Technical Note

Open Wedge High Tibial Osteotomy with Pes ®
Anserinus Preservation and Insertion of Bone
Substitutes

Ryuichi Nakamura, M.D., Ph.D., Kazunari Kuroda, M.D., Ph.D., Masaki Takahashi, M.D.,
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Abstract: Biplanar open wedge high tibial osteotomy (OWHTO) has become common since the introduction of OWHTO-
specific plates. However, the management of soft tissues, including skin, the pes anserinus, and the superficial medial
collateral ligament (sMCL) release vary among surgeons. We introduce an OWHTO methodology that avoids pes incision
and repair, uses bone substitute insertion into the opening gap and includes management of soft tissues to minimize
complications. We adopted a reversed curved oblique incision to reduce the risk of saphenous nerve injury. We avoided
pes incision, taking advantage of its posterior component force to allow it to function as a compressor of the ascending
osteotomy site. The proximal component force of the pes provides compression between the bone substitute insertions
and the proximal/distal cortices. This allows postoperative weight bearing to be distributed to the substitute, which may
reduce the risk of implant failure. The sMCL is detached from the distal tibial attachment without cutting, enabling its
return to its original position underneath the pes and to be repaired. This sMCL release with complete pes preservation
may reduce the risk of deep infection or medial laxity during total knee arthroplasty conversion, and further reduce the

risks of OWHTO.

Introduction

biplanar version of open-wedge high tibial

osteotomy (OWHTO) has become common since
the introduction of some OWHTO-specific locking
plates, such as TomoFix (TomoFix Medial High Tibial
Plate; Synthes; Solothurn, vaitzerland).1 Methods of
management of soft tissues, including the skin incision,
handling of the pes anserinus, and the need for release
of the superficial medial collateral ligament (sMCL)
remain controversial.
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Although the original skin incision for the TomoFix
plate’ was a small oblique incision (Fig 1A), Reischl
et al.” reported a higher rate of postoperative infection
with an oblique incision compared with a longitudinal
incision (Fig 1B), suggesting that a longitudinal incision
may reduce the complications induced by excessive
skin tension during surgical exposure, although it may
increase the risk of saphenous nerve injury given its
proximity to the proximal part of the nerve (Fig 1B).
Modifications to the oblique or longitudinal incision
would be required to avoid these complications.

The pes anserinus, which is composed of the com-
bined tendinous insertions of the sartorius, gracilis, and
semitendinosus muscles, stabilizes the medial side of
the knee.” Accordingly, a pes-preserving OWHTO'*”
may have superior medial stability compared with
OWHTO, which involves initial pes incision followed by
repair. While some surgeons®” prefer to incise the pes
to provide better visualization of the osteotomy, the
long-term effects of an incised-and-repaired pes on
the OWHTO's structure and/or biomechanics have not
been clarified, making a better understanding of the
role of the pes in OWHTO (Fig 2) critical.

As the osteotomy line lies between the deep MCL
(dMCL) and the sMCL, the opening procedure may
potentially create increased tension of the sMCL (Fig 3,
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Fig 1. Skin incision. (A) A small oblique incision made parallel to the pes anserinus. Even with a nerve-sparing incision,
increased skin tension during surgical exposure due to the limited view may increase the risk of skin necrosis or postoperative
infection. (B) Longitudinal incision. Although adequate exposure is easily obtained, the more proximal aspect of the saphenous
nerve is at risk for injury, especially when the incision is made on the more medial side. (C) Reversed curved oblique incision.
Both the anterior and posterior parts of the osteotomy line are clearly visible. The risk of damage to the proximal saphenous
nerve is reduced because only the peripheral nerve branches are vulnerable.

A and B), which may prevent the principal objective of
OWHTO, i.e., decompression of the medial compart-
ment. Agneskirchner et al.'® recommended the com-
plete release of the sMCL to allow sufficient
decompression (Fig 3C). Sato et al.'' reported that
complete release of the sMCL did not cause post-
operative valgus laxity after OWHTO, although a
consensus is still lacking.

We have developed an OWHTO procedure that 1)
addresses the skin tension and saphenous nerve
vulnerability involved in making an incision, 2) avoids
incision and repair of the pes, and 3) addresses the
sMCL tension issues. We describe the pes-preserving
OWHTO with bone substitute insertion using the TriS
medial HTO plate (Olympus Terumo Biomaterials,
Tokyo, Japan), which is placed in a more posteromedial
position than the TomoFix (Fig 4).'> The pearls and
pitfalls of this procedure are shown in Table 1.

