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Top Ten Pearls for a Successful Transtibial Pull-Out
Repair of Medial Meniscal Posterior Root Tears With

a Concomitant Centralization Stitch

Enzo S. Mameri, M.D., Benjamin Kerzner, M.D., Garrett R. Jackson, M.D.,
Harry Jawanda, B.S., Zeeshan A. Khan, B.A., Daniel J. Kaplan, M.D., and

Jorge Chahla, M.D., Ph.D.
Abstract: Although historically overlooked, medial meniscus posterior root (MMPR) tears are now increasingly recog-
nized as a substantial cause of biomechanical impairment and morbidity. MMPR tears, when left untreated, are strongly
correlated to meniscal extrusion and ultimately lead to altered kinematics and loading functionally equivalent to a total
meniscectomy. To prevent progressive joint degeneration and alleviate pain while re-establishing native joint kinematics,
MMPR repair is generally recommended in appropriately selected patients. In this Technical Note, the authors describe a
detailed checklist with 10 crucial points of emphasis when performing the gold-standard transtibial pull-out repair of the
MMPR, with an additional centralization stitch, providing technical pearls backed up by previous literature and ample
experience treating this condition.
he menisci are crescent-shaped fibrocartilaginous
Tstructures that are attached to the tibial plateau via
anterior and posterior roots.1,2 Biomechanically, the
meniscal roots play a critical role in converting axial
loads to hoop stresses in the tibiofemoral joint, thereby
playing a critical role in the menisci’s load distribution
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Arthroscopy Techniques, Vol 12, No
function.1 Although historically overlooked or treated
with a meniscectomy, medial meniscus posterior root
(MMPR) tears have since been shown to impair knee
biomechanics and are pointed to as “the silent
epidemic” behind spontaneous knee osteonecrosis and
rapid progression of osteoarthritis.3,4 Altered kinematics
as a result of MMPR tears include increased external
rotation and lateral translation of the tibia. MMPR tears
are also strongly associated with meniscal extrusion,
although it is controversial which event occurs first.5

Ultimately, these alterations result in an increase in
medial compartment contact pressure equivalent to
that of a total meniscectomy.4-6

Whether treated with a partial meniscectomy or
nonoperatively, patients with unrepaired MMPR tears
are reported to experience clinical failure in 87% of
cases, with nearly a third of them requiring total knee
arthroplasty within 5 years.7 Except in cases of pro-
hibitive severe cartilage damage or joint space nar-
rowing, arthroscopic MMPR repair is generally
recommended to prevent rapid progression of degen-
erative joint disease and relieve pain.8,9 In addition to
decreasing the rate of arthritic progression,9,10 repaired
MMPRs exhibit improved clinical outcomes and long-
term cost-effectiveness when compared with partial
meniscectomy.11,12

Although techniques involving suture anchor repair
have been described in the previous literature,13
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Fig 1. Magnetic resonance imaging of medial meniscal root tear of right knee. (A) Coronal T2 view of the medial meniscal root
tearing with associated tibial subchondral bone edema, (B) evidence in the sagittal T2 view of the presence of the “ghost sign,”
and (C) evidence in the coronal T2 view of medial meniscal extrusion with femoral subchondral bone edema.
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emerging evidence characterizes the transtibial pull-out
as the gold-standard for MMPR repair.14-16 This
technique restores the root attachment to the tibial
plateau by means of passing sutures though tunnels
in the tibia. Use of an additional centralization stitch
has also been found to decrease extrusion
postoperatively.17,18 In this Technical Note, we high-
light the senior-author’s top 10 pearls on how to
approach a MMPR tear, from recognition to surgical
considerations during transtibial pull-out repair and
rehabilitation (Video 1), with an aim to improve
Fig 2. Routine arthroscopic probing of the meniscal root of
the right knee. With a high anterolateral viewing portal and
working anteromedial portal just proximal to the medial
meniscus, a probe is inserted. Probing of the root should be
considered a procedural step during arthroscopic articular
inventory and will reveal insufficiency of the meniscus root
whenever a tear is present. (MFC, medial femoral condyle;
MM, medial meniscus; TP, tibial plateau.)
efficiency and reproducibility while minimizing the
risks of complications.
Surgical Technique (With Video Illustration)

