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Abstract: Horizontal cleavage tears (HCTs) are challenging meniscal tear patterns, as they split the meniscus into inferior
and superior leaflets, while also involving the central, less vascular portions of the meniscus. Circumferential compression
sutures using an all-inside self-retrieving suture passing device like the Novostitch Pro (Smith & Nephew, Andover, MA)
have demonstrated the ability to create stable repair constructs with uniform compression across both leaflets in the setting
of HCTs. Additionally, biological augmentation of meniscal repairs using a marrow venting procedure (MVP) has
demonstrated superior clinical outcomes relative to isolated meniscal repairs. Thus, the purpose of this technical note is to
outline our procedure for implementing circumferential compression sutures and biologic augmentation using an MVP for

repairing an HCT of the lateral meniscus.

Introduction

Horizontal cleavage tears (HCTs) split the meniscus

into superior and inferior leaflets and disrupt both
the vascular periphery and the avascular central por-
tions of the meniscus."” While nonoperative treatment
may be a reasonable option for small HCTs with mini-
mal symptoms, symptomatic HCT patterns have tradi-
tionally been treated with arthroscopic partial
meniscectomy.’ Recent evidence has demonstrated that
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resection of meniscal tissue can directly impact joint
biomechanics and longevity.”” For example, while a
single leaflet resection can create a stable construct,
relieve symptoms, and preserve meniscal tissue, it still
leads to a decrease in contact area and an increase in
contact pressures that can be equivalent to a dual leaflet
resection.®” However, when a HCT undergoes repair,
contact pressures within the affected compartment are
restored to normal, physiological levels.” As a result,
there has been a growing trend to preserve the
meniscus, whenever possible, given its critical role in
preventing the progression of osteoarthritis and its role
in maintaining knee stability, load distribution, and
physiological kinematics.”

HCTs can be challenging to repair due to their
orientation, intrameniscal location, and involvement of
relatively avascular portions of the meniscus.® Histori-
cally, tears involving the central zones of the meniscus
had been treated with resection due to the belief that
these regions have poor intrinsic healing potential. A
recent study by Chahla et al. has demonstrated that the
central white-white zone of the meniscus has intrinsic
vascularization, as well as a resident mesenchymal
progenitor cell population.” A study by Cinque et al.
translated these results to the clinical setting and
demonstrated a significant subjective clinical improve-
ment for meniscal repair of tears involving the white-
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white zone.” The results of these studies would suggest
that the central regions of the meniscus may have
better healing potential than previously thought.

Healing of an HCT meniscal repair is highly depen-
dent on stability of the repair, compression across the
defect, and vascular supply to the repair site. Over time,
this has led to the development and application of
various anatomic reduction principles, biologic
augmentation techniques, and optimized repair con-
structs for this complex injury pattern. Prominent ex-
amples of this include the implementation of
circumferential compression sutures and biologic
augmentation through marrow venting procedures
(MVP). Circumferential compression suture configura-
tions have demonstrated an ability to create stable HCT
repairs with uniform compression across the torn leaf-
lets, unlike conventional all-inside anchor-based de-
vices, which fail to compress the leaflets together.” '’
Additionally, augmentation with marrow venting has
demonstrated the ability to improve HCT repair clinical
outcomes.'""'? Thus, the purpose of this article is to
outline our technique for repair of a HCT of the lateral
meniscus using an all-inside suture passing device to
place circumferential compression sutures followed by
subsequent biologic augmentation of the repair using
an MVP (Video 1).

Surgical Technique

Patient Setup

After the induction of general anesthesia, the patient
is positioned supine with padding posterolateral to the
thigh. Alternatively, the operative limb can be placed in
a leg holder. The post provides a fulcrum for valgus
force applied when addressing the medial compart-
ment. A pneumatic tourniquet is placed and secured on
the proximal thigh, and draping is performed in stan-
dard sterile fashion.

Arthroscopic Access

Arthroscopic access to the knee joint is obtained in a
standard fashion. Optimized portal placement is essen-
tial to ensure adequate access without damaging the
articular cartilage. The anterolateral portal is placed
first, followed by the anteromedial portal under direct
arthroscopic visualization. An anteromedial portal
placed too proximally will prevent access to the poste-
rior aspect of the joint due to obstruction of the in-
struments by the femoral condyle, while a low portal
will direct the instruments upward as they collide with
the tibial spines. Additionally, a low anteromedial
portal puts the anterior medial meniscal root at risk.

