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Surgical Repair of Hypermobile Lateral Meniscus ®
Secondary to Popliteomeniscal Fascicle Tears
Improves Pain and Mechanical Symptoms

Malik E. Dancy, M.D., Adam J. Tagliero, M.D., Sara E. Till, M.S.,
Daniél B. Saris, M.D., Ph.D., Bruce A. Levy, M.D., Christopher L. Camp, M.D., and
Aaron J. Krych, M.D.

Purpose: To describe the clinical and radiographic features associated with isolated hypermobile lateral meniscus (HLM),
and report patient outcomes following surgically repaired isolated HLM. Methods: All patients diagnosed with HLM from
2000 to 2020 at a single academic institution were identified and reviewed. Patients were excluded if they had
concomitant ligament injury or lacked 2-year follow-up. Preoperative and postoperative visual analog scale (VAS) pain
scores were determined from clinical notes. Statistical analysis was performed in JMP, and statistical significance was
determined with use of a paired #-test. Results: Eighteen knees in 17 patients met inclusion criteria. Mean patient age was
24.1 (range: 6-61) years. Mean follow-up was 73 months (25-151 months). All 18 knees reported pain at presentation;
94% (17/18) had mechanical symptoms. All 18 knees had preoperative MRIs, but only 1 (5.6%) knee was correctly
diagnosed by a musculoskeletal trained radiologist. Most repairs were performed with an all-inside technique (61%,
11/18). VAS score improved significantly from 7.2 + 2.9 preoperatively to 0.7 + 1.9 postoperatively, with average
improvement of VAS score of 6.5 (P < .001). Only one (5.6%) knee required revision meniscal surgery.
Conclusion: Hypermobile lateral meniscus patients commonly see multiple providers, fail to have their HLM diagnosed
on MRI, and undergo various treatments prior to a successful diagnosis. Localized lateral joint line pain, mechanical
symptoms, and absence of distinct meniscus tear on MRI are the most frequent clinical presentations. Surgery with
meniscus repair is a reliable solution to improve pain and mechanical symptoms. Level of Evidence: Level IV,
therapeutic case series.

overall functions, there are key structural differences
between the medial and lateral menisci—particularly,
regarding their size, shape, and mobility. The lateral
meniscus demonstrates greater mobility than the
medial meniscus, with an average 10-mm anterior-
posterior displacement during knee flexion wversus
only 2 mm' for the medial meniscus. However, path-
ologic hypermobility of the lateral meniscus (HLM)
may occur following disruption of the popliteomeniscal

Introduction
he menisci serve an integral role in the biome-
chanics of the native knee. In addition to assisting
with joint stability and congruity, the medial and lateral
menisci support load transmission, shock absorption,
proprioception, and joint lubrication.'* Despite similar
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fascicles (PMFs). This structure consists of the poster-
osuperior popliteomeniscal fascicle (sPMF) and ante-
roinferior popliteomeniscal fascicle (iPMF), and it
functions as one of the primary stabilizers of the lateral
meniscus posterior horn at 90° flexion.”” Pop-
liteomeniscal fascicle disruption subsequently enables
excessive translation of the affected lateral meniscus
into the joint space with provocative knee
maneuvers—causing impingement with resultant pain,
catching, locking, and/or limited range of motion.
Despite our understanding of its pathophysiology,
HLM continues to pose a substantial diagnostic
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Fig 1. Sagittal T2 weighted knee MRI demonstrating tear of
the popliteomeniscal fascicles of the posterior horn of the
lateral meniscus (red arrow). All studies were performed at 3
Tesla, without intravenous gadolinium. Imaging was first
interpreted by musculoskeletal fellowship-trained radiolo-
gists, and it was subsequently reviewed by senior orthopedic
surgeon.

challenge. Patients often present without a distinct
trauma history and report substantial symptoms despite
negative or nonspecific MRI findings.'®"'* LaPrade et al.
described the figure-4 test as a provocative maneuver to
help identify affected patients, but the remainder of the
physical exam is often negative or nonspecific."'
Intraoperative diagnosis via arthroscopy remains the
gold standard—achieved by probing the posterior
aspect of lateral meniscus and demonstrating its
abnormal anterior translation beyond the midpoint of
the tibial articular surface.”'''*? Following diagnosis,
surgical intervention is typically employed in symp-
tomatic patients. Repair is usually arthroscopic and
entails stabilization of the meniscus to the posterior
capsule, but there remains significant variation in the
repair techniques utilized.*'""'*""”

Currently, there remains a scarcity of studies
investigating the clinical presentation, work-up, and
management of popliteomeniscal fascicle tears result-
ing in hypermobile lateral menisci. The purposes of
this study were to describe the clinical and radio-
graphic features associated with isolated HLM and to
report patient outcomes following surgically repaired
isolated HLM. It is hypothesized that surgical man-
agement of hypermobile lateral meniscus results in a
reduction in pain and mechanical symptoms for the
majority of patients.

