnani et al®! in 1991, are defined
as bony avulsions or as complete radial tears within 1 cm of
the meniscal attachments. Root tears result in the loss of
resistance to hoop stresses in a manner functionally equiv-
alent to complete meniscectomy.'1%19:3% The profound
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stability, and alterations in knee kinematics have piqued
interest in meniscus root tears, especially as their role in
rapid articular cartilage degeneration and arthritis pro-
gression is increasingly recognized.?15-34

The meniscotibial (MT) ligament plays an important role
in the stabilization and centralization of the medial menis-
cus.'*®2 The MT ligament originates on the posteromedial
aspect of the proximal tibia and is anchored to the inferior
aspect of the posterior horn of the meniscus.%2%21:32 The
medial meniscus is less mobile than the lateral meniscus,
and injuries to supporting structures such as the MT
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ligament can worsen meniscal instability and incompetence
in the setting of an already destabilized posterior medial
meniscal horn.®”?? Meniscal extrusion, defined as meniscal
displacement beyond the tibial plateau margins on magnetic
resonance imaging (MRI), is widely accepted as an indicator
for a meniscal injury.**'® Extrusion is associated with pos-
terior meniscus root tears and the subsequent development
of osteoarthritis.>1%416 Previous publications have hypoth-
esized that medial meniscus posterior root tears (MMPRTS)
may be the underlying cause for extrusion®?; however, there
is increased recognition that meniscal extrusion can occur in
the absence of a meniscal tear.'* In addition, there is increas-
ing recognition that meniscus root repair alone is not always
able to completely correct extrusion.>® These findings sug-
gest that extrusion may be caused by additional factors other
than the meniscus root attachment.

To date, there remains a paucity of data evaluating
whether meniscal extrusion precedes and contributes to the
development of root tears or whether root tears are the
reason for subsequent meniscal extrusion. The purpose of
this study was to better understand the association
between MT ligament competence, medial meniscal extru-
sion, and MMPRTS as well as to determine the progression
of meniscal extrusion over time. We hypothesized that dam-
age to the MT ligament results in progressive meniscal
extrusion and eventual MMPRTSs.

METHODS

This study was conducted after institutional review
board approval. A comprehensive institutional radiology
database was queried to search finalized radiology
reports for “extrusion,” “root,” and “root tear” between
2010 and 2020 using an established technique, as
described previously by Krych et al.'® Patients were
included if they had at least 2 MRI scans of the same
knee, with at least 1 MRI scan showing evidence of an
MMPRT and medial meniscal extrusion. It is important
to note that the timing of extrusion and its relationship
to the presence of root tears upon database query were
not evaluated for inclusion. Namely, patients were
included if they had these findings present at any time
during the imaging evaluation, regardless of chronological
order. Patients were excluded if they had a concomitant
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tibial plateau fracture on initial MRI, prior ligament
injury or meniscal surgery, or surgical intervention
between the evaluated imaging time points. Of note, all
medial menisci included were otherwise intact without
evidence of a prior significant injury at the time of inclu-
sion, and no patient developed new ligament tears dur-
ing the course of follow-up. All patients were clinically
symptomatic, consistent with medial meniscal injuries,
and this was confirmed by a review of their medical
chart.

Overall, 27 knees in 26 patients were included in this
study, with a total of 63 MRI scans analyzed (21 knees had
2 MRI scans, 3 knees had 3 MRI scans, and 3 knees had 4
MRI scans). All MRI scans were obtained using our institu-
tion’s standard knee protocol on 1.5- or 3-T scanners, with
protocols and sequencing that have varied little over the
course of the past 10 years. Demographic information was
collected for each patient (Table 1). Each MRI scan was
analyzed independently by 2 board-certified musculoskele-
tal radiologists (N.G.R. and A.C.J.). The time between MRI
scans was calculated, and the presence and respective
amount of medial meniscal extrusion were recorded.

Previous studies have defined a threshold of meniscal
extrusion as a >3-mm displacement of the medial meniscus
beyond the medial tibial plateau, not including osteo-
phytes.!1:1634 Extrusion was measured at the level of the
midbody of the meniscus and was classified using the minor
(<8 mm) and major (>3 mm) extrusion classifications as
proposed by Costa et al.* MMPRTs were categorized accord-
ing to the LaPrade classification.'® The status of the coro-
nary/MT ligament'® and the modified articular cartilage
Outerbridge grades were recorded: grade 0 = normal; grade
1 = cartilage softening or swelling; grade 2 = cartilage
fragmentation, fissuring, or fibrillation extending <50%
of the articular thickness; grade 3 = cartilage fragmenta-
tion, fissuring, or fibrillation extending >50% of the artic-
ular thickness with no subchondral bone exposure; and
grade 4 = complete articular cartilage degeneration with
exposure of subchondral bone.1522

