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Horizontal Cleavage Meniscus Tear: “The Quad
Tendon Augmentation Technique”
Maximiliano Ibañez, M.D., Felix Hoffmann, M.D., Caroline Mouton, Ph.D., and
Romain Seil, M.D., Ph.D.
Abstract: The management of medial meniscus horizontal cleavage tears can be challenging. Currently, several treat-
ment options, including nonoperative and surgical options, have been proposed in the literature. Different repair tech-
niques aiming to promote the healing process have been reported and have shown good outcomes. However, recurrent
parameniscal cysts and decreased meniscal volume have also been reported. In this Technical Note, a novel surgical
technique to repair a horizontal cleavage tear of the posterior horn of the medial meniscus is reported in young patients.
The technique uses a strip of autologous quadriceps tendon to fill the void between the upper and lower meniscal leaflets
followed by an all-inside compression suture. Both of these technical features aim to overcome the limitations of current
repair techniques.
orizontal cleavage tears (HCTs) divide the
Hmeniscus into superior and inferior laminae or
leaflets.1 They are often extensive and affect both the
vascular periphery and avascular central zones.2-4

Based on magnetic resonance imaging, they can be
classified on a scale of 1 to 3, grade 3 being lesions
extending through the superficial fibril layers and
opening into the joint.5 The etiology of HCTs has not
yet been clearly defined. They can be traumatic or
degenerative in nature, the former being more
frequently observed early in life.6 In sports activities,
HCTs may be attributable to excessive shear stress
forces associated with a degree of myxoid degenera-
tion.1 Their development may, however, also be
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explained by necrosis of the horizontal collagen bundles
caused by poor vascularization in that area.7

Several treatment options for HCTs have been pro-
posed in the literature, including nonoperative man-
agement, arthroscopic suture repair,8-10 partial
meniscectomy including both leaflets,11 partial menis-
cectomy of the inferior flap,6 and open suture repair.12

These different treatment options are, however, not
free of negative aspects. Partial meniscectomy leads to
early osteoarthritis as well as post-meniscectomy syn-
drome.13 Parameniscal cysts have been reported not
only with nonoperative management14,15 but also in
cases of repair failure or healing absence between both
leaflets.16-18 Although repair techniques initially aim to
promote the healing process and show good
outcomes,8,9,19 they are also associated with a
decrease in meniscal volume20-23 if associated with
debridement of the intermediate layer of collagen
fiber bundles and isolated repair of the 2 leaflets.
Different techniques to repair an HCT should thus

ideally aim to preserve meniscal anatomy and volume
as well as to seal the meniscus to prevent the occur-
rence or recurrence of a parameniscal cyst. In this
technical note, the authors report a surgical technique
to repair an HCT of the posterior horn of the medial
meniscus in young patients (Fig 1). The technique uses
an autologous strip of quadriceps tendon (QT) to fill the
void between the upper and lower meniscal leaflets
followed by an all-inside compression suture. These
technical features aim to overcome the limitations of
currently existing repair techniques.
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Surgical Technique

Patient Positioning, Portal Establishment, HCT
Identification, and Graft Preparation
The patient is placed supine on the operating table

with the operated limb positioned in a leg holder at 90�

of knee flexion. A tourniquet is placed on the proximal
thigh. During the meniscal procedure, the tourniquet is
generally not inflated except at the time of graft har-
vesting. The operative extremity is prepared and draped
in a standard sterile fashion.
Standard anterolateral and anteromedial (AM) por-

tals as well as a standard superomedial outflow portal
are established. The AM portal is placed to ensure that
the posterior horn of the medial meniscus can be easily
accessed. Through direct visualization, a spinal needle is
placed in the direction of the posterior horn of the
medial meniscus, and the skin incision is performed
under direct visualization with a 15 blade scalpel.
During standard diagnostic arthroscopy, both menisci

are assessed with a probe. As described in Video 1, the
HCT is identified and carefully inspected to determine
whether both leaflets of the tear are adequate to pro-
ceed with repair. If needed, a medial collateral ligament
“pie crust” release is performed to prevent cartilage
damage during the procedure.
To prepare the meniscus, the avascular, nonrepairable

central rim and frayed inner portions of the superior
and inferior leaflets are removed using an arthroscopic
meniscal biter and a mechanical shaver. This inevitably
leads to a minor reduction of meniscal volume. To
proceed with the biological augmentation, the fibrinous
tissue at the tear interface is rasped, and the peripheral
capsule is stimulated with a shaver to create some
bleeding.
Fig 1. (A) Coronal, (B) sagittal, and (C) axial MRI views of a right
the medial meniscus from its central avascular part to its wall. (M
To explore the posteromedial compartment, a trans-
notch view is used. A tissue “bubble” can, in most cases,
be seen in the meniscal ramp area when placing the
shaver between the upper and lower leaflets of the tear
(Fig 2). This finding highlights that the tear has
completely extended through the meniscus and that
surrounding tissues present some laxity.