An arthroscopic probe is used to identify tear config-
uration, extent, and stability. Because of the commonly
degenerative nature of a HCT, there is frequently a
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complex tear pattern with associated fraying, a meniscal
flap, or radial components (Fig 1).

Once the intra-articular pathology is initially verified,
adequate space for thorough visualization and safe
instrumentation must be ensured. For medial sided
injuries, a medial cruciate ligament (MCL) “pie-crust”
release is often necessary when approaching the pos-
terior horn of the medial meniscus to ensure adequate
visualization and access. For lateral sided injuries, a
figure-of-four position, paired with a slightly higher
anteromedial portal will provide safe access to the
posterior horn and midportion of the lateral meniscus.

Tear Preparation

The frayed inner margins of the meniscus should be
trimmed. Tear preparation is undertaken with an
arthroscopic rasp (Smith & Nephew, Andover, MA) or
shaver (DYONICS; Smith & Nephew). Care must be
taken not to resect viable meniscal tissue so that the
viability of the final construct is not compromised.

Meniscal Repair

Repair is performed with circumferential compression
stitches, which allow for anatomic approximation and
subsequent compression of the meniscal leaflets (Fig 2).
This is done using the self-passing all-inside Novostitch
Pro device (Smith & Nephew, Andover, MA). It is the
senior author’s opinion that it is technically easier to
maneuver the tip of the device without the constraint of
an arthroscopic cannula. Conversely, at this point, a
hemostat can be used to spread the capsular opening of
the portal in order to minimize the risk of a soft tissue
bridge during instrument passage and knot tying.

The device is preloaded with 2-0 high-strength,
nonabsorbable suture and is introduced into the joint
with the lower jaw in the retracted position and the
upper jaw in the horizontal, low-profile configuration.
This is done for atraumatic insertion through the
working portal. The front, orange trigger is squeezed
during introduction to maintain the upper jaw in this
position. Upon accessing the site of the horizontal
cleavage tear, the front trigger is released enough to
elevate and place the upper jaw of the device on the
femoral surface of the meniscus. The lower jaw is then
protracted by activating the thumb lever on the side of
the device, placing it between the tibial articular surface
and the lower surface of the meniscus. Once the device
is adequately placed with the aiming laser marking
toward the periphery of the meniscus, the suture is
passed by pressing the posterior trigger of the device.
The Novostitch Pro (Smith & Nephew, Andover, MA)
will pass the suture using a minimally traumatic needle,
through the meniscal tissue, and into the upper jaw,
where it is self-captured. At the time of suture passage,
the entire device should be gently driven toward the
periphery of the meniscus as to prevent the meniscal
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Fig 1. Tear of the lateral
meniscus of the right knee. (A)
Magnetic resonance imaging T2-
coronal cut revealing a horizon-
tal cleavage tear in the body of
the lateral meniscus (white ar-
row) with associated meniscal
parameniscal cyst (black arrow).
(B) Imitial arthroscopic visualiza-
tion of the complex meniscal tear,
with a small incomplete radial
tear and an incomplete vertical
tear on the upper surface of the
meniscus. (C) Horizontal cleavage
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tear. (D) Tear site preparation
with arthroscopic rasp (Smith &
Nephew, Andover, MA), while
viewing from the standard ante-
rolateral portal and using the
standard anteromedial portal as a
working portal for instrumenta-
tion. For this lateral sided injury,
the patient is placed in a figure-
of-four position, paired with a
slightly higher anteromedial por-
tal in order to provide safe access
to the posterior horn and mid-
portion of the lateral meniscus.

tissue from extruding from the jaws of the device. The
device is retrieved from the joint and an arthroscopic
knot is tied, followed by additional alternated half-
stitches to complete the suture construct. Suture limbs
are cut with a dedicated cutter. Sequential stitching of
the meniscus along the entire tear is performed until
probing demonstrates adequate construct stability. A
single disposable device is used for placing additional
circumferential stiches by merely reloading it with new
high-strength suture cartridges. Using a probe, knots
should then be pushed toward the joint periphery as to
avoid knot placement in the meniscofemoral interface
in order to prevent possible meniscal and/or cartilage
injury.

