The Circumferential Compression Stitch for Meniscus Repair
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Abstract: Over the past 30 years, many patients have benefited from arthroscopically assisted meniscus repair surgery
and its ability to preserve a healthy knee. Although techniques have evolved, the basic premise of central-to-peripheral
needle penetration across the tear with fixation into the capsular region immediately peripheral to the meniscus has
remained. Suture repair techniques that involve encircling the tear have been discussed but have remained largely
impractical because of the anatomic constraints of the arthroscopic knee. A suture-passing technology designed to
function within these constraints was recently made available from Ceterix Orthopaedics (Menlo Park, CA). It allows
surgeons to arthroscopically place circumferential sutures around meniscus tears to provide uniform, anatomic
compression of the tear edges through an all-inside technique. This stitch is likely to improve healing rates and safety, as
well as to enable repair of tears that were previously considered difficult or impossible to sew. The purposes of this note
and accompanying video are to show the feasibility of placing all-inside circumferential compression stitches to treat tears

of the knee meniscus and to discuss the potential benefits of such techniques.

t is well established in the orthopaedic literature that

meniscus repair should be performed whenever
possible to prevent long-term degenerative changes in
the knee.' ' The amount of meniscus tissue removed
at the time of partial meniscectomy has been shown to
be directly proportional to the extent of knee degen-
eration.”'" At the same time, meta-analyses and
systematic reviews of meniscus repair outcomes show
high failure rates compared with other orthopaedic
procedures, in the range of 19% to 29% and many tear
patterns remain difficult to easily and effectively repair.
1218 There is also an inherent risk of neurovascular
injury.'”** Thus there is room for innovation to
improve healing rates, enable repair of nonvertical tear
patterns, and decrease or eliminate risk to neuro-
vascular structures.

Circumferential stitching for meniscus repair has been
shown in the laboratory to have the highest load to
failure of all repair patterns.* It is likely to improve
healing rates and safety by uniformly compressing the
superior, central, and inferior tear surfaces without

From Cedars-Sinai Orthopaedic Center, Los Angeles, California, U.S.A.

The author reports the following potential conflict of interest or source of
funding in relation to this article: Founder Ceterix Orthopaedics, Inc.

Received December 6, 2012, accepted February 28, 2013.

Address correspondence to Justin D. Saliman, M.D., Cedars-Sinai Ortho-
paedic Center, 444 S. San Vicente Blvd, Ste 603, Los Angeles, CA 90048,
U.S.A. E-mail: jdsaliman@yahoo.com

© 2013 by the Arthroscopy Association of North America

2212-6287/12801/$36.00

hittp://dx.doi.org/10.1016/j.eats.2013.02.016

Arthroscopy Techniques, Vol 2, No 3 (August), 2013: pp e257-e264

penetrating toward neurovascular structures (Fig 1).
Until recently, however, this pattern has been consid-
ered impractical because of the impossibility to atrau-
matically sew in vivo. This technical note and
accompanying video discuss and show the feasibility of
arthroscopic all-inside circumferential suture repair for
vertical, oblique, horizontal, radial, and root tears, as
well as those adjacent to the popliteal hiatus.

Surgical Technique

The patient is placed in any typical knee arthroscopy
position per surgeon preference, and portals are estab-
lished. The anterolateral portal is typically created by use
of the inferior pole of the patella and the lateral border of
the patellar tendon as anatomic landmarks, and the
anteromedial portal is created under direct arthroscopic
visualization of the desired repair compartment to
ensure that the angle of approach is optimal for access to
the torn meniscus. A spinal needle is helpful for estab-
lishing the best approach angle before one incises the
working portal, and a hemostat can be used to open and
optimize the portal. The camera can be moved into the
anteromedial portal if the anterolateral portal gives
a better approach vector to the torn region. This switch is
typically useful when one is repairing the body of the
medial meniscus or the posterior horn of the lateral
meniscus. In some instances the best approach angle for
these regions requires the anterolateral working portal
to be somewhat proximal to the initially created viewing
portal.
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Fig 1. Peripheral vertical tear before repair (A), after tradi-
tional all-inside repair (B), and after circumferential com-
pression stitch all-inside repair (C). Note that with the
circumferential compression stitch, the entire tear surface is
uniformly compressed from top to bottom and that the
capsule remains untethered.

