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Abstract: The medial meniscal root tear, a particular meniscal injury at the level of its posterior bone insertion, leads to a
loss of impact absorption and load distribution capacity, similar to total meniscectomy. Therefore, its repair is fundamental
for knee joint longevity. This type of injury often occurs in middle-aged patients with lower limbs varus malalignment,
which results in mechanical overloading of the medial compartment and induces premature cartilage wear out. The
success of meniscal root repair, with meniscal bone reinsertion, depends on the correction and realignment of varus
deformities greater than 5° for physiological levels. In this situation, corrective tibial osteotomy combined with meniscal
repair is indicated. Our goal is to describe the step-by-step technique of the valgus opening wedge tibial osteotomy
combined with the arthroscopic reinsertion of the posterior meniscal root in tibia during the treatment of a patient with

varus deformity and medial meniscus root tear.

B oth medial and lateral menisci have anterior and
posterior tibial bone insertions. Lesions in these re-
gions or up to 10 mm from their bone insertion are called
meniscal root tears.'” These injuries cause the meniscus
to suddenly lose its impact absorption and load-
distribution capacity, similar to what occurs in a total
meniscectomy, increasing the pressure at the affected
compartment.” Meniscal root tears lead to a meniscal
extrusion, a decrease at the contact area, an increase in
cartilage stress, and ultimately articular degeneration.”
The gold standard treatment for meniscal root tears is
the reinsertion of the affected root, which is associated
with high success rates due to pain, function, and ac-
tivity levels improvements.”> Although it is successful
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in most cases, failures can be related to varus mala-
lignment greater than 5°, and it is recommended to
correct the lower limb axis in these situations.”

Patients who have mechanical axis deviation in varus
and mild osteoarthritis associated with medial meniscus
posterior root tears can benefit from tibial valgus
osteotomy. This, even isolated, can provide significant
improvement of symptoms and allow healing of the
root tear without the need for repair.® Therefore, there
is a clear indication of performing both procedures
simultaneously or separately, in an attempt to mitigate
early joint degeneration and also to protect the rein-
sertion of the tibial root, by reducing the overload in the
compromised compartment.”

Lower limb physiological alignment varies between 5°
and 8° valgus. Varus deformities lead to mechanical
overload of the medial compartment of the knee and, as
a consequence, to chondral and meniscal degeneration.
The magnitude of the degeneration and secondary
osteoarthritis development are directly proportional to
the degree of varus deformity in the affected limb.”

The valgus opening tibial osteotomy is indicated to
realign the limb and decompress the affected compart-
ment in this patient profile.® Just as physiological
alignment prevents chondral degeneration, so do
functional menisci, absorbing and distributing stress
throughout the joint. They increase the surface contact
area between the femur and tibia, allowing a more
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homogeneous mechanical load distribution avoiding
focal overloads.” We describe herein the step-by-step
surgical technique of medial opening proximal tibial
osteotomy associated with the reinsertion of the pos-
terior root of the medial meniscus.

Technical Note

The patient is anesthetized with spinal anesthesia and
placed in supine position, with a pneumatic cuff posi-
tioned at the thigh root. A 1-sheet cushion is positioned
over the ipsilateral gluteus running internally the
injured lower limb approximately 15°, leaving the pa-
tella at the Zenith. A leg support, lateral to the tourni-
quet, is fixed to the operating table, to facilitate the
medial compartment opening during valgus stress. After
checking the positioning, asepsis and antisepsis of the
affected limb and the ipsilateral anterosuperior iliac crest
are performed and sterile surgical drapes are installed.

Valgus Tibial Opening Osteotomy

An 8-cm longitudinal incision on the anteromedial
surface of proximal tibia is performed. The hamstring
tendons are identified and retracted. After sartorius
fascia excision, the superficial medial collateral liga-
ment is identified and released from bone, keeping its
distal insertion intact (Fig 1 A and B). Through digital
dissection, the head of the fibula is palpated, passing the
finger anteriorly to the gastrocnemius. The medial head
of the gastrocnemius is, subsequently, retracted and a
retractor is placed along within the posterior tibial
cortex, to protect the neurovascular bundle.