Pearl 1. Identify the Root TeardSystematically Look
for It!
Preoperative identification of MMPR tears is the first

step in ensuring a successful repair. Nevertheless, clin-
ical suspicion of a root tear is often elusive, as more
than 70% of patients with a root tear do not recall an
inciting event, less than 15% present with mechanical
symptoms, and only 50% will exhibit a combination of
pain in deep flexion, positive McMurray’s test, and
palpable extrusion upon physical examination.16,19

With that context, magnetic resonance imaging (MRI)
assumes a paramount role and is now established as the
definitive preoperative diagnostic tool. Previous in-
vestigations by LaPrade et al.20 report MRI sensitivity
and specificity for MMPR tears at greater than 80% and
a notable 98% negative predictive value. Physicians
must, however, strive to systematically look for signs of
a root tear when reviewing MRI examinations with
significant meniscal extrusion (�3 mm); otherwise, it
can go unnoticed, as was often the case in decades past.
Classic findings include the presence of the “ghost sign”
on the sagittal view, a “cleft” of linear fluid signal
indicating a radial tear �1 cm of the root insertion on
coronal view, increased fluid around the root, as well as
evidence of medial subchondral insufficiency fractures
and bone edema (Fig 1 A-C).21

Pearl 2. Portal Placement and Anteromedial
Approach
Patients are placed in a standard supine position un-

der general anesthesia with a regional nerve block. A
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well-padded lateral post and high tourniquet are also
used. A high anterolateral viewing portal is established,
whereas an anteromedial (AM) portal just proximal to
the medial meniscus is made under direct arthroscopic
visualization. Portal placement is essential to ensure
adequate access without damaging the articular carti-
lage. An AM portal placed too proximally will prevent
Fig 3. Cadaveric depiction of LaPrade’s classification of meniscal r
but with stable pattern; (B) type II, which is a complete radial tea
<6 mm, and 6-9 mm from the center of the attachment)dthis
considered “disaster tears” and consist of a complete root detachme
oblique tear propagates into the root attachment site; and (E) typ
often found as meniscal ossicle chronically during arthroscopy.
access to the posterior aspect of the joint due to
obstruction of the instruments by the femoral condyle,
whereas a low portal will direct the instruments up-
ward as they collide with the tibial spines, as well as
endangering the integrity of the anterior root. In addi-
tion, once a root tear is confirmed, a 3-cm longitudinal
AM incision is made adjacent to the tibial tubercle and
oot tears in a right knee. (A) Type I is defined as a partial tear
r near the root attachment, with 3 subcategories (<3 mm, 3-
is the most common root tear pattern; (C) type III tears are
nt combined with a bucket-handle tear; (D) type IV, where an
e V tears, which are bony avulsions from the attachment site,



Fig 4. Effect of medial collateral ligament pie crusting while arthroscopic viewing of the medial meniscal root tear from the
anterolateral portal of the right knee. (A) Evidence of a LaPrade type II tear in a tight medial tibiofemoral compartment prior to
medial collateral ligament pie-crusting procedure of a right knee. (B) Increased visualization and access to the posterior horn and
root attachment of the medial meniscus after medial collateral ligament pie crusting. (MFC, medial femoral condyle; MMPH,
medial meniscus posterior horn; TP, tibial plateau.)
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proximal to the pes anserinus (Fig 2). Subfascial
dissection is followed by a thorough exposure of the flat
AM tibial bone beddwhere the tunnels and fixation
will be placeddwith use of a Cobb elevator.

Pearl 3. Arthroscopic Confirmation and
ClassificationdProbe Every Root!
Arthroscopic confirmation and subsequent classifica-

tion of the MMPR tear is key before moving forward
with the repair. Upon diagnostic arthroscopy, visuali-
zation of a floating meniscus, excessive displacement
when using aspiration (deemed a positive “aspiration
test”), as well as the absence of the “medial meniscal
flounce sign” can all serve as alerts to potential damage
to the root.22-24 Notwithstanding, even a diligent
inspection that screens for all the aforementioned
signs can miss a MMPR tear if the root attachments
are not routinely probed. The probe is inserted in the
AM portal and used to confirm if the MMPR is
damaged or nonfunctional (Fig 2), determine the
severity, and classify the teardas described by LaPrade
et al. and highlighted in Figure 3 A-E.16 Mobilization of
the root to its anatomic location is necessary to ensure
that it is amenable to repair. In chronic cases in which
the periphery of the meniscus is adhered to the capsule
in an extruded position, a shaver may be used to
perform a release and allow for anatomic reduction.

