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Background: Osteochondral autograft transplantation (OAT) is usually performed for a defect that is <400 mm2 because of the
limitations of autografts.

Purpose: To present the surgical technique and clinical outcomes of OAT using the eyeglass technique for large osteonecrotic
lesions of the femoral condyle (LOFs) (>400 mm2) with residual normal cartilage.

Study Design: Cohort study; Level of evidence, 3.

Methods: Cases (group 1) included 15 patients (18 knees) who underwent OAT using the eyeglass technique for LOFs with residual
normal cartilage, while controls (group 2) included 11 patients (11 knees) who underwent OAT using the standard technique for
small osteonecrotic lesions of the femoral condyle (�400 mm2). Clinical outcomes were evaluated preoperatively and at the final
follow-up (group 1, 56 months; group 2, 48 months) according to the International Knee Documentation Committee (IKDC)
objective grade, the IKDC subjective score, and the Japanese Orthopaedic Association (JOA) score.

Results: The mean lesion size was 685 mm2 in group 1 and 230 mm2 in group 2. Patients in group 1 had postoperative scores
equivalent to those in group 2. The postoperative IKDC subjective scores in group 1 (mean, 86.9) and group 2 (mean, 87.0) showed
no significant difference at the final follow-up (P ¼ .653). For postoperative IKDC objective grades, 83.3% of group 1 and 81.8% of
group 2 were graded as “nearly normal” or better, and no significant intergroup difference was found for the IKDC objective grade
(P ¼ .989). Also, no significant intergroup difference was found for the postoperative JOA score (group 1, 93.9; group 2, 81.4; P ¼
.480). Nine second-look arthroscopic procedures were performed in group 1 compared with 4 in group 2, and all patients had plugs
that were graded as “nearly normal” or better by the International Cartilage Repair Society classification system.

Conclusion: The postoperative results of patients who underwent OAT using the eyeglass technique for large osteonecrotic
lesions (>400 mm2) were equivalent to the results of patients who underwent OAT using the standard technique for small
osteonecrotic lesions (�400 mm2).

Keywords: osteochondral autograft transplantation; osteochondral autograft transfer; OAT; eyeglass technique; large osteone-
crotic lesions

First described by Ahlbäck et al2 in 1968, osteonecrosis of the
knee can be a devastating disease that leads to end-stage
arthritis of the knee. Spontaneous osteonecrosis of the knee

(SONK) is considered to be the most common form of osteo-
necrosis of the knee, and recent studies have reported inci-
dences of 3.4% and 9.4% in patients older than 50 and 65
years, respectively.36 On the other hand, steroid-induced
osteonecrosis of the femoral condyle is a relatively uncom-
mon condition.22,38 The decision to treat is based largely on
the size of the osteonecrotic area. Large lesions (>500 mm2)
usually lead to condyle collapse.1,29
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Various surgical techniques have been performed, such
as high tibial osteotomy, unicompartmental knee arthro-
plasty (UKA), and total knee arthroplasty (TKA).11 How-
ever, patients who have progressed to subchondral collapse
may benefit more from osteochondral autograft transplan-
tation (OAT) because it allows for restoration of the carti-
lage surface. Some authors have reported good outcomes in
patients who have undergone OAT for the treatment of
SONK.8,40 OAT enables the restoration of articular carti-
lage, and cartilage regeneration is expected. However, as
has been repeatedly reported in the litera-
ture,4,6,12,16,17,24,39 the prime indication for OAT is chondral
or osteochondral lesions in the size range of 100 to 400 mm2.
In these defects, OAT continues to provide good to excellent
results in approximately 90% of cases. OAT requires mul-
tiple cylindrical autogenous osteochondral plugs that are
usually taken from the less weightbearing joint area as a
mosaic to fill the lesions for a resurfaced area. Therefore, it
is usually performed for a defect that is <400 mm2 in size
because of the limitations of autografts, and there may be
some complications such as patellofemoral pain, hemar-
throsis, and osteoarthritis at the graft donor site years later
because of cylindrical cutting devices.15,23

