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Distal Tibial Tuberosity Focal Dome Osteotomy
Combined With Intra-Articular Condylar Osteotomy

(Focal Dome Condylar Osteotomy) for Medial
Osteoarthritis of the Knee Joint
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Abstract: High tibial osteotomy for medial-compartment knee osteoarthritis (OA) is an established biological knee
reconstruction surgical procedure. In open- and closed-wedge high tibial osteotomy, the angulation correction axes are
away from the center of rotation and angulation. This results in translation deformity, which alters the orientation of the
adjacent joint and the length of the limb. In the present study, we combined the distal tibial tuberosity focal dome
osteotomy centered on the center of rotation and angulation with the longitudinal condylar osteotomy (focal dome
condylar osteotomy) for knee OA. The advantages of this procedure are as follows: physiological orientation of adjacent
joint is achieved; limb length is maintained; joint stabilization in the coronal plane is achieved; patella infra is prevented;
sufficient bone contact between the medial and posterior cortex is achieved; early weight-bearing walking is possible; and
fibular osteotomy is not required. This study describes the details of the surgical procedure, including our compass cutter
for accurate dome osteotomy and the postoperative rehabilitation program for patients with knee OA and moderate-to-
severe varus deformity.
igh tibial osteotomy (HTO) is an established bio-
1-3
Hlogical knee reconstruction surgery for medial-

compartmental osteoarthritis (OA) of the knee joint
wherein medial open-wedge high tibial osteotomy
(OWHTO)4 and lateral closed-wedge high tibial valgus
osteotomy (CWHTO)5 are mainly applied. Recently,
OWHTO has been widely performed6,7 with improve-
ments that include fixation with a locking plate for
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improved stability,8 biplanar osteotomy for a better
bony union,9 and the use of new bone-substituting
biomaterials to achieve local stability.10-12 This
procedure has been associated with several
drawbacks, such as difficulty in obtaining sufficient
correction in the case of a severe varus deformity,
alterations in the anteroposterior tibial slope angle,
increase in limb length, and development of patellar
infra with large correction, which leads to
patellofemoral joint OA over the course of time.13-15

CWHTO is technically much more demanding, has a
high complication rate, and needs a relatively long
period for bone union.16 Moreover, it requires additional
fibular osteotomy, which is associated with the potential
risk for peroneal nerve injury. Recently, a new surgical
procedure combining OWHTO and CWHTO with
improved bone union has been introduced, although a
fibular osteotomy is still mandatory.17

OW and CW HTO are not concerned with the rela-
tionship of the center of rotation and angulation
(CORA), resulting in a secondary translation deformity
in many cases, which leads to the non-physiological
orientation of the adjacent ankle joint.18
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Fig 1. Scheme of the focal dome condylar osteotomy in the right lower limb. (A) Check the mechanical axis of the lower limb
and Fujisawa point (red star). (B) Check mechanical axis of the tibia passes through Fujisawa point. (C) Focal dome osteotomy
(red dome line) and intra-articular longitudinal osteotomy (red line). (D) Correction. (E) Plate fixation and artificial bone grafting
(blue trapezoid). Lateral cortex of the tibia is maintained.

Fig 2. Skin incision and expo-
sure (left leg). (A) An 8-cm
skin incision is made from
medial parapatellar portal to
the proximal tibia of the left
leg. (B) Tendons of the sem-
itendinosus muscle and gracilis
muscle are incised with an
L-shape (white arrow).
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Fig 3. Focal dome condylar osteotomy procedure using the Sawbone model (right leg). (A) Previously planned CORA is
determined and a 3-mm-thick Kirschner wire (K wire) is inserted at the center of the dome osteotomy. (B) The radius of the
dome osteotomy is determined using a compass cutter. (C) Another 3-mm K wire is inserted just lateral to the patellar tendon.
(D) A 2-mm K wire is inserted from the lateral tibial plateau to the distal tibia to protect the lateral cortex. (E) Focal dome
osteotomy is performed with a reciprocating saw using a compass cutter. (F) Two 1.2-mm K wires are inserted just below the
tibial plateau to protect hinge during gap opening. (G) Longitudinal intra-articular osteotomy is performed. (H) The longitudinal
osteotomy site is opened using a spreader until the mechanical axis passes through the Fujisawa point. (I) A TriS plate (Olympus
Terumo Biomaterials, Tokyo, Japan) is used for the fixation. (CORA, center of rotation and angulation.)
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The CORA in the OA knee exists at the level of the
intersection of the mechanical axis of the femur and
tibia.19-21 The best outcome of HTO is achieved when
the mechanical axis of the lower limb passes through
the Fujisawa point22; therefore, the corrective osteot-
omy in the OA knee should be performed at this point.
Using this method, the CORA in the OA knee is esti-
mated in the coronal plane. Focal dome osteotomy is a
dome-shaped osteotomy wherein the CORA corre-
sponds to the center of the dome; thus, the develop-
ment of a secondary translation deformity is avoided
and the physiological adjacent joint orientation is
maintained.23