The meniscus suture-passing device from Ceterix
Orthopaedics (Menlo Park, CA) enables placement of
the circumferential compression stitch by use of
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Lower jaw protraction

2nd squeeze
Needle actuation

J. D. SALIMAN

a low-profile curved upper jaw, as well as a protractible-
retractable lower jaw, to allow reversible encasement of
the meniscus without injury to surrounding structures.
The lower jaw of the device is loaded with any No. 2-0
braided composite suture. To load the suture, the lower
jaw is protracted into view by squeezing the black
handle trigger (Fig 2). One end of the suture can then
be loaded into the lower jaw by pulling it into the slot
located at the distal aspect of the jaw, as shown in Video
1. The lower jaw is then retracted back into the shaft by
a thumb trigger so that the device can be easily and
atraumatically inserted into the depths of the desired
compartment through the working portal. The upper
jaw can be flexed forward by the orange trigger so that
it is rigidly in line with the shaft of the device to allow
streamlined insertion, and it can be gradually extended
to follow the contour of the femoral condyle as the
device is inserted into the depths of the compartment,
as shown best in Video 1. Once beyond the condyle, the
upper jaw rests safely below the femoral condyle and
above the superior surface of the meniscus. The lower
jaw can then be protracted forward until it is under-
neath the meniscus to effectively encase the superior
and inferior surfaces of the meniscus between the jaws
at the repair region (Fig 3A-3C).

A minimally traumatic nitinol needle is deployed by
squeezing the orange and black triggers in concert,
which transfers the suture from the lower jaw, behind or
through the meniscus, and into the upper jaw, where it is
atraumatically self captured. The lower jaw is then
retracted before device removal by depressing the lower
jaw retract lever with the thumb (Fig 3D). Depending on
the type of tear being repaired, the suture can then be
tied and cut (as for horizontal cleavage tears) or brought
down into a trough (as for root tears) or the second end of
the suture can be loaded into the device and the device
reinserted to complete the desired stitch pattern (as for
vertical, oblique, and radial tears).

e

Upper jaw control lever

Fig 2. Profile view of Ceterix meniscus suture passer. The orange trigger controls the upper jaw; when compressed, the upper jaw
flexes forward so that it can be brought in line with the shaft during insertion into the knee. The black trigger has dual functionality:
lower jaw protraction and needle drive. When compressed the first time, the lower jaw protracts forward, and when compressed
a second time, the needle passes the suture from the lower jaw to the upper jaw, where it is self retained. The lower jaw can then be
retracted back into the shaft by use of downward pressure on the thumb trigger so that the device can be atraumatically removed. The
device is designed for use with 1 hand. The surgeon can place multiple stitches with 1 disposable device.
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Fig 3. (A, B) The Ceterix suture passer
is inserted through the working portal
and advanced until the upper jaw is
between the superior surface of the
meniscus and the articular surface of
the femoral condyle. (C) The lower jaw
is then protracted forward so that it
moves under the meniscus and the
needle trigger is actuated to complete
the peripheral pass of the suture from
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the lower jaw to the upper jaw, where it
is atraumatically self retained. (D) The
lower jaw is retracted and the device
removed. (E) The lower jaw is then
loaded with the opposite end of the
suture while leaving the first end
retained within the upper jaw. A gentle
pull on the trailing suture during re-

insertion ensures that there is not
a tissue bridge. (F, G) The suture is
passed evenly spaced on the other side
of the tear, and then the lower jaw is
again retracted and the device removed.
(H) The knot is tied at the peripheral
femorosynovial junction. Also shown are
arthroscopic photos of the Ceterix
Novostitch device passing suture to repair
avertical tear of the medial meniscus (I) in
a 37-year-old woman. Note that in this
case the 2 suture strands were shuttled to
the tibial side (J) so that the knot could be
placed within the tibial gutter (K) and that
uniform tear compression was obtained.
Video 1 shows this repair.

When repairing vertical, oblique and radial tears,
reinsertion of the device along the same tissue plane
can be guaranteed by leaving the first passed suture
limb retained within the upper jaw. The lower jaw can
then be loaded with the second suture end and
retracted into the shaft as before, however on this
insertion the passed suture strand can guide the upper
jaw to the meniscus through the same tissue plane by
gently pulling the second limb. In this way, the upper
jaw is led into the joint along the identical tissue plane
as the first passed limb so that there is no tissue bridging
and so that knot tying can be performed without need
for a cannula or sled (Figure 3E).

