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Autologous Osteochondral Grafts Result in Improved
Clinical Outcomes in Patients With Early Knee

Osteoarthritis

Yasuaki Nakagawa, M.D., Shogo Mukai, M.D., Kohei Nishitani, M.D., Satoru Murata, M.D.,

Kentaro Satomi, M.D., Yuki Shinya, M.D., and Ryota Nakamura, M.D.
Purpose: To determine whether autologous osteochondral grafts improve clinical outcomes in early knee osteoarthritis
(EKOA) and whether the grafts prevent progression of radiographic joint degeneration. Methods: In this study, we
identified patients older than 40 years with EKOA having no traumatic events, with grade 0, 1, or 2 on the Kellgren-
Lawrence (KL) classification and more than grade 3 of cartilage degeneration according to the International Cartilage
Repair Society scale. Recipient sites were as follows: 14 patellofemoral (PF3) joint, 18 medial femoral condyle (M1), and 6
lateral femoral condyle (L2). Japanese Orthopedic Association (JOA) score and International Knee Documentation
(IKDC) subjective score (SUB) were examined as clinical outcomes. Results: The study included 31 knees in 31 patients
who underwent autologous osteochondral grafts for EKOA and more than two years follow-up. The sample included 15
men and 16 women. The mean operative age was 56.0 years, and the mean follow-up period was 76 months (range,
24-170 months). In the preoperative period, JOA and SUB were 73.9 and 49.5, respectively. At follow-up, the JOA and
SUB scores were 93.7 and 84.5, respectively. The differences were statistically significant. Progression of KL classification
occurred in 0% of the PF3 group, 17% of the L2 group, and 33% of the M1 group. The outcomes of the M1 group
significantly became worse (P ¼ .0381) than those of the L2 and the PF3 groups, and the PF3 group significantly
maintained good clinical outcomes (P ¼ .0334). Conclusion: Autologous osteochondral grafts for degenerated cartilage
improved clinical outcomes of EKOA even if the recipient had cartilage degeneration, and not trauma. The PF3 group
maintained significantly good clinical outcomes, and the M1 group became significantly worse.
here is increasing awareness of the importance of
Tidentifying early phases of the degenerative pro-
cesses in knee osteoarthritis. Defining the phases of the
early knee osteoarthritis (EKOA) is important to iden-
tify and properly treat patients at risk of progression.1
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EKOA may show a diffuse and ill-defined involve-
ment but also originate in the cartilage surrounding a
focal lesion.2 However, unlike established arthritis, the
diagnosis of EKOA is more complicated. Once the dis-
ease has manifested, clear signs can be detected through
history, clinical symptoms, and radiographic signs.1 In
the early phase, such characteristic signs and symptoms
may still be limited and appear to be sporadic. More-
over, radiographic evaluation cannot detect early
changes of the articular cartilage thickness that are
required for characterizing established osteoarthritis.
Magnetic resonance imaging may detect the whole
spectrum of pathological joint tissue changes. Arthros-
copy is seldom used as a sole diagnostic tool, but it is
often performed in patients suffering from symptomatic
focal cartilage defects.2 In 2011, Luyten et al.1 diag-
nosed EKOA as the 3 following criteria:

1. At least 2 episodes of knee pain for 10 days in the
past year

2. Standard radiographs showing Kellgren-Lawrence
(KL) grade 0 to 2 (osteophytes only)3
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Table 1. The Various Items in 3 Groups

Case
Number

Operative
Age (y)

Final Follow-Up
Periods (mo)

Area of Recipient
Site (mm2)

Number of
Implanted Plugs

Diameter of
Implanted Plugs

Medial group 18 cases 55.7 � 9.3 74.3 � 52.3 233.3 � 129.6 3.1 � 1.4 8.1 � 0.9
Lateral group 5 cases 53.3 � 9.9 93.7 � 55.1 225.0 � 133.2 3.4 � 1.5 8.4 � 0.54
Patellofemoral group 8 cases 53.1 � 10.6 60.3 � 32.8 217.1 � 126.1 2.9 � 1.3 8.1 � 0.64
Total 31 cases 56.0 � 9.3 76.0 � 48.7 266.1 � 120.9 3.1 � 1.4 8.2 � 0.71

Mean value þ standard deviation
The 5 items in the 3 groups had no statistically significant differences. Each P value was > .4448.