The size of osteonecrotic lesions that require surgery is
often >400 mm2. In such cases, and if normal articular
cartilage in the recipient site can be used, we utilize the
eyeglass technique26 to repair large lesions and to reduce
the number of autogenous osteochondral plugs. The pur-
pose of this retrospective study was to present the eyeglass
technique and the clinical outcomes of OAT for large osteo-
necrotic lesions of the femoral condyle (LOFs) with residual
normal cartilage. The clinical outcome of the eyeglass tech-
nique was compared with that of a control group that
underwent OAT using the standard technique for small
osteonecrotic lesions of the femoral condyle (�400 mm2).
We hypothesized that OAT using the eyeglass technique
in patients with LOFs with residual normal cartilage would
provide satisfactory clinical results at short-term to mid-
term follow-up.

METHODS

This study was reviewed and approved by the research
ethics committee of our hospital. A retrospective review
was conducted of all surgical procedures performed at our
2 related institutions by 2 surgeons between September
1997 and April 2014. During that time, 18 knees (7 right,
11 left) of 15 patients (2 men, 13 women) underwent OAT
using the eyeglass technique for LOFs with residual nor-
mal cartilage (group 1). Eleven controls (group 2) were
selected from patients who underwent OAT using the

standard technique for small osteonecrotic lesions of the
femoral condyle (�400 mm2) in the same period. Patient
characteristics between the 2 groups are shown in Table 1.

The study inclusion criteria were the following: (1) LOFs
(>400 mm2) with residual normal cartilage in group 1 and
small osteonecrotic lesions of the femoral condyle
(�400 mm2) without residual normal cartilage in group 2,
(2) recipient site within the medial or lateral compartment
of the knee joint, and (3) cases that had been treated with
conservative measures (such as analgesia, weight loss,
modification of activity, and knee exercise program) for
more than 3 months before surgery. The exclusion criterion
in both groups was a kissing tibial osteochondral lesion
classified as grade 4 according to the International Carti-
lage Repair Society (ICRS) classification system5 and with
a of size >400 mm2.

For LOFs, if articular cartilage in the recipient site was
damaged, removing the damaged articular cartilage and
curettage of necrotic bone in the recipient site were per-
formed, and we filled plugs at intervals of a few millimeters
to cover the lesions.

Second-look arthroscopic surgery was offered to all
patients, and only 13 patients consented. Then, it was

TABLE 1
Patient Characteristicsa

Group 1
(n ¼ 18)

Group 2
(n ¼ 11) P

Age at surgery, y 45.9 (21-73) 65.8 (46-74) .021b

Sex, male/female, n (%) 2/16 (11/89) 3/8 (27/73) .620c

Side affected, right/left,
n (%)

7/11 (39/61) 7/4 (64/36) .109c

Follow-up period, mo 56 (24-145) 48 (25-128) .081b

Osteonecrosis, n 18 11
Recipient site, n .005d

Medial femoral
condyle

9 11

Lateral femoral
condyle

9 0

Concomitant surgical
procedure, n
High tibial osteotomy 3 0
Meniscectomy 0 0
Ligament

reconstruction
0 0

Lesion size, mm2 685 (420-1125) 230 (110-360) <.01b

aData are shown as mean (range) unless otherwise indicated.
bP value by Mann-Whitney U test.
cP value by Fisher exact test.
dP value by chi-square test.
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performed in 9 group 1 knees and 4 group 2 knees. The
mean interval between procedures was 12.4 ± 1.0 months.
We assessed the condition of the cartilage by visual inspec-
tion and probing, along with the ICRS classification sys-
tem. All patients had more than 2 years of follow-up and
were examined. The follow-up rate in this study was 100%.

Preoperative knee radiographs were evaluated, and the
extent of the osteochondral lesion was assessed on mag-
netic resonance imaging (MRI). Long-leg weightbearing
alignment radiographs were taken to evaluate abnormal
alignment.