When using the Novostitch Pro device (Smith &
Nephew, Andover, MA), an HCT repair is carried out by
deploying a single peripheral pass of suture, which is
subsequently tied and cut for each circumferential stich.
For other tear patterns, the technique must be modified.
Vertical tears require that the second end of the suture
be threaded back into the device, which is passed
through the tissue once more to complete the desired
suture configuration.'” Alternatively, a single suture or a
double-locking loop suture can be threaded down a
bone tunnel for transtibial repair of root or radial tears.'*

Bone Marrow Venting Procedure

Once the meniscal repair is completed, biological
augmentation can now be pursued. Attention is turned
to the intercondylar notch. With the use of a micro-
fracture awl, 4 to 5 holes in the lateral aspect of the
intercondylar notch are created. These holes are ante-
rior to the femoral origin of the anterior cruciate liga-
ment (ACL) and allow for bone marrow elements to
leak into the joint space. This marrow venting proced-
ure provides a biologically enriched environment that
promotes meniscal healing (Fig 3). Leakage of bone
marrow products must be visually confirmed to ensure
adequate marrow venting. If no leakage is initially
observed, irrigation of the joint may be temporarily
stopped to diminish the intra-articular pressure and
confirm successful venting. Suction can also be used to
provide negative pressure.

Rehabilitation

Physical therapy is initiated on postoperative day 1
with an early emphasis on quadriceps activation and
assisted range of motion exercises in the range of 0° to
90°. Patients who undergo HCT repair will be partial
weight-bearing with the use of crutches for 2 weeks, at
which point they progress to weight-bearing, as tolerated
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Fig 2. Repair of a lateral meniscus tear of the right knee. The arthroscopic camera is inserted from the standard anterolateral
portal, and the standard anteromedial portal is used as a working portal for instrumentation. For this lateral sided injury, the
patient is placed in a figure-of-four position, in order to provide access to the posterior horn and midportion of the lateral
meniscus. (A) The self-passing all-inside suture device is preloaded with 2-0 high-strength, nonabsorbable suture (Novostitch
Pro; Smith & Nephew, Andover, MA) and is introduced into the joint with the lower jaw in the retracted position and the upper
jaw in the horizontal, low-profile configuration. This is done for atraumatic insertion through the working anteromedial portal.
The front, orange trigger is squeezed during introduction to maintain the upper jaw in this position. Upon accessing the site of the
horizontal cleavage tear, the front trigger is released enough to elevate and place the upper jaw of the device on the femoral
surface of the meniscus. The lower jaw is then protracted by activating the thumb lever on the side of the device, placing it
between the tibial articular surface and the lower surface of the meniscus. (B) The suture is passed by pressing the posterior
trigger of the all-inside suture device. The suture is passed using a minimally traumatic needle, through the meniscal tissue, and
into the upper jaw, where it is self-captured. At the time of suture passage, the entire device should be gently driven toward the
periphery of the meniscus as to prevent the meniscal tissue from extruding from the jaws of the device. (C) An arthroscopic knot
is tied, followed by additional alternated half-stitches to complete the suture construct. Suture limbs are cut with a dedicated
cutter. (D) Sequential stitching of the meniscus along the entire tear is performed until probing demonstrates adequate construct
stability. Using a probe, knots should then be pushed toward the joint periphery to avoid knot placement in the meniscofemoral
interface and prevent possible meniscal and/or cartilage injury.

with incremental progression. Deep squatting and heavy
lifting should be avoided until 4 months postoperatively.
Rehabilitation protocols can vary depending on meniscal
tear patterns and associated procedures, such as ligament
reconstruction, cartilage repair, or osteotomy.

Indications and Contraindications
Candidates for HCT repair are young adults with
persistently symptomatic tears that did not improve

with conservative treatment; these patients should not
have significant instability or osteoarthritis.”* Contra-
indications to HCT repair include diffuse cartilage le-
sions, advanced osteoarthritis, and a patient unwilling
to comply with the rehabilitation protocol. Although
there is not a defined threshold precluding repair,
increasing age generally leads to inferior outcomes as
do degenerative tears when compared to acute, trau-
matic tears.'”'°
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Fig 3. Bone marrow-venting procedure of the right knee. The arthroscopic camera is inserted from the standard anterolateral
portal, and the standard anteromedial portal is used as a working portal for instrumentation. (A) Anterolateral portal view of
microfracture awl position on the lateral aspect of the intercondylar notch. (B) Anteromedial portal view of three perforations,
which are anterior to the femoral origin of the anterior cruciate ligament (ACL) and allow for bone marrow elements to leak into
the joint space. This marrow venting procedure provides a biologically enriched environment that promotes meniscal healing;
(C) leakage of bone marrow products must be visually confirmed to ensure adequate marrow venting. If no leakage is initially
observed, irrigation of the joint may be temporarily stopped to diminish the intra-articular pressure and confirm successful

venting. LFC, lateral femoral condyle.