The MT ligament was considered to be abnormal on MRI
when there was a consensus that the ligament was poorly
defined, attenuated, indistinct, or absent.'* The MT liga-
ment was evaluated at 2 points, the posteromedial corner
and anteriorly, with the posteromedial corner being the site
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TABLE 1
Patient Demographics and Medial Meniscus
Posterior Root Tear Types (n = 26 Patients, 27 Knees)*

Value
Sex, n (%)
Female 20 (77)
Male 6 (23)
Laterality, n (%)

Right 18 (67)
Left 9(33)
Age at initial MRI, y 55.7+9.9

Outerbridge grade on initial MRI
Medial tibial plateau 16+12
Medial femoral condyle 24+1.2
Body mass index, kg/m? 33.0+£8.2
Time between first and last MRI, y 2.0+2.0
No. of MRI scans, n
2 21
3 3
4 3
LaPrade classification, n
Type 1 3
Type 2 16
Type 2A 7
Type 2B 2
Type 2C 7
Type 3 0
Type 4 8
Type 5 0

“Data are shown as mean + SD unless otherwise indicated.
MRI, magnetic resonance imaging.

of the most frequent abnormalities. Because of the diminu-
tive size of the MT ligament and its obliquity with respect to
our prescribed imaging planes, a single image with an
abnormal appearance was considered abnormal, provided
that the adjacent images were not completely normal.
The presence of subchondral cysts, edema, collapse, or
insufficiency fractures was also recorded for both the
medial femoral condyle (MFC) and medial tibial plateau.
Subchondral cysts were described as having sharply
demarcated margins with an increased signal in subchon-
dral bone on T2-weighted imaging.'%3335 Subchondral
edema was identified as a poorly defined area of a decreased
signal in the underlying bone marrow on T1l-weighted
imaging and an increased signal on T2-weighted imag-
ing.%'® Subchondral insufficiency fractures were defined
by a low-intensity signal on T1-weighted imaging beneath
the articular weightbearing surfaces of the tibiofemoral
compartment and a subchondral fracture line.3?

Statistical Analysis

Demographics were presented using means and standard
deviations as well as percentages, as appropriate. Propor-
tions were evaluated using the Fisher exact test, and the
progression of tears over time was evaluated using a paired
Student ¢ test. All statistical tests were 2-sided. P values

Cause of Medial Meniscal Extrusion 3

<.05 were considered statistically significant. Analyses
were conducted in R 3.4.3 (R Core Team).

RESULTS

Initially, 40 knees and 79 MRI scans were identified with
serial MRI of the same knee. Of these knees, 13 were
excluded, as initial MRI demonstrated an MMPRT. There-
fore, a total of 27 medial meniscus posterior root tears in 26
patients (20 female, 6 male) met the study inclusion crite-
ria. All 26 patients were found to have a preceding MRI
scan that showed an intact MMPRT. The mean age at the
time of initial MRI before the MMPRT was 55.7 £ 9.9 years
(median, 54 years [range, 38-78 years]). Patients were eval-
uated for a mean of 2.0 + 2.0 years (median, 1.2 years
[range, 0.2-6.4 years]) after their initial date of pre-
MMPRT imaging, with patients having a median of 2 MRI
scans (range, 2-4) over the course of follow-up. All patients
progressed to an MMPRT on MRI during the course of the
study.

Patients underwent their first MRI demonstrating a
definitive MMPRT at a mean of 1.7 + 1.6 years (median,
1.1 years [range, 0.1-6.4 years]) after their initial imaging
without a root tear. Meniscal extrusion increased signifi-
cantly from a mean of 3.3 + 1.1 mm (median, 3.0 mm [range,
1.0-5.0 mm]) before the root tear diagnosis to 5.5 + 1.8 mm
(median, 5.0 mm [range, 2.0-9.0 mm]) (P < .001) at the time
of the root tear diagnosis. All patients demonstrated MRI
evidence of MT ligament disruption (P < .001) and visible
meniscal extrusion (P < .001) on MRI before the first noted
presence of an MMPRT.

Mean meniscal extrusion measured 5.8 £ 1.9 mm
(median, 6.0 mm [range, 2.0-10.0 mm]) at the time of final
imaging. Meniscal extrusion progressed in 26 of the 27
knees (96.3%). The mean modified Outerbridge grade pro-
gressed from 2.4 + 1.2 (median, 3 [range, 0-4]) to 3.5 £ 0.8
(median, 4 [range, 2-4]) (P < .01) in the MFC and from 1.6 +
1.2 (median, 2 [range, 0-4]) to 3.0 £ 1.2 (median, 3 [range,
0-4]) (P = .02) in the medial tibial plateau. Extrusion was
found to be mildly correlated with the MFC Outerbridge
grade (Spearman p = 0.23; P = .07) and moderately corre-
lated with the tibial Outerbridge grade (p = 0.62; P < .001).
Similarly, there was a moderate correlation with the pres-
ence of an MMPRT and associated MFC (p = 0.45; P < .001)
and tibial (p = 0.50; P < .001) Outerbridge grades. There
was 1 patient who developed a subchondral insufficiency
fracture. The clinical follow-up identified 9 knees (33.3%)
that went on to arthroplasty (2 unicompartmental knee
arthroplasty, 7 total knee arthroplasty) at a mean of 2.6
2.5 years after initial MRI.