Methods

Study Population

The study was performed at the Mayo Clinic
(Rochester, MN), and protocol approval was obtained
from the Institutional Review Board (IRB #: 15-00601).
Patient records were queried using two natural lan-
guage processing tools: NLPTK ADVANCE MedTagger
and Advanced Text Explorer (ATE). Search terms
included “lateral meniscus”, “hypermobile”, and the
latter’s appropriate grammatical equivalents. Patients
were limited to those diagnosed and operatively treated
for HLM between January 2000 and January 2020.
Diagnosis was either established preoperatively or
intraoperatively and was confirmed at the time of knee
arthroscopy via demonstration of excessive translation
of the lateral meniscus into the joint space using a
probe. Patients were excluded if they were found to
have non-normal meniscal pathology (i.e., discoid),
meniscal tear, concomitant ligamentous injuries, less
than 2 years’ follow-up, or lacked operative confirma-
tion of the HLM diagnosis (Fig 1). After identification,
retrospective chart review was performed to determine
unique patient demographics (age, gender, height,
weight, and sports participation), dates of clinical eval-
uation and subsequent surgery, preoperative pain via
the 10-point Visual Analog Scale (VAS), surgical pro-
cedure and technique, postoperative outcomes
(including VAS score at time of last follow-up), and any
complications. All surgical procedures were performed
by Sports Medicine fellowship-trained surgeons at a
single academic institution.

Surgical Technique and Postoperative Care

Standard three-portal knee arthroscopy was per-
formed by the three senior surgeons for each patient.
Specific repair technique utilized for each meniscus
varied on the basis of surgeon preference and tear
morphology. All-inside, inside-out, and combination
repair techniques were employed. Various suture pat-
terns were likewise performed—namely, stacked ver-
tical mattress, vertical mattress, horizontal mattress, or
any combination of the aforementioned.

Postoperatively, patients were restricted to partial
weight bearing with a hinged knee brace locked in
full extension while walking, and knee flexion limited
to 90° for the first 4 weeks (Fig 2). From weeks 4 to
8, patients were progressed to weight bearing, as
tolerated, on the operative knee and allowed to
perform full range of motion. Jogging and light ac-
tivities were permitted at 3 months postoperatively.
Knee loading at flexion angles greater than 90° was
prohibited until 4 months postoperatively. Return to
sport typically occurred at 4-6 months after surgery,
per surgeon’s discretion, and patients demonstrated
clinical progress.
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Fig 2. Arthroscopic image taken from an
anterolateral knee viewing portal,
demonstrating excessive translation of the
lateral meniscus into the joint space with
use of a probe, and the subsequent suture
repair.

Statistical Analyses

Data collection occurred in Excel (2010; Microsoft
Corp, Redmond, WA) and statistical analyses were
completed in JMP (v14.1.0, SAS Institute, Cary, NC).
Categorical variables are presented as n (%), while
continuous variables are presented as mean or median
with standard deviations and interquartile ranges,

when appropriate. Statistical significance was deter-
mined with use of paired #-test and was achieved when
the P value was less than .05.

Results
No patients identified with HLM subsequently un-
derwent conservative management. A total of 18 knees
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Table 1. Demographics

Table 2. Injury and Initial Examination

Symptoms Percentages
Sex (M, %) 55.6% (10/18) Swelling (Yes) 33.3% (6/18)
Age (mean, median, range) 24.1 (17.5, 6-61) Effusion 5.6% (1/18)
BMI (mean, SD, range) 26.3 £ 4.9 (19.5-36.1) Mechanical 94.4% (17/18)
Time from injury to first consult (days) 848.9 (321, 11-5557) Pain 100% (18/18); mean VAS 7.2
Sport (Yes) 72.2% (13/18) (SD 2.9)
Laterality VAS (mean, SD, range) 7.15 (2.85, 2-10)
Left 72.2% (13/18) History of surgery on affected 16.7% (3/18)
Right 27.8% (5/18) knee
Previously seen by SPM 83.3% (15/18)
provider
Previously seen by orthopedic 66.7% % (12/18)
. . . . . . surgeon
from 17 panents met 1nc.lu51on. criteria for analysis. The Prior %urgery (nonmeniscal)’ 16.7% (3/18)
average age at time of diagnosis was 24.1 years (range: Prior physical therapy 100% (18/18)
6-61), and the average time from first symptoms to Initial Exam
initial consultation was 850 days (median: 327). Over =~ ROM (Mean, SD, Range, 134.1 £ 14.7 (100-150, 140)
70% of the cohort participated in some type of sport or Median)’ .
regular athletic activity (Table 1). The average length of Mg:fs‘;triiaey s Click 33.3% (6/18)
final follow-up was 73 months (range: 25 months to Negative 50:00/2 (9/18)