In this study, we present a technique for medial-
compartmental knee OA treatment called the FDCO
(focal dome condylar osteotomy). This procedure offers
the CORA method-oriented proximal tibial osteotomy
and achieves the physiological orientation of the adja-
cent joint. In addition, improvement in joint instability
in the coronal plane is achieved by gap opening via
intra-articular osteotomy. Osteotomy performed below
the tibial tuberosity prevents patella infra, and dome
osteotomy achieves bony contact, resulting in a
potentially secure fixation that could lead to an
improved union of the bones after the osteotomy.

Surgical Technique

Indications
The indications for this technique include symptom-

atic medial-compartmental knee OA (Kell-
greneLawrence OA grade >2), spontaneous
osteonecrosis of the medial femoral condyle without
lateral compartmental OA, no systemic inflammatory
arthritis, and an intact anterior cruciate ligament (ACL).

Preoperative Planning
Anteroposterior, lateral, and skyline views of the

knee, an anteroposterior view of the weight-bearing
knee, and a full-length lower limb radiograph are



Fig 4. C-arm imaging of the operation (right leg). The surgical position of the knee is at full extension with the patella upward. A
CORA K wire and lateral cortex protection K wire are inserted. A radiolucent retractor was inserted between the tibia and the
detached posterior structures to protect the neurovascular structures. (A) Focal dome osteotomy is performed using compass
cutter. And longitudinal osteotomy is performed. (B) After hinge protection, K wires are inserted percutaneously, longitudinal
osteotomy site is opened using spreader to the mechanical axis passes through the Fujisawa point. (CORA, center of rotation and
angulation.)
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required. Magnetic resonance imaging is used to di-
agnose ACL, meniscal, and cartilage injuries.
Preoperative planning is performed using a prone,

full-length radiograph of the lower limb. The mechan-
ical lateral distal femoral angle and mechanical medial
proximal tibial angle are measured to confirm the origin
of the limb deformity. Then, the weight-bearing line is
drawn from the center of the femoral head to the center
of the talar dome. The point where the mechanical axis
(MA) crosses the tibial plateau is determined. Preop-
erative planning is used to see that the MA passes the
Fujisawa point on the lateral tibial plateau after sur-
gery22 (Fig 1A). Then, the mechanical tibial axis is
drawn as it orthogonally crosses the talar dome. The
point where the 2 lines cross is defined as the CORA
(Fig 1B). When the CORA exists near the knee joint,
the below tibial tubercle dome osteotomy centering
CORA is determined. The correction angle is deter-
mined by the 2 lines. The ascending intra-articular
osteotomy is set just lateral to the patellar tendon (Fig
1C). After the correction, the MA passes through the
Fujisawa point and crosses the ankle joint orthogonally
(Fig 1 D and E). A simple, one-plane dome osteotomy
combined with gradual correction using external fixator
may be applied in cases in which the CORA exists far
above or below the knee joint.23

Preparation and Patient Positioning (With Video
Illustration)
The patient is placed in a supine position on the

radiolucent operating table under general and epidural
anesthesia (Video 1).22-24 The whole lower limb is
sterilized with povidoneeiodine.

Arthroscopic Technique
Diagnostic arthroscopy is performed to confirm the

presence of isolated medial-compartment OA, an intact
lateral compartment, and an intact ACL. Subsequently,
arthroscopic debridement, meniscectomy, and syno-
vectomy are performed. The osteophytes are arthro-
scopically harvested for subsequent implantation into
the gap formed by the osteotomy.24

Exposure
An 8- to 10-cm longitudinal incision is made from the

anteromedial parapatellar portal to the anteromedial
tibial cortex. The tendons of the semitendinosus muscle
and gracilis muscle are incised in an L-shaped pattern.