Once the desired suture pattern is achieved,
a surgeon’s square knot can be slid down to the
peripheral femoral-meniscocapsular interface. If not
cinched tightly on initial tying, this knot can be easily
slid down the post and positioned in the optimally
desired position.*> Applying 2 additional alternating
half-hitches secures the knot. If the surgeon prefers the

knot be placed within the peripheral tibial-sided gutter,
the suture ends can be shuttled down to the tibial side
before tying. The initially passed suture can also be used
to shuttle polydioxanone suture before knot tying

Table 1. Technique Tips

Use a spinal needle to optimize the approach angle prior to creating
the working portal.

Switch camera portals to optimize the approach angle as necessary.
This may sometimes be enhanced by an additional portal superior
to the original camera portal.

Avoid tissue bridging by following these steps:

I. Pass the first suture limb

2. Remove the device and leave the first limb retained within the
tip of the upper jaw

3. Load the second limb into the lower jaw and pull the suture
during reinsertion such that the upper jaw is guided forward
into the knee along the identical tissue plane

When necessary, enhance visibility in a tight or curved medial
compartment by pie crusting the MCL.
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Circumferential
stitches

Fig 4. Suture repair of a bucket-handle lateral meniscus tearin a 16-year-old boy with a small intact peripheral rim. This tear would be
difficult to treat with traditional inside-out or all-inside techniques because of the presence of the popliteal hiatus and the proximity of
neurovascular structures. (A) The first of multiple peripheral stitches is placed around the remnant at the region of the popliteal hiatus.
(B) The Ceterix device is re-inserted to pass the central limb of the second stitch. (C) The first 2 stitches have been placed and tied at the
region of the popliteal hiatus. At 6 months’ follow-up, clinical healing had been obtained.

according to surgeon preference (Video 1). Use of 1
disposable passer allows placement of multiple circum-
ferential compression stitches so that the tear can be
anatomically compressed without concern for added
procedure cost. Additional technique is shown in Video
1, and a summary of technique tips and pearls is listed in
Table 1.

Discussion

Vertical Peripheral Tears

Vertical peripheral meniscus tears are among the most
commonly repaired tear patterns because of the pres-
ence of a good peripheral blood supply and the robust
central meniscal fragment that is typically available.
Studies have shown that these tears, left untreated,

Radial Tear

increase contact pressure and decrease contact area at
the tibiofemoral articular surfaces, making them
important to repair.?®

The gold standard for repair of peripheral vertical
meniscus tears is inside-out, above-and-below repair
because of its atraumatic needle diameter and its ability
to uniformly compress the femoral and tibial sides of the
tear.”’>! Consistent with this standard, studies have
suggested that meniscus healing may be isolated to regions
where the repair compresses the tear edges.'®>? Circum-
ferential compression stitches provide uniform compres-
sion of the tear edges at the femoral, central, and tibial tear
surfaces, without need for open exposure. In addition, the
peripheral capsule is not directly incorporated into the
repair, a feature that may avoid iatrogenic meniscal
extrusion and intra-articular shrinkage of the functional

Fig 5. Radial meniscus tears can be repaired
with the Ceterix device by placing circum-
ferential stitches in any combination that
best reduces and compresses the tear. (A)
The central third of the meniscus can be
excised, and the central and peripheral thirds
can be repaired with side-to-side or figure-
of-8 sutures. The photographs show a radial
tear of the posterior horn of the medial
meniscus (B) in a 55-year-old man with
completely healthy tricompartmental artic-
ular surfaces. (C) Photograph taken after
passage of the first stitch, showing the device
being removed with the suture after it has
been self retained in the upper jaw. (D) In
this case the central 2 sutures were used to
shuttle polydioxanone, and a third stitch was
placed more peripherally and left as No. 2-0
nonabsorbable suture to back up the repair.
Polydioxanone is sometimes used in radial
tear repairs because the more central knots
cannot be peripheralized like they can with
circumferential compression stitches that are
placed in the central to peripheral vector.
Video 1 includes excerpts from this repair.
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Fig 6. Horizontal cleavage tear of lateral
meniscus in a 28-year-old woman before
repair (A), after passage of the first stitch
around the back of the meniscus at the
level of the popliteal hiatus (B), and after
repair (C). (D) Drawing showing resected
and repaired regions relative to popliteal
hiatus. (E) Coronal magnetic resonance
images of lateral compartment at level of
popliteal hiatus obtained preoperatively
(Pre-op) and 6 weeks postoperatively
(6 wks post-op), showing excellent early
healing of the lateral meniscus horizontal
cleavage tear. The postoperative magnetic
resonance image was obtained to guide
rehabilitation. The preoperative and
postoperative MRI scans were obtained
from different facilities with slightly
different protocols explaining the differ-
ence in contrast within the bone.

meniscal surface area that can occur with other tech-
niques.'® There is also likely to be little inherent risk to
neurovascular structures because there is no posteriorly
directed capsular penetration.

