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Autologous Osteophyte Grafting for Open-Wedge
High Tibial Osteotomy
Takenori Akiyama, M.D., Ken Okazaki, M.D., Ph.D., Taro Mawatari, M.D., Ph.D.,
Satoshi Ikemura, M.D., Ph.D., and Shunsuke Nakamura, M.D.
Abstract: Osteophytes are physiological bony outgrowths that develop at the margins of the articular surfaces during the
progression of osteoarthritis; they are associated with active endochondral bone formation processes and expressions of
various growth factors. We believe they could be a source of bone grafts as a result of a potentially strong osteoinductive
effect. Moreover, osteophytes can be easily harvested by arthroscopy in patients undergoing open-wedge high tibial
osteotomy (OW-HTO) for medial unicompartmental knee osteoarthritis. Therefore, we have been using osteophyte au-
tografts for osteotomy gaps in OW-HTO with positive preliminary results indicating rapid bone healing of osteotomy sites.
In this technical note, we introduce a technique for harvesting autologous osteophytes by arthroscopy and implanting
them into the gap formed after OW-HTO. We expect that autologous osteophyte grafting can be a useful method for
accelerating bone union and therefore enabling weight bearing from an early stage after surgery, which will lead to an
early return to social activities.
igh tibial osteotomy (HTO) has been developed as
Han effective surgical intervention for patients
with medial compartmental osteoarthritis of the knee
caused by varus deformity, excessive loading on the
medial compartment, and so on.1 In recent years, OW-
HTO has become increasingly popular compared with
closed-wedge HTO because the latter requires an
additional osteotomy of the fibula and has a potential
risk of complications such as peroneal nerve injury.
However, a gap formed at the site of the osteotomy
might be a disadvantage of OW-HTO because the gap
can cause problems such as delayed bone union or loss
of correction.2,3 To resolve issues resulting from this
gap, various bone grafts such as autologous iliac bone
or bone graft substitutes are implanted into the gap
at the osteotomy site. The results obtained after
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implantation of these materials have been evaluated
by many studies.4-7

Osteophytes are physiological bony outgrowths that
develop mostly at the margins of the articular surfaces
with the progression of osteoarthritis. The development
of osteophytes is associated with the process of endo-
chondral bone formation and expression of various
growth factors such as transforming growth factor b,
insulin-like growth factor 1, bone morphogenetic pro-
teins, and cartilage-derived morphogenetic proteins.8-12

From the surgical viewpoint, osteophytes can be easily
harvested by arthroscopy in patients with
osteoarthritis of the knee. Therefore, osteophytes
could be a source of bone grafts with an
osteoinductive effect. We present a technique for
harvesting autologous osteophytes by arthroscopy and
implanting them into the osteotomy gap formed after
OW-HTO (Video 1, Tables 1 and 2).
Surgical Technique

Indication
This technique was applied in patients undergoing

OW-HTO for medial unicompartmental knee osteoar-
thritis with osteophytes. The exclusion criteria were as
follows: symptomatic osteoarthritis of the lateral
compartment of the knee, systemic inflammatory
arthritis of the knee joint including infection, acute or
chronic osteomyelitis of the tibia, and heavy smokers.
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Table 1. Pearls and Pitfalls

Pearls
Making the anteromedial portal more medially than the
conventional one is helpful in approaching the osteophytes at the
medial edge of the medial femoral condyle.

The surgeon should identify the border between the osteophytes
and the original cartilage margin and then cut off the osteophytes
from the original cartilage margins with a 4-mm chisel and a
hammer.

Adjusting the knee flexion angle according to the locations of the
osteophytes can be helpful to harvest the osteophytes at the
medial edge of the medial femoral condyle.

The osteotomy gap is filled with the harvested osteophytes
including fibrous tissue, cartilage, and bones that were cut into
small pieces.

The osteophytes should be packed sufficiently into the lateral
hinge point.

Pitfalls
The surgeon must be careful not to cut into the ACL and PCL
femoral attachments with the chisel.

The surgeon should carefully check all the compartments of the
knee joint so as not to leave osteophyte fragments inside the knee
joint.

The risk of damaging normal cartilage can be prevented by
carefully identifying the border between the osteophytes and the
original cartilage margin.

