Technical Note

Inside-out Medial Meniscal Repair: Improved ®

Surgical Exposure With a Sub-semimembranosus
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Abstract: Inside-out meniscal repair is considered the gold standard for reparable tears of the medial and lateral menisci
despite the recent popularity of all-inside devices. Accurate suture passage is required to perform a stable repair as well as
to prevent inadvertent neurovascular injury from the suture needles. Placement of a deep soft-tissue retractor is necessary
to identify and retrieve these needles prior to tying the sutures. Several authors have recommended placement of this
retractor in the interval anterior to the gastrocnemius muscle belly and above the semimembranosus tendon. However,
we have noted that the needles often pass distal to the retractor when it is placed in this interval owing to the reorientation
of the joint line that occurs with the knee in a relatively extended position during suture placement. We describe a
modified technique in which the retractor is placed inferior to the semimembranosus, which puts it directly in line with
the needles’ trajectory. This modification makes inside-out medial meniscal repair safer and more efficient.

Inside-out meniscal repair has long been regarded as
the gold standard for repair of tears of the posterior
horn and body of both the medial and lateral menisci.' *
However, inside-out repair has become less commonly
used with the advent of all-inside meniscal repair
devices that do not require an open incision or sur-
gical assistant.” Although advances in meniscal repair
technology have led to more surgeons attempting a
repair, inside-out meniscal repair still has a significant
role in the preservation of meniscal tissue for a variety
of tear patterns.

There are several advantages to an inside-out
meniscal repair that merit discussion and that are
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often overlooked given the widespread prevalence of
marketing efforts touting all-inside devices. Thinner
needles are used to pass the sutures, which compare
favorably with the larger-bore needles and implants
required by most all-inside devices. Multiple points of
fixation can be achieved on both the superior and
inferior meniscal surfaces with high-strength, braided
No. 2-0 sutures that can be placed in a vertical mattress
configuration that is optimal to capture the circum-
ferentially oriented collagen fibers on both sides of the
tear®’ (Fig 1). Low-profile suture knots can be tied
under direct visualization on the posterior capsule with
tactile and visual feedback confirming compression
across the tear, which optimizes meniscal healing. The
inside-out technique also eliminates the risk of implant
migration within the joint that can cause damage to the
articular cartilage surfaces that has been described with
all-inside devices.®” Finally, the inside-out technique is
appealing from a cost perspective because the sutures
needed for the repair are considerably less expensive
than 1 all-inside anchor.

The surgical technique used to expose the posterior
capsule from which the suture needles will pass is
paramount to performing this procedure safely and
effectively. Accurate exposure of the deep inter-
muscular tissue planes is required for needle visualiza-
tion. For a medial meniscal repair, the triangular
interval between the semimembranosus tendon, medial
head of the gastrocnemius, and posteromedial capsule
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Fig 1. View of medial compartment of knee from antero-
lateral portal after successful meniscal repair (right knee).
Vertical mattress sutures for the medial meniscal tear are
placed to capture the circumferential collagen fibers of the
meniscus.

is entered. The knee is typically in a position of 90° of
flexion during this dissection. A Henning retractor,
sterile spoon, pediatric speculum, or other curved
retractor is placed in this space to identify and retrieve
the suture needles as they are passed. Historically, it has
been recommended that the retractor be placed in the
interval anterior to the gastrocnemius tendon and
superior to (above) the semimembranosus tendon.'’"'?
However, to perform an arthroscopic medial meniscal
repair, the knee must be extended to approximately
15° with a wvalgus force applied to expose the
posterior meniscal horn. As the knee is extended, the
joint line is “rotated” distally and becomes relatively
perpendicular to the long axis of the
semimembranosus tendon, which becomes more taut,
forcing the retractor superiorly. This causes the needle
trajectory to be directed distal to the retractor.
Visualization as well as retrieval of the suture needles
is prevented, and iatrogenic injury to the popliteal soft
tissue may ensue. We have found that by placing the
retractor inferior to (below) the semimembranosus
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tendon, the needles are much easier to identify
because the more distally placed retractor is in line
with the needles’ trajectory, which avoids inadvertent
soft-tissue perforation.

The purpose of this article is to describe our modified
surgical approach that allows for a more ideal position
of the soft-tissue retractor needed to identify the suture
needles (Video 1). Difficulties with needle passage and
retrieval are largely avoided because the position of the
retractor is unaffected by the knee flexion angle.