Pearl 4. Medial Collateral Ligament
ReleasedAlways!
In our experience, tightness of the medial compart-

ment that is not addressed by a release of the medial
collateral ligament (MCL) is the single most common
cause of technical difficulty, prolonged surgical time, and
iatrogenic damage to the cartilage when repairing a
MMPR. Accordingly, we argue that a percutaneous
release via pie-crusting of the MCL should be employed
routinely in every repair. It is the authors’ preference to
perform a trephination of the MCL with a spinal needle
at the posterior aspect of its femoral insertion, under
valgus stress, until satisfactory opening of the compart-
ment is obtained (Fig 4 A and B). In that way, adequate
visualization is ensured, and the risk for iatrogenic
cartilage damage during instrumentation is minimized.

Pearl 5. Anatomic Tunnel Placement
Restoring the anatomical relationship of the meniscus

to its root attachment on the plateau is imperative to
success, as previous biomechanical evidence suggests
nonanatomic root repair may still functionally equate a
subtotal meniscectomy.25,26 The posterior root of the
medial meniscus is located approximately 9.6 mm
posterior and 0.8 mm lateral to the apex of the medial
tibial eminence (total distance of 11.5 mm).1 The
anatomic footprint of the MMPR is decorticated using a
curved curette (Meniscal Root Repair System, Smith &
Nephew, Andover, MA) and the area is then further
prepared with an arthroscopic shaver, making sure to
remove any loose articular cartilage or remnant root
stump tissue (Fig 5A). A curved aimer guide (contra-
lateral guide when repairing a medial root and ipsilat-
eral guide when repairing a lateral root) is positioned at
the desired site of the first of the 2 tunnels, typically the
posterior one (Fig 5B). It is key to ensure that the
tunnel is positioned posterior enough in the plateau in
order to reproduce the insertion of the shiny white fi-
bers, which account for nearly half of the native root
strength.1 A 2.7-mm cannulated sheath with a guide



Fig 5. Anatomic tibial tunnel placement with arthroscopic viewing of the medial meniscal root tear from the anterolateral portal
and a working anteromedial portal of the right knee. (A) The anatomic footprint of the meniscal root is decorticated using a
curved curette and the area is then further prepared with an arthroscopic shaver. (B) A curved aimer guide is positioned at the
desired site of the posterior tunnel. (C, D) A 2.7-mm cannulated sheath with a guide pin is then positioned in the aimer guide set
at 55� and drilled to create the first tunnel. (E) After the first tunnel is drilled, a second tunnel is placed 5 mm anterior to the first
using an offset guide.
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pin is then positioned in the aimer guide set at 55� and
drilled to create the first tunnel (Fig 5 C and D). The
position is verified, and the sheath tip placed approxi-
mately flush with the plateau in order to avoid suture
damage. After the first tunnel is drilled, a second tunnel
is placed 5 mm anterior to the first using an offset guide
(Fig 5E). Creating 2 transtibial tunnels allows for
improved approximation of the meniscus to its native
footprint and increase the chance of biologic healing.
The drill pins are removed, but the cannulated sheaths
are left in place for passing of the sutures. In the setting
of concomitant cruciate ligament reconstruction, it is
desirable to adjust the root tunnel orientation to 65�,
parallel to the tibial tunnels of the cruciate reconstruc-
tion, to minimize the risk of convergence.27

Pearl 6. Use of a Cannula
Routine use of an arthroscopic cannula whenever

available is strongly advised. This is critical to avoid soft-
tissue bridging and difficulty when passing the suture



