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Abstract

Purpose of Review The lateral meniscus oblique radial tear (LMORT) of the posterior horn is a relatively new term for one
of the more common types of lateral meniscal tears found in patients with acute anterior cruciate ligament (ACL) injuries.
Given the importance of anatomical reduction and preservation of the lateral meniscus to maintain normal knee stability and
slow the progression of early-onset osteoarthritis, LMORT classification and treatment guidelines have been formulated.
This article provides a review of the prevalence, classification, biomechanics, surgical repair techniques, and outcomes
related to LMORT injuries.

Recent Findings Current research demonstrates favorable clinical results when LMORTS are surgically treated based on
recent evidence. Biomechanically, repair of the higher grade 3 and 4 LMORT lesions have led to comparable results when
compared to an intact lateral meniscus, and superior results when compared to partial meniscectomy and untreated tears.
Ongoing research is aimed to determine the difference between LMORT repairs compared to intact lateral menisci at the
time of ACL surgery regarding comparable patient outcomes.

Summary LMORT lesions are common tears of the lateral meniscus that should be treated surgically based on tear type at
the time of ACL surgery. The benefit of doing so has already been demonstrated biomechanically.

Keywords Lateral meniscus oblique radial tear - LMORT - ACL reconstruction - Osteoarthritis

Introduction of all observed meniscal pathology, with 85% involving the

root directly or in close proximity.

Meniscal injuries are one of the most common concomitant
pathologies found with ACL injuries [1-3], with medial
meniscal injuries more commonly found in chronic ACL-
deficient patients and lateral meniscal injuries typically
occurring more in the acute setting [1, 4, 5]. Specifically,
out of the various types of meniscal lesions, the posterior
horn appears to be the most affected [6, 7]. Wilson et al.
[8] found that in the adolescent and pediatric population,
posterior horn tears of the lateral meniscus composed 15%
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The lateral meniscus oblique radial tear (LMORT) was
first classified into four types with types 3 and 4 lesions
found to be most common. Overall, the presence of LMORT
tears with an acute ACL injury was noted to be 12% [9ee].
Despite LMORT tears being one of the more prevalent
lateral meniscal pathologies found in the setting of ACL
ruptures, there is a paucity of data describing appropriate
treatment guidelines for these tears [9ee]. In contrast to more
commonly studied meniscal lesions such as ramp and root
tears, both of which having widely accepted classifications
and treatment considerations [10, 11], the classification of
the LMORT is much more recent despite these lesions being
equally as common [9ee]. Since the publication of this clas-
sification, there have only been a few additional studies to
our knowledge examining these types of meniscal lesions
[12e, 130, 149, 15].

It is important to consider the type of LMORT present
as the treatment varies based on the severity of the tear.
Given the important roles of the meniscus as a cartilage
protectant and secondary knee stabilizer, restoring proper
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intra-articular anatomy with the reduction and repair of
the lateral meniscus is crucial [15-17]. Being able to accu-
rately identify, classify, and treat these lesions may result
in improved patient outcomes and may slow the progres-
sion of lateral compartment osteoarthritis.

Epidemiology

In the recent study examining 600 consecutive patients
who underwent anterior cruciate ligament reconstruction
(ACLR) from three high-volume orthopaedic surgeons,
Krych et al. [9ee] found that LMORTS occurred in 72
(12%) of the patients and accounted for 23% of all lat-
eral meniscal tears. Jeon et al. [14¢] found that out of 635
consecutive ACLRs, 97 (15.3%) of the patients had a con-
comitant LMORT and accounted for approximately 51%
of the lateral meniscal tears in their patient population. In
both studies, type 4 LMORTSs were the most encountered
tears with Krych et al. recording 34 (47.9%) and Jeon et al.
recording 62 (32.6%).

Fig.1 Type 1 LMORT [9ee]

Fig.2 Type 2 LMORT [9ee]

Lmort Tear Classification
Type 1

These are partial-thickness radial oblique tears that origi-
nate < 10 mm from the posterior root attachment (Fig. 1)
[9ee]. These are the least common of the LMORTS account-
ing for 1.1-9.9% of the tears [9ee, 14e].

Type 2

These are full-thickness radial oblique tears that origi-
nate < 10 mm from the posterior root attachment, but do not
directly involve the root itself (Fig. 2) [9ee]. These make up
12.7-14.7% of the LMORTS [9ee, 14e].

