
Technical Note
From the
tal, Sungkyu
D.K.L.); Dep
University S
Surgery, Sa
Medicine, Se
(J.T.); Depar
Gangdong,
Department
Incheon (B.
Institute, Da

The autho
funding: sup
2019. Full IC
as suppleme

Received N
Address c

Orthopedic S
sity School o

� 2022 T
Arthroscopy
the CC BY
4.0/).

2212-6287
https://doi
How to Perform Concomitant Medial Meniscus Pull-
Out Repair With Medial Open-Wedge High Tibial

Osteotomy Without Technical Failure

Jin Woo Jin, M.D., Ph.D., Jin Goo Kim, M.D., Ph.D., Joon Ho Wang, M.D., Ph.D.,

Jungyeun Tae, Jun Ho Kim, M.D., Ph.D., Byung Hoon Lee, M.D., Ph.D.,
Jun Yong Park, M.D., and Do Kyung Lee, M.D., Ph.D.
Abstract: Varus alignment of the knee joint (varus >5�) is known as a poor prognostic factor for medial meniscus root
repair, and alignment correction is recommended in patients with varus deformity and medial meniscus root tears.
However, simultaneous medial meniscus pull-out repair and high tibial osteotomy are technically demanding procedures
due to the long surgical time, poor visualization, and breaking of the pull-out sutures during high tibial osteotomy pro-
cedures. In the present Technical Note, we will introduce a surgical method to perform 2 procedures simultaneously
without technical difficulty. The main surgical techniques are as follows. (1) Release the superficial medial collateral
ligament before arthroscopic medial meniscus pull-out repair, which secures sufficient working space and visualization.
Therefore, the operation time could also be reduced by performing the arthroscopic procedure with the anterior portal. (2)
Protect the pull-out sutures with an ENDOBUTTON reamer, which prevents pull-out sutures from breaking during the
high tibial osteotomy procedure.
edial meniscus root tears (MMRTs) are
Mcommonly observed in medial compartment
osteoarthritic knees.1 A previous biomechanical study
showed that the peak contact pressure after an MMRT
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is similar to that after total meniscectomy,2,3 and it
increases the medial joint contact pressure by
approximately 50% to 100% due to disruption of
hoop tension.4,5 MMRT causes meniscal extrusion,
loss of articular cartilage, joint space narrowing, and
eventually progresses to osteoarthritis.6-8 For these
reasons, interest in MMRT repair has recently
increased.
According to a recent study, varus alignment of the

knee joint (virus >5�) is known as a poor prognostic
factor for medial meniscus root repair.9,10 Alignment
correction is recommended in patients with varus
deformity and MMRT. However, performing
concomitant medial meniscus pull-out repair and
high tibial osteotomy (HTO) is a technically
demanding procedure for the following reasons: (1)
there is a longer operation time due to performing 2
concomitant surgical procedures, which could in-
crease the risk of postoperative complications; (2)
poor visualization and insufficient working space for
medial meniscus root repair due to narrow medial
joint space11,12; and (3) the possibility of breaking
the pull-out sutures during HTO procedures. In the
present Technical Note, we will introduce a surgical
method to perform 2 procedures simultaneously
without technical difficulty.
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Surgical Technique (With Video 1 Illustration)

Patient Positioning and Diagnostic Arthroscopic
Examination
The patient is positioned supine, and the lower ex-

tremity is prepped for routine knee arthroscopy. A
routine arthroscopic portal (anteromedial [AM], ante-
rolateral [AL], and superolateral portal) is made. The
AM portal is used for the working portal, and the AL
portal is used for the viewing portal. Diagnostic
arthroscopic examination is performed through the AL
portal. The AM portal is positioned just above the
medial meniscus to facilitate the passage of the instru-
ment during root repair.

Superficial Medial Collateral Ligament (sMCL)
Release
The longitudinal incision site is determined after

checking the position of the HTO plate with the C-arm.
A standard longitudinal incision is performed, and the
sartorial fascia is exposed. After palpating the pes
anserinus, the osteotomy site is marked at the upper
border of the pes anserinus. The pes anserinus is de-
tached with one flap. Then, the sMCL can be exposed.
The sMCL is completely released at the osteotomy level
(Fig 1). The authors prefer to decide the osteotomy
level at 3 to 5 mm below the upper margin of the pes
anserinus. Because one of the proximal locking screws
should be shortened due to crossing the tibial tunnel, a
sufficient locking screw length of the D hole might be
helpful to secure plate stability. The release of sMCL
makes the medial joint space wide and secures the
working space to perform arthroscopic root repair with
the AM portal (Fig 2). Wet gauze is packed at the
incision site to prevent contamination.