151 months). Of these knees, 56% (10/18) belonged to
male patients, and 72% were left knees (13/18)
(Table 1).

Upon clinical evaluation, the most commonly re-
ported symptom was pain, as 100% of knees experi-
enced consistent pain symptoms, with mean
preoperative VAS score of 7.2 (range: 2-10) (Table 2).
An additional 94.4% experienced mechanical symp-
toms, such as catching or locking of the joint, and 33%
reported swelling. Initial examination demonstrated an
average knee flexion of 134° (range: 100-150) and
overwhelmingly positive McMurray’s test with pain
(12/18, 66.7%). Only 6/18 knees demonstrated a click
with McMurray’s testing (Table 2). Although other
maneuvers demonstrated high rates of positivity, the
results were not consistently recorded in the patient
encounter documentation (Table 2). All 18 knees un-
derwent preoperative MRI, and although 7 were noted
to have clear fascicle tear by senior orthopedic surgeons
upon review of imaging, only 1 knee had HLM
mentioned in the radiology report, which were gener-
ated by musculoskeletal fellowship-trained radiologists
(Table 2). Over 80% of knees had been previously
evaluated by another sports medicine specific provider;
67% of these knees had also been examined by other
orthopedic surgeons prior to presentation. Only 2 knees
underwent preoperative physical therapy or injection.
Three knees had undergone previous surgery, all of
which were diagnostic arthroscopies performed after
symptom onset; none of their prior arthroscopies
recognized or diagnosed the hypermobile lateral
meniscus pathology (Table 2). All 18 knees had un-
dergone preoperative physical therapy without resolu-
tion of pain and/or mechanical symptoms (Table 2).

In terms of operative treatment, most patients un-
derwent surgery within a month of initial consultation
(mean: 0.7 months, Table 3). All-inside repair and

Not reported
Figure of four

Positive

Negative

Not reported
McMurray’s pain

33.3% (3/18)

50% (9/18)
5.6% (1/18)
44.4% (8/18)

Positive 66.6% (12/18)
Negative 16.7% (3/18)
Not reported 16.7% (3/18)
Imaging

Baseline radiographs 94.4% (17/18)
Any radiographic findings* 0% (0/17)

MRI 100% (18/18)
Clear fascicle tear? 38.9% (7/18)
Dx by radiology? 5.6% (1/18)
Time from initial injury 84.7 (4, 0-1092)

(mean, median, range
[months])

Other pathology” ™
Previous MRI?
Preoperative interventions
Physical therapy
Injection

33.3% (6/18)
27.8% (5/18)

11.1% (2/18)
11.1% (2/18)

MRI, magnetic resonance imaging; ROM, range of motion; SPM,
sports medicine; VAS, visual analog scale.

fAll had prior diagnostic arthroscopies after symptom onset.

*One knee did not have baseline radiography.

***6 knees had chondromalacia identified on their preoperative MRI
by an MSK-trained radiologist.

stacked vertical mattress were the most common ap-
proaches and suture patterns used (61% and 50%,
respectively) during the repair. All menisci were
repaired with a total of four sutures or less. All repairs
were completed by 1 of 3 sports medicine fellowship-
trained orthopedic surgeons. Three knees had addi-
tional pathology addressed intraoperatively, all of
which were chondroplasty for chondromalacia that
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Table 3. Operative Treatment

Table 4. Postoperative Outcomes

Parameter Value Exam

Time from initial injury (months) 31.1 (10.5, 0-184) McMurray’s pain

Time from consult to surgery (months) 0.7 (0, 0-6) Positive 5.6% (1/18)
Other pathology at time of surgery?* 16.7% (3/18) Negative 83.3% (15/18)

Repair
All-inside 61.1% (11/18)
Inside-out 33.3% (6/18)
Combination 0.0% (0/18)
Other** 5.6% (1/18)

Suture Pattern
Stacked vertical mattress
Vertical mattress
Stacked vertical and horizontal mattress
Not reported

50.0% (9/18)
22.2% (4/18)
22.2% (4/18)
5.6% (1/18)

*Other pathology: All 3 knees had chondromalacia addressed via
chondroplasty.
**QOther: Converted to open.

involved the lateral compartment. Further surgical
details are presented in Table 3.