The patellar tendon is identified, by blunt dissection,
and protected with a hooked retractor, to avoid iatro-
genic injury. Under fluoroscopic view, 2 guidewires are
inserted 4 cm distal to the joint line, obliquely, with
their end pointing toward the fibular head (Fig 1C). The
exact osteotomy entry point is located just below the
guidewires. A bone-cutting guide is then attached to the
wires. The tibial osteotomy began with the aid of a low
rotation oscillatory saw (Fig 1 D and E), and finishing
with the use of osteotomes (Fig 1F). Attention is taken
to preserve the lateral cortex.

With the aid of a tuning fork and spreader-type re-
tractors, a medial wedge is opened until the mechanical
axis reached the Fujisawa point (Fig 1G). Then a trap-
ezoidal wedge plate, with the longest face aligned with
the posterior tibial cortex is used to keep the wedge
open (Fig 1H).

A radioscopic image control in the sagittal plane is
important at this point to ensure that the tibial slope is
being preserved. Another important precaution is to
place the plate as far back as possible, which helps
avoiding the tibial slope to be inadvertently affected,
and also allows the plate-fixing screws not to interfere
with the bone tunnel of the meniscal root repair. The
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plate is then fixed with 4 blocked screws (2 placed
proximal and 2 distal to the osteotomy) (Fig 1I).

Simultaneously with the osteotomy, another team
member removes the bone graft from the ipsilateral
iliac crest in a conventional manner.

Meniscal Root Repair (With Video lllustration)

We started this surgical step after the tibial osteotomy
because, by releasing the superficial medial collateral
ligament, the arthroscopic step is considerably easier to
be performed due to the increase in the tibiofemoral
space (Video 1). After limb exsanguination, the tourni-
quet is inflated at 300 mm Hg. The anterolateral, ante-
romedial, and transpatellar arthroscopic portals are
created. Then, the posterior root tear of the medial
meniscus and its tibial footprint are identified. An “MU”
guide (Arthrex, Naples, FL), calibrated with a 50° incli-
nation, is introduced through the anteromedial portal
and positioned posterior to the medial tibial spine, on the
footprint of the posterior root (Fig 2A). The entry point
of the guidewire must be positioned so as to avoid
confluence with the anterior and proximal screw that fix
the osteotomy plate, if it has already been placed.

The bone tunnel for fixation of the meniscal root is
drilled with a 6-0 FlipCutter drill (Arthrex), proximal
and anterior to the osteotomy plate screws (Fig 2B).
When it gained the joint, we activated the drill bit and
drilled backwards through a 10-mm long tunnel. The
cannula of the FlipCutter bit must be kept in the tunnel
because it serves as a guide for the entry of a needle
steel wire loaded with a 2-0 ETHIBOND traction wire in
loop (Ethicon, Somerville, NJ). Upon reaching the joint,
the wire loop is pulled out through the transpatellar
portal, using a 2 fingers tweezer (Fig 2C). At this point,
we place 3 FiberWire threads stitches at the meniscus,
along the free edge of the injured root, with the aid of a
specific suture device, called Knee Scorpion (Arthrex),
which enters the joint through the anteromedial portal
(Fig 2 D-F). In each pair of suture threads, a Mickey
ear-type knot is given (Fig 2 G-L)."°

The traction wire that is in the transpatellar portal is
then pulled through the anteromedial portal so that all the
wires came out through the same portal. The suture
thread isintroduced into the traction thread loop and then
pulled through the tibial tunnel (Fig 2 M-0) and tied to an
ABS button (Arthrex) (Fig 2 P and Q) right after the
correct tension of the threads ensures the reduction of the
meniscal root inside the bone tunnel, under arthroscopic
control. The incisions are thoroughly washed out and the
autologous iliac crest graft is inserted into the osteotomy.
A review of hemostasis is performed and the wounds is
sutured in layers and occlusive dressing.