Table 2A. JOA Scores in 3 Groups

Number
of Cases

Preoperative
Period (Points)

Follow-Up
Period (Points)

Medial group 18 cases 70.0 � 11.3 93.9 � 10.2
Lateral group 5 cases 73.3 � 11.3 93.3 � 10.2
Patellofemoral

group
8 cases 75.4 � 12.1 93.9 � 7.1

Total 31 cases 73.9 � 11.7 93.7 � 8.9

JOA, Japanese Orthopedic Association.
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3. International Cartilage Repair Society (ICRS) grades
1 to 4 in at least 2 compartments or grades 2 to 4 in 1
compartment with surrounding softening and
swelling in arthroscopy.
More than 20 years have passed since Matsusue

et al.4 reported autologous osteochondral grafts of the
knee in 1993. The use of autologous osteochondral
grafts has recently become common for the treatment
of small, isolated, well-contained, articular cartilage
defects.5-10 The technique has been reported to have
good clinical outcomes in osteochondral diseases such
as osteonecrosis and osteochondritis dissecans.4,10

Long-term clinical outcomes after mosaicplasty for a
symptomatic osteochondral defect in the knee are good,
but they vary greatly depending on age, sex, size, and
cause of the lesion.11,12

However, few reports have discussed clinical out-
comes of autologous osteochondral grafts for EKOA in
cartilage degeneration and not in traumatic cartilage
injury. The purpose of this study was to determine
whether autologous osteochondral grafts improve
clinical outcomes in EKOA and whether the grafts
prevent progression of radiographic joint degeneration.

Materials and Methods
Patients who received autologous osteochondral

grafts for EKOA from August 2002 to February 2015
were identified. With references to the criteria of
Luyten et al.1 in 2011 and Madry et al.2 in 2016, the
patients were diagnosed with EKOA if they had no
traumatic events, had a KL grade of 0 to 2, and an ICRS
grade of 2 to 4 of cartilage in 1 compartment (focal
lesions) in the knee joints in patient 40 years or older.
ICRS classification was determined in the surgery. We
performed autologous osteochondral grafting for EKOA
if conservative treatment (such as nonsteroidal anti-
inflammatory drugs, hyaluronic acid intraarticular in-
jection, and muscle strength exercises) for more than 3
months had no effect. The inclusion criteria were
autologous osteochondral grafts for EKOA, more than 2
years of follow-up, no ligament or patellar instability,
and their femorotibial angle was between 170� and
176� (normal alignment). The permitted combined
operations were partial meniscectomy when the
meniscus was ruptured. Patients who underwent
ligament surgery or osteotomy to improve knee align-
ment were excluded from the study. Inflammatory
patients were also excluded. All procedures were
reviewed and approved by the research ethics com-
mittee of our hospital.

Surgical procedure
Our operative procedures were as follows. First, the

knee arthroscopy was performed. In some cases, partial
meniscectomy was performed. If the recipient site was
the medial femoral condyle, a medial parapatellar
approach was used. The curettage of degenerative
cartilage in the recipient site were done, and several
autologous osteochondral plugs were implanted into
the recipient site. For the osteochondral grafts, the
Osteochondral Autograft Transfer System (Arthrex,
Naples, FL) was mostly used with the open technique. If
the recipient site was the lateral femoral condyle, a
lateral parapatellar approach was used. If the recipient
site was the trochlea or patella, a medial parapatellar
approach was used, and we implanted plugs obliquely
to create the curvature of the articular surface of both
the patella and trochlea.
The postoperative rehabilitation program was as fol-

lows: Range of motion exercise started 3 days after
mosaicplasty; partial weightbearing gait started in week
2 in patellofemoral joints and week 3 or 4 in femo-
rotibial joints, and full weightbearing gait started in
week 5 or 7. The patient donor site was either the
lateral or medial side of the femoral trochlea (relatively
non-weightbearing surface). In general, the donor de-
fects were filled with bone chips from the recipient sites
to subchondral bone level, not to the articular cartilage
surface.