Surgery

All operative procedures were performed using the Osteo-
chondral Autograft Transfer System (OATS; Arthrex).
Under general anesthesia, knee arthroscopic surgery was
performed initially. Then, the eyeglass technique was per-
formed in group 1 by the open approach. The medial para-
patellar approach was used when the recipient site was the

medial femoral condyle, and if the recipient site was the
lateral femoral condyle, a lateral parapatellar approach
was used. The size of the osteochondral lesion and that of
residual normal cartilage were measured (Figure 1A). One
or 2 osteochondral holes were excavated from the recipient
site where the articular cartilage survived, and necrotic
bone around the holes was curetted using the holes
(Figure 1B). Iliac bone chips were implanted into the recip-
ient area using the holes (Figure 1C), and autologous osteo-
chondral plugs harvested from less weightbearing areas
(*10 mm from the lateral or medial edges of the trochlea)
were then implanted into the holes (Figure 1D). For
patients in group 2, OAT was performed with the standard
open technique. Removing the damaged articular cartilage
and curettage of necrotic bone in the recipient site were
performed, and osteochondral grafts were transplanted
from the donor site to the recipient site.

In both groups, the location and depth of the osteone-
crotic area were measured preoperatively using MRI,
and the length of the implanted osteochondral plug was

Figure 1. (A) A large osteonecrotic lesion with residual normal cartilage (circle) on the medial condyle of the left knee. (B) Two
osteochondral holes are excavated from the recipient site where the articular cartilage survived, and the necrotic subchondral bone
is curetted using the holes. (C) Iliac bone chips are implanted into the recipient area using the holes. (D) Autologous osteochondral
plugs harvested from the medial and lateral trochleae are then implanted into the holes.
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5 mm more than the depth of osteonecrosis. To obtain a
smooth surface, osteochondral plugs were transplanted
perpendicular to the articular surface of the femoral con-
dyle, and care was taken to not protrude plugs >1 mm in
height. The plug elevation height was measured with a
ruler. Finally, normal cancellous bone collected from
around the recipient site was transplanted to the bottom
of donor defects.

There were no patients in the present series with menis-
cal injuries or ligament instability. Although a kissing tib-
ial osteochondral lesion of ICRS grade 4 was observed in 7
knees in group 1 (100-225 mm2), OAT was not performed
for the tibial lesions. High tibial osteotomy was combined
with OAT for a varus knee in 3 knees in group 1 because the
femorotibial angle was >180� (6�-9� or more of varus).

The same postoperative protocol was performed in both
groups. Continuous passive motion of the knee was started
from the third postoperative day after removal of the drain
tube. Partial one-third weightbearing was allowed in the
fourth week, weightbearing was then gradually increased
step by step, and full weightbearing was allowed in the
seventh week after surgery.

Clinical Evaluations

Clinical outcomes were evaluated preoperatively and
postoperatively according to the International Knee Docu-
mentation Committee (IKDC) objective grade, the IKDC
subjective score, and the Japanese Orthopaedic Associa-
tion (JOA) score.32 The JOA score evaluates 4 items: ability
to walk (30 points), ability to climb up and down stairs
(25 points), range of motion (35 points), and joint swelling
(10 points). Each knee joint can achieve a maximum of
100 points. A validation study for the JOA score was con-
ducted by Okuda et al,35 who found that it was significantly
correlated with validated patient-rated outcome measures
(Japanese Knee Osteoarthritis Measure, Short Form
Health Survey–36), indicating concurrent validity of the
JOA score. For the morphological evaluation, the Kellgren
and Lawrence (KL) classification system21 and the modi-
fied magnetic resonance observation of cartilage repair tis-
sue (MOCART) score25 were used. The ICRS score was
recorded when second-look arthroscopic surgery was per-
formed. The assessment of donor site morbidity was based
on the patellar compression test and complaints of anterior
knee pain.

Statistical Analysis

The Mann-Whitney U test was used to compare the
numerical data (ie, age, recipient area, IKDC subjective
score, and JOA score) between the 2 groups. The Fisher
exact test was used to compare the contingency table
between the 2 groups (ie, sex and side). The chi-square
test was used to evaluate the distribution of more than 3
categories (ie, IKDC objective grade, number of trans-
planted plugs, ICRS grade). P values<.05 were considered
significant.