ACL, anterior cruciate ligament; PCL, posterior cruciate ligament.

Fig 1. Patient positioning on operating table. With a lateral
thigh support and a foot support, the operative knee (left) is
placed at 90� of knee flexion during the procedure. The
opposite leg (right) is placed lower than the operative leg.
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All patients were informed about the procedure, as well
as the possible risks and benefits of this study. This
technique was carried out only in patients from whom
consent was obtained. The institutional review board
approved the study (Hamanomachi Hospital, approval
No. 201244).

Preoperative Setup
The patient is positioned supine on the operating table

under general and/or spinal anesthesia with a tourni-
quet inflated to 280 to 300 mm Hg. A lateral thigh sup-
port and a foot support attached to the operating table
are useful to keep the operative knee at 90� of flexion.
The opposite leg is placed lower than the operative leg,
facilitating the approach to the medial side of the oper-
ative knee during the procedures (Fig 1).
Table 2. Advantages, Risks, and Limitations of Autologous
Osteophyte Grafting in OW-HTO

Advantages
Harvesting and implantation of autologous osteophyte grafts are
easy in OW-HTO.

Additional skin incision is unnecessary.
Bone-healing periods are shortened.
Knee extension is improved.

Risks and limitations
Bone fragments may be left inside the knee joint.
Hemarthrosis may be prolonged.
Small amounts of the harvested osteophytes may be prepared in
early OA.

A prospective, randomized, comparative study should be carried
out in the future.

OA, osteoarthritis; OW-HTO, open-wedge high tibial osteotomy.
Portal Placement and Diagnostic Arthroscopy
After the skin is sterilized and draped with an

arthroscopic pouch drape, knee arthroscopy is per-
formed using the anterolateral and anteromedial por-
tals to evaluate all of the knee compartments. The
anterolateral portal is made to be adjacent to the
patellar tendon. Meanwhile, the anteromedial portal is
made at the middle point between the patellar tendon
and the medial edge of the medial femoral condyle,
which is useful to harvest the osteophytes at the medial
femoral condyle. Arthroscopic debridement including
meniscectomy or synovectomy is applied, if necessary.

Arthroscopic Autologous Osteophyte Harvesting
First, the osteophytes at the tibial eminence in front of

the anterior cruciate ligament (ACL) are carefully
Fig 2. Intraoperative image from anterolateral portal (left
knee, viewed with 4-mm, 30� arthroscope). The osteophytes
at the tibial eminence in front of the anterior cruciate liga-
ment (ACL) are visualized.



Fig 3. Cutting off osteophytes (left knee, viewed with 4-mm,
30� arthroscope). A 4-mm chisel inserted from the
anteromedial portal and a hammer are used to cut off the
osteophytes at the intercondylar notch from the original
cartilage margin.

Fig 5. Harvesting of osteophytes at medial edge of medial
femoral condyle (left knee, viewed with 4-mm, 30� arthro-
scope). With a 4-mm chisel inserted from the anteromedial
portal and a hammer, the osteophytes at the medial edge of
the medial femoral condyle are detached from the original
cartilage. Adjusting the knee flexion angle according to the
locations of the osteophytes can be helpful to harvest the
osteophytes.
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inspected and identified; they are then harvested using
a 4-mm chisel and a hammer with the knee in a slightly
flexed position (Fig 2). This procedure should be per-
formed carefully to prevent the chisel from cutting into
the tibial ACL attachment. Then, the osteophytes at the
intercondylar notch are inspected, and the border be-
tween the osteophytes and the original cartilage margin
is identified. Next, the osteophytes are cut off arthro-
scopically from the original cartilage margins with a 4-
mm chisel and a hammer and are then harvested out of
the knee joint through an anterior portal with a curette
rongeur (Fig 3). During this procedure, it is necessary to
Fig 4. Intraoperative image from anterolateral portal (left
knee, viewed with 4-mm, 30� arthroscope). The border be-
tween the osteophytes and the original cartilage margin at the
medial edge of the medial femoral condyle is identified.
be careful not to damage the femoral attachments of
the ACL and the posterior cruciate ligament. Mean-
while, the osteophytes at the intercondylar notch are
considered to cause the extension loss of the knee joint
because they impinge on the anterior part of the tibial
eminence in the knee-extended position. Therefore,
one of the tips is to arthroscopically identify the
osteophytes causing the impingement and extension
loss and cut off these osteophytes as much as possible.
For the osteophytes at the medial edge of the medial
femoral condyle, like those at the tibial eminence and
the intercondylar notch, it is essential to identify the
Fig 6. Autologous osteophyte grafts just after harvesting.