Table 2B. IKDC Subjective Scores in 3 Groups

Number
of Cases

Preoperative
Period (Points)

Follow-Up
Period (Points)

Medial group 18 cases 46.4 � 11.3 83.8 � 15.8
Lateral group 5 cases 46.9 � 18.6 87.2 � 11.1
Patellofemoral

group
8 cases 49.8 � 15.6 86.6 � 6.6

Total 31 cases 49.5 � 13.6 84.5 � 13.1

IKDC, International Knee Documentation Committee.
Mean value � standard deviation. Significant differences were

observed in IKDC subjective scores between the preoperative period
and follow-up period in all three groups, including total scores. Pre-
operative and follow-up IKDC subjective scores in 3 each groups had
no significant differences.

Table 3. IKDC Objective Scores in Preoperative and Follow-
Up Periods in Total Cases

Preoperative Period Follow-Up Period

Normal 0 cases 5 cases
Nearly normal 3 cases 18 cases
Abnormal 25 cases 6 cases
Severely abnormal 3 cases 2 cases

IKDC, International Knee Documentation Committee.
IKDC objective scores at follow-up were significantly better than

that during the preoperative period.
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The operative age, follow-up period, area of the
recipient site, the number of implanted plugs, and the
diameter of implanted plugs for the 3 groups were
recorded in Table 1. The symptoms of the patients’
knees were evaluated according to the following
criteria: the knee scoring system of the Japanese Or-
thopedic Association (JOA) score13 and the IKDC sub-
jective score and objective score.14 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 score of 100 points on the
JOA scale. We also examined changes in the KL clas-
sification of their knee radiographs from their surgeries
to their final follow-up.
To compare the clinical outcomes, we divided the

recipient sites into 3 groups: medial, lateral, and patel-
lofemoral. To compare the changes of KL classification,
we divided the recipient sites into 3 groups: M1 group,
L2 group, and PF3 group.
The Mann-Whitney U-test (JOA and IKDC subjective

scores) and the c2 test (IKDC objective score and the
worseness of KL classification) were used to perform
statistical analyses of the various scores. The level of
statistical significance was set to P < .05.

Results
A total of 31 cases and 31 knees were included from

August 2002 to February 2015. Almost surgeries were
performed by 1 senior orthopaedic surgeon (Y.N.). The
follow-up rate was 81%. We examined 11 right and 20
left knees of 15 men and 16 women. The mean oper-
ative age was 56.0 years (range, 40-71 years), and the
mean follow-up period was 76 months (range, 24-170
months). The permitted combined operations were 4
cases of arthroscopic partial medial meniscectomy, and
1 case of arthroscopic partial lateral meniscectomy.
According to the recipient site, 31 patients were
assigned to 3 of the following groups: 18 cases in the
medial group (13 in medial femoral condyle [MFC]
only, 4 in MFC and trochlea, and 1 in MFC and lateral
tibia), 5 cases in the lateral group (2 in lateral femoral
condyle (LFC) only, 2 in LFC and trochlea, and 1 in
lateral tibia), and 8 cases in the patellofemoral group
(5 in trochlea only, and 3 in trochlea and patella).
We also examined changes in the KL classification.

Because we could examine each compartment of the
same knee separately, we categorized the patients into
3 groups different than the clinical assessment: 18
knees in the M1 group (13 in MFC only, 4 in MFC and
trochlea, and 1 in MFC and lateral tibia), 6 knees in the
L2 group (2 in lateral femoral condyle [LFC] only, 2 in
LFC and trochlea, 1 in lateral tibia and 1 in MFC and
lateral tibia), and 14 knees in the PF3 group (5 in
trochlea only, 3 in trochlea and patella, 4 in MFC and
trochlea and 2 in LFC and trochlea).
The operative age, follow-up period, area of the

recipient site, the number of the implanted plugs, and
the diameter of the implanted plugs for the 3 groups
were recorded in Table 1. The mean number of
implanted plugs was 3.1 (range, 1-6), and the mean
diameter of implanted plugs was 8.2 mm (range, 6-10
mm). The 5 items that were described in Table 1 in the
3 groups had no statistically significant differences.
With respect to the clinical outcomes, JOA scores

during the preoperative and follow-up periods in the 3
groups are shown in Table 2A, and IKDC subjective
scores at the preoperative and follow-up periods in the
3 groups are shown in Table 2B. Significant differences
were observed in JOA and IKDC subjective scores be-
tween the preoperative period and follow-up period in
all 3 groups, including total scores. Preoperative JOA
scores in each of the 3 groups had no significant dif-
ferences, and the follow-up JOA scores also did not
have any significant differences. Similarly, IKDC sub-
jective scores had no significant differences.
Table 3 shows IKDC objective scores during the pre-

operative and follow-up periods in total cases. IKDC
objective scores at follow-up were significantly better
than that during the preoperative period. We found 8
cases with less than abnormal findings at follow-up;
they were as follows: 5 in MFC only, 1 in LFC only, 1
in trochlea only, and 1 in trochlea and LFC. Three cases
in MFC only get worse than preoperative period.
However, only 1 case needed reoperation (total knee