RESULTS

The preoperative IKDC subjective score, IKDC objective
grade, and JOA score were not significantly different
between the 2 groups (Table 2). Patients in group 1 had
postoperative scores equivalent to those in group 2
(Table 3). The postoperative IKDC subjective scores of
group 1 (mean, 86.9) and group 2 (mean, 87.0) showed no
significant difference at the final follow-up (P ¼ .653). For
postoperative IKDC objective grades, 83.3% of group 1 and
81.8% of group 2 were graded as “nearly normal” or better,
and no significant intergroup difference was found in the
IKDC objective grade (P ¼ .989). Also, no significant inter-
group difference was found in the postoperative JOA score
(group 1, 93.9; group 2, 81.4; P ¼ .480). Three patients in
group 1 underwent a bilateral procedure, and there was no
difference in clinical outcomes compared with patients who
underwent a unilateral procedure.

The mean number of harvested plugs in group 1 and
group 2 was 3.3 ± 0.9 and 2.4 ± 0.5, respectively. The mean
diameter of harvested plugs was 8.4 ± 0.7 mm in both

TABLE 2
Preoperative Outcome Scoresa

Group 1
(n ¼ 18)

Group 2
(n ¼ 11) P

IKDC subjective score 33.6 (16.9-51.2) 42.4 (36.8-51.0) .183b

IKDC objective grade, n .113c

Normal 0 0
Nearly normal 0 0
Abnormal 10 10
Severely abnormal 8 1

JOA score 61.7 (45.0-80.0) 55.0 (50.0-90.0) .261b

aData are shown as mean (range) unless otherwise indicated.
IKDC, International Knee Documentation Committee; JOA, Jap-
anese Orthopaedic Association.

bP value by Mann-Whitney U test.
cP value by chi-square test.

TABLE 3
Postoperative Outcome Scoresa

Group 1
(n ¼ 18)

Group 2
(n ¼ 11) P

IKDC subjective score 86.9 (51.9-93.5) 87.0 (74.6-95.4) .653b

IKDC objective grade, n .989c

Normal 8 5
Nearly normal 7 4
Abnormal 3 2
Severely abnormal 0 0

JOA score 93.9 (85.0-100.0) 81.4 (65.0-100.0) .480b

Donor site morbidity, n 0 0

aData are shown as mean (range) unless otherwise indicated.
IKDC, International Knee Documentation Committee; JOA, Jap-
anese Orthopaedic Association.

bP value by Mann-Whitney U test.
cP value by chi-square test.
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group 1 and group 2. When the total number of trans-
planted plugs was considered, more plugs were trans-
planted in group 1 than in group 2 (P ¼ .048) because
more osteochondral holes were needed to curette the wide-
spread necrotic bone (Table 4). There was no donor site
morbidity in either group.

Second-look arthroscopic surgery was performed in 9
group 1 knees and 4 group 2 knees. The condition of the
transplanted plugs was acceptable in both groups (Table 5).
All plugs showed good survival with a grade of “nearly nor-
mal” or better according to the ICRS classification system.
No significant intergroup differences were found in the
ICRS grade at the midterm follow-up (P ¼ .488). The kis-
sing tibial lesions in the 7 knees in group 1 were unchanged
at second-look arthroscopic surgery.

Donor sites were filled with fibrous cartilage-like tissue,
and kissing lesions of the patella were not observed. With
the numbers used in this study, there was no significant
difference in clinical results between the knees with an ICRS
grade 4 kissing tibial lesion and the knees with a kissing
tibial lesion of grade �3 (IKDC subjective score: P ¼ .653;
IKDC objective grade: P ¼ .761; JOA score: P ¼ .628).

In group 1, the KL classification was unchanged in 17
knees (7 normal, 10 grade 2) and improved in 1 knee (from
grade 3 to 2). The mean modified MOCART score was 57.5
(range, 40-65) at 12-month follow-up. At the latest physical
examination (mean, 56 months [range, 24-145 months]),
the mean postoperative range of motion of the knee was
143.6� (flexion range, 135�-150�) and 0� (extension range,
0� in all knees), and the rate of the ability to sit straight in
the Japanese style, with legs folded under, was increased
from 38.9% (7/18) preoperatively to 61.1% (11/18)
postoperatively.