Surgical Procedure (with Video lllustration)

Preoperative Planning and Preparation (Video 1)

We aim the target postoperative weight-bearing line
(WBL) to be 60%—70% in the WBL percentage.” The
correction angle is measured using the method of
Miniaci et al.'” using supine frontal lower-extremity
X-rays,'* with a digital surgical planning tool (medi-
CAD®, Hectec, Germany) (Fig 5A) for reference.'” The
postoperative medial proximal tibial angle (MPTA)'® is
estimated from the sum of the original MPTA and the
correction angle. The correction angle is then

transferred to the coronal MRI section at the tibia’s
widest diameter (Fig 5B) to fine-tune the opening dis-
tance. We also need to account for the bone loss
generated by the saw blade, a potential cause of
undercorrection. As the bone loss in our OWHTO pro-
cedure using a micro-oscillating saw is approximately
1 mm, 1 mm is added to the opening distance calculated
from the MRI measurement (Fig 5B).

As we use a bone substitute made of P-tricalcium
phosphate (OSferion 60, Olympus Terumo Bio-
materials, Tokyo, Japan), the posterior and anterior
wedges are cut beforehand to fit the target gap. The
operation is performed with the patient supine under
general anesthesia. The opposite leg is placed lower
than the operative leg to allow full visualization of the
medial aspect of the knee.

Approach (Video 1)

An initial arthroscopy is performed and any intra-
articular pathology is addressed through the antero-
lateral and anteromedial portals. The medial aspect of
the proximal tibia is exposed through a reversed curved
oblique incision (Fig 1C)."” The pes anserinus is
elevated using forceps to detect the proximal border
(Fig 6A). Retracting the pes without cutting, the sMCL
is then completely detached from its distal tibial inser-
tion (Fig 6B). The medial border of the patellar tendon
is cut (Fig 6C) and the ascending osteotomy line for the
anterior flange is drawn with an electrosurgical knife.
The flange requires a minimum thickness of 15 mm at
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Fig 2. The possible function of the pes
anserinus in open-wedge high tibial
osteotomy. (A) The traction force of the
pes anserinus (red arrow) can be sepa-
rated into the two component forces:
the posterior component (blue arrow)
and the proximal component (green
arrow). The ascending osteotomy is
created as long as possible, with thick-
ness of the basal portion > 15 mm. (B)
The posterior component force (blue
arrow) compresses the ascending
osteotomy site (black arrows), which
can increase stability and promote bone
union. (C) When the pes anserinus is
cut during surgical exposure, in addition
to the decreased compressive force, it
can result in externally rotated
displacement of the distal part of the
osteotomy (orange arrow). (D) The
proximal component force (green ar-
row) compresses and stabilizes the bone
substitute-proximal/distal cortical inter-
face (black arrows).

its base (Fig 2A). We create a flange that is as long as
possible to increase the contact area of the coronal
plane osteotomy (Fig 2A). The angle between the
ascending and oblique osteotomies is set to be
approximately 100°. The knee is then flexed, and the
popliteal muscle is detached from its tibial posterior
aspect'® (Fig 6D), and a radiolucent retractor is inserted.

Osteotomy (Video 1)

A biplanar OWHTO is performed under Kirschner
wire (K-wire) guidance with the knee in extension. A
small pillow beneath the knee is used to acquire a
fluoroscopic view tangential to the joint surface (Fig
7A).

The starting level for the oblique osteotomy is 4 cm
distal to the joint line (Fig 7A). At the starting level, the
first K-wire is inserted from the point of intersection of

\

the planned ascending and oblique osteotomies up to
the hinge point, which is lateral to the medial margin of
the proximal tibiofibular joint (PTEJ) and just above the
PTEJ (Fig 7B)."” After insertion of the first K-wire, its
position is confirmed by a tangential view to the PTEJ
(Fig 7C). One or two more K-wires are then added
parallel to the first K-wire (Fig 7D). The ascending and
oblique osteotomies are performed using a micro-
oscillating saw, chisels, a micro-reciprocating saw, and
a standard reciprocating saw.