Quadriceps Graft Harvest and Preparation
The tourniquet is inflated and a 2-cm longitudinal

skin incision is made at the anterior aspect of the thigh
from the proximal end of the patella in a cranial di-
rection. The incision is then deepened into the subcu-
taneous plane and the peritendinous tissues are
released. The QT, vastus medialis, and patella are
identified to determine the exact site of graft harvesting.
The authors recommend achieving whenever possible a
graft length of 20 mm and a width of 10 mm. The width
of the graft is marked at the proximal pole of the patella
using a 15 blade scalpel. The distal end of the graft is
detached sharply from the upper pole of the patella.
Only the superficial tendon layer is elevated using a
scalpel or Metzenbaum scissors. The free distal end is
then secured with a whipstitch and a nonabsorbable
suture. Once the 20-mm length is reached, the tendon
is cut with a 15 blade scalpel. Tendon closure is then
performed to facilitate healing and reduce donor site
morbidity. The paratenon is closed with an absorbable
suture, and the subcutaneous tissue and skin are closed.
The graft is then prepared in a dedicated station. Two

high-strength nonabsorbable sutures are placed on each
end of the graft, and circumferential compression
stiches of absorbable 0 Vicryl suture (Ethicon, Somer-
ville, NJ) are passed all over the graft, which is then
soaked in a vancomycin solution. The sutures from
knee showing a horizontal tear involving the posterior horn of
RI, magnetic resonance imaging.)



Fig 2. Arthroscopic view from the anterolateral portal of the medial compartment of a right knee. Acute HCT of the MMPH (A)
before debridement and (B) after debridement. The avascular, nonrepairable central rim and frayed inner portions are removed
using an arthroscopic meniscal biter and a mechanical shaver. (C) Through a transnotch view, a tissue “bubble” (indicated by
asterisk) can, in most cases, be observed in the meniscal ramp area when placing the shaver between the superior and inferior
leaflets of the tear. (HCT, horizontal cleavage tear; IL, inferior leaflet; MFC, medial femoral condyle; MM, medial meniscus;
MMPH, medial meniscus posterior horn; MTP, medial tibial plateau; SL, superior leaflet.)
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both ends can be further used as traction sutures to
position the graft (Fig 3).

Graft Passage and Meniscal Repair
The graft is inserted through the AM portal using a

KingFisher grasper (Arthrex, Naples, FL) and placed
inside the HCT. Vertical sutures are applied using FAST-
FIX anchors (Smith & Nephew Endoscopy, Andover,
MA) from the most lateral side of the posterior horn of
the medial meniscus to bring together and compress the
superior and inferior leaflets of the torn meniscus and
stabilize the graft.
Once the graft is secured, the traction sutures are cut

and the graft remnant is trimmed. The FAST-FIX needle
is inserted first into the superior leaflet of the tear, and
the second anchor is placed across the HCT, inside the
depth of the inferior leaflet. Stitches are repeated every
5 to 10 mm to reproduce the effect of a vertical mattress
Fig 3. QT autograft preparation. Both ends are secured with 2
high-strength nonabsorbable sutures (indicated by asterisks),
and circumferential compression stiches of absorbable 0 Vicryl
suture are passed all over the graft. The sutures from both
ends can be further used as traction sutures to position the
graft. (QT, quadriceps tendon.)
suture and promote sealing of the meniscus. An
outside-in suture with 2 spinal needles and 0 PDS su-
ture material is further applied at the most medial part
of the tear where the posterior horn of the medial
meniscus is in continuity with the medial meniscus
body (Fig 4).
Throughout the procedure, care should be taken to

avoid iatrogenic cartilage injuries of the tibial plateau
and femoral condyle. At the end of the procedure, the
stability and tightness of the repair are tested with a
probe as well as with repetitive knee flexion-extension
movements. Through the transnotch view, it is noted
that the tissue “bubble” in the meniscal ramp area has
disappeared, indicating a successful repair. The tissue is
tighter and the height of the meniscus is restored (Fig
5).
A step-by-step summary of this technique is provided

in Table 1. Pearls and pitfalls of the surgical procedure
are listed in Table 2.