Fig 7. Implantation of osteophytes (left knee). The osteotomy
site is opened with a bone spreader under fluoroscopic control
until the desired angular correction is achieved. All of the
osteophytes, having been cut into small pieces, including
fibrous tissue, cartilage, and bones, are packed into the
osteotomy gap, particularly into the lateral hinge point.
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border between the osteophytes and the original carti-
lage margin before osteophyte resection (Fig 4). The
osteophytes are then cut off from the original cartilage
margin using a 4-mm chisel inserted through the
anteromedial portal and a hammer (Fig 5). The most
important point during this procedure is to adjust the
knee flexion angle according to the locations of the
osteophytes. All of the resected osteophyte fragments
should then be extracted from the joint with a curette
rongeur.
Finally, the surgeon should check all the compart-

ments of the knee joint so as not to leave osteophyte
Fig 8. Coronal views of computed tomography images with m
operatively, the osteotomy sites appear white. (B) At 6 weeks pos
between the osteophytes and the osteotomy sites. (C) At 8 wee
between the osteophytes and the osteotomy sites. (D, E) At 12 we
become obscure from the lateral hinge toward the medial site.
fragments inside the knee joint. In general, it is
unnecessary to insert a drain into the knee joint.

Open-Wedge HTO
A 5-cm longitudinal incision is made midway

between the tibial tubercle and the posteromedial tibial
cortex. The tendons of the pes anserinus and the
superficial medial collateral ligament (sMCL) are
sharply incised into an L shape at their furthest anterior
and distal insertion through a periosteal incision and
reflected as a flap until the starting point of the
osteotomy is exposed (approximately 35 mm distal to
the medial proximal tibial joint surface). A Cobb
elevator is helpful in reflecting the sMCL and under-
lying periosteum. Special care should be taken to pre-
serve the sMCL for later repair.
Two guidewires are inserted parallel with each other

from the starting point of the osteotomy at the medial
tibial cortex toward the lateral tibial cortex, while
aiming at the tip of the fibular head. Then, the first
oblique osteotomy is carried out along and below the
guidewires using an oscillating saw. The second frontal
ascending osteotomy is started 10 mm or more prox-
imal to the insertion of the patellar tendon and com-
bined with the first osteotomy plane (L-shaped biplane
osteotomy). Thin osteotomes are useful for completing
a series of osteotomy procedures. Under radioscopy, the
first osteotomy site is opened with a bone spreader until
the desired correction is achieved.

Autologous Osteophyte Grafting
Figure 6 shows the autologous osteophyte grafts

immediately after being harvested. The autologous
osteophyte grafts are cut into small pieces with bone
rongeur forceps. The gap formed after the osteotomy is
ultiplanar reconstruction (right knee). (A) At 4 weeks post-
toperatively, cloudy and thin trabecular continuity is observed
ks postoperatively, mature trabecular continuity is observed
eks and 24 weeks postoperatively, osteophyte grafts gradually



Fig 9. Coronal views of computed tomography images with multiplanar reconstruction (right knee at 4 weeks [A], 8 weeks [B],
and 12 weeks [C] postoperatively and left knee at 4 weeks [D], 8 weeks [E], and 12 weeks [F] postoperatively). This patient
underwent open-wedge high tibial osteotomy on both knees; the right knee was treated with autologous osteophyte grafting,
and the left knee was treated without bone grafting. Bone healing at the osteotomy site was accelerated more obviously for the
right knee than for the left knee.
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filled with the harvested osteophytes including fibrous
tissue, cartilage, and bones that have been cut into
small pieces. In particular, the osteophytes should be
packed sufficiently into the lateral hinge point (Fig 7).