At final follow-up (mean 73 months), there were
substantial reductions in symptoms, as 78% and 67 % of
the cohort reported resolution of all pain and
mechanical symptoms, respectively (Table 4). VAS score
decreased significantly from preoperatively to
postoperatively—with a mean postoperative VAS score
of 0.7 (range: 0-7), and an average change in VAS score
of 6.5 (P < .001). Four knees had recurrent pain
symptoms at a mean of 24 months (range: 8-53); three
of which sustained an ipsilateral acute or traumatic
event following index surgery. A total of 3 knees un-
derwent reoperation, only one of which was for a
meniscus injury; the remaining 2 underwent surgery for
nonmeniscal pathology and were found to have satis-
factory meniscus stability and healing intraoperatively.

Discussion

The most important finding of this study was that
pain and mechanical symptoms were the predominant
presenting complaints of HLM patients. Preoperative
advanced imaging studies inconsistently identified
HLM. Surgical repair with stabilization of the hyper-
mobile menisci reliably improved pain and mechanical
symptoms.

The most consistently reported complaints at the time
of initial clinical evaluation were persistent pain and
mechanical symptoms (i.e., locking, catching, and
clicking), which were endorsed by nearly all patients
within the present study (100% and 94.4%, respec-
tively). Other symptoms such as knee swelling or
effusion were less consistently reported. McMurray’s
testing elicited pain in 66.6% (12/18) of knees, Fig 4
testing elicited pain in 50% (9/18) of knees, and 33.3%
(6/18) of affected knees demonstrated a click with
McMurray'’s testing. Of note, a significant portion of
patients (3/18 knees for McMurray’s, 8/18 knees for

Not recorded
Figure of 4

11.1% (2/18)

Positive 5.6% (1/18)
Negative 44.4% (8/18)
Not recorded 50% (9/18)

ROM (mean, range, median)
Mechanical symptoms

138.7 + 6.3 (125-150, 140)

Resolved 66.7% (12/18)
Continued* 33.3% (6/18)
Pain symptoms
Resolved 77.8% (14/18)
Continued** 22.2% (4/18)
VAS (mean, SD, range) 0.7 (1.9, 0-7)
Mean A VAS 6.5
Effusion
Resolved 88.9% (16/18)

Not reported
Recurrent injury
Reoperation

11.1% (2/18)
16.7% (3/18)

For meniscus*** ‘ 5.6% (1/18)
For non-meniscal pathology* 11.1% (2/18)
Follow-up (months) 73 (25-151, 79)

*4 knees with all-inside repair, 2 with inside-out repair.

**2 knees with all-inside repair, 2 knees with inside-out repair.

***Sports re-injury with subsequent partial lateral meniscectomy for
new radial tear. Previously asymptomatic.

*One knee underwent wide-local excision for liposarcoma; the other
underwent arthroscopic loose body removal.

Fig 4) did not have these maneuvers documented, but
when specifically performed and recorded, the tests
were overwhelmingly positive for pain within these
HLM patients (80% and 90% knees, respectively).
These findings are consistent with those of Laprade
et al., who reported that while all 6 HLM patients in
their 2005 series had no evidence of abnormality on
standard provocative knee examinations, 100% expe-
rienced pain with the Figure-4 test.'' Later, Kamiya
et al. investigated the midterm outcomes of arthro-
scopic fixation of HLM in 20 patients, and they reported
that 100% of patients endorsed frequent locking of the
affected knee prior to surgical intervention— particu-
larly, with deep flexion maneuvers.'” At the time of
arthroscopy, the researchers were able to reproduce
anterior translation of the posterolateral aspect of the
lateral meniscus with deep knee flexion—so-called
“paradoxical motion”—which led to entrapment
within the lateral compartment joint space, and ulti-
mately restricted ability to extend the knee (“locking”).
Altogether, these findings suggest that inquiring about
history of pain and deep flexion-exacerbated locking
episodes, in conjunction with performing McMurray’s
and Fig 4 testing, may be useful clinical strategies for
identifying patients with HLM at the time of initial
evaluation.
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All 18 knees within the present investigation under-
went preoperative MRI, and only 1 knee was correctly
diagnosed by MSK-trained radiologists at a tertiary care
center. A recent study by Toyooka et al. investigated the
diagnostic accuracy of MRI for isolated hypermobile
lateral meniscus.'® With a cohort of 66 patients—22
HLM patients matched 2:1 to controls—researchers
demonstrated that upon MRI assessment of the integ-
rity of the sPMF, iPMF, and popliteal hiatus in each
knee by 2 blinded orthopedic surgeons, there was a
statistically significant odds ratio for a diagnosis of HLM
in the setting of worse preoperative MRI findings
within each structure (sPMF OR 5.50 [P = .036]; iPMF
12.20 [P = .002]; popliteal hiatus 5.00 [P = .034]).
Although investigators ultimately reported that there
was insufficient diagnostic accuracy for identifying
HLM via MRI alone, their findings indicate a strong role
for MRI in the setting of high clinical suspicion for HLM.
Similarly, the work described here did not find a uni-
versal connection between preoperative MRI findings
and HLM presence; however, it suggests a significant
role for MRI as a diagnostic adjunct in the identification
of patients with this condition.