Discussion
This article presents a technique using a QT autograft

and an all-inside vertical suture to augment and repair
HCTs of the posterior horn of the medial meniscus in
young patients. In comparison with previously pub-
lished techniques, the current procedure may allow for
a more anatomic restoration of the volume and height
of the meniscus and may induce a sealing effect of the
meniscus to prevent recurrent parameniscal cysts.
The use of tendon tissue for meniscal reconstruction

has been extensively studied in the past. In a study
conducted in 1992 on 20 skeletally mature female
merino sheep, Kohn et al.24 found that replacement of
the meniscus with a tendon autograft may decrease the



Fig 4. Quadriceps augmentation technique for HCT of the posterior horn of the medial meniscus. Right knee view from the
anterolateral portal. (A) Graft passage and meniscal repair. The graft is inserted through the anteromedial portal using a
KingFisher grasper and placed inside the HCT. Vertical sutures are applied using FAST-FIX anchors from the most lateral part of
the posterior horn of the medial meniscus to bring together and compress the superior and inferior leaflets of the torn meniscus
and stabilize the graft. Traction sutures are indicated by asterisks. (B) Stitches are repeated every 5 to 10 mm to reproduce the
effect of a vertical mattress suture and promote sealing of the meniscus. An outside-in suture with 2 spinal needles and 0 PDS
suture material is further applied where the posterior horn of the medial meniscus is in continuity with the medial meniscus
body. (HCT, horizontal cleavage tear; IL, inferior leaflet; MFC, medial femoral condyle; MMB, medial meniscus body; MMPH,
medial meniscus posterior horn; MTP, medial tibial plateau; QT, quadriceps tendon; SL, superior leaflet.)
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severity of degenerative cartilage changes after menis-
cectomy. In a recent in vivo study, Rönnblad et al.25

used autologous semitendinosus tendons as possible
meniscus transplants. Their study indicated that the
grafts survived and adapted in shape and capabilities to
an original meniscus without adverse events and with
improvements in patients’ pain and quality of life.
Fig 5. Final view of the quadriceps augmentation technique for H
view from the anterolateral portal. (A) At the end of the proced
probe as well as with repetitive knee flexion-extension movemen
the meniscal ramp area described in Figure 2C has disappeared, in
of the meniscus is restored. QT graft is indicated by asterisk. (HCT,
medial meniscus body; MMPH, medial meniscus posterior horn;
Studies reporting the clinical results of HCT repair
have confirmed that partial meniscectomy may not be
the best treatment option for these types of le-
sions.2,12,26 In 2014, a systematic review of 9 studies
involving HCT repair in 98 patients noted a clinical
success rate of 78% when using reoperation to perform
a meniscectomy as the end point.17 The authors of a
CT of the posterior horn of the medial meniscus. Right knee
ure, the stability and tightness of the repair are tested with a
ts. QT graft is indicated by asterisk. (B) The tissue “bubble” in
dicating a successful repair. The tissue is tighter and the height
horizontal cleavage tear; MFC, medial femoral condyle; MMB,
MTP, medial tibial plateau; QT, quadriceps tendon.)



Table 1. Step-by-Step Summary of “The Quad Tendon
Augmentation Technique”

Step Description

1 The patient is placed supine on the operating table
with the operated limb positioned in a leg holder
at 90� of knee flexion. A tourniquet is placed on
the proximal thigh.

2 A standard AL arthroscopic portal is created to
explore the joint. Through direct visualization,
the best position for the AM portal is determined.

3 The HCT is identified in the posterior horn of the
medial meniscus and inspected to determine
whether the leaflets of the tear are adequate for
repair.

4 The avascular, nonrepairable central rim and
frayed inner portions are removed using an
arthroscopic meniscal biter and a mechanical
shaver.

5 A QT graft measuring 20 mm in length and 10 mm
in width is harvested. Two high-strength sutures
are placed on each end, and circumferential
compression stiches are passed all over the graft,
which is then soaked in a vancomycin solution.