Gap Opening and Plate Fixation (Video 1)

Following the stepwise opening using 3 to 5 chisels
(Fig 7E), the K-wires and the retractor are removed.
Retracting the pes and the sMCL, the first spreader is
inserted into the posterior-most gap and opened to 6 to
7 mm (Fig 6E). The small pillow is then moved under
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Pes anserinus

Fig 3. The possible function of the medial collateral ligament (MCL) in open wedge high tibial osteotomy. (A) The relationship
between the deep/superficial MCL (dMCL/sMCL), pes anserinus, and the osteotomy line (black line). The sMCL attaches 6—7 cm
distal to the joint line across the osteotomy line and underneath the pes anserinus. (B) When the open-wedge high tibial
osteotomy is performed without releasing the pes anserinus, the MCL is tightened (blue arrows), which can cause insufficient
decompression of the medial compartment (blue bold arrows). (C) When the sMCL is dissected proximal to the pes, it cannot be
repaired (red double-pointed arrow) despite adequate decompression. (D) As dMCL release is mandatory in total knee
arthroplasty conversion, both the dMCL and sMCL lose their distal attachments when sMCL healing is incomplete. This situation
induces medial laxity (blue bold arrows). (E) When the sMCL is released from its distal attachment, it can be repaired in a side-to-
side manner underneath the pes anserinus. The distal end of the sMCL after the opening moves proximal (blue arrow) to its

original attachment (dashed blue arrow).

the heel to extend the knee gravitationally. After
widening the posterior gap to the desired target dis-
tance, the anterior spreader is inserted to maintain the
distance (Fig 6F). The posterior bone substitute wedge is
inserted to replace the posterior spreader (Fig 6F).
Thanks to the tension applied by the pes, the gap will
automatically close after the wedge insertion followed
by the removal of the anterior spreader. We then

confirm that the MPTA has been appropriately cor-
rected using the MPTA-measurement film (Fig 8C).
After inserting the anterior bone substitute wedge (Fig
6G), the reflected sMCL is then returned to its orig-
inal position underneath the pes anserinus (Fig 6G) and
repaired (Fig 6H). The TriS medial HTO plate is
temporarily fixed with a proximal K-wire through the
sleeve, and the correct plate position is confirmed
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Fig 4. Characteristics of the TriS medial
high tibial osteotomy (HTO) plate. (A)
Anteroposterior postoperative radio-
graph of a 66-year-old male patient
who underwent open wedge high tibial
osteotomy (OWHTO) with a TriS
medial HTO plate in his right knee. The
anatomical plate design, which fits the
posteromedial portion of the tibia after
OWHTO, allows a sufficiently long
screw while avoiding plate-head irrita-
tion. When the screw tip(s) can be
inserted beyond the medial margin of
the proximal tibiofibular joint (red
dashed line and black double headed
arrow), the arch comprising the locking
plate, locking screws, and fibula (green
outline) promotes the structural
strength of the OWHTO. (B) Lateral
view. The more posterior plate-head
installation can accommodate the 15°
shaft angle (red lines).

fluoroscopically (Fig 7F). Finally, all screws are inserted
and locked (Fig 7G). A general outline of the surgical
procedure and the risks and limitations of this tech-
nique are described in Tables 2 and 3, respectively.

Postoperative Rehabilitation

Full weight-bearing walking exercise, as well as range
of motion exercise, are allowed on the first post-
operative day and are advanced gradually, as tolerated.

Discussion

OWHTO surgical exposure maximizes the advantages
of the medial biplanar opening technique, while
avoiding the risk of complications.

The most important problem in medial knee surgeries
is saphenous nerve injury, characterized by hypo-
esthesia and/or hyperesthesia and/or neuropathic
dermatitis that typically appears lateral to the incision
site.”’ In order to avoid these risks, we adopted the
reversed curved oblique incision (Fig 1C), through
which both the anterior and posterior parts of the
osteotomy line are clearly visible.'”

A single-plane osteotomy has little room for plate
fixation because of the necessity to cut proximal to the
patellar tendon insertion.”’ In biplanar OWHTO, in
addition to the large contact area at the ascending
osteotomy site, the distal osteotomy affords room for
plate fixation.”' However, the contact pressure of the
ascending osteotomy site cannot be increased by the
locking system. An intact pes works as a compressor of

the ascending osteotomy owing to the posterior
component force (Fig 2, A and B). If the pes is cut, the
distal part can be easily rotated externally, especially in
cases with an unstable lateral hinge fracture (Fig 2C).
The proximal component of the contractile strength of

Table 1. Pearls and Pitfalls of this Procedure

Pearls
1. Reversed curved oblique incision

- Both the anterior and posterior parts of the osteotomy line are
clearly visible.

- This reduces the risk of the saphenous nerve injury.

2. Pes preservation

- The posterior component force of the pes can increase stability
and promote bone union.

- The compressive force between the bone substitute and the
proximal/distal cortices can be applied by the proximal
component of the contractile strength of the intact pes.

- The externally rotated displacement of the distal part of the
osteotomy can be avoided in cases with an unstable lateral
hinge fracture.

3. Complete release of the SMCL from the distal attachment of the
tibia

- The medial compartment can be adequately decompressed.