Fig 6. Suture passage with arthroscopic viewing of the medial
meniscal root tear from the anterolateral portal and a working
anteromedial portal of the right knee. Using a self-retrieving
all-inside suture-passing device, the first suture (upper
arthroscopic view image) is inserted into the posterior aspect
of the detached medial meniscal posterior root approximately
5 mm medial from the lateral meniscal edge going from the
tibial to the femoral side and pulled back through the cannula
on the anteromedial portal. After passage of the first suture
(as demonstrated in Fig 7), the steps are repeated with the
second suture (lower arthroscopic view image), positioning it
through the midportion of the root, anterior to the placement
of the first suture, in order to avoid eversion of the central free
end of the meniscus.
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near the retropatellar fat pad, which would inevitably
add time-consuming extra steps during suture man-
agement. The cannula (8.25 mm � 7 cm Twist-In
Cannula; Arthrex, Naples, FL) is placed in the AM
working portal before insertion of the suture-passing
device and is kept in place until the repair has been
completed.

Pearl 7. Suture Configuration
Using a self-retrieving all-inside suture-passing device

(FIRSTPASS MINI; Smith & Nephew), loaded with
high-strength suture tape, the first suture is inserted
into the posterior aspect of the detached MMPR,
approximately 5 mm medial from the lateral aspect of
the meniscal tear edge, with the needle passed from the
tibial to the femoral side and pulled back through the
cannula on the AM portal (Fig 6). A monofilament
nitinol wire is then inserted into the posterior transtibial
tunnel and retrieved with a grasper through the AM
cannula to allow for the first suture to be shuttled
through the posterior tunnel without tangling (Fig 7).
The steps are then repeated with the second suture,
positioning it through the midportion of the root,
anterior to the placement of the first suture, in order to
avoid eversion of the central free end of the meniscus.
The second suture is shuttled through the more anterior
transtibial tunnel. A configuration with 2 simple
stitches is preferred, as it is fast and technically
straightforward, while also generating similar me-
chanical properties and clinical outcomes relative to
other suture configurations.28,29

Pearl 8. Centralization StitchdWhen to Add?
Next, arthroscopic evaluation of the meniscus with a

probe can help to identify whether there is any residual
extrusion. If present, the use of a centralization stitch
can aid in anatomic reduction of the meniscus. In cases
of significant preoperative medial extrusion (>3 mm),
it is also wise to consider adding a centralization stich,
considering the incidence of persistent postoperative
extrusion.30 Viewing through the AM portal, an addi-
tional transtibial tunnel is drilled just lateral to the
medial rim of the tibial articular surface with the
2.7-mm cannulated sheath through the same aiming
guide used earlier, now placed through the antero-
lateral portal (Fig 8A). Once the tunnel is established,
the self-retrieving suture device is again used to pass a
third suture, in a horizontal mattress configuration (Fig
8B), first from bottom to top on the periphery of the
meniscus, and then from top to bottom, incorporating
the meniscocapsular junction (Fig 8 C and D). Both
ends of the suture tape are then retrieved with a grasper
and shuttled through the cannulated sheath with the
aid of the monofilament nitinol wire (Fig 8 E and F).
Whenever a centralization stich is performed, its fixa-
tion to the tibial cortex should be carried out before that
of the root repair stiches, in order to produce optimal
reduction.

Pearl 9. Tension and Fixation Under Arthroscopic
Visualization
Once all sutures are placed and pulled out of their

respective tunnels, the knee is positioned at 90� of
flexion. A pilot hole for anchor fixation (FOOTPRINT
Suture Anchor; Smith & Nephew) is drilled distal to the
tunnels, with a 2.4 guide-pin and a 4.5 reamer, fol-
lowed by debridement with a shaver. The 2 pairs of
suture tape limbs are shuttled through the eyelet in the
anchor, which is then malleted flush with the tibial
cortex. All sutures are manually tensioned under direct
arthroscopic visualization (Fig 9), ensuring optimal
reduction and tension prior to definitive fixation and
locking of the construct, which is achieved by turning
the handle on the anchor in a clockwise direction until
an audible sound sets in. The tension and integrity of
the meniscus root attachmentdand the centralization
stich, whenever performeddare probed arthroscopi-
cally for final verification.