Medial Meniscus Root Repair
The margin of the root tear is refreshed with an

arthroscopic shaver to induce bleeding and facilitate
soft-tissue healing. The detached portion of the medial
meniscus posterior horn penetrates the 45� angled su-
ture hook at least 5 mm medial from the torn edge. A
1-0 polydioxanone suture (PDS; Ethicon, a Johnson &
Johnson Company, Somerville, NJ) is passed through
the medial meniscus and it is taken out through the AM
portal using a suture retriever. Two stitch sutures are
performed using the same method as described previ-
ously, and the interval of each suture is approximately
10 mm (Fig 3A) Meniscus Scorpion suture passers
(Arthrex, Naples, FL) might be an alternative option for
those unfamiliar with using a suture hook (Fig 3B). The
repair technique can be changed into a modified
MasoneAllen technique depending on the surgeon’s
preference and arthroscopic proficiency. Four strands of
PDS sutures that came out to the AM portal (Fig 3C) are
tagged using mosquito forceps.

Bone Bed Preparation and Tibial Bone Tunnel
Creation
Curettage of the articular cartilage and bone bed

preparation for creating a tibial bone tunnel can be
performed with the AM portal (Fig 4A). However, us-
ing the AL portal as a viewing portal and the AM portal
as a working portal may make it difficult to create a
bone tunnel in the accurate anatomical position due to
poor visualization. Sometimes the position of the tibial
bone tunnel might unexpectedly deviate into the
anterior or medial direction from the anatomical foot-
print of the medial meniscus root. Therefore, the au-
thors prefer to use the posteromedial (PM) portal as the
viewing portal. The instrument passes through the AM
portal and the bare space between the posterior cruciate
ligament (PCL) and medial femoral condyle. The
advantage of using the PM portal is that the anatomical
footprint position of the medial meniscus root could be
confirmed easily. Therefore, the bone tunnel can be
created in a more anatomical position (Fig 4B). Soft-
tissue debridement is performed just at the medial
border of the PCL and lateral border of the MMPH root
to secure good visualization. Bone bed preparation is
performed at the MMPH root insertion site using a
curved curette. The angle of the ACL guide is set to 30�,
and the entry point of the guide is placed just above the
osteotomy site. The ACL guide is aimed at the slightly
posterior portion from the anatomical footprint of the
Fig 1. (A) The pes anserinus is
detached with one flap. Then,
the superficial medial collateral
ligament (superficial MCL) can
be exposed. (B) The superficial
MCL release is cut at the
osteotomy level before arthro-
scopic medial meniscus root
repair.



Fig 2. The change in medial
joint space (A) before sMCL
release and (B) after sMCL
release (arthroscopic images
with 30� arthroscopy via ante-
rolateral portal of right knee).
The procedure makes the medial
joint space wide and secures the
working space to perform
arthroscopic root repair with the
anteromedial portal. (sMCL, su-
perficial medial collateral
ligament.)
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MMPH root while simultaneously placing the ACL
guide at the medial border of the posterior cruciate
ligament.
A guide pin is inserted into the ACL guide, and a tibial

bone tunnel is created using the ENDOBUTTON
reamer. During ENDOBUTTON reaming, the guide pin
is blocked with a curette to prevent iatrogenic neuro-
vascular or cartilage injury (Fig 5A). After the forma-
tion of the tibial bone tunnel (Fig 5B), the
ENDOBUTTON reamer is removed, and a Bis-pin tied
with No. 2 ETHIBOND (Ethicon, a Johnson & Johnson
Company) is inserted into the tibial bone tunnel (Fig
5C).

Passing PDS Sutures Into the Tibial Bone Tunnel
With the Shuttle Relay Technique
The ETHIBOND No. 2 is pulled out into the AM portal

using the suture retriever to shuttle relay the sutured 4
strands of sutured PDS. Roll-wire might be replaced
with No. 2 ETHIBOND, depending on the surgeon’s
preference. However, the aperture of the tibial bone
tunnel might be broken and deviate from the
Fig 3. (A) MMPH root repair using a 45� suture hook. (B) MMP
stitch sutures with an interval of approximately 10 mm for each
anatomical footprint of the medial meniscus root
insertion site, especially in the case of osteoporotic
bone, if excessive traction force of the roll wire is
applied. This is because the angle of the tibial bone
tunnel becomes shallow to make the tibial bone tunnel
above the osteotomy site, which weakens the aperture
of the tibial bone tunnel. Therefore, the authors prefer
to use No. 2 ETHIBOND. Four strands of sutured PDS
and No. 2 ETHIBOND are pulled out into the AM portal
using the suture retriever to prevent soft-tissue incar-
ceration. Four strands of sutured PDS are tagging to No.
2 ETHIBOND and shuttle relay into the tibial bone
tunnel (Fig 6 A and B).