- The sMCL can be appropriately repaired by returning it to the
original position underneath the pes.

Pitfalls
- There might be a risk of ischemia in cases with thin skin.
- It is relatively more difficult to gain a sufficient view with this
osteotomy compared to the pes-incision technique.
- The possibility of medial laxity during total knee arthroplasty
conversion may remain.

SMCL, superficial medial collateral ligament.
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MFA-mTA:
mFA-mTA: 4.9°

Fig 5. Preoperative planning. (A) Correction angle calculation with a digital planning tool (mediCAD) for a 61-year-old female
patient prior to open-wedge high tibial osteotomy of the right knee. (B) The correction angle (8.59°) was transferred to the
coronal MRI section at the tibia’s widest diameter. The starting point of the proximal oblique osteotomy (B), which is 40 mm
distal to the medial edge of the medial plateau (A) and hinge point (C), is first plotted. An isosceles triangle B-C-D is then drawn
with the apex angle equivalent to the correction angle. The bottom length B-D (8.5 mm plus 1 mm to account for the bone loss
from the oscillating saw = 9.5 mm) corresponds to the opening distance.

=

Fig 6. Soft tissue management (medial side of the left knee is exposed.) (A) The pes anserinus (PA, yellow arrow) is elevated using
forceps to detect the proximal border. (B) Incising the proximal border (yellow dashed line) of the PA without cutting the tendon, it
is elevated by a muscle hook. The superficial layer of the medial collateral ligament (sMCL) is then completely detached from its
distal tibial insertion using a Cobb elevator (CE). (C) The medial border of the patellar tendon (PT) is cut to prepare the ascending
osteotomy. (D) The popliteal muscle is detached from the posterior tibia using the Cobb elevator. (E) After the ascending osteotomy
for the anterior flange (AF; white dashed line) and the oblique osteotomy are completed, the PA and the sMCL are retracted distally
and posteriorly, respectively. A posterior bone-spreader (PBS) is inserted into the posterior-most opening gap (OG) and opened to
6—7 mm. (F) An anterior bone-spreader (ABS) is then inserted into the anterior gap to maintain the appropriate opening gap (OG).
A posterior wedge (PW) made of bone substitute is inserted to replace the first PBS. (G) The ABS is removed and replaced with the
anterior wedge (AW), made of bone substitute. The reflected sMCL is then returned to its original position underneath the PA. (H)
After the repair of the sMCL in a side-to-side manner, the OG is almost completely covered.
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Fig 7. Intraoperative fluoroscopic views of the left knee. (A) The entry point of the first K-wire is demonstrated using an original
4-cm gauge (yellow double-headed arrow). (B) The first K-wire is inserted slightly proximal to the level of the proximal
tibiofibular joint (PTFJ; yellow dashed circle). (C) The K-wire position is confirmed by a tangential view to the PTEJ (50° internal
rotation). A line extending from the K-wire (white dashed line) passes just above the PTEJ (yellow lines). (D) The second K-wire
(black arrow) is inserted parallel to the first K-wire (red arrow). (E) The tip of the first chisel (yellow arrow) during the stepwise
opening procedure by some chisels terminates at the hinge point, which is located just above the PTFJ and 5 mm medial to the
lateral cortex. (F) Temporary fixation of the TriS medial HTO plate. The K-wire(s) for the proximal cannulated screw(s) should be
superimposed upon the PTEJ (dashed yellow circle). (G) Final confirmation of the plate installation. The tips of the proximal
screws are superimposed on the PTFEJ (dashed yellow circle). K-wire, Kirschner wire.

the pes also provides the compressive force between the
bone substitute and the proximal/distal cortices (Fig 2,
A and D), allowing postoperative weight-bearing to be
distributed to the substitute, as well as the plate, which
may reduce the risk of implant failure.

Complete sMCL release, which is required for
decompression of the medial compartment,'® does not
induce medial laxity'' because of the remaining deep
MCL (dMCL; Fig 3C). Staubli et al." dissect the SMCL
proximal to the pes (Fig 3C) and Brosset et al.” remove
it from the posteromedial cortex. However, these
unrepairable releases may trigger the risk of deep
infection or the possible medial laxity during total
knee arthroplasty conversion (Fig 3D).” Releasing the
SMCL from the distal portion using a periosteal
elevator®” combined with leaving the pes intact can be

an effective approach to the repair of these medial
stabilizers (Fig 3E).