One case in group 1 is presented. The patient was a
54-year-old man in whom the lateral femoral condyle of the
right knee had spontaneous osteonecrosis. Preoperative T2-
weighted MRI showed an LOF (Figure 2, A and B). His
preoperative IKDC objective grade, IKDC subjective score,
and JOA score were severely abnormal, 41.3, and 60,
respectively. The size of the osteochondral lesion was
800 mm2, and the overlying cartilage appeared normal
(Figure 2C). The eyeglass technique was performed. Three
osteochondral plugs, 10 mm in diameter, were implanted in
the recipient site (Figure 2D). At 42 months after surgery,
his postoperative IKDC objective grade, IKDC subjective
score, and JOA score were improved to nearly normal,
77.3, and 90, respectively. Second-look arthroscopic sur-
gery was performed 14 months after surgery. Normal car-
tilage was preserved between the transplanted
osteochondral plugs in the recipient site (Figure 2E). His
ICRS score was 9. Postoperative T2-weighted MRI at 1 year
showed a smooth articular cartilage surface and no recur-
rence of osteonecrosis (Figure 2F).

DISCUSSION

In past reports on the size of osteonecrotic lesions,1,28 small
lesions (<350 mm2) usually regress with nonsurgical man-
agement, medium lesions (350-500 mm2) may or may not
regress, and large lesions (>500 mm2) usually lead to con-
dyle collapse. Juréus et al20 evaluated long-term outcomes
in relation to the need for major knee surgery in a cohort of
40 patients with osteonecrosis of the knee. After 27-month
follow-up, 15 of the 40 patients required arthroplasty, and 2
required osteotomy. The majority of patients (6/7) who had
a lesion of >40% of the affected femoral condyle required a
knee prosthesis, whereas none of the 10 patients with
<20% of the femoral condyle affected required surgery.20

Therefore, we performed OAT in patients who presented
with LOFs. Within the limits of this study, the postopera-
tive results of patients who underwent OAT using the eye-
glass technique for large osteonecrotic lesions (>400 mm2)
were equivalent to the results of patients who underwent

TABLE 5
ICRS Classification During Second-Look

Arthroscopic Surgerya

Group 1
(n ¼ 9)

Group 2
(n ¼ 4) P

Timing of second-look surgery,
mean (range), mo

12.2 (8-14) 12.8 (12-13) .936b

ICRS grade, n .488c

Grade 1, normal 1 0
Grade 2, nearly normal 8 4
Grade 3, abnormal 0 0
Grade 4, severely abnormal 0 0

aICRS, International Cartilage Repair Society.
bP value by Mann-Whitney U test.
cP value by chi-square test.

TABLE 4
Lesion Size and Number of Plugs

Group 1 Group 2

Knee
Lesion

Size, mm2
No. of
Plugs Knee

Lesion
Size, mm2

No. of
Plugs

1 1025 4 1 136 2
2 1125 4 2 300 3
3 700 4 3 300 3
4 456 2 4 300 3
5 900 4 5 150 2
6 750 4 6 150 2
7 600 4 7 360 3
8 420 2 8 216 2
9 425 2 9 264 2
10 800 4 10 240 2
11 1050 4 11 110 2
12 825 4
13 450 2
14 630 4
15 500 3
16 450 2
17 800 4
18 420 2

The Orthopaedic Journal of Sports Medicine Eyeglass Technique for Large Osteonecrotic Lesions 5



OAT using the standard technique for small osteonecrotic
lesions (�400 mm2).

