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Abstract
The surgical outcomes of simultaneous anterior cruciate ligament reconstruction (ACLR) and high tibial
osteotomy (HTO) are good in ACL-de�cient knees with medial compartment osteoarthritis (OA). However,
this procedure has issues to be solved, such as mild knee instability and progression of OA after surgery.
Herein, we introduce our surgical procedure and technical tip of opening-wedge distal tubercle osteotomy
(OWDTO) performed simultaneously with anatomical double-bundle ACLR (DBACLR). This procedure
aims to achieve long-term knee stability by anatomically reconstructing the ACL using the double-bundle
technique even though ACLR and OWDTO are both performed for ACL-de�cient knees with medial
compartment OA.

1. Background
The surgical outcomes of simultaneous anterior cruciate ligament reconstruction (ACLR) and high tibial
osteotomy (HTO) are good in ACL-de�cient knees with medial compartment osteoarthritis (OA) 1–3).
However, this procedure has some issues to solve, such as mild knee instability and OA progression after
surgery 2), 4–6). Schneider et al. 2) have reported that combined ACLR (bone–patella tendon–bone graft)
and opening-wedge high tibial osteotomy (OWHTO) can facilitate sustainable knee stabilization based on
a 10-year follow-up. Moreover, return to sport at the same level was possible just for one-third of patients
with femorotibial OA progression in 39% of cases. Shuster et al. 6) performed OWHTO combined with
ACLR and chondral resurfacing on 23 patients, and all patients had Kellgren–Lawrence (KL) grade 3–4
knees. Four ACL grafts (18.1%) were insu�cient, and two (9.1%) were stable but had signs of
degeneration. However, most reports about combined OWHTO and ACLR performed single-bundle ACLR
(SBACLR), not double-bundle ACLR (DBACLR).

Also, the increasing incidence of patellofemoral (PF) joint compression after OWHTO has been a cause of
concern 7,8). To address this problem, several studies have assessed opening-wedge distal tubercle
osteotomy (OWDTO) 9–12).

2. Purposes
The current report aimed to present our surgical procedure and technical tip of OWDTO performed
simultaneously with anatomical DBACLR.

3. Indications
The indications for the procedure are ACL-de�cient knees with medial compartment OA, particularly acute
ACL rupture and relatively early OA (KL grades 2–3), are good indications (Table 1).
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Table 1
Indication of simultaneous DBACLR with OWDTO

  Active indication Negative indication

1) Primary medial compartment OA is
better

K-L grade 4

Extensive ICRS grade 4 cartilage damage

A lot of osteophytes

Joint subluxation

2) Normal posterior tibial slope Posterior tibial slope angle > 12°

3) Acute ACL rupture is better Chronic ACL rupture with severe anterior tibial
translation

4. Surgical Techniques
Patients were placed in supine position under general anesthesia.

1) Routine arthroscopy

Standard anteromedial and anterolateral portals were created. The condition of the cartilage, particularly
that of the PF joint, was evaluated, and lateral release was performed as needed.

2) Skin incision

A longitudinal 8-cm incision was made between the tibial tubercle and posteromedial tibial cortex.

3) Graft preparation

The gracilis (GC) and semitendinosus (ST) were harvested with an open-ended tendon stripper. In general,
grafts for the anteromedial bundle (AMB) and the posterolateral bundle (PLB) were created with a four- or
double-fold ST and four- or double-fold GC, respectively. EndoButton (Smith & Nephew Endoscopy,
Andover MA) was used for �xation on the femoral side. The other end of the grafts was stitched with a
2.5-mm Telos arti�cial ligament (Aimedic MMT, Tokyo, Japan) for �xation on the tibial side.

4) Creation of the femoral and tibial tunnels

In addition, the distal anteromedial portal was created 2 cm medial from the anteromedial portal, and the
femur tunnels were established independently using the transportal technique. The tibial tunnels for the
AMB and PLB, with an angle of 50° and 55°, respectively, were created in the anatomical ACL footprint
using the ACUFEX Anatomic ACL Guide (Smith & Nephew Endoscopy, Andover MA). Then, dilators were
used to smoothen the tunnels (Figs. 1A, B).

5) Osteotomy
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OWDTO was performed according to the procedure of Gaasbeek 13). The super�cial medial collateral
ligament (sMCL) was released completely at the distal attachment to the tibial cortex, and a retractor was
inserted behind the proximal tibia to protect the neurovascular structures.