Rehabilitation
The key point for rehabilitation of this surgical
procedure is not to load the operated limb in the first
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/ Deep MCL

Superficial MCL Superficial MCL released

Guide wires for osteotomy Low rotation oscillatory saw

Concluding the osteotomy

/ with osteotome

Fig 1. The superficial medial collateral ligament is released from the bone, keeping intact its distal insertion (A and B). Two guidewires
are inserted 4 cm distal to the joint line, obliquely, with their end pointing toward the fibula head (C). With a low rotation oscillatory
saw, we start the tibial osteotomy (D and E). The osteotomy is finished with osteotomes, taking care to preserve the tibial lateral cortex
(F). With the aid of a tuning fork and spreader-type retractors, a medial wedge is opened until the mechanical axis reaches the Fujisawa
point (G). A trapezoidal wedge plate, with the longest face aligned with the posterior tibial cortex, is used to keep the wedge open (H).
The plate is then fixed with 4 blocked screws, 2 proximal and 2 distal to the osteotomy ().
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Tuning fork opening the

/ osteotomy

Puddu plate positioned
with the highest part of the
trapezium on the posterior
face of the tibia

Fig 1. (continued).

6 weeks.'”"’ In this combined surgical procedure, we

have 2 main reasons to avoid load on the operated
limb. One is to wait for the tibial osteotomy
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consolidation, which occurs around the 6th
postoperative week,” and the second reason is to wait
for the healing of the meniscal root reinserted in the
bone tunnel, which also occurs in the same period of
time.'”'” If the patient does not follow this main
recommendation, there is a great risk of fracture and
misalignment of the proximal tibia, and also a risk of
root repair failure, leading to a serious complication.
With this main recommendation in mind, we will
describe below the other recommendations for post-
operative rehabilitation.

The immediate postoperative period to the first week
includes the following recommendations''"'*:

e Cryotherapy;

e Care for the surgical wound (keeping it always clean,
dry, and with an occlusive dressing);

e Pain and edema control with analgesia;

e Use of prophylactic anticoagulation (we recommend
enoxaparin at a dose of 40 mg once a day);

e Mobilization of the patella, patellar tendon; and

quadriceps;

Tibial tarsal pump;

Use of knee immobilizer;

Nonloading of the operated limb;

Force passive and active extension gain;

Passive flexion up to 90° is allowed and should be

stimulated to avoid joint stiffness; and

Quadriceps activation (with isometric exercise).

The first to third week includes the following
recommendations’ "%

e Cryotherapy;

e Immobilizer is no longer needed;

e Care for the surgical wound (keeping it always clean,
dry and with an occlusive dressing, removing the
stitches around the third week);

e Pain and edema control with analgesia;

e Use of prophylactic anticoagulation (we recommend

enoxaparin at a dose of 40mg once a day, until the

14th postoperative day);

Tibial tarsal pump;

Do not load with the operated limb;

Force passive and active extension gain;

Passive flexing up to 90° allowed;

Quadriceps isometric exercises; and

Abductor and adductor isometric exercises.

Third to includes the

recommendations

sixth  week following

11,12,

Nonloading of the operated limb;

Force passive and active extension gain;

Passive flexion beyond 90° allowed as tolerated by
the patient;

e Quadriceps isometric exercises;

Abductor and adductor isometric exercises; and
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MU guide positioned

Proximal-Anterior screw

short, in order to avoid the
confluence of the tibial Flipcutter Drill postioned 8
tunnel

C D Knee scorpion introduced

into the joint

Medial Meniscus root tear

Knee scorpion

+—— Puddu plate

Ethibond wire loop out of
the joint

Knee scorpion penetrating the posterior face of the

/ medial meniscus, close to the posterior meniscal root Knee scorpion brings with it the loop formed to

outside the joint

Fig 2. The proximal and anterior screw must be shorter to avoid the confluence with the tibial tunnel of the meniscal root repair.
An MU guide (Arthrex), calibrated with at 50° inclination, is introduced through the anteromedial portal and positioned pos-
terior to the medial tibial spine, on the footprint of the posterior root (A). A 6-0 FlipCutter drill is used to drill the tibial tunnel for
fixing the meniscal root. We position the MU guide anterior and proximal to the osteotomy plate screws (B). The ETHIBOND
wire loop is pulled out the joint through the transpatellar portal, using 2 fingers or probe tweezers, and the Knee Scorpion
(Arthrex) device is prepared (C). The Knee Scorpion device is introduced into the joint, penetrating the posterior horn of the
medial meniscus; thus, a loop of the FiberWire is passed through this meniscal site. When we remove the device from the inside
of the joint, it brings with it the loop formed (D-F). With the loop out of the joint, we perform the “Mickey Ear Stich,” which is
performed by folding the loop over itself twice, forming a double loop, and we pass inside the double loop the 2 ends of the fiber
wire (G-K). Then, we pull the ends of the wire so that the stitch “runs,” ending the “Mickey Ear Stitch” (L). We repeat this step 2
or 3 more times (M). We pass the ends of the FiberWires inside the ETHIBOND and pull the ETHIBOND loop, transporting the
FiberWires into the tibial tunnel (O). We pass the ends of the FiberWires through the inside of the orifices of the ABS button and
make multiple points tensioning them, reducing and also tensioning the medial meniscus (P and Q).