Pearl 10. Rehabilitation: NoneWeight-Bearing!
For the first 6 weeks after a MMPR repair, the patient

is mandatorily noneweight-bearing. A hinged knee



Fig 7. Suture shuttling in a 2-tunnel transtibial repair with arthroscopic viewing from the anterolateral portal and a working
anteromedial portal of the right knee. A monofilament nitinol wire is inserted into the posterior transtibial tunnel and retrieved
with a grasper through the anteromedial cannula to allow for the first suture (upper arthroscopic view image) to be shuttled
through the posterior tunnel without tangling. The nitinol wire is pulled out of the tibial tunnel, which shuttles the repair suture
down and out of the tunnel. The shuttling steps are then repeated with the second repair suture (lower arthroscopic view image),
as similarly noted in Figure 6, through the more anterior transtibial tunnel.
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brace is positioned immediately postoperatively in or-
der to promote stability and adequate healing of the
MCL, in addition to the meniscal repair. Early range of
motion is encouraged, but restricted to 90� during the
first 2 weeks, to avoid undesirable increases in contact
pressure and extrusion caused by deeper flexion angles.
The emphasis on noneweight-bearing status is para-
mount early on to protect the repair construct.
Biomechanical evidence by Steineman et al.31 shows
unrecoverable and progressive loosening of root repairs
upon simulated load cycles, showing the importance of
healing before loading. Physical therapy is progressed in
a stepwise fashion, with running progression exercises
beginning at 12 weeks. A medial unloader brace may be
used during closed chain exercises until 6 months
postoperatively.

Discussion
Transtibial repair is currently widely accepted as the

gold-standard technique for treatment of root tears,
providing a biomechanically reliable suture construct,
while also limited to familiar standard arthroscopic
portals.5,21 The efficacy of MMPR repair is highlighted
in a recent comprehensive systematic review by Perry
et al.30 The authors report ample qualitative evidence of
overall improvement in mean and peak contact pres-
sures after transtibial repair across 12 biomechanical
studies, as well as improved patient-reported outcomes
and delaying osteoarthritis progression across 24
clinical studies. Nevertheless, some still question the
ability to reliably repair torn meniscal roots, as second-
look arthroscopy frequently reveals incomplete or lax
healing and meniscal extrusion often persistsdalbeit
still providing significant clinical benefit.21 In the
context of approximately 32% incidence of lax heal-
ing,32 optimizing a surgical technique to maximize the
restoration of native anatomy and creation of a stable
construct are paramount in an effort to improve post-
operative outcomes. This article describes our
preferred technique for a successful transtibial pull-out
repair for a MMPR tear. In addition, there is some
heterogeneity in terms of surgical technique in previous
literature,30 with many technical aspects still the subject
of debate. Thereafter, we detail the senior author’s
preferences on each topic where consensus is often
lacking.
In order to mitigate the risks of iatrogenic cartilage

damage while providing optimal visualization and
working space for adequate instrumentation, routine
release of the MCL via percutaneous pie-crusting is
encouraged. Multiple previous investigations have
demonstrated improved postoperative patient out-
comes with a controlled percutaneous MCL release
relative to standard of care without release.33 Fakioglu
et al.34 reported radiographic gapping of the medial
compartment upon valgus stress, revealing that pre-
operative values were restored at 6 months following
MCL release in tight medial compartments. The
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findings by Fakioglu, paired with the notoriously poor
healing capabilities inherent to chondral tissue illustrate
our anecdote that “the MCL will heal almost every
time, but the cartilage will heal none of the time.”
In terms of tunnel configuration, our preference is the

2-tunnel technique. It is important to note that
Fig 8. Centralization stich with arthroscopic viewing from the ante
knee. (A) A transtibial tunnel is drilled just lateral to the media
through the same aiming guide used earlier, now placed through
passed from bottom to top on the periphery of the meniscus, and
junction. (E, F) Both ends of the suture tape are then retrieved w
the aid of the monofilament nitinol wire.
biomechanically, no significant difference in displace-
ment values or load to failure have been reported when
comparing single- versus double-tunnel transtibial
pull-out techniques.31,35 However, we encourage the
2-tunnel technique due to the increased coverage of
the anatomical footprint,35 allowing for better
romedial portal and a working anterolateral portal of the right
l rim of the tibial articular surface with a cannulated sheath
the anterolateral portal. (B-D) A horizontal mattress suture is
then from top to bottom, incorporating the meniscocapsular