The initial oblique osteotomy was initiated at the medial cortex 4 cm distal from the medial tibia plateau
and was terminated at the lateral hinge point (5 mm medial from the lateral cortex and at the level of the
proximal tibio�bular joint) using a bone saw. The second descending osteotomy of the tibial tubercle was
performed distally, leaving the tuberosity in the proximal fragment. The angle between the descending
and oblique planes was 90°, and the thickness and length of the distally osteotomized tibial tubercle were
7–10 and 40 mm, respectively. The distal end was cut to form a tapered shape (Fig. 1C).

The oblique osteotomy site was gradually opened using a bone spreader while the knees were extended,
and the lower extremity alignment was con�rmed. The postoperative weight-bearing line was targeted to
pass 57–67% from the medial edge of the medial plateau (based on the severity of cartilage damage).
Next, the OSferion ® (β-tri-calcium phosphate; Olympus Terumo Biomaterials, Tokyo, Japan) blocks,
which were cut to size, were placed in the opened space 14). The released sMCL was sutured using 0-
Vicril, and the OSferion ® blocks were covered.

To �x the distal part of the tibial tubercle to the distal fragment of the tibia, a 5.0–6.0-mm cannulated
cancellous screw (Meira, Nagoya, Japan) was inserted in an anterior–posterior direction using a �at
washer.

6) Plate �xation

The Tris plate® (Olympus Terumo Biomaterials, Tokyo, Japan) was set at the optimum position in the
medial cortex of the tibia, and the dilators were inserted again into the tibial tunnels. The locking screws
for plate �xations were sequentially inserted. When the screw was drilled in the proximal front-hole of the
plate, interference was con�rmed with a dilator in the PLB. Therefore, a short screw was inserted
(Figs. 1D, E, and F).

7) Graft passage and �xation

Graft passage and EndoButton �ipping in the lateral femoral cortex were performed in the PLB and then
the AMB. The latter was �xed with a force of 30 N and the former with a force of 20 N using three M4
staples ® (Meira, Nagoya, Japan) in the anterior tibial cortex with a knee �exion angle of 20° while axial
pressure was applied (Figs. 1G). To �x the grafts, three staples were inserted into the distal fragment of
the tibia while preventing interference with the plate screws (Figs. 2A, B).

8) Postoperatively

Knee range-of-motion and exercises were started 1 day after surgery. Patients could walk with full weight-
bearing 2–3 weeks after surgery. Then, the protocol for normal ACLR alone was followed; patients could
jog 4 months after surgery, and they resumed sports activities after 8–9 months. Gap �lling at the
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osteotomy site was almost achieved 3–4 months after surgery. Second-look arthroscopy and implant
removal were performed 1 year after surgery (Fig. 3).

5. Discussion
OWDTO performed simultaneously with anatomical DBACLR aims to achieve long-term knee stability by
anatomically reconstructing the ACL with the double-bundle technique even though ACLR and HTO are
performed simultaneously for ACL-de�cient knees with medial compartment OA. Surgical indications and
patient selection are important, and acute ACL rupture and relatively early OA (KL grades 2–3) are good
surgical indicators.

By contrast, in cases of severe OA such as those with KL grade 4 or in cases with extensive cartilage
damage (grade 4) based on the International Cartilage Research Society (ICRS) system, abundance of
osteophytes and joint subluxation are not good indications; thus, a two-stage surgery should be
considered. In this case, alignment correction via HTO should be prioritized over ACL reconstruction. Mehl
et al. 15) have investigated the use of HTO alone or in combination with ACLR for ACL de�ciency and
varus osteoarthritis. Results showed that HTO alone can improve pain and even subjective knee stability.
Then, correction osteotomy was initially performed. ACL should be reconstructed during plate removal if
required.

An excessive posterior tibial slope increases the axial load on the ACL. Thus, in cases in which the
posterior tibial slope angle was > 12° 16, 17), we corrected not only varus deformity but also excessive
tibial slope by initially performing closing-wedge HTO (CWHTO) or hybrid CWHTO 18).