Indications

The indications for inside-out meniscal repair are
consistent with the accepted criteria for meniscal repair
in general.”'*'* These include tears that are unstable,
that measure 10 mm or greater in length and are
located in the wvascularized red-red or red-white
zone,' ' and that have minimal traumatic damage.
Horizontal cleavage tears'’ and radial tears'® (Fig 2)
that are located in the vascularized zones of the
meniscus can also be repaired with the inside-out
technique. With the exception of medial meniscal root
tears'” and ramp lesions,”” virtually any meniscal tear
of the posterior horn or body of the medial (or lateral)
meniscus is appropriate for the inside-out technique.
Tear patterns that are more suitable for the inside-out
method than for all-inside repair options include
displaced longitudinal (bucket-handle) tears (Fig 3) and
complex double longitudinal tears that have more than
1 reparable tear present (Fig 4). The small-diameter
stainless steel needles can be directed in a variety of
trajectories by straight or curved cannulas that provide
multiple points of suture fixation on both the superior
and inferior surfaces of the meniscus (Fig 5).

Surgical Technique

Surgical Setup

The patient is positioned supine on the operating
table, and a thigh-high tourniquet is placed. It is left to
the surgeon’s discretion whether the procedure is

Fig 2. View of medial compartment of knee from anterolateral portal. (A) A radial tear of the left medial meniscus is identified at
the time of diagnostic arthroscopy. (B) The first horizontal mattress suture has been placed in an inside-out fashion.
(C) Completed inside-out repair of vascularized region of radial tear with debridement of avascular white-white zone.



Fig 3. View of medial meniscus from anterolateral portal (left
knee). A bucket-handle tear of the medial meniscus is iden-
tified at the time of diagnostic arthroscopy.

performed with the knee and operating room table
straight in extension or with the foot of the bed
“broken” (flexed 90°), allowing the knee to be
suspended with a circumferential thigh holder and the
contralateral lower extremity supported by a well-leg
holder. Irrespective of the initial position, the setup
should be performed in such a way that the foot of the
bed is dropped when the time comes to pass the
meniscal repair needles because it is ideal for the person
who is retrieving the needles to be seated and unen-
cumbered by the uninvolved extremity. After standard
preparation and draping, the limb is exsanguinated
with an Esmarch bandage and the tourniquet is infla-
ted. Some surgeons may prefer not to use a tourniquet.

- Rep Jouble-|lol

Meniscus Tear

Fig 4. View of medial meniscus from anterolateral portal after
successful repair. A double longitudinal tear is repaired in 2
layers using the inside-out technique.

Fig 5. View of medial meniscus from anterolateral portal after
successful repair (right knee). Repair of the longitudinal tear is
performed by placing sutures on both the superior and infe-
rior meniscal surfaces.

Diagnostic arthroscopy is carried out in a standard
fashion to confirm the meniscal tear and its suitability
for an inside-out repair. If needed, the superficial
medial collateral ligament can be carefully fenestrated
(“pie crusted”) with an 18-gauge needle to improve
visualization of the medial meniscus (Fig 6). A meniscal
rasp and/or an arthroscopic shaver without suction can
be used to lightly abrade the tear and adjacent
meniscosynovial junction to stimulate bleeding at the
repair site?! (Fig 7).

Open Surgical Exposure

The arthroscope is withdrawn, and the open poster-
omedial approach is performed. With the knee flexed
between 70° and 90°, a 3- to 4-cm incision is made one-
third above and two-thirds below the medial joint line,
posterior to the superficial medial collateral ligament
(Fig 8). It is oriented in a slightly oblique direction while
the knee is flexed so that it will be parallel to the lower
extremity with the knee in full extension. Superficial

Fig 6. View from medial gutter from anterolateral portal. An
18-gauge needle is used to perform pie crusting of the
superficial medial collateral ligament to improve visualization
of the medial compartment.
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Fig 7. View of body of medial meniscus from anterolateral
portal prior to arthroscopic repair. An arthroscopic shaver is
used to lightly abrade the meniscosynovial junction to
enhance healing (left knee).

dissection is carried down in standard fashion to the
sartorial fascia, which is incised (Fig 9). Care should be
taken to avoid the saphenous vein and nerve, located
between the sartorius and gracilis tendons, that should
be retracted inferiorly with an Army-Navy retractor.
Deep to these structures is a strip of fat overlying the
semimembranosus tendon. This 1-cm-thick tendon is
oriented horizontally prior to attaching in multiple slips
to the posteromedial tibia (Fig 10). While knee flexion
is maintained, Metzenbaum scissors are used to pene-
trate the deep fascia just below the semimembranosus,