ith a grasper and shuttled through the cannulated sheath with



Fig 9. Tensioning of the sutures and anchor fixation of the
medial meniscal root repair construct under arthroscopic
visualization from the anterolateral portal of the right knee.
All sutures are manually tensioned under direct arthroscopic
visualization, ensuring optimal reduction and tension of the
repair construct.
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approximation of the meniscus back to its native root
attachment. Despite largely favorable clinical and
biomechanical results, root repair frequently does not
Table 1. Pearls and Pitfalls

Pearls
� Systematically screen MRIs for presence of the “ghost sign” on sagittal v

root insertion on coronal view, increased fluid around the root, as wel
edema.

� Initial mobilization of the root to its anatomic location is necessary to e
� Ensuring that the transtibial root tunnel is positioned posterior enough

fibers, which account for nearly half of the native root strength.
� Routine use of an arthroscopic cannula is critical to avoid soft-tissue bri

pad.
� A 2-tunnel transtibial configuration with 2 simple stitches is preferred,

similar mechanical properties and clinical outcomes relative to other su
� Consider using a centralization stich when there is significant preopera
� Whenever a centralization stich is performed, its fixation to the tibial cor

to produce optimal reduction.
� All sutures are manually tensioned under direct arthroscopic visualizati

and locking of the construct.
Pitfalls
� An anteromedial portal placed too proximally will prevent access to the p

femoral condyle, whereas a low portal will direct the instruments upw
integrity of the anterior meniscal root.

� A medial meniscal posterior root tear can be missed intraoperatively if
� A tight medial compartment that is not addressed with release of the M

well as time wasting and iatrogenic cartilage damage.
� In the setting of concomitant cruciate ligament reconstruction, converg

convergence.
� Patients who begin to weight bear in the first 6 weeks postoperatively

caused by deeper flexion angles and can cause irreversible displacemen

MCL, medial collateral ligament; MRI, magnetic resonance imaging.
significantly improve meniscal extrusion post-opera-
tively.30 Although even lax healing of the meniscal
root still yields clinical benefit, the phenomenon of
persistent residual extrusion is an area of concern.
Residual extrusion may result in unfavorable biome-
chanical kinematics and was highlighted by Chung
et al.36 as a potential predictor of clinical failure of
meniscal root repair. Thus, we argue that the use of a
centralization stitch should be considered whenever
significant extrusion over 3 mm is present preopera-
tively. Multiple retrospective investigations have re-
ported improved patient-reported outcomes at 2-year
follow up following root repair with the addition of
meniscal centralization, as well as decreased medial
extrusion distance and no progression of varus
deformity.18,37

Overall, current literature reflects the compelling
evidence of the biomechanical and clinical benefits,
cost-effectiveness, and safety of medial meniscus root
repairs.12,38 Emerging evidence favors expanding the
indications of a root repair, with comparable outcomes
between patients younger and older than 50 years of
age.39 The present Technical Note contains our points of
emphasis and technical pearls (Table 1) for efficient and
reproducible steps for the gold-standard transtibial pull-
iew, a “cleft” of linear fluid signal indicating a radial tear �1 cm of the
l as evidence of medial subchondral insufficiency fractures and bone

nsure that it is amenable to repair.
in the plateau in order to reproduce the insertion of the shiny white

dging and difficulty when passing the suture near the retropatellar fat

as it is faster and technically straightforward while also generating
ture configurations for meniscal root repair.
tive medial meniscal extrusion (�3 mm)
tex should be carried out before that of the root repair stiches, in order

on, ensuring optimal reduction and tension prior to definitive fixation

osterior aspect of the joint due to obstruction of the instruments by the
ard as they collide with the tibial spines, as well as endangering the

the root attachments are not routinely probed.
CL might result in improper visualization and neglected root tears as

ent tibial tunnels with the cruciate reconstruction can result in tunnel

can induce undesirable increases in contact pressure and extrusion
t and damage the repair construct.
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out repair of MMPR using a 2-tunnel technique with an
aim of optimizing patient outcomes and minimizing
complications.
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