Lateral Meniscus Popliteal Hiatus Region Repair
The posterior horn of the lateral meniscus has tradi-
tionally been considered a region particularly difficult to
repair because of the presence of the popliteal hiatus and
the proximity of major neurovascular structures.?°** The
presented technique enables suture to be placed around
the posterior aspect of the lateral meniscus without
entrapment of the popliteal hiatus or tendon and without
penetration toward neurovascular structures (Fig 4).

Radial and Oblique Tears

Radial meniscus tears have been shown to signifi-
cantly increase contact pressure at the tibiofemoral
articulation.>>>” Although successful repair of such
tears has been reported, it has not been universally
adopted because such repairs are difficult to perform in
a manner that inspires confidence that the tear will
heal.”®*! We have had success in placing simple and
complex suture patterns within the meniscus to repair
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radial tears (Fig 5). The peripheral aspect of the tear can
be sewn together, whereas the central edge can be
removed without compromising the function of the
meniscus.*?

Horizontal Cleavage Tears

Horizontal cleavage tears have been shown to
successfully heal after repair, but extensive open tech-
niques have traditionally been required.*>**® Circum-
ferential repair of these tears allows the superior and
inferior lamina to be anatomically compressed along
optimal vectors and is greatly simplified, requiring only
1 peripheral pass of suture in each repair location. The
central white-white third of the meniscus is typically
removed, allowing the stitch to surround the horizontal
tear, as shown in Fig 6. The knots can be tied on the
peripheral femoral or tibial side according to surgeon
preference.

Root Tears

Medial meniscus posterior root tears encompass 10%
of all meniscus tears and render the meniscus
nonfunctional.*”** With the Ceterix technology, the
surgeon can choose any number of suture patterns to
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Fig 7. Medial meniscus root tear repair in a 50-year-old
woman. Four passes through the meniscus were made,
including an inverted mattress stitch, and the sutures were
brought through a bone tunnel and tied over a tibial washer.
The bone tunnel was created with a FlipCutter device
(Arthrex, Naples, FL), as shown in Video 1. Pictured is (A)
Ceterix device removal after passage of the first stitch, (B) the
meniscal root after passage of the above mentioned suture
patterns, and (C) following reduction of the root into the
prepared trough.

secure the posterior horn meniscal tissue. Figure 7
shows a medially located simple vertical bight of tissue
passed from the tibial to the femoral surface, followed
by an inverted mattress stitch and an apical stitch to
hold and align the tissue, respectively.

In summary, meniscus surgery has evolved from
open total meniscectomy to all-arthroscopic suture
repair. New technologies may enable surgeons to freely
sew in the tight arthroscopic environment of the knee
and allow placement of suture patterns previously
considered difficult, if not impossible, to achieve.
Surgeons may similarly be empowered to effectively
repair several tear patterns that were previously
considered difficult to sew. The potential advantages

J. D. SALIMAN

Table 2. Potential Advantages and Limitations of
Circumferential Stitching With Ceterix Suture-Passing Device

Potential Advantages Potential Limitations

Improved healing

Tibial, femoral and intrasubstance May be suboptimal for

regions of tear uniformly compressed repair of
- Anatomic reduction of tear edges meniscocapsular
- Prevents undersurface gap separations in large
formation patients

Highest load tgsfailure of all
techniques

Enables repair of complex patterns
Improved safety

Elimination of neurovascular risk
Improved function

Capsule not entrapped in repair

- May prevent iatrogenic shrinkage of

functional meniscus surface area
- Decreased postoperative pain

and limitations of the circumferential compression
stitch are summarized in Table 2. Although additional
studies will be required to fully define the long-term
clinical benefits of such techniques, the historic body of
orthopaedic literature supports the circumferential
compression stitch and its ability to deliver strong,
anatomic repairs.
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