Type 3

The LMORT type 3 lesions are incomplete, radial oblique
tears that originate > 10 mm from the root and propagate
towards the posterior root attachment but do not extend
through the posterior rim to the meniscofemoral ligament
(Fig. 3) [9e¢]. The biggest discrepancy between Krych’s and
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Fig.3 Type 3 LMORT [9ee]

Jeon’s studies was found here as the latter reported this tear
in only 2.6% of patients whereas the former reported this to
be the second most prevalent tear at 29.6% [9ee, 14e].

Type 4

These are complete, radial oblique tears that origi-
nate > 10 mm from the posterior root attachment and extend
through the posterior rim, reaching the meniscofemoral liga-
ment (Fig. 4) [9ee]. As stated previously, Krych et al. and
Jeon et al. reported the LMORT 4 to be the most common
type [9ee, 14e].

Jeon et al. [14e] further sub-classified this type into two
subtypes, a LMORT 4a which is reminiscent of the classic
LMORT 4 described by Krych et al. [9ee], and a LMORT 4b
(Fig. 5) which is described as containing a longitudinal tear
at the meniscocapsular junction of the remnant flap.

Type 3 vs. Type 4
Out of the four types of LMORTs, types 3 and 4 are the

most difficult to distinguish between, made evident in the
two LMORT studies examining lesion identification and

Fig.4 Type 4 LMORT [9ee]
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classification [9ee, 14e]; however, despite the high interob-
server variability, the treatment for them are the same. Fur-
thermore, given the capsular extension of the type 4 tears,
it can be noted that these tears tend to be more hemorrhagic
due to the proximity of the inferior lateral genicular artery
and its branches that supply the posterior horn of the lateral
meniscus being commonly disrupted. This is not to infer
that type 3 LMORT lesions lack signs of bleeding as they
do penetrate through the red-white zone of the meniscus,
but just not all the way to the vascular capsule. Nonetheless,
the common theme between Krych’s and Jeon’s studies was
that despite this variability, the LMORT 4 lesion appeared
to be the most prevalent. Whether it is a type 3 or 4 lesion, it
is biomechanically important to treat them both in the same
manner with repair [12e, 13e].

Biomechanics

In a robotic biomechanical study examining the knee
kinematics associated with types 3 and 4 LMORT tears,
Smith et al. [12¢] demonstrated that when compared to
an isolated ACL (iACL) tear, ACL tears associated with
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Fig.5 A type 4b LMORT. Starting > 10-mm from the root, it may transect directly posterior with little-to-no obliquity (A). On further assess-
ment, the tear is noted to run parallel to the meniscocapsular junction (red line) (B)

LMORT type 3 and 4 tears increased anterior laxity for
both the anterior drawer and the pivot shift. LMORT 3
lesions plus ACL tears demonstrated a statistically signifi-
cant anterior drawer at 90° of flexion; while the LMORT
4 plus ACL tears demonstrated a statistically significant
anterior drawer at both 60° and 90° and for the pivot shift
at 15° and 30°, respectively. The increased laxity found for
LMORT 4 lesions would be consistent with these lesions
extending all the way to the capsule like a complete radial
tear. Lateral meniscal extrusion measured by ultrasound
was also increased by these LMORT lesions, and greater
for the LMORT 4 vs. 3 lesions. Consequently, due to the

unstable nature of these LMORT tears, a higher axial
load is transmitted directly on the tibial surface at certain
degrees of knee flexion [18].

In a second cadaveric study using the same study param-
eters as the first, Smith et al. [13¢] examined the knee kin-
ematics of the clinical scenario of ACLR in the presence of
a LMORT 3 or 4 tear (Fig. 6). Specifically, the LMORT 3
and 4 tears were either left alone in-situ or treated with either
partial meniscectomy or repair using spanning sutures fol-
lowing ACLR. In the first testing condition utilizing robotic
measurements of translation, they confirmed an all-inside
soft tissue allograft ACLR restored anterior translation with

ACLR+
LMORT4 Tear

ACLR+
LMORT4
Repair

*

ACLR+
LMORT4 Partial
Meniscectomy
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Drawer  Translation =Intact
1ACIR a3 ACLR aso) AR
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{ACLR+LMORT4rpr
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Extrusion tACLR =Intact tAaR t ACLR =intact 1 ACLR
fACLR+LMORT4rpr {ACLR+LMORT4
fACLR+LMORT4rpr
Fig.6 Kinematic results of LMORT lesions [13e]. pared to an intact ACL and intact lateral meniscus (small circle). (B)

ACLR+LMORT3/4 repair resulted in comparable kinematic
results to completely intact lateral menisci (asterisks). Leaving
the lesion in situ or excising it with ACLR led to increased lax-
ity when compared to intact menisci at most or all degrees of knee
angulation. (A) ACLR+LMORT3 tear demonstrated an increase
in anterior translation at 15° of knee flexion during pivot shift com-

ACLR +LMORT4 treated with partial meniscectomy demonstrated
increased meniscal extrusion at all knee flexion angles during anterior
drawer compared to ACLR with an intact meniscus, an intact ACL
with an intact meniscus, and ACLR + LMORT4 repair; it also demon-
strated increased extrusion with anterior drawer with the knee flexed
at 90° compared to ACLR with the LMORT4 left in situ
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the anterior drawer and the pivot shift comparable to the
intact ACL state.