In conclusion, OWHTO, through a reversed curved
oblique incision with pes anserinus preservation,
insertion of bone substitutes, and complete distal SMCL
release, may prevent multiple complications.
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Fig 8. Intraoperative confirmation of the correction angle. (A) An original medial proximal tibial angle (MPTA)-measurement
film on the monitor. The horizontal axis (black arrow) and vertical axis (white arrow) indicate the tibial shaft axis and joint line,
respectively. (B) Films with different MPTA diagrams are prepared for measurement. (C) After inserting the posterior bone
substitute wedge, the MPTA-measurement film is placed on the fluoroscopy monitor.
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Table 2. Surgical Procedure

1. Preoperative planning and preparation
- The target postoperative weight-bearing line lies 60% to 70% from the medial side.
- A bone substitute block is cut for the posterior and anterior wedges, according to the surgical plan.
- The wedges are dipped into saline including antibiotics (1g cefazolin/100 mL saline) to prevent infection.
2. Approach
- The opposite leg is placed lower than the operative leg for good visualization of the medial aspect.
- Partial or total meniscectomy/meniscal repair for a torn medial meniscus, if present, is performed.
- A reversed curved oblique incision is used.
- Pes anserinus elevation is performed without cutting/releasing.
- The sMCL is detached from the distal attachment using a Cobb elevator.
- The medial border of the patellar tendon is incised, taking care not to injure the infrapatellar fat pad.
- An ascending osteotomy line is drawn with an electrosurgical knife, as long as possible to create the anterior flange.
- The flange thickness should be approximately 15 mm, and the angle between the ascending and oblique osteotomies is 100°.
- The popliteal muscle belly is detached from the posterior aspect of the tibia using a Cobb elevator in knee flexion.
A radiolucent retractor is inserted between the popliteal muscle and the tibia.
The knee is extended, with a small pillow underneath to achieve the correct tangential view of the joint surface.
- Full-extension and mid-flexion positions are recommended for the anterior and posterior exposures, respectively.
- The pulsation of the popliteal artery can be easily confirmed if a tourniquet is not applied.
3. Osteotomy
- The oblique osteotomy is started 4 cm from the joint line.
- The hinge point is set just above the PTFJ, lateral to its medial margin.
- The first K-wire is inserted from the intersection of the ascending and oblique osteotomies to just above the hinge point.
- An intraoperative X-ray is acquired, tangential to the PTEJ in 50° internal rotation), to confirm the hinge position.
-The second and third K-wires are inserted parallel to the first K-wire and the posterior tibial slope.
- The ascending osteotomy line is cut using a micro-oscillating saw and a chisel.
- The oblique osteotomy is cut using a micro-oscillating saw and chisels leaving the posterior cortex intact.
- The oblique osteotomy is completed by cutting the posterior cortex with a micro- or standard-reciprocating saw and a chisel.
4. Gap opening and plate fixation
- The gap is opened in a stepwise manner using 3-5 chisels, depending on the target opening distance.
- The first spreader is inserted into the posterior-most gap and opened to 6—7 mm after retracting the pes and the sMCL.
- A small pillow is placed below the heel to extend the knee.
- The posterior gap to the target distance is opened, and the second spreader is inserted into the anterior gap.
- Keeping the distance by the second spreader, the first spreader is replaced by the appropriate bone substitute wedge.
- The second spreader is replaced by the anterior substitute wedge.
- The reflected sMCL is returned to its original position underneath the pes and repaired in a side-to-side manner.
- The plate is installed as posteriorly as possible, fixed temporarily with K-wires, and the position is checked fluoroscopically.
- The plate is then fixed with locking screws.

K-wire, Kirschner wire; PTFJ, proximal tibiofibular joint; sMCL, superficial medial collateral ligament.

Table 3. Risks and Limitations of this Technique

Risks in Each Surgical Step Limitations

1) Reversed curved oblique incision 1) The tension of the pes anserinus sometimes disrupts the opening by a

L. . . . spreader in cases with a large opening gap.
- Careful attention is required to prevent skin necrosis when

the skin is extremely thin.
2) Complete release of the sMCL 2) In smaller patients, the distance between the joint line and the upper
border of the pes anserinus is shorter. It is difficult to make room for

- Avulsion of the pes anserinus can be one of the risks in osteotomy/bone-substitute insertion/plate installation in such cases.

releasing the sMCL using a Cobb elevator.
3) Double-spreader technique 3) The normal bone-ligament interface of the sMCL cannot be

. . reconstructed using side-to-side repair of the sMCL and pes anserinus.
- As the cortex around the anterior gap tends to be more fragile

than that around the posterior gap, patients with severe
osteoporosis may be at risk for anterior spreader-induced
cortical fracture.

sMCL, superficial medial collateral ligament.
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