The main advantages of OAT are the reconstruction of
the mechanically durable articular bone plate and articular
cartilage and the removal of collapsed tissue. Tanaka et al40

reported on 6 patients with SONK who underwent OAT; all
patients reported favorable pain relief after a mean follow-
up of 28 months. Similarly, Duany et al8 reported excellent
outcomes with a mean Knee Society Score of 85 points in 9
patients who underwent OAT for the treatment of SONK.
With respect to OAT for steroid-induced osteonecrosis,
Nakagawa et al31 reported 1 case and Fujita et al10 reported
3 cases, and their outcomes were good. Although OAT is
typically used for defects of <400 mm2, Hangody et al15

reported that usually both of the patellofemoral peripheries
allow graft harvest for a defect of 300 to 400 mm2. OAT can

therefore be used for lesions as large as 800 to 900 mm2 as a
salvage procedure, but such an extension of the indication
can result in a higher rate of donor site morbidity. For large
lesions, Gudas et al12 have performed several additional
investigations, including a 10-year follow-up study, which
also supported the notion that a size >200 mm2 is associ-
ated with a higher risk of failure.

The size of osteonecrotic lesions requiring surgery is
often >400 mm2. If articular cartilage in the recipient site
cannot be used, we fill plugs at intervals of a few milli-
meters to cover LOFs. In this way, Nakagawa et al31

reported a case of steroid-induced osteonecrosis of the fem-
oral condyle measuring 1000 mm2 treated by OAT with a
satisfactory result. The use of allografts may also be effec-
tive. Yet, we cannot use allogenic osteochondral transplan-
tation in our country.

Figure 2. A 54-year-old male patient in group 1. (A, B) Preoperative T2-weighted magnetic resonance imaging (MRI) shows a large
osteonecrotic lesion on the lateral femoral condyle of the right knee. (C) The size of the osteonecrotic lesion is 800 mm2 (circle) and
the overlying cartilage appears normal. (D) Three osteochondral plugs (arrows) are implanted on the border of the lesion. (E)
Arthroscopic view of the recipient site 14 months after surgery. Normal cartilage (arrowhead) is preserved between the trans-
planted osteochondral plugs (arrows). (F) Postoperative T2-weighted MRI at 1 year shows a smooth articular cartilage surface and
no recurrence of osteonecrosis.
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When articular cartilage in the recipient site can be used,
we utilize the eyeglass technique to repair LOFs and to
reduce the number of autogenous osteochondral plugs. How-
ever, there is only 1 report regarding the eyeglass technique
for LOFs with residual normal cartilage,26 and its long-term
results are unknown. Therefore, this report presented 18
knees of 15 patients who had LOFs with residual normal
cartilage treated successfully with the eyeglass technique.
Although the mean lesion size was >400 mm2, all patients
achieved satisfactory results during the mean 56-month
follow-up period; moreover, the postoperative results of
patients who underwent OAT using the eyeglass technique
for LOFs were equivalent to the results of patients who
underwent OAT using the standard technique for small
osteonecrotic lesions. In previous studies, OAT for small
lesions has been reported to have good to excellent results
in approximately 90% of cases. Therefore, we believe that
the eyeglass technique for LOFs is also effective.

Although it was not possible to confirm pathological tis-
sue, second-look arthroscopic surgery showed that normal
cartilage was stable between transplanted osteochondral
plugs in the recipient sites (mean ICRS score, 11.7), and
the residual normal cartilage seemed stable on MRI in all
cases. Because the clinical results were also good, we
believe that the residual normal cartilage was preserved.

Forming a smooth joint surface is important to achieve
satisfactory results. Therefore, osteochondral plugs were
transplanted perpendicular to the articular surface. McCoy
and Miniaci27 reported that graft prominence of >1 mm is
poorly tolerated. Nakagawa et al33 reported that isolated
osteochondral plug depression of<1 mm could still promote
acceptable cartilage healing, leading to good clinical out-
comes. Johnson and LaPrade19 also reported that a proud
plug had a negative effect on kissing lesions of the medial
tibial plateau. Therefore, we are careful not to protrude
plugs >1 mm in height.

With regard to donor site morbidity, Filardo et al9 noted
a correlation between the number of plugs and IKDC
scores (P ¼ .05), with a mean IKDC score of approximately
85 for patients with 1 plug and a mean score of 50 for
patients with 4 plugs. We think that the eyeglass tech-
nique is very useful in that the number of plugs can be
decreased. In the present study, the mean number of plugs
was 3.3, and the mean diameter of the plugs was 8.4 mm.
However, there was no donor site morbidity. One of the
reasons for this might be that the normal cancellous bone
collected from around the recipient site was transplanted
to the bottom of donor defects. In this way, it appears that
this approach provides favorable conditions for the growth
of good fibrocartilage-like tissue at the donor site.