In our surgical procedure, the plate was �xed after creating tibial tunnels for DBACLR. The tunnel position
was prioritized over the plate position because its accuracy is important for the clinical outcome of
anatomical DBACLR. When drilling the proximal screws of the plate, the dilators were inserted again into
the tibial tunnels to validate if there is interference between the drill and dilators. In most cases, the
proximal-front screw of the plate interferes with the tibial tunnels in the PLB if they are created in the
anatomical ACL footprint. The use of a short screw can solve the problem (Table 2).
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Table 2
Technical tips of simultaneous DBACLR with OWDTO

  Technical Tip Rationale

1) Perform tunnels drilling for grafts before
DTO.

Tunnels should be created in the anatomical ACL
footprint.

2) When drilling proximal screws of plate,
dilators were inserted again into tibial
tunnels.

Avoid interference between tibial tunnels and
proximal screws of plate.

3) Use of a short screw for proximal-front
hole of the plate.

When creating bone tunnels in an anatomical
position, the anterior screw can interfere with the
PL tunnel.

The current study had several limitations. Only the concept and indications of the procedure were
presented. Moreover, the representative cases were few in number. To validate the signi�cance of the
procedure, long-term outcomes should be assessed, and randomized controlled trials must be performed.

6. Conclusion
Simultaneous OWDTO and DBACLR is not technically complex. The procedure may be an option for ACL-
de�cient knees with medial compartment OA if the indications are appropriate.

Abbreviations
ACLR  anterior cruciate ligament reconstruction

DBACLR double-bundle ACL reconstruction

SBACLR single-bundle ACL reconstruction 

HTO high tibial osteotomy

OWHTO            opening-wedge HTO

OWDTO opening-wedge distal tubercle osteotomy

CWHTO closing-wedge HTO

OA osteoarthritis

PF patellofemoral 

WBL weight-bearing line

AMB anteromedial bundle
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PLB posterolateral bundle 

KL Kellgren–Lawrence 

ICRS International Cartilage Research Society 

ATT anterior tibial translation

GC gracilis

ST semitendinosus 

sMCL super�cial medial collateral ligament
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Figure 1

Case of simultaneous 6° correction by performing OWDTO and DBACLR (case 1, right knee of a 49-year-
old woman).

(A) (B) The tibial tunnels were created in the footprint. (C) Bone model of OWDTO. Based on the bone
model, biplane osteotomy was performed, leaving the tibial tuberosity in the distal fragment. (D) (E) (F)
Intraoperative �uoroscopy �ndings. While drilling for the proximal front-screw of the plate, the drill was
found to interfere with the dilator in the tibial PL tunnel, and a short screw was inserted (white arrows).
(G) ACL was reconstructed using the double-bundle technique.
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Figure 2

(A) Pre- and postoperative plane radiography and (B) postoperative 3-dimensional computed tomography
(CT) and axial slice CT scan in case 1.

A short �xation screw was required for the proximal front-hole of the plate (white arrow) to prevent
interference with the tibial PL tunnel (key: blue arrow, tibial tunnel for the AMB; red arrow, tibial tunnel for
the PLB).
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Figure 3

Postoperative course of simultaneous 7° correction OWDTO and DBACLR (case 2, left knee of a 50-year-
old woman).

Preoperative plane radiography. (B) Intraoperative arthroscopic �ndings. ICRS grade 2 cartilage damage
was observed in the medial femoral condyle and grade 4 in the posterior part of the medial tibial plateau
and the femoral trochlea. (C) Plane radiography performed 5 months after surgery. Gap �lling was almost
completed. (D) T2-weighted sagittal imaging performed 1 year after surgery. Maturated two bundles were
identi�ed. (E) Second-look arthroscopic �ndings. One year after surgery, second-look arthroscopy was
performed. The damaged cartilage in the medial compartment and the femoral trochlea was also
repaired. Maturation and tension of both the bundles were excellent. Final follow-up was performed 2
years postoperatively; Lachman test and the pivot shift test became negative. The anterior drawer, which
was evaluated using a measuring device at maximal manual force, improved from 12 to 7 mm. The WBL
was transferred from 34% to 64% from the edge of the medial plateau. Scores on the Knee Injury and
Osteoarthritis Outcome Score scale assessed preoperatively (Symptom57.1, Pain38.9, ADL64.7, Sports35,
QOL18.8) were improved in all parameters (Symptom92.9, Pain72.2, ADL94.1, Sports80, QOL75) at the
�nal follow-up.