Subsequently, creation of both a LMORT 3 and 4 tear left
in-situ after ACLR led to significantly more anterior transla-
tion with anterior drawer and with pivot shift compared to
both the intact state and iACLR [13e]. This increased laxity
effect was greater for the LMORT 4 lesions compared to
both the intact state and iACLR being found at all flexion
angles. Meniscal extrusion was significantly greater at all
flexion angles for both LMORT 3 and 4 lesions. However,
repairing both types of LMORT tears with all-inside span-
ning sutures restored baseline normal stability for both ante-
rior translation and meniscal extrusion [13e]. In contrast,
surgically managing these lesions with partial meniscectomy
resulted in similar findings to the in situ LMORT 3 and 4
lesions, but there was even more joint laxity with the ante-
rior drawer at 90° following partial meniscectomy, and a
LMORT 4 lesion treated with partial meniscectomy had the
greatest overall meniscal extrusion.

Given the time zero biomechanical unstable nature of
not repairing the LMORT type 3 and 4 lesions relative to
increased joint laxity and meniscal extrusion-made even
worse with partial meniscectomy of these tears- an ACL
graft may experience additional strain following recon-
struction which could impede the healing process or con-
tribute to graft failure [19]. The major kinematic effects of
LMORT 3 and 4 lesions after ACLR left in situ or repaired
or treated with partial meniscectomy are summarized in
Fig. 6.

Treatment Options
Nonoperative

Historically, LMORT type tears were treated conserv-
atively at the time of the ACLR [6]. Perhaps this was
because the lateral meniscus is believed to have greater
healing potential when compared to the medial meniscus
[20, 21]. However, given the unstable nature of most of
these tears, nonoperative management for these lesions
should not be considered. The only exception being a
LMORT 1 lesion that has a low chance of propagating,
but even then, it might be worth considering a partial
meniscectomy to decrease this chance.

Arthroscopic Partial Meniscectomy

This treatment option is likely best reserved for only type
1 LMORT lesions. It may not be possible to repair these
smaller tears due to the lack of tissue needed for the repair
to hold with a spanning suture and a transtibial repair would
be difficult for the same reason. Furthermore, this tear is in
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a region with low vascularization which makes the healing
potential of a repair relatively low [22].

Transtibial Repair

This technique is preferred for type 2 LMORTS (Fig. 7). This
lesion shares a striking resemblance to a type 4 root tear
[10] and can be thought of almost as a “root variant” lesion.
Type 2 LMORTs: typically can be well reduced to the root
via suturing with a transtibial tunnel. This repair method is
the treatment of choice for all types of root tears except for
the type 1 tear (partial) which is treated with debridement
similar to a LMORT 1 lesion.

Repair with Spanning Sutures

This technique with side-to-side suturing is done arthroscop-
ically with a suture passing instrument. Tying an arthro-
scopic knot is typically preferred for the LMORT types 3
and 4 (Fig. 8). Based on procedural comfortability and sur-
geon preference, these repairs can be accomplished utilizing
an arthroscopic all-inside approach with spanning sutures
or even an inside-out approach [23]. These alternative cap-
sular-based suturing methods theoretically could decrease
normal lateral meniscal mobility compared to a spanning
suture repair construct (meniscus-based), but this difference
has not been studied.

Special Considerations

There can be circumstances where a certain LMORT
lesion can be affectively treated with a different technique,
dependent on the presenting anatomy and the surgeon’s
comfortability in treating these lesions. For example,

Fig.7 Type 2 LMORT repair via the transtibial pullout method
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Fig.8 All-inside repair of a
type 3 LMORT using one span-
ning suture (A) and an all-inside
repair of a type 4 LMORT using
two spanning sutures (B)

there may be a scenario where a LMORT 1 may extend far
enough posteriorly but not necessarily completely transect
that portion of the meniscus. These more extensive type 1
LMORTSs may benefit from a one spanning suture repair.
This can be similarly done with type 2 LMORTSs as well
(Fig. 9). In both cases the medial portion must contain
enough healthy tissue for adequate purchase to prevent
repair failure.