High Tibial Osteotomy
After the arthroscopic procedure, the lower ex-

tremities are placed onto the Mayo stand. It easily
changes positions from the arthroscopic position to
supine position, and inferior bare space makes it easy
to pass the C-arm. The author prefers the reverse
distal biplane osteotomy to prevent changing the
patellar height. Two parallel guide pins are inserted at
H root repair using Meniscus Scorpion suture passer. (C) Two
suture. (MMPH, medial meniscus posterior horn.)



Fig 4. Bone tunnel formation
viewing (A) anterolateral portal
and (B) posteromedial portal
with 30� arthroscopy via of right
knee. Anatomical footprint of
MMPH root can be easily
confirmed using the PM portal as
the viewing portal, this tech-
nique prevents deviating the
bone tunnel into a non-
anatomical position (medial or
anterior direction). (ACL, ante-
rior cruciate ligament; MMPH,
medial meniscus posterior horn.)
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the predetermined osteotomy level (upper margin of
pes anserinus) and aim at the safety zone. One addi-
tional guide pin is also inserted along the anterior
margin of the predetermined osteotomy site. Wet
gauze is packed through the posterior bone margin of
the tibia, and a radiolucent protector is placed along
the osteotomy line to protect the neurovascular
structure. Initial biplane osteotomy is performed with
an oscillating saw along with the guide pins, and the
coupled chisel technique is used. In our experience,
there was no case in which the tibial tunnel was
violated during the osteotomy procedure, and it does
not need to be considered whether the pull-out su-
tures are damaged during the osteotomy procedure.
The osteotomy site is widened with a laminar spreader
as preoperative planning, and a metal block is inserted
into the osteotomy site to temporarily maintain the
osteotomy site. The correction angle is determined
with the cable method, and the target of correction is
Fig 5. Arthroscopic images with 30� arthroscopy via posteromed
curette to prevent iatrogenic neurovascular or cartilage injury. (B)
(C) The ENDOBUTTON reamer is removed, and a Bis-pin tied w
(MMPH, medial meniscus posterior horn; PCL, posterior cruciate
aimed at the weight-bearing line passing the lateral
tibial spine. After achieving appropriate alignment, the
ENDOBUTTON reamer is inserted reversely through
the pull-out sutures and tibial tunnel, in which the
sharp end is positioned distally. This technique pro-
tects pull-out sutures and prevents breaking the su-
tures during the drilling and insertion of the locking
screws (Fig 7). If the drill bit crosses the tibial bone
tunnel, it can be confirmed by contacting the ENDO-
BUTTON reamer. In this case, a 2-mm shorter locking
screw is inserted in that hole to prevent crossing the
tibial tunnel. In most cases, locking screws encounter
the tibial tunnel at one of the A-D holes. After fixation
procedures are performed, the ENDOBUTTON reamer
and metal block are removed. Pull-out sutures are tied
up to the HTO plate. Serial irrigation is performed, and
a chip bone allograft is filled at the bone defect by
osteotomy. Last, the detached pes anserinus is
repaired.
ial portal of right knee (A) The guide pin is blocked with a
The tibial bone tunnel creates with an ENDOBUTTON reamer.
ith No. 2 ETHIBOND is inserted into the tibial bone tunnel.
ligament.)



Fig 6. Arthroscopic images with 30� arthroscopy via anterolateral portal of right knee. (A) Four strands of sutured PDS and No.2
ETHIBOND is pulled out into the anteromedial portal using the suture retriever to prevent soft-tissue incarceration. (B) The 4
strands of sutured PDS are tagged to No. 2 ETHIBOND and shuttle relay into the tibial bone tunnel. (C) The sutures can be
secured in the anatomical footprint of the medial meniscus root. (PDS, polydioxanone suture.)
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Discussion
Historically, partial meniscectomy was the treatment

of choice for MMRT. Some studies showed functional
improvement with partial meniscectomy in MMRT.1,13

However, several authors reported that the
KellgreneLawrence radiographic grade was aggravated
after partial meniscectomy.1,14 Recently, there was a
paradigm shift toward meniscal preservation to prevent
osteoarthritic progression, and interest in MMRT repair
also has increased.15 MMRT repair might be helpful on
a theoretical basis by restoring hoop tension and pre-
venting the progression of osteoarthritis.6,16,17 In
biomechanical studies, there have been reports that
meniscal root repair restores normal joint kinematics
and contact pressures.3,5,18-20 In addition, meniscus
root repairs demonstrated superior clinical outcomes
and slowed the radiographic progression of knee
osteoarthritis compared with patients treated with
meniscectomy.21,22 Chung et al.22,23 also showed that
patients who underwent root repair had a very low
clinical failure rate and subsequently reduced the
Fig 7. (A) An ENDOBUTTON reamer is inserted reversely through
is positioned distally. This technique protects pull-out sutures and
of the locking screws. (B and C) Whether the pull-out sutures ar
conversion to total knee replacement. The presented
studies show a recent trend of adopting meniscal repair
as the preferred surgical option for MMRT. However,
recent evidence has shown that varus alignment of the
knee joint (virus >5�) is a poor prognostic factor for
medial meniscus root repair.9,10 Alignment correction
with HTO is recommended in patients with varus
deformity and MMPH root tears. Therefore, interest in
concomitant medial meniscus root repair and HTO has
recently increased.
Performing 2 procedures simultaneously might be