Fig 8. View of medial aspect of knee prior to surgical incision
(right knee). The patient is positioned supine with the leg
suspended in a leg holder. A medial incision is made to
perform an inside-out medial meniscal repair. The incision is
located one-third proximal and two-thirds distal to the medial
joint line and posterior to the superficial medial collateral
ligament.
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Fig 9. View of superficial dissection of medial knee. An
incision is made in the sartorial fascia in a longitudinal
fashion. Forceps are grasping the incised sartorial fascia (right
knee).

anterior to the medial head of the gastrocnemius
muscle belly and posterior to the posteromedial border
of the proximal tibia (Fig 11). The fascia is bluntly and
sharply opened, as needed, to create enough room for
the curved soft-tissue retractor. The gastrocnemius can
be easily mobilized on the medial side (Fig 12). Finger
palpation can be used to ensure that the dissection is
carried far enough laterally that the intercondylar notch
and proximal tibial insertion of the posterior cruciate
ligament are easily felt. If the posteromedial capsule is
inadvertently perforated during this dissection, it
should be repaired with a No. 3-0 absorbable suture to
prevent fluid extravasation during the meniscal repair.

Fig 10. View of deep dissection of medial knee after incision
of sartorial fascia (right knee). The semimembranosus tendon
is held in the forceps. The Army-Navy device retracts the
posterior skin and soft tissue while a Senn retractor is placed
anteriorly.
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Fig 11. View of medial knee with scissors placed at interval
between semimembranosus and gastrocnemius (right knee).
The deep dissection is located distal to the semimembranosus
(outlined by yellow lines) and anterior to the medial head of
the gastrocnemius (outlined by curved green arrow).

While the knee is maintained in flexion, the retractor
is placed in the triangular interval between the semi-
membranosus, medial head of the gastrocnemius, and
posterior tibia. The surgeon’s index finger can be placed
within this interval while the foot is passively plantar
flexed and dorsiflexed to ensure that the gastrocnemius
muscle is entirely posterior to the retractor (Fig 13). An

Fig 12. Medial gastrocnemius tendon held in forceps. The
Army-Navy device retracts the posterior skin and soft tissue
while a Senn retractor is placed anteriorly.
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Fig 13. Placement of an index finger within the medial knee
wound while passively dorsiflexing and plantar flexing the
ankle will confirm adequate posterior retraction of the
gastrocnemius muscle (right knee).

advantage of a smaller incision is that skin tension helps
retain the retractor in place, which eliminates the need
for the assistant to retrieve the needles while holding
the retractor. As the knee is brought into extension, it
can be confirmed that the joint line remains oriented in
line with the retractor and not distal to it as typically
occurs when the retractor is placed above the
semimembranosus (Fig 14).

One useful strategy to improve the efficiency and ease
with which needles are retrieved is to create an
instrument “holster” with the use of a Kocher clamp
attached to the draping at chest level for the assistant,
who typically sits while retrieving the needles (Fig 15).
A needle driver is placed in one finger ring, and a heavy
pair of suture scissors is placed in the other finger ring.
We also recommend that the assistant use a headlamp
during suture retrieval to improve visualization of the
needles as they pass through the capsule, as well as to
avoid inadvertent damage to suture knots that have
already been tied. A basin or other receptacle can be
placed at the assistant’s feet to dispose of the needles.

Arthroscopic Meniscal Repair

The arthroscope is reinserted into the knee, and the
medial compartment is accessed. Suture passage can
proceed in a routine fashion. Our preference is to use
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Fig 14. View of medial knee wound (right knee). The Hen-
ning retractor is oriented in line with the medial joint line
when placed below the semimembranosus tendon.

No. 2-0 Mini SutureTape (Arthrex, Naples, FL) because
this suture has a broad surface, which reduces the risk
of cutting through the meniscus and is less prone to
breaking during knot tying. Alternatively, No. 2-
0 FiberWire (Arthrex) can be used. This braided suture
has a Kevlar core (DuPont, Wilmington, DE), which
provides improved strength for a smaller-gauge suture.
Both sutures are 38 inches long and are swaged onto
11-inch stainless steel needles. Single- or double-barrel
curved or straight cannulas are used to guide the suture
needles across the tear based on surgeon preference,
local anatomy, and tear location (Fig 16).