Fig 5. Pre- and 6 months’ postoperative radiograph of right leg in a 40-year-old female patient with knee osteoarthritis. (A)
Preoperative anteroposterior view. (B) Preoperative lateral view. (C) Preoperative whole leg standing view. The weight-bearing
line (white line) goes through the medial compartment of the knee. (D) Postoperative anteroposterior view. (E) Postoperative
lateral view. (F) Postoperative whole leg standing view. The weight-bearing line (white line) is shifted laterally and orthogonally
cross the ankle joint.
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The superficial medial collateral ligament (MCL) and
the underlying periosteum are partially elevated with a
Cobb elevator. The posterior aspect of the tibial peri-
osteum was carefully elevated to protect the neuro-
vascular bundle (Fig 2).

Determination of Dome Osteotomy Lines
A previously planned CORA is determined using C-

arm fluoroscopic imaging. A 3-mm-thick Kirschner
wire (K wire) is inserted into the CORA from the
anterior to posterior direction as the center of the dome
osteotomy (Fig 3A). A compass cutter (Zimmer Biomet,
Warsaw, IN) is applied to the K wire and the radius is
determined based on the preoperative planning (Fig
3B). Another 3-mm K wire is inserted lateral to the
patellar tendon and parallel to the CORA wire (Fig 3C).
A 2-mm K wire is percutaneously inserted from the
edge of the lateral tibial plateau to the distal tibia, lateral to
the 3-mm K wires to protect the lateral cortex of the tibia
during dome osteotomy (Fig 3D). A radiolucent retractor
was inserted between the tibia and the detached posterior
structures to protect the neurovascular structures.
A reciprocating saw is used through the compass

cutter to perform the dome osteotomy (Fig 3E). Two to
three 1.2-mm K wires are percutaneously inserted just
below the tibial plateau to protect hinge during gap
opening (Fig 3F). Subsequently, longitudinal osteotomy
is performed between the 3-mm K wires using the
reciprocating saw (Fig 3G and 4A).
After ensuring that the osteotomies are completed

with the hinge area intact, the longitudinal osteotomy
site is opened with several chisels and a bone spreader



Fig 6. Postoperative CT imaging of the dome osteotomy site. (A) Coronal reconstruction of the CT imaging of dome osteotomy
site (white circle) 2 weeks after surgery. Wide cancellous bone contact of the osteotomy site is achieved. (B) Sagittal recon-
struction of the CT imaging of dome osteotomy site (white circle) 2 weeks after surgery. Bony contact of the posterior cortex is
achieved. (C) Coronal reconstruction of the CT imaging of dome osteotomy site (white circle) 3 month after surgery. Bony union
and continuity of the cancellous bone is observed. (D) Sagittal reconstruction of the CT imaging of dome osteotomy site (white
circle) 3 month after surgery. Callus formation is observed at posterior cortex. (CT, computed tomography.)
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until the MA passed through the Fujisawa point (Fig 3H
and 4B).

Implant Placement
A TriS plate (Olympus Terumo Biomaterials, Tokyo,

Japan) is used for the fixation. After plate fixation, the
gap formed by the osteotomy is filled using harvested
autologous osteophyte grafts and b-TCP (Osferion 60;
Olympus Terumo Biomaterials). Finally, bi-cortical
screw fixation from the tuberosity to the posterior
tibia is performed to prevent tuberosity avulsion frac-
ture during rehabilitation. The wound is irrigated and a
surgical drain is placed. Closure of the wound is ach-
ieved with absorbable sutures placed in layers then 5-
0 nylon suture. The preoperative and postoperative
(6 months) radiographs are shown in Figure 5, and the
postoperative (2 weeks and 3 months) reconstruction
computed tomography imaging of the osteotomy site is
shown in Figure 6.

Postoperative Rehabilitation
The day after the surgery, the drain is removed and

active and passive range-of-motion exercises,
including continuous passive motion and quadriceps
muscle strengthening exercises, are initiated. The pa-
tient is asked to remain non-weight-bearing for
2 weeks. The weight-bearing is gradually increased
with clinical and radiographic evidence of bone heal-
ing. Moderate sports activities are allowed at 3 months
postoperatively.



Table 1. Advantages and Disadvantages of FDCO

Advantages
� The center of correction (hinge point) is located at the CORA of the

lower-limb deformity.
� Physiological orientation of the adjacent ankle joint is achieved.

There are no changes in the leg length.
� Patella infra is prevented with below the tibial tuberosity osteotomy.
� Wide contact surface area of the cancellous bone and posterior

cortex are achieved. Improvement in joint instability in the coronal
plane is achieved.