technically demanding, and the present study showed
how to perform both techniques simultaneously without
technical failure (Table 1). In particular, the current
surgical technique has 2 major advantages (Table 2).
First, medial meniscus root repair could be easily per-
formed with the anterior portal. Conventional medial
meniscus pull-out repair approached the anterior or
posterior portal. The reason for posterior access is the
difficulty of securing surgical visualization caused by
medial joint space narrowing and contracture. There is a
the pull-out sutures and tibial tunnel, in which the sharp end
prevents breaking the sutures during the drilling and insertion
e well protected was confirmed by checking the C-arm.



Table 1. Pitfalls and Pearls

Pitfalls
The angle of the tibial tunnel is shallow and the tunnel aperture could be weak; therefore, the position of the tibial bone tunnel might
unexpectedly deviate into the anterior or medial direction from the anatomical footprint of the medial meniscus root.

If the entrance of the tibial tunnel is located posteriorly, it may overlap with the HTO position, making it difficult to position the plate in the
appropriate location.

Pearls
The ACL guide should be aimed at the slightly posterior portion from the anatomical footprint of the MMPH root while simultaneously placing
the ACL guide at the medial border of the posterior cruciate ligament.

Using the PM portal as a viewing portal could be a useful method to prevent cartilage and neurovascular injury and to position the tibial
tunnel into the anatomical footprint of the medial meniscus.

Using the ETHIBOND No. 2 is recommended for the shuttle relay into the tibial bone tunnel.
The entrance of the tibial tunnel should be positioned as anterior as possible to secure sufficient length of the locking screws and to properly
position the HTO plate.

ACL, anterior cruciate ligament; HTO, high tibial osteotomy; MMPH, medial meniscus root repair; PM, posteromedial.

Table 2. Advantages, Risks, and Limitations

Advantages
Medial meniscus root repair could be easily performed with the anterior portal
Secure sufficient working space and prevent unexpected iatrogenic complications (chondral damage, MCL injury, or avulsion fracture due to
excessive varus force)

Time-saving compared with the posterior portal approach
Pull-out sutures could be protected safely during the HTO procedure
The change of patella height is minimal

Risks and limitations
Longer operation time compared with the single procedure (root repair and HTO)
Further studies are needed whether concomitant medial meniscus root repair an HTO could be superior surgical outcomes compared with the
single procedure

HTO, high tibial osteotomy; MCL, medial collateral ligament.
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risk of iatrogenic chondral damage with the anterior
portal approach in the case of narrow medial compart-
ment joint space.24 In addition, an unexpected compli-
cation, such as MCL injury or fracture of the femur,
might occur in cases in which excessive varus force is
applied with the anterior portal approach.25 However,
the posterior approach requires additional posterior side
portal (PM, posterolateral, transseptal) formation, which
is technically demanding and time-consuming.26 To
solve these problems, the authors prefer to proceed to
release sMCL first before the arthroscopic procedure. In
proceeding with HTO, the procedure of superficial MCL
release is a necessary procedure before osteotomy. By
shifting the order of surgical procedures, sufficient
working space of the medial compartment can be ach-
ieved, as shown in the present study. Therefore, the
anterior approach could be possible, as it could reduce
operation time and prevent unexpected complications
with the anterior portal approach. Furthermore, an
additional decompression effect of the medial compart-
ment might be achieved. A recent biomechanical study
also showed that the release of the distal fiber of the
MCL has a decompression effect on medial compartment
pressure after HTO.27 Other studies11,24 also adopted the
method of releasing sMCL and approaching anteriorly
when repairing MMRTs. Chung et al.24 reported that the
release of the distal attachment of the sMCL showed
similar clinical outcomes compared with the nonrelease
group. The procedure did not show residual instability,
and the operation time was also reduced by securing the
operation fields. In our case, we also adopted their idea,
and the average root repair procedure time was
30w40 minutes. Second, pull-out sutures could be
protected safely during the HTO procedure. Pull-out
sutures could be cut out in the process of drilling or
inserting the locking screw. As suggested in the present
study, pull-out sutures could be protected by the
ENDOBUTTON reamer, and 2 procedures can be carried
out without breaking pull-out sutures.
It remains controversial28-33 whether concomitant

medial meniscus root repair and HTO could be
superior surgical outcomes compared with the single
procedure (root repair or HTO). Further research is
needed to determine whether concomitant MMRT
repair and HTO could lead to superior surgical outcomes.
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