Clinical Outcomes
Patient Selection

A sample of 15 patients who underwent surgical repair of
types 2-4 LMORTSs between the years of 2017-2020 and
who were enrolled in our institution’s registry (Surgical
Outcomes System [SOS]) were selected for analysis. The

Fig.9 Type 2 LMORT repaired via an all-inside approach using one
spanning suture

demographics of this patient population can be seen in
Table 1. The mean age of this cohort was 18.0 years old
(95% CI [16.8, 19.2]).

Data Collection

The patients completed the following validated patient-
reported outcome measures (PROMs) both pre- and post-
operatively: the visual analog scale (VAS) [24], the single
assessment numeric evaluation (SANE) [25], the Knee
Injury and Osteoarthritis Outcome Score (KOOS) sub-
scales [26], the Lysholm survey [27], and the International
Knee Documentation Committee (IKDC) survey [28].

Each patient was individually assessed using the mini-
mal clinically import difference (MCID), the substantial
clinical benefit (SCB), and the patient acceptable symptom
state (PASS) thresholds for the KOOS subscales [29, 30]
and the IKDC [29, 30]. The MCID and SCB thresholds
were unable to be assessed in 2 of the patients as they did
not complete their preoperative surveys.

Table 1 Patient demographics.?

Characteristic
Age, years 18.0 (16.8, 19.2)
Sex

Male 5(33.3)

Female 10 (66.7)
Body Mass Index 23.4(22.3,24.4)
Laterality

Right 4(26.7)

Left 11 (73.3)
LMORT type

2 3 (20)

3 4.(27)

4 8 (53)

#Data is represented as mean (95% confidence intervals) or frequency
(percentage). LMORT Lateral meniscus oblique radial tear
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Statistical Analysis

Quantitative variables were assessed using the Mann—Whit-
ney U test and were expressed using mean (95% confidence
intervals). Qualitative variables were assessed using either
the Chi-square or the Fischer exact test and were expressed
using absolute frequency (percentage). Statistical analysis
was performed using JMP®, Version 17. SAS Institute Inc.,
Cary, NC, 1989-2021. For statistical analysis in this study,
P <0.05 was considered statistically significant.

Results

Each patient completed their surveys at their 2-year follow-
up, the details are summarized in Table 2. All PROMs sig-
nificantly improved (p <0.01) at final follow-up compared
to their preoperative levels.

PASS, MCID, and SCB thresholds for each individual
patients is summarized in Table 3. It was noted that 5 (33%)
patients did not meet the SCB of A35.8 for the KOOS ADL
subscale despite achieving the PASS (100). Furthermore,
2 (15%) did not achieve the MCID of A25.9 for the same
reason.

Data Interpretation

Subjectively, the patients significantly improved in all areas
which more than likely was the result of the ACLR and being
able to return to normal activities. Given there being no con-
trol group to compare to, the PASS, MCID, and SCB thresh-
olds were applied to each individual patient. More than 65%
of the patients achieved the PASS threshold for all PROMs
with exception of the KOOS: activities of daily living (ADL)
(53%) which carries a PASS of 100.0. The SCB for this
subscale is noted to be 35.8, meaning that for a patient to

Table 2 2-year patient-reported outcome measures.”

Outcome measure Preoperative Postoperative P value
VAS 2.9(1.9,4.0) 0.51 (0.1, 0.9) <0.01
SANE 22.4(11.0,33.7) 90.1(84.6,95.7) <0.01
KOOS <0.01

Pain 63.2 (52.7,73.8) 92.8(89.3,96.3)

Symptoms 53.8(47.3,60.3) 83.1(76.0,90.2)

ADL 66.7 (56.0, 77.5) 97.5(95.3, 99.6)

Sports/Recreation  12.9 (2.1,23.7)  83.1(73.6, 92.5)

Quality of Life 30.8 (13.4,48.2) 77.5(68.6,86.4)
Lysholm 45.9 (31.1,60.5) 91.3(85.9,96.6) <0.01
IKDC 33.9(25.1,42.6) 87.3(81.1,93.6) <0.01

“Data is represented as mean (95% confidence intervals).VAS Visual
analog scale; SANE Single assessment numeric evaluation; KOOS
Knee injury and osteoarthritis outcome score; ADL Activities of daily
living; IKDC International knee documentation committee
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Table 3 PASS, MCID,
measures.?

and SCB for knee-specific outcome

Outcome measure PASS (n=15) MCID (n=13) SCB (n=13)

KOOS
Pain 11 (73) 11 (85) 11 (85)
Symptoms 15 (100) 11 (85) 7 (54)
Activities of daily 8 (53) 8 (62) 4(31)
living
Sports & recrea- 10 (67) 13 (100) 12 (92)
tion
Quality of life 13 (87) 11 (85) 9 (69)
IKDC 11 (73) 13 (100) 13 (100)