First we increased
the loop

™ We fold the loop
again

We pull the ends of the
wire ending the “Mickey
Ear Stitch”

Fig 2. (continued).

e Frontal and lateral radiographs of the knee are rec-
ommended to observe bone healing of osteotomy.

The sixth week to eighth week includes the following
recommendations' %

e The knee radiograph is repeated, and if it shows bone
consolidation, start partial load with 2 crutches;

e Start active flexion gain; e Full passive joint gain; and

e The use of a stationary bike with an elevated seat and
without resistance is incorporated.
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We fold the loop
over itself

We introduce the ends of
the wire inside the
double loop

The eighth to 12th week includes the following
recommendations' "' ?:

Use 1 crutch for 2 more weeks;

Focus on full active joint amplitude gain;

Start proprioception training;

Start resistance on the stationary bike; and

Start closed kinetic chain exercises with knee flexion
restriction angle between 0° and 30 °, always with
double legs (leg press, squat).
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~times

We increased the
Ethibond loop

«— The ends of the Fiberwire are
transported to the tibial tunnel

Fig 2. (continued).

The 12th to 16th week includes the following
recommendations' "' *:

e Closed kinetic chain exercises are maintained by
increasing the knee joint range to 0 ° x 70 °

e Progression of exercises from double-leg to single-leg
can be started if the patient shows an evolutionary
improvement in exercises performed with double leg.

e Freestyle swimming, elliptical, and walking on the
treadmill are allowed to increase cardiovascular
conditioning.

v "I «— We repeat this
NN stitch two to three
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We introduce the ends of the
wire inside the Ethibond loop

ABS button is positioned in the
tibial tunnel

Multiple stitches are performed

The 16th week to sixth month'’'? includes the
following recommendations:

e Closed and open kinetic chain exercises are main-
tained by increasing the knee joint range to 0 ° x 90 °;

e Single leg exercises allowed;

e Focus on muscle strengthening of the quadriceps,
abductors and external hip rotators;

e Freestyle swimming, elliptical, and walking on the
treadmill are allowed to increase cardiovascular
conditioning; and
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Table 1. Advantages, Disadvantages, Risks, and Tips Associated With Posterior Root Repair of Medial Meniscus Combined With

Valgus Tibial Opening Osteotomy

Advantages Disadvantages

Risks Tips

Faster recovery Longer surgical time

The release of the MCL for osteotomy

opening and facilitates the root
repair

Decompression of the medial
compartment favors the root
healing

Confluence of the tibial tunnel and
proximal anterior screw

Articular Fracture of the proximal
favors the medial joint space tibia

The tibial bone tunnel must be
exactly on the native footprint of
the meniscal root

Protect the neurovascular popliteal
bundle during tibial osteotomy

Keep the lateral cortex of the tibia
intact to allow the hinge wedge
opening.

In the proximal and anterior orifice of
the osteotomy plate, use a screw of
shorter length, preventing it from
interfering with the perforation of
the tibial tunnel to reinsert the
meniscal root

MCL, medial collateral ligament.

e Quadriceps index must be assessed with a manual
dynamometer and at this stage the strength of the
quadriceps on the operated limb must be above 80%
of the unaffected limb.

Finally, after the sixth month'""'? the following rec-
ommendations are instituted:

e Maintain muscle strengthening;

e Quadriceps index must be assessed with a manual
dynamometer and at this stage the strength of the
quadriceps on the operated limb must be above 90%
of the unaffected limb; and

e Evaluate return for sports activity.