DISCUSSION

There is a paucity of literature examining the temporal
relationship between MT ligament disruption, meniscal
extrusion, and meniscus root tears. It has yet to be deter-
mined if extrusion occurs as a result of meniscus root tears
or if root tears are the final result of damage to secondary
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Figure 1. lllustration of the proposed progression of meniscal extrusion to a medial meniscus posterior root tear (MMPRT). (A)
Meniscotibial (MT) ligament stress and attenuation. (B) Progressive loss of MT ligament function, increased root stress, and early
meniscal extrusion. (C) MMPRT and associated increasing extrusion. (D) Rapid articular degeneration in the setting of an incom-

petent extruded meniscus.

meniscal restraints and associated extrusion. The purpose
of this study was to better understand the association
between MT ligament competence, medial meniscal extru-
sion, and MMPRTS, as well as to determine the progression
of meniscal extrusion over time. The main finding of this
study was that MT ligament disruption and associated
meniscal extrusion predated MMPRTSs in all 27 knees
investigated, supporting the hypothesis that extrusion and
MT ligament abnormalities may increase stresses at the
medial meniscus posterior horn root attachment, leading
to MMPRTs.

The current literature suggests that medial meniscal
extrusion may occur as a result of an MMPRT.>° However,
the exact chronological and temporal relationship between
extrusion, secondary restraints, and root tears has yet to be
established. The current study suggests that medial menis-
cal extrusion consistently precedes and may potentially
predispose to a subsequent MMPRT during a series of pro-
gressive pathological steps. Given the consistent chronolog-
ical order on MRI, we propose that MT ligament stress and
attenuation (Figure 1A) lead to a progressive loss of MT

ligament competence, subsequently causing early meniscal
extrusion (Figure 1B). As secondary restraints such as the
MT ligament are lost, forces are increasingly concentrated
at the meniscus root, leading to MMPRTs and further
extrusion (Figure 1C). Rapid progressive articular cartilage
degeneration ensues as a result of the posterior horn root
tear and loss of meniscal function (Figure 1D). Of note, our
study demonstrated a temporal correlation but did not
prove cause and effect. Additionally, meniscus root tears
have been noted to be associated with ligament (ie, anterior
cruciate ligament) tears in young patients; however, the
role of MT ligament injuries in this acute traumatic popu-
lation has yet to be determined.?’

A recent study by Krych et al'* investigated the presence
of isolated meniscal extrusion and documented high rates
of associated MT ligament abnormalities (65%), supporting
the above proposed mechanism outlining that MT ligament
stress predisposes to early meniscal extrusion and subse-
quent root tears. Medial meniscal extrusion is complex, but
there is a relative consensus in the literature that once
present, extrusion tends to progress rapidly. This study



The Orthopaedic Journal of Sports Medicine

SIS

Ve 4

% Time Zero

6 Months

4 Months

§ '(

Cause of Medial Meniscal Extrusion 5

4 Months

8 Months

Figure 2. Serial magnetic resonance imaging showing the progression of a meniscotibial (MT) ligament tear, medial meniscal
extrusion, and eventual medial meniscus posterior root tear. (A) Initial T2-weighted coronal imaging demonstrates bright MT
ligament edema (arrow) while the root remains intact (arrowhead). There is a degenerative signal in the meniscus with irregularity
and trace extrusion. (B1) Repeat imaging at 4 months demonstrates a further increase in the signal and MT ligament attenuation
(arrow), increased extrusion, and (B2) new partial tearing and an increased signal in the meniscus root (arrowhead). (C1) Imaging at
6 months from baseline demonstrates marked attenuation of the MT ligament (arrow), substantial extrusion, the progression of
femoral chondromalacia, and (C2) a concurrent full-thickness radial root tear (arrowhead). (D) At 8 months, there is radiographic
loss of the MT ligament (arrow) and clearly visible complete tearing and displacement of the meniscus root (arrowhead).