The sutures are placed in a vertical mattress config-
uration, 3 to 5 mm apart, beginning on the superior
meniscal surface to “set” the meniscus on the tibial
plateau (Fig 17). As the needles are passed, the assistant
retrieves them with the needle driver, bending the tip
90° and re-gripping so that the needle driver is
perpendicular to the line of pull, which prevents
slippage of the needle from the needle driver (Fig 18). A
headlamp can be worn by the assistant to facilitate
visualization of deep sutures. The needle is pulled out of
the wound, cut from the suture, and deposited in the
needle basin. Once both needles of each suture are
passed and removed, the suture limbs are pulled taut
while the video monitor is visualized (Fig 19). There
should be tactile resistance once the sutures are pulled
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Fig 15. A holster is used to hold the needle driver and suture
scissors for the surgical assistant, who will sit at knee height to
retrieve the meniscal needles on the medial side of the knee
(right knee).

taut and the tear is reduced. It is important not to over-
tighten the sutures, which may cause the inner
meniscal segment to displace upward; this will be
evident from the arthroscopic video. The sutures are
then tied with 5 alternating half-hitch knots, and the
redundant suture material is cut. Alternating sutures
are placed on the inferior surface to create a “stacked
vertical mattress” based on the tear pattern (Fig 20).

Fig 16. Variety of straight and curved single- and double-
barrel meniscal repair cannulas.
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Fig 17. View of medial meniscus from anteromedial portal
(right knee). The suture needle is guided by the cannula to
place the second limb of the vertical mattress suture.

This method of suture passage is continued until a
sufficient number of stitches have been placed to
reduce and stabilize the tear (Fig 21). If the retractor is
unable to block a needle that is placed close to the
posterior root, either the retractor or spoon can be
inserted deeper into the wound or a longer retractor
can be inserted.

If the meniscus is repaired in isolation without
concomitant intra-articular ligament surgery, marrow
venting of the intercondylar notch or the non-chondral
portion of the medial femoral condyle is performed to
cause egress of marrow elements into the joint to aid
healing®” (Fig 22). The posteromedial incision is closed
in a standard fashion, as are the arthroscopic portals.
Postoperative management is dictated by the tear type,
concomitant procedures, and surgeon preference.
However, this revised approach does not alter any
aspects of the postoperative rehabilitation.

Fig 18. View of medial knee after passage of passing needle
through medial meniscus (right knee). The surgical assistant
grasps the needles and pulls them out of the wound. It is
important to grasp the needles at 90° to avoid slippage from
the needle driver.
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Fig 19. View of medial knee after retrieval of passing needle
from medial knee wound (right knee). The suture is pulled
taut after removal of the needle.

Discussion

The benefits of meniscal preservation have been well
described to retain the primary functions of the menisci
in the knee, including shock absorption and load
transmission,”” joint stability,”* proprioception,””> and
articular cartilage nutrition.”® Inside-out meniscal
repair is an integral tool to preserve meniscal tissue and
should be familiar to the arthroscopic knee surgeon.

Fig 20. View of medial meniscus from anterolateral portal
during meniscal repair (right knee). A vertical mattress suture
is placed on the inferior meniscal surface. Alternating vertical
sutures are placed on both meniscal surfaces.
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Fig 21. View of medial meniscus from anterolateral meniscus
after completion of meniscal repair (right knee). Repair sta-
bility is confirmed with an arthroscopic probe.

Although technological advances have created oppor-
tunities for newer, less invasive all-inside implants,
inside-out repair still plays a critical role in most
meniscal tear patterns. The primary drawback of inside-
out meniscal repair is the need for an open surgical
incision for retrieval of the needles by a surgical
assistant. Whereas the recent literature has focused
primarily on the results of all-inside devices,”” ' these
studies often compare their outcomes with those of
inside-out repair because it is still considered the gold
standard for meniscal repair.’ ™

Most published techniques for inside-out medial
meniscal repair describe development of the interval
above the semimembranosus tendon and anterior to
the gastrocnemius muscle as the desired location to
place the soft-tissue retractor to block and retrieve the
suture needles'’'? (Fig 23). Because the retractor is
initially placed with the knee in 70° to 90° of flexion,

Marrow Venting

Fig 22. View of medial condyle and intercondylar notch after
meniscal repair (right knee). A shaver is used to perform
marrow venting of the intercondylar notch to increase the
presence of marrow elements to facilitate healing.
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Fig 23. View of medial knee after deep dissection (left knee).
The retractor is traditionally placed proximal to the semi-
membranosus (dashes lines) during an inside-out meniscal
repair.