Other surgical treatments for osteonecrosis have
been reported, including core decompression, UKA, and
TKA. The eyeglass technique seems analogous to
extra-articular core decompression with bone grafting,
which has also been used to treat SONK. This is because
both techniques are used to remove necrotic bone and place
new bone within the osteonecrotic lesions. However,
patients who have progressed to subchondral collapse may
benefit more from an osteochondral autograft because of
restoration of the cartilage surface. In UKA for SONK,

some authors reported that 96.3% of patients were satisfied
at 27-month follow-up,13 10-year survivorship was 89%,7

and 15-year survivorship was 90.6%.18 In TKA for SONK,
a study by Mont et al29 involving 30 patients reported a 97%
survival rate at a mean follow-up of 108 months. Radke
et al37 reported that patients who underwent TKA showed
clinically better results than those who underwent UKA at
more than 5-year follow-up. However, OAT was superior to
TKA and UKA in range of motion of the knee.

We aim for the patient being able to sit straight in the
Japanese style after knee surgery because being able to do
so is still very important for the Japanese lifestyle. Niki
et al34 studied the ability to sit in the Japanese style after
TKA and found that 23 patients (29 knees) of a series of 463
total knee replacements in 341 patients were able to sit in the
Japanese style. Mukai et al30 showed that in OAT only for
osteonecrosis of the knee joints, the rate of the ability to sit in
the Japanese style was 0% preoperatively and 65% at follow-
up. In the present study, this same rate increased from 38.9%
preoperatively to 61.1% postoperatively. Therefore, we select
OAT as much as possible instead of UKA or TKA.

Whether OAT has a preventive effect on osteoarthritis
progression is under discussion. Hangody et al14 documen-
ted the results of OAT as a salvage intervention in 82 ath-
letes with osteoarthritis of the knee. During the 9.6-year
follow-up, slight or moderate degenerative changes (Fair-
bank grade 1 or 2) were seen preoperatively in 27% of the
cases and at follow-up in 36% of the cases. Fairbank grade 3
changes were observed in 5 cases, with an average radio-
graphic deterioration of 0.32 on the Fairbank scale (preop-
erative, 0.34; postoperative, 0.66). In the present study, the
postoperative radiographs of the knee joints showed that
the KL classification was unchanged in 17 knees and
improved in 1 knee. We think that the knee joint space was
widened by the thickness of the implanted cartilage.

Limitations

The first limitation of this study was that it was retrospec-
tive. Second, the number of patients was small (18 knees in
15 patients). Third, the present series included various
stages of osteoarthritis. This is because of the relative rar-
ity of LOFs with residual normal cartilage. Fourth, we
could not completely match the patients’ background in the
2 groups because we selected only osteonecrotic lesions of
the femoral condyle. Primarily, the control group was older
by a mean of 20 years. As for the population normative
values for the IKDC score, Anderson et al3 reported that
mean scores were determined for women aged 35 to 50
years (mean, 80 ± 23 years) and 51 to 65 years (mean, 71
± 26 years). Fifth, the ICRS grade was missing for 16 of the
29 knees. Last, follow-up was medium term (mean of 56
months for group 1). A greater number of patients with
long-term follow-up is needed.

CONCLUSION

Although with the condition that the patients in the second
group were significantly older, the postoperative results of
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patients who underwent OAT using the eyeglass technique
for large osteonecrotic lesions (>400 mm2) were equivalent
to those of patients who underwent OAT using the standard
technique for small osteonecrotic lesions (�400 mm2). There-
fore, if the residual normal cartilage in the recipient site has
been preserved, the eyeglass technique may be used.

REFERENCES

1. Aglietti P, Insall JN, Buzzi R, Deschamps G. Idiopathic osteonecrosis

of the knee: aetiology, prognosis and treatment. J Bone Joint Surg Br.

1983;65:588-597.
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