Fixation With Locking Plate and Screws
Either a TomoFix plate (Synthes, Paoli, PA) or a TRIS

plate (Olympus, Tokyo, Japan) is then inserted into a
subcutaneous tunnel formed on the medial side of the
tibia. The plate is fixed with 8 locking screws. The re-
flected L-shaped flap of the tendons of the pes anser-
inus and sMCL is sutured and secured to the anterior
remnant of the periosteum over the osteotomy gap.
This procedure can also be helpful in preserving the
hematoma at the osteotomy gap. The wound is closed
after a surgical drain is placed.
Postoperative Rehabilitation
Active and passive range-of-motion exercises,

including continuous passive motion exercises and
quadriceps muscleestrengthening exercises, are started
2 days after the operation. Patients are permitted to
start partial weight bearing with 2 crutches 1 week after
the operation. Full weight bearing is allowed 4 weeks
after the operation. Patients are permitted to resume
normal sports activities including jogging 3 months af-
ter the operation.
Discussion
Staubli et al.13,14 summarized the results of OW-HTO

without bone grafting (with the TomoFix plate used as
the fixation device). They concluded that OW-HTO
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with the TomoFix plate was effective in the treatment
of unicompartmental gonarthrosis even without im-
plantation of harvested bone or bone substitute mate-
rials. The bone-healing process after OW-HTO without
bone grafting has also been evaluated. El-Assal et al.15

reported that bone healing was confirmed with radio-
graphic images at 3 months postoperatively on average
(12.4 weeks). Meanwhile, Brosset et al.16 examined
radiographic images of 51 cases treated with OW-HTO
without bone grafting and observed bone healing at
4.5 months postoperatively on average. In our study
the bone-healing process was evaluated with computed
tomography in 11 consecutive patients (3 male and 8
female patients) who underwent OW-HTO with
autologous osteophyte grafting (Fig 8). The average age
of the patients was 60.6 years. As a result, bone healing
was observed at 5.3 weeks postoperatively on average.
The computed tomography images provided us with an
impression that the bone-healing process advanced
favorably in OW-HTO with autologous osteophyte
grafting compared with previous studies.15,16 We also
assessed bone healing in a patient who had
undergone OW-HTO operations with bone grafting
(autologous osteophyte grafting) in one knee and
without bone grafting in the other knee. Bone healing
at the site of osteotomy was accelerated more obviously
for the knee treated with autologous osteophyte graft-
ing than that for the knee without bone grafting (Fig 9).
According to Dodds and Gowen,17 an osteophyte

contains all the components of the bone-remodeling
cycle including the endochondral ossification process.
Several studies have shown that osteophytes express
various growth factors, such as insulin-like growth
factors; transforming growth factor type b1, type b2,
and type b3; platelet-derived growth factor; and in-
terleukins 1b and 6.8-11,18 Meanwhile, several
researchers have suggested that bone morphogenetic
proteins play an important role in the growth and
development of bones and have the ability to induce
and promote the formation of cartilage and bone at
an ectopic site.19-22 There is a possibility that these
growth factors expressed in osteophytes exert an
anabolic effect on the surrounding osteogenic cells at
the graft sites and promote bone healing.
Our technique would be advantageous in shortening

the bone-healing period and improving range of mo-
tion, especially increasing extension through the
resection of the osteophytes at the tibial eminence in
front of the ACL and the intercondylar notch. More-
over, this technique requires no additional skin inci-
sion, differing from autologous iliac crest bone grafting.
Meanwhile, disadvantages of this technique are the
possibility of leaving bone fragments inside the knee
joint and the prolonged hemarthrosis of the knee joint.
However, we have not encountered these complica-
tions. We consider that a careful and deliberate
operation can prevent such unfavorable events from
occurring.
As a major limitation, this technical note is based on

neither a randomized controlled trial nor a comparative
study between the use and nonuse of bone grafts. We
consider that a prospective, randomized, comparative
study between an operative technique using autologous
osteophyte grafts and an operative technique not using
any grafts is necessary to verify the validity of our
hypothesis.
In conclusion, we have introduced a surgical tech-

nique for accelerating bone healing at the open-wedge
osteotomy site. We expect that this method will enable
weight bearing from an early stage after surgery, which
will lead to an early return to social activities.
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