Fig 24. View of medial wound after operative exposure (left
knee). A tablespoon “retractor” is placed in the traditional loca-
tion proximal to the semimembranosus tendon (dashed lines).
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Fig 25. Cadaveric dissection showing our recommended
modified location in which the retractor is placed distal to the
semimembranosus (dashed lines; left knee).

the semimembranosus is roughly parallel to the joint
line, which provides adequate orientation of the
retractor in relation to the joint line (Fig 24). However,
during arthroscopic visualization of the medial
compartment, the knee is in a relatively extended
position. Thus, the semimembranosus tendon, which
now assumes a position that is more perpendicular to

Fig 26. Cadaveric dissection of
medial knee (left knee). (A) A
tablespoon retractor is placed in
the recommended location distal
to the semimembranosus tendon
(dashed lines). (B) The meniscal
needle is passed in line with the
retractor.
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Table 1. Advantages and Disadvantages of Modified Inside-
out Meniscal Repair

Advantages
Accurate placement of soft-tissue retractor that is in line with
posteromedial joint line irrespective of knee flexion
More efficient needle retrieval
Less risk of needle-stick injury to surgical assistant
Less risk of neurovascular injury
Reduced operating room time
Disadvantages
Possibility of passing suture through semimembranosus tendon
Lack of familiarity with procedure

the joint line, displaces the retractor proximally away
from the more distally oriented joint line. When this
occurs, the needles tend to pass inferior to the retractor.
This contributes to the difficulty that is often associated
with the inside-out technique, as well as the
neurovascular risk associated with this procedure.

Conversely, when the retractor is placed below the
semimembranosus (Fig 25), it is not displaced proxi-
mally and it maintains an ideal location in line with the
medial joint line irrespective of the degree of knee
flexion (Fig 26). This technical modification increases
the safety and reliability of needle passage and reduces
the operative time because suture passage and retrieval
are much more efficient. Advantages and disadvantages
of the modified inside-out technique are described in
Table 1. Pearls and pitfalls are listed in Table 2.

In conclusion, despite recent advances in meniscal
repair technology, the inside-out repair continues to
play a central role in most meniscal tears involving the
posterior horn and mid body of the medial and
lateral menisci. Unfortunately, technical difficulties
owing to imprecise needle passage and retrieval have
lessened its popularity. This is due, at least in part, to
the unfounded recommendation to position the deep
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Table 2. Pearls and Pitfalls of Modified Inside-out Meniscal Repair

Pearls

Pitfalls

A 3-to 4-cm incision is made one-third proximal and two-
thirds distal to the medial joint line posterior to the
SMCL.

Dissection and retractor placement are performed with the
knee in flexion.

Blunt dissection down to the sartorial fascia will minimize
the risk of injury to the saphenous nerve and vein.

The saphenous vein and nerve are identified deep to the
sartorius tendon and retracted posteriorly.

The semimembranosus tendon is covered with a layer of
fat and runs in a horizontal direction.

The incision should be large enough to retain the
retractor. Tension from the skin can help hold it in
place.

A teaspoon or tablespoon can be used if a Henning
retractor is not available.

More than 1 retractor is needed depending on patient size.

Larger knees with a thicker soft-tissue envelope may require a longer
retractor to provide access to the posteromedial joint line.

The saphenous nerve and vein lie deep to the sartorius tendon and can be
injured.

The needle may not always be readily visible in the retractor, especially
when passing needles close to the posterior root. The surgeon should
always check for a tactile feel of a firm (“metal-on-metal”) stop during
needle advancement.

The surgeon should be cognizant of the anatomy of the semimembranosus.
It can fan out owing to multiple insertion sites on the proximal tibia and
can sometimes be mistaken for the pes anserine tendons.

The posteromedial capsule may be inadvertently perforated during the deep
dissection. If identified, repair should be performed to prevent fluid
extravasation.

Failure to confirm that the gastrocnemius tendon is posterior to the
retractor with passive ankle motion may result in needle passage through
the muscle.

SMCL, superficial medial collateral ligament.

soft-tissue retractor superior to the semimembranosus
tendon. Implementation of the modified technique
described in this article, which places the retractor in
the interval below the semimembranosus, significantly
improves needle retrieval and allows for a much more
reliable, safe, and efficient inside-out medial meniscal
repair.
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