6 The graft is inserted through the AM portal using a
KingFisher grasper and placed in position inside
the HCT.

7 Vertical sutures are applied using FAST-FIX
anchors from the most lateral side of the
posterior horn of the medial meniscus to bring
together and compress the superior and inferior
leaflets of the torn meniscus and stabilize the
graft.

8 Once the graft is secure, the traction sutures are cut
and the graft remnant is trimmed.

9 The FAST-FIX needle is inserted first into the
superior leaflet of the tear, and the second
anchor is placed across the HCT, inside the depth
of the inferior leaflet.

10 An outside-in suture with 2 spinal needles and
0 PDS suture material is applied at the most
medial part of the tear where the posterior horn
of the medial meniscus is in continuity with the
medial meniscus body.

11 At the end of the procedure, the stability and
tightness of the repair are tested with a probe as
well as repetitive knee flexion-extension
movements.

AL, anterolateral; AM, anteromedial; HCT, horizontal cleavage tear;
QT, quadriceps tendon.

Table 2. Pearls and Pitfalls

Pearls
� Establish the AM portal under direct visualization using a spinal

needle so that it touches the posterior horn of the medial meniscus.
� AnMCL “pie crust” release can be performed to avoid damaging the

cartilage when preparing the meniscus or applying the suture.
� Proper graft sizing is key to avoiding overstuffing the HCT site.
� Circumferential compression sutures in the graft allow for resto-

ration of the anatomic shape and volume of the meniscus.
� The use of traction sutures is useful when manipulating and posi-

tioning the graft within the knee joint in case of problems when
using the KingFisher.

� Sutures should be placed inside the superior and inferior leaflets in
a vertical fashion to totally seal the HCT.

Pitfalls
� The superior edge of the anterior horn of the medial meniscus can

be easily damaged during the creation of the AM portal.
� Too aggressive removal of the central rim may prevent proper

sealing of the meniscus.
� Excessive debridement of the frayed inner portion may compromise

the inferior leaflet of the meniscus.

AM, anteromedial; HCT, horizontal cleavage tear; MCL, medial
collateral ligament.

Table 3. Advantages and Limitations

Advantages
� Simple, safe, reliable technique.
� Restores the height, volume, and tightness of the meniscus.
� Using an autograft avoids foreign or synthetic material and en-

hances tissue healing.
Limitations
� Requires advanced skills in arthroscopic surgery and a non-

negligible learning curve.
� Requires small incisions in addition to the arthroscopic portals to

perform graft harvesting.
� Minor risk of donor site morbidity.
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more recent systematic review suggested that repair of
HCTs may result in acceptable outcomes despite the
low-quality evidence base in the literature.27 However,
they found a reoperation rate of 11.7%, with most
cases involving meniscectomy at revision.
Despite good outcomes after repair of HCTs, meniscal

narrowing and a decrease in meniscal volume have
been reported as limitations of previously published
surgical techniques. In a prospective case series of 53
arthroscopic meniscal repairs, Pujol et al.20 found sig-
nificant width reduction or shrinkage of the repaired
middle and posterior segments (9 � 1.2%, P < .02)
when comparing preoperative magnetic resonance
imaging and postoperative computed tomographic
arthrography of the medial meniscus. These changes
may have been caused by meniscal abrasion, suture
tightening, or a shrinkage effect during the healing
process. They may furthermore be associated with the
development of post-meniscectomy knee osteoar-
thritis,28,29 inducing abnormal contact areas and con-
tact pressures.22,23,30 With this technique, using a QT
autograft augmentation, the authors intend to mini-
mize these changes by restoring meniscal volume and
height.
Although not very common, another limitation of

existing repair techniques for HCTs that needs to be
addressed is the possibility of a parameniscal cyst
occurring or recurring after repair.31 By filling the void
between both leaflets of the torn meniscus with an
autologous QT graft, we hypothesize that the current
technique can induce a better sealing effect of the
meniscus in comparison with an isolated repair, thus
reducing this possible complication. A list of advantages
and limitations of the procedure can be found in
Table 3.
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This QT augmentation technique aims at restoring the
volume and inducing a sealing effect of the meniscus
compared with isolated repair techniques. Future
biomechanical and clinical studies will need to confirm
this hypothesis.
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