All-inside repair was the most employed technique
for this investigation, utilized in 61% of repairs; inside-
out and open repairs were also performed (33% and
6%, respectively). Suture pattern varied, with stacked
vertical mattress (50%), standard vertical mattress
(22%), and a combination of stacked vertical and hor-
izontal mattress (22%) repairs being performed.
Despite variation in HLM repair technique, post-
operative outcomes were overall very
satisfactory—with a statistically significant decrease in
reported pain from preoperatively to postoperatively
(mean VAS 7.2 vs 0.7; P < .001), 83.3% (15/18) knees
achieving resolution of pain with McMurray’s test at
time of follow-up, and 66.7% (12/18) having complete
resolution of mechanical symptoms. Only 4/18 (22.2%)
knees had recurrent functional pain at mean follow-up
of 24 months; however, 3 of these had sustained ipsi-
lateral leg trauma after the index surgery. Overall, there
were 3 reoperations, but only 1 was for meniscal pa-
thology; the remaining two reoperations occurred for
nonmeniscal pathology, and both demonstrated healed
lateral menisci intraoperatively. In 2005, Laprade et al.
described their preferred HLM repair technique, with
an open approach after initial diagnostic arthroscopy,
and placement of horizontal mattress sutures to secure
the disrupted popliteomeniscal fascicles to the popliteus
tendon complex."’

Alternatively, Kamiya et al. used an inside-out repair
technique after diagnostic arthroscopy and recreated
the meniscotibial attachments with a double-stacked
vertical suture pattern.'” Both investigators reported
substantial improvement in patient symptoms post-
operatively. Hence, the findings of preceding studies

corroborate those of the present investigation, in that
pain and mechanical symptoms reliably resolve
following surgical stabilization of hypermobile lateral
menisci, even within the setting of multiple different

. . 5 5,17-19
repair strategies.” ¢! 114151771

Limitations

This study is not without limitations. Only 2 time
points were considered—preoperative assessment and
the last documented follow-up appointment. Hence,
potential time-dependent clinical deterioration was not
accounted for. The retrospective nature of the study
relied upon the historical documentation of several
providers across nearly two decades—as such, there
was a lack of standardization in the reporting of pa-
tients” subjective accounts, exam findings, and out-

comes both preoperatively and at follow-up.
Furthermore, aside from subjective pain, patient-
reported outcome measures (PROMs) were not

readily documented within patients” records, and
therefore, functional outcomes were not able to be
compared preoperatively to postoperatively in a stan-
dardized fashion. Although all repairs were performed
by sports medicine fellowship-trained surgeons, there
were differences between the repair techniques
employed, and postoperative care protocols were not
standardized. Lastly, because of the rarity of HLM pa-
thology, this is a small case series, and therefore, the
generalizability of the conclusions is limited. Despite
these limitations, however, the present investigation
contributes to the current body of literature regarding
HLM, adding much-needed clarity and insight into this
complex and rare pathology.

Conclusions

Hypermobile lateral meniscus patients commonly see
multiple providers, fail to have their HLM diagnosed on
MRI, and undergo various treatments prior to a suc-
cessful diagnosis. Localized lateral joint line pain, me-
chanical symptoms, and absence of distinct meniscus
tear on MRI are the most frequent clinical pre-
sentations. Surgery with meniscus repair is a reliable
solution to improve pain and mechanical symptoms.
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