“Data is represented as frequency (percentage). PASS, patient-accept-
able symptom state. MCID, minimal clinically important difference.
SCB, substantial clinical benefit. KOOS, knee injury and osteoarthri-
tis outcome score. IKDC, international knee documentation commit-
tee

achieve “substantial benefit” from the surgery for that given
parameter, they would have to have a difference of at least
35.8 at final follow-up compared to their preoperative state.
The issue with this is that 5 patients scored 65 + on their
preoperative ADL subscale which makes them ineligible of
achieving the SCB. So it really would be best to look at the
PASS for each patient and if it reaches the threshold, then
one can see whether a substantial gap had to be crossed to
achieve it. This example highlights the importance of using
multiple PROMs to aid in final data interpretation.

Do LMORTs Heal?

LMORTS tend to heal very well (Fig. 10).

In our clinical experience, patients rarely return to the OR
due to a failed LMORT repair. Typically, if a patient presents
with a subsequent LMORT it occurs following a retear of
their ACL graft; however, they will often occur in locations
that differ from their previous LMORT (Fig. 11).

Out of the 61 (62.8%) patients that underwent second-
look arthroscopy a year following their primary surgery for
either residual discomfort or persistent irritation at the post-
tie screw fixation site, Jeon et al. [14e] noted that 80.3%
(n=49) of the LMORTS healed completely. Nonetheless, if
a patient does return to the operating room and a subsequent
LMORT is found it is important to distinguish between a
repair failure and a new LMORT entirely.

In series of 29 patients with a mean follow-up of
26.68 months, Zhou et al. found that 96.6% of the patients
achieved meniscus healing on postoperative MRI following
repair of complete radial posterior lateral meniscus root tears
using spanning sutures [31e]. Additionally, during a second-
look of 22 of those patients, it was noted that 86.4% of the
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Fig. 10 Second looks. A healed
type 3 LMORT (A) 8 months
following initial surgery and

a healed type 4 LMORT (B)
just 2 months following initial
surgery

Fig. 11 A new, smaller type 2 LMORT just medial to an intact suture
(arrow) from a type 4 LMORT repair 4 years prior

patients achieved a completely healed meniscus with the
remaining patients exhibiting partial healing [31e]. Further-
more, none of the 29 patients exhibited symptoms suggestive
of lateral meniscal pathology [31e].

In a series of 41 consecutive patients who underwent
ACLR with either inside-out or all-inside repair of radial/
flap tears of the posterior lateral meniscus with a mean
follow-up > 3 years, Tsujii et al. found that patients with
these meniscal lesions (study group) demonstrated compa-
rable patient outcomes with those who underwent iACLR
(control) [32e]. It was noted that patients in the study group
exhibited more sagittal extrusion on postoperative MRI com-
pared to the control group [32e]. 30 patients in the study
group underwent a second arthroscopic look which showed
complete healing in 60% of patients, partial healing in 30%
of patients, and failure to heal in 10% of the patients [32e].
Between the two groups, there were no significant chondral
differences seen in the lateral femoral condyles; however,
it was noted that patients in the study group demonstrated

significantly worse chondral lesions of the lateral tibial pla-
teau [32e].

Conclusion

LMORT lesions are tears of the posterior horn of the lateral
meniscus that commonly occur at the time of an acute ACL
injury. Despite the prevalence of the LMORT, it has not
been until recently that these tears have been classified and
studied in detail. Due to the unstable nature of these tears
evidenced by biomechanical studies, surgical repair of the
LMORT types 2—4 is necessary to adequately reduce the
posterior horn of the lateral meniscus to decrease strain on
the ACL graft, and also to slow the progression of osteoar-
thritis. Due to the paucity in current literature surrounding
this relatively new description of LMORT lesions, espe-
cially given the new classification and treatment guidelines,
it is difficult to speculate how objectively similar a repaired
LMORT is compared to a lateral meniscus with no prior
pathology. Though the results of recent case series and bio-
mechanical studies have been promising, further studies are
needed to further elucidate the success of these repairs. Fur-
thermore, given the results of previous studies demonstrating
the healing properties of these lesions [13e, 31e, 32¢], repair
technique for the higher grade LMORT lesions may need to
be optimized.

Data Availability The Intraoperative arthroscopic images in figures 1-5
and 7-11are not publicly available in order to protect the patients' pri-
vacy; additionally, the data in tables 1-3 was retrieved from our institu-
tion's registry and may be available upon request.
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