found that extrusion progressed in 96.3% of the knees ana-
lyzed and that mean extrusion increased significantly from
3.3+1.1t05.5+ 1.8 mm over a mean follow-up period of 1.7
+ 1.6 years. A previous study of 33 patients with MMPRTSs
and medial meniscal extrusion demonstrated increased
extrusion from 3.4 to 4.5 mm during a mean interval of only
48 days.?® Another study analyzed the MRI scans of
patients with confirmed MMPRTs and medial meniscal
extrusion and found a positive correlation between the
amount of medial meniscal extrusion and the time from
initial injury, further highlighting the progressive nature
of extrusion and associated abnormalities; however, this
study was limited by a lack of serial MRI scans.® An addi-
tional note of interest is the relative preponderance of
female patients (76.9%) in our study. This is consistent with
previous literature on MMPRTSs and is likely multifactorial
in cause.'”?3 Previously, it has been suggested that once an
MMPRT occurs, female patients may be particularly sus-
ceptible to increased symptomatic subchondral loading,

given their lower bone mineral density at the proximal
tibia.'” Further studies using a prospective design will be
needed; however, this study is the first, to our knowledge,
that analyzes a longer term progression of serial MRI by 2
board-certified musculoskeletal radiologists.

All 27 knees in our cohort demonstrated early signs of MT
ligament disruption during the temporal course, leading to
MMPRTs. This is relevant, given that recent studies have
shown that nonanatomic meniscus root repair alone does not
fully correct medial meniscal extrusion.®® These findings
suggest that other restraints such as the MT ligament may
play an important role in preventing initial extrusion and
may need to be addressed at the time of meniscus root repair.
The relevance of residual extrusion after root repair is well
established, with multiple studies demonstrating that
increased extrusion is associated with inferior outcomes
after repair and an increased risk of arthritis.>%1%18 The
biomechanical ability of the meniscus to function normally
by resisting hoop stresses and protecting the cartilage will



6 Krychetal

not be achieved if extrusion is not corrected. Furthermore, of
the 13 cases excluded because of the presence of an MMPRT
on initial MRI, 12 had MT ligament abnormalities with a
mean associated initial extrusion of 2.4 + 1.2 mm. Of note,
the single patient with an isolated MMPRT and an intact
MT ligament demonstrated only 1.0 mm of extrusion, sug-
gesting that MT ligament disruption generally precedes
MMPRTS (present in 39 of the 40 knees initially evaluated),
but if it remains intact, the MT ligament may keep the
meniscus reduced with minimal extrusion, given its role as
a secondary restraint.

Technical efforts to address residual extrusion after root
repair are evolving. Koga et al'*!3 described a technique in
which the midbody is centralized and stabilized onto the rim
of the tibial plateau to reduce the meniscus and prevent
extrusion. Results of early reports have been generally pos-
itive, suggesting that centralization may better restore
native biomechanics and protect articular cartilage com-
pared with root repair alone.>'%2%3° Qur findings that MT
ligament disruption occurred before an MMPRT also suggest
that MT ligament repair or functional reconstruction
through centralization or other procedures may be a useful
augment to MMPRTSs (Figures 1 and 2). Furthermore, MT
ligament repair may be a viable early intervention before the
progression to an MMPRT, but further investigation with
clinical trials is required to document efficacy.

This study is not without important limitations. The retro-
spective design is prone to inherent biases, including reliance
on complete and accurate recordkeeping. MRI scans were not
taken at regular intervals but rather were obtained according
to the discretion of the treating physician. Patients were only
included if they had multiple MRI scans, which may have
selected for patients who were more symptomatic and more
likely to have a quicker progression of extrusion. It is
unknown in these knees whether extrusion and MT ligament
abnormalities could have been present sooner, predating clin-
ical symptoms; furthermore, patients who had isolated MT
ligament disruption or who had MMPRTSs but never devel-
oped extrusion during the course of 2 to 4 MRI scans would
not have been included in this analysis. Given the retrospec-
tive and exploratory study design aimed to investigate the
temporal nature of extrusion and root tears, this study
strongly supports, but does not definitively prove, the chro-
nological order of root tears and extrusion. Exceptions may
occur, and formal prospective series with imaging over mul-
tiple and predetermined time points are necessary to further
investigate the temporal phenomena observed. Finally, the
sample size of this study was relatively small, given the low
number of patients with serial MRI scans who did not have
associated ligamentous injuries. MRI analysis could have
also missed the diagnosis of meniscal extrusion or resulted
in unrecognized MMPRTS in some patients, given that these
have been established to be difficult to consistently visualize
on imaging.'®

CONCLUSION

In a sample of 27 symptomatic knees with serial MRI scans
both before and after an MMPRT diagnosis, all patients
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demonstrated MT ligament disruption and associated
meniscal extrusion before the development of subsequent
medial meniscus root tears. These findings suggest that MT
ligament disruption and medial meniscal extrusion repre-
sent early and predisposing events contributing to
MMPRTSs. Therefore, this provides a possible explanation
of why meniscal extrusion is not corrected with medial
meniscus root repair.
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