Discussion

Posterior root tear of the medial meniscus is usually
degenerative and observed mainly in middle-aged
women, corresponding to approximately 20% of le-
sions of the posterior horn of the medial meniscus.”
They usually occur spontaneously without a well-
defined trauma. It is common for the patient report
hearing a sudden snap when crouching, followed by
severe pain at the level of the medial joint line. Mag-
netic resonance imaging (MRI) has a high diagnostic
sensitivity (77%), preferably in T2. A high signal
perpendicular to the meniscus in the axial view, a
truncation sign, and meniscal extrusion in the coronal
view and the ghost sign in the sagittal view are
characteristic.”*

This type of injury can lead to a rapid progression to
osteoarthritis in the affected compartment and, in
addition, studies show a strong association between
meniscal root injuries and osteonecrosis.'*'” Up to
80% of patients with “spontaneous” osteonecrosis have
a posterior root tear of the medial meniscus associated.’

Arthroscopic repair is the treatment of choice for
posterior root tears of the meniscus because it restores
joint kinematics, improves load distribution and
symptoms, and delays evolution to osteoarthritis.* The
repair is not indicated in patients with diffuse osteoar-
thritis (Outerbridge grades II and IV) of the affected
compartment, asymptomatic chronic lesions, and un-
corrected misalignments. Varus deformity greater than
3°, chondral lesion grade 3 or greater, and meniscal
extrusion greater than 3 mm are poor prognosis fac-
tors.' ™ As treatment alternatives to repair, conservative
and partial meniscectomy are described, both with
similar poor results, and a conversion rate to total
knee arthroplasty of 50% in 5 years.’

One of the possible causes of injury to the posterior
medial root is the increased load in this compartment
due to varus deformity. This deformity can overload the
medial compartment, leading to the root injury, but it
can also occur after the root injury, due to chondral
wear and collapse of the joint that occurs due to
meniscus incompetence. The fact is that the deformity,
whether primary or secondary to root damage, must be
corrected before or together with root repair when it is
greater than 5° of varus.'->*%'¢

Nha et al.® evaluated the degree of meniscal healing of
the posterior root, through an arthroscopic second-look
evaluation, in patients undergoing isolated tibial osteot-
omy, without meniscal repair, and found 10 (50%) cases
with complete healing, 6 (30%) with incomplete healing,
and 4 (20%) with no healing.® Tibial osteotomy in selected
patients presents satisfactory results, with a return-to-
sports rate of approximately 75% (55%-100%) and a
return-to-work activity rate around 80% (41%-100%)."”

Moon et al.'® developed a retrospective study
analyzing 63 patients who underwent reinsertion of the
posterior root of the medial meniscus. To participate in
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the study, patients needed to be younger than 65 years
old, with a Kellgren—Lawrence score equal or less than
2, nonsevere varus of the lower limb with lower limb
alignment less than 10°, and less than 5° difference
between the contracted limb side. The average age of
these patients was 54.9 years, mean body mass index of
26.2, with an average onset of symptoms until surgical
treatment of 18.1 weeks. The authors submitted all
participants to the technique of meniscal reinsertion
through a tibial transosseous tunnel with button fixa-
tion. Patients were evaluated for clinical visual analog
scale and International Knee Documentation Commit-
tee (IKDC) scores, also were evaluated with a pano-
ramic radiograph of the lower limbs with preoperative
load, with 1 year postoperatively and 2 years post-
operatively, and joint degeneration and lower limb
alignment were analyzed. MRI also was analyzed pre-
operatively and 1 year after surgery. Patients were
divided into 2 groups according to the degree of
meniscal extrusion assessed at preoperative and post-
operative MRI. The authors observed that the clinical
results improved with statistical significance in both
groups in the 2 years of evaluations. However, the joint
degeneration was analyzed radiologically advanced in
both groups, and in the group with greater meniscal
extrusion (group 2), this progression was significantly
greater. An increase in the varus misalignment of the
progressive affected limb also was observed in pano-
ramic radiographs performed 1 and 2 years after sur-
gery in both groups. The only difference between the 2
groups was the time between injury and surgery, which
was significantly shorter in the group with less meniscal
extrusion (group 1). Thus, the authors concluded that
an early approach to surgical treatment for patients
with meniscal root injury has a greater chance of
decrease meniscal extrusion by decreasing the speed of
joint degeneration. One factor that was not considered
in the author’s conclusions was if an osteotomy asso-
ciated with root repair in these cases could further
decrease the progression of joint degeneration and
prevent a progressive misalignment in this patient
profile.'®