Discussion

HCTs of the lateral meniscus have historically been
treated surgically via leaflet resection; however, it has
been demonstrated that these interventions resulted in
increased mean and peak pressures within the
joint.>!”'® As a result, more consideration has been
placed on repair for this injury pattern. Although there
has been well documented evidence supporting repair
of this tear pattern, there are historic concerns due to
the technical difficulty of the operation in conjunction
with presumed poor healing rates. Nevertheless, a sys-
tematic review performed by Kurzweil et al. indicated
that not only did HCT repair have satisfactory clinical
outcomes, but repair of HCT had comparable success
rates relative to other commonly repaired meniscal tear
patterns.'” As there has been a growing interest to
repair HCTs, recent efforts to optimize outcomes for
HCT repair have revolved around creating a stable
repair construct and implementing biologic adjuvants to
augment healing.

Anatomic coaptation and uniform compression
are essential for satisfactory meniscal healing.

Circumferential compression stitches have been used to
produce stable repair constructs that optimize healing
for challenging injury patterns like HCTs. Circumfer-
ential compression using an all-inside self-retrieving
suture-based device like the Novostitch Pro (Smith &
Nephew, Andover, MA) allows for uniform compres-
sion between the superior and inferior leaflets and fa-
cilitates a stable, anatomic repair across the defect.”
When compared to inside-out repairs, circumferential
compression stitches placed with the Novostitch device
(Smith & Nephew, Andover, MA) demonstrated lower
displacement (gap formation) at high cyclic loading."’
Moreover, circumferential compression stitches have
demonstrated the highest load to failure of all meniscus
repair patterns.'””’ Subsequent cadaveric testing has
also demonstrated that circumferential compression
stitches of HCTs return tibiofemoral contact pressures to
near normal-normal levels.”’ These biomechanical re-
sults have successfully translated to the clinical setting.
A 2021 prospective, multicenter trial by Kurzweil et al.
demonstrated the viability of using the Novostitch de-
vice (Smith & Nephew, Andover, MA) for HCTs.”” The

Table 1. Advantages and Disadvantages of Using an MVP for ACL Tears

Advantages

Disadvantages

Provides uniform compression from top down across the torn leaflets
(reduced gapping, higher load to failure)

Eliminates the risk of neurovascular complications from
overpenetration of implant-based devices or from inside-out repair

Eliminates the risk of implant-related complications (e.g., pull-
through, migration, loose body in the joint)

Decreased risk of iatrogenic meniscal extrusion (versus implant-based
all-inside devices or inside-out repair)

Decreased risk of postoperative meniscal cyst formation (versus
implant-based all-inside devices)

Versatility allows for repair of vertical, radial, root, horizontal, and
complex tear patterns

Potential risk of suture loosening due to improper knot-tying
Suboptimal for repair of meniscocapsular vertical separation”

Increased cost in comparison to inside-out repair.
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Table 2. Pearls and Pitfalls of Using an MVP for ACL Tears
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Pearls

Pitfalls

Access

e Optimal portal placement aided by a spinal needle is important and
ensures an adequate approach angle for meniscal repair.

e Perform an MCL “pie-crust” release if medial joint space does not
allow for optimal visualization and instrumentation during medial
meniscal repair,

o A figure-of-four position, paired with a slightly higher anteromedial
portal, provides safe access to the posterior horn and mid-portion of
the lateral meniscus.

Using the NovoStitch Pro Device

e Gently drive the device toward the periphery of the meniscus to
avoid extrusion from the jaws during suture passage.

e Use the device without a canula as it is technically easier to ma-
neuver the tip of the device without the constraint of an arthro-
scopic cannula.

e When passing circumferential compression sutures, for vertical
tears, start suture passage from the periphery and then move
centrally.

e Use a probe to relocate the repair knots, as peripherally as possible
in order to minimize interaction between the knot and the condyle.