� Fibular osteotomy is not required.
Limitations
� Dome osteotomy is technically more demanding than OWHTO. An

additional bicortical screw fixation may be necessary.
� This technique cannot be applied when the CORA exists far from

the knee joint.

CORA, center of rotation of angulation; FDCO, focal dome condylar
osteotomy; OWHTO, opening-wedge high tibial osteotomy.

Table 2. Pearls and Pitfalls

Pearls
� A 2-mm K wire should be percutaneously inserted from the edge of

the lateral tibial plateau to the distal tibia to protect the lateral
cortex of the tibia during dome osteotomy and gap opening.

� Two to three 1.2-mm K wires should be percutaneously inserted
just below the tibial plateau to protect hinge area during gap
opening.

� Valgus correction of the tibia should be performed slowly to pre-
vent hinge fracture.

Pitfalls
� There is a risk of neurovascular injury during osteotomy. A careful

approach and protection with radiolucent retractor reduce the risk
of injury.

� All the osteotomies must be checked to ensure that they are
completed with the intact hinge area to prevent iatrogenic fracture.
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Discussion
This is the study to describe the concept, indication,

and the surgical technique of FDCO for medial knee
OA. The described procedure has several advantages
compared with OWHTO and CWHTO (Table 1).
OWHTO has been reported to increase the length of the
lower limb, whereas CWHTO decreases the length of
the lower limb.25 In the FDCO procedure, the dome
osteotomy centering CORA; thus, the length of the leg
is not altered.
The OWHTO and CWHTO procedures do not involve

the CORA, and the osteotomy site is away from the
angulation correction axis. Thus, secondary translation
deformity leads to a change in the orientation of the
adjacent ankle joint after osteotomy.18 For FDCO, the
mechanical tibial axis is drawn as it orthogonally crosses
the talar dome; hence, in the case of focal dome
osteotomy, the physiological orientation of the adjacent
ankle joint is maintained. The advantages of a dome
osteotomy are adjustability, large bone to bone contact,
and stability.26 The disadvantages include technical
difficulties and incompatibility with rotational correc-
tion. The technical difficulty can be overcome by a
compass cutter. And there is risk for damaging neuro-
vascular bundle during osteotomy. The posterior aspect
of the tibial periosteum must be carefully elevated, and
a retractor must be inserted between the tibia and the
detached posterior structures during osteotomy to
prevent neurovascular damaging (Table 2).
Dome osteotomy of the FDCO is performed above the

attachment of the superficial layer of the MCL, and the
redundant MCL is tightened after correction. This im-
proves joint stability in the coronal plane. Unlike in the
OWHTO procedure, when the dome osteotomy is per-
formed below the tibial tuberosity, the orientation of
the patella and femur are maintained after correction.
Progression of the patellofemoral OA after OWHTO has
been observed in 27% of cases, radiographically; in
addition, chondral damage has been reported in 45% of
cases by arthroscopy.27 Dome osteotomy below the
tibial tubercle prevents the increase in patellofemoral
pressure and may prevent patellofemoral OA.
High stability of the osteotomy site is necessary for

bone healing in HTO. This technique maintains the
wide contact surface area of the cancellous bone and
posterior cortex around the dome osteotomy site,
which may lead to early bone union, and early weight-
bearing is possible. Limitation of the FDCO is that this
procedure can be applied when the CORA exists near
the knee joint. A simple one-plane dome osteotomy
combined with gradual correction using external fixator
may be applied in cases in which the CORA exists far
above or below the tibial plateau.23

One limitation of this study is that only the concept
and procedure of our osteotomy technique was pre-
sented. To prove the significance of this procedure, it is
necessary to conduct a randomized controlled trial with
conventional OWHTO.
In this study, we have introduced a surgical tech-

nique, FDCO, as a CORA method-oriented MA
re-alignment with proximal tibial osteotomy for
medial-compartmental knee OA. This method helps in
the physiological orientation of the adjacent ankle joint
after the surgery. Gap opening with intra-articular
osteotomy improves joint stability in the coronal
plane. Osteotomy below the tibial tuberosity prevents
patella infra and minimizes the risk for patellofemoral
pathology. In addition, dome osteotomy achieves
medial and posterior bony contact and a potentially
tight fixation, which leads to an improved union of the
bone. Additional randomized clinical trials with con-
ventional OWHTO will be necessary to demonstrate the
clinical significance of this procedure.
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