In 2019, Kodama et al.'” performed a retrospective
study analyzing 22 patients undergoing surgical treat-
ment for posterior root tears of the medial meniscus.
The authors evaluated the degree of meniscal extrusion
on preoperative MRI in extension and 90° flexion in
the postoperative period, and repeated this examina-
tion 3 and 12 months after the operation. They also
researched the following clinical scores, Lysholm,
IKDC, Tegner, and visual analog scale, during the same
pre- and postoperative periods. One year after the
operation, the authors performed a second-look
arthroscopy to assess chondral status. The authors
found a clinical improvement of all scores, with statis-
tical significance without clinical correlation with the
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degree of meniscal extrusion found in the period of
1 year after surgery. On MRIs performed in flexion, the
authors observed a decrease in meniscal extrusion
compared with the preoperative examination, whereas
on MRIs performed in extension, the degree of extru-
sion was greater than the preoperative. In the assess-
ment of chondral status, there was a chondral
degeneration of the loading area of the medial femoral
condyle. Kodama et al. concluded that despite
observing a slight increase in the chondral degeneration
of the load area of the medial femoral condyle and the
meniscal extrusion of the medial meniscus in exten-
sion, the clinical scores were not affected by these
changes, being observed an improvement with statisti-
cal significance for all patients. The authors also
concluded that the surgical treatment of the meniscal
root tear, treated with transosseous fixation, allows a
delay in the meniscal extrusion at 90° of knee flexion
and prevents a chondral degeneration at the area of the
femoral condyle that articulates with the tibial plateau
and meniscus in 90° of flexion."”

A recently published study retrospectively compared 71
patients with posterior root tears of the medial meniscus
and submitted to a medial opening valgus tibial osteot-
omy. The authors divided these patients into 3 groups. In
the first group, only the osteotomy was performed and no
treatment was performed on the meniscal root tear. In the
second group, the tibial osteotomy was associated with a
transosseous root repair and in the third group, the pa-
tients underwent osteotomy associated with the repair
“side by side” of the meniscal root. The authors evaluated
patients with clinical questionnaires (Lysholm, IKDC,
Kellgren—Lawrence and Tegner), progression of joint
degeneration assessed radiologically by the classification,
and a second-look arthroscopy was performed 24 months
after surgery (performed at the time of removal osteot-
omy plate and screws) to assessed the chondral status and
the meniscal root healing. The authors found a clinical
improvement of all scores in the 3 groups with no sig-
nificant differences between them. They observed a better
chondral quality in the group that osteotomy was asso-
ciated with the transosseous meniscal reinsertion tech-
nique, but without statistical difference between the other
2 groups. This same group had the greatest rate of
meniscal healing of 24%. In the radiologic analysis, only 1
patient in the group in which the osteotomy was per-
formed isolated presented osteoarthritis progression, in
the other groups none of the patients worsened. The
authors concluded that the association of posterior
meniscal root repair of the medial meniscus with osteot-
omy seems to improve the quality of the chondral status
during the second arthroscopic look; however, in the
short term, the repair of the meniscal root did not present
significant differences with the group in which meniscal
root has not been addressed.”” We believe that the
number of patients involved in this study and short
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follow-up prevented the observation of a substantial
improvement in the group that underwent medial
opening valgus tibial osteotomy associated the medial
posterior root repair. Another important fact of the study
is that the tibial osteotomy, even performed in isolation,
improved the clinical scores evaluated with statistical
significance, being similar to the other groups, showing
the relevance and importance of correcting the mechan-
ical axis in patients with varus deformity and meniscal
tear.

Although tibial osteotomy can be performed before
root repair, we believe that performing both in the
same surgical time allows recovery and return to daily
activities much faster, in addition to not exposing the
patient to 2 surgical interventions. The advantages,
disadvantages, risks, and pitfalls of this technique are
shown in Table 1.

We hope that the details of the combined surgical
technique will allow the procedure to be performed in a
more accurate and reproducible manner, increasing
success rates.
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