Biologic Augmentation

e Prepare the meniscal tear with a rasp and shaver to augment bio-
logical healing.

e Create 4 to 5 holes with a microfracture awl on the lateral aspect of
the intercondylar notch.

e The entrance angle of the awl should be at 90°.

e The correct microfracture technique requires penetrating the calci-
fied cartilage layer into the subchondral bone.

e Stop irrigation temporarily or use suction to aid in visual confir-
mation of marrow venting.

Access

e A high portal causes instrument impaction against the femoral
condyle, prevents adequate access, and damages the chondral
surface.

e A low portal causes the instrument to impact against tibial spines
and may cause damage to the anterior meniscal roots.

Using the NovoStitch Pro Device

e Positioning the device too centrally for suture passage results in
nonuniform compression.

e A central position of the knots in the joint increases the risk of
cartilage damage.

Biologic Augmentation

e Insufficient penetration with the microfracture awl prevents the
release of bone marrow elements.

e Improper placement of the microfracture awl too deep into the
lateral wall will damage the ACL fibers, while placing the awl too
superior on the notch will damage the posterior cruciate ligament
(PCL) fibers.

e Overly aggressive penetration and removal of the subchondral plate
can cause a reactionary overgrowth.

authors concluded that circumferential compression
sutures using the Novostitch device (Smith & Nephew,
Andover, MA) is appropriately indicated for repairing
HCTs.

Beyond these biomechanical and clinical benefits, all-
suture repair circumvents some of the shortcomings of
traditional all-inside anchor-based devices. Over-
penetration of the capsule during suture passage with
traditional devices can lead to neurovascular damage or
entrapment, while all-suture self-passing devices avoid
this as they rely on knots instead of implants for fixa-
tion.'"” Additionally, suture-based devices eliminate
implant pull-through as a mode of failure for repairs
and also eliminate implant-related complica-
tions.'”?>?* On the other hand, there is a distinct
possibility of knot-slippage as a mode of failure. As a
consequence, there is an increased importance of
secure knot tying when using these devices.'” Suture-
based repair also decreases the risk of possible iatro-
genic meniscal extrusion and consequent intra-articular
shrinkage of the functional meniscal surface inherent to
repairs that rely on capsular stiches (inside-out, anchor-
based all-inside)."” Furthermore, a recent study by
Kinoshita et al. reported that circumferential repair
results in lower formation of meniscal cysts

postoperatively relative to anchor-based all-inside
repair (5.56% versus 26.4%, respectively).?’

In addition to optimizing stability of the repair and
compression across the defect, there has also been a
growing interest in the use of biologic augmentation
tactics to drive chemotaxis, cellular proliferation, and
matrix production in an attempt to improve healing at
the site of the repair.” The marrow venting procedure
(MVP) is an adjunctive biological technique that aims to
create a favorable healing environment through the
intra-articular release of peptides, growth factors, and
pluripotent cells from the bone marrow.''?® Unlike
other biologic augments like platelet-rich-plasma (PRP)
or bone marrow aspirate concentrate (BMAC), marrow
venting does not require a peripheral blood draw or
harvest. Additionally, PRP and BMAC have been re-
ported to have inconsistent preparation.?’**

Marrow venting was developed after superior out-
comes were observed in meniscal repairs done
concurrently with ACL reconstructions compared to
isolated repair. The theoretical benefit was attributed to
the release of biologic factors during tunnel drilling. In
the setting of a surgically repaired HCT, an adjunct MVP
has the potential to promote tissue repair and improve
patient outcomes through similar mechanisms.'' A
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promising prospective clinical study by Dean et al.
demonstrated that inside-out meniscal repair
augmented with an MVP had comparable outcomes to
meniscal repair with concomitant ACL reconstruc-
tion."' A randomized controlled trial echoed these
findings and reported that at 36-month follow up,
MVP-augmented repair groups exhibited a 100%
healing rate with superior patient-reported outcomes in
comparison to isolated meniscal repair (76% healing
rate).”” Finally, a retrospective case series specifically
examining HCT repairs augmented with a MVP
demonstrated a 91% healing rate in clinic.'?

The present technique has several advantages relative
to all-inside repair and inside-out repair of HCTs. The
use of circumferential compression stitches allows for a
uniform compression across both leaflets with a
biomechanically stronger construct. Additionally, the
technique is technically simple and uses a self-passing
suture device to aid in passing of the sutures without
placing the neurovascular structures at risk. Augmen-
tation with an MVP allows for improved meniscal
healing, as it creates a local environment that is similar
to meniscus repair in the setting of ACL reconstruction
(Tables 1 and 2).
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