Table 4. The comparison with the worseness of KL
classification in 3 groups

Change of KL
Classification
(Preoperative
to Follow-Up)

M1 Group
(18 Knees)

L2 Group
(6 Knees)

PF3 Group
(14 Knees)

1 to 1 5 knees 1 knee 5 knees
2 to 2 7 4 9
1 to 2 1 0 0
1 to 3 1 0 0
2 to 3 2 1 0
2 to 4 2 0 0
Worse cases 6 (33%) 1 (16.7%) 0 (0%)

KL, Kellgren-Lawrence; M1, medial compartment; L2, lateral
compartment; PF3, patellofemoral compartment.
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arthroplasty), and she belonged to the M1 group; this
detail description was written in the case presentation.
Table 4 shows the comparison of aggravation of KL

classification between preoperative and follow-up pe-
riods in the three groups. Using c2 test, the M1 group
was significantly worse than the other 2 groups (P ¼
.0381), and the PF3 group was significantly maintained,
compared with the other 2 groups (P ¼ .0334); this
answers the second question of whether the grafts pre-
vent the progression of radiographic joint degeneration.
Fig 1. Patient 1 belonged to the patellofemoral group. (A) A 52-
oarthritis for his left knee. The recipient area was 450 mm2 in his tr
were implanted into the recipient sites. (C) The preoperative latera
left knee showed osteophytes (arrows) in his medial and lateral pa
the lateral radiography (F) and skyline radiography of the left kne
grade was 2, and that at follow-up was 2. His International Knee
before surgery, and at 114 months after mosaicplasty it was 79.2
The following were 2 case examples.

Patient 1
This was a 52-year-old male who underwent

mosaicplasty for the treatment of EKOA on his left
knee. He belonged to the PF3 group. The recipient area
was 450 mm2 in his trochlea (Fig 1A), and he had 4
osteochondral plugs with a diameter of 8 mm implan-
ted into the recipient sites (Fig 1B). Three donor plugs
were in the lateral trochlea, and 1 donor plug was in the
medial trochlea (Fig 1B). The preoperative lateral and
skyline radiographies of his left knee showed osteo-
phytes in his medial and lateral PF joints (Figs 1C and
1D). At 114 months after his mosaicplasty, the lateral
and skyline radiographies of the left knee were the
same (Figs 1E and 1F). The KL grade was 2 during the
preoperative period and at follow-up. IKDC subjective
score was 63.6 points during the preoperative period
and 79.2 points at 114 months after mosaicplasty.

Patient 2
This was a 64-year-old female who underwent

mosaicplasty for the treatment of EKOA on her right
knee. The recipient area was 150 mm2 (Fig 2A) in her
MFC, and 2 osteochondral plugs with a diameter of 8
mm were implanted into the recipient sites (Fig 2B).
year-old male who underwent mosaicplasty early knee oste-
ochlea. (B) Four osteochondral plugs with a diameter of 8 mm
l radiography. (D) The preoperative skyline radiography of the
tellofemoral joints. (E) At 114 months after his mosaicplasty,
e was the same (arrows). His preoperative Kellgren-Lawrence
Documentation Committee subjective score was 63.6 points

.



Fig 2. Patient 2 belonged to the medial group. (A) A 64-year-old female who underwent mosaicplasty for early knee osteo-
arthritis on her right knee. The recipient area was 150 mm2 in her medial femoral condyle (MFC). (B) Two osteochondral plugs
with a diameter of 8 mm were implanted into the recipient sites. (C) Two donor plugs in lateral trochlea were taken. (D) The
preoperative anteroposterior radiography of the right knee showed osteophytes in her MFC. (E) At 141 months after her
mosaicplasty, the anteroposterior radiography of the right knee showed narrowing of her medial compartment (arrow). Her
preoperative Kellgren-Lawrence grade was 2, and that at follow-up was 3. Her International Knee Documentation Committee
subjective score was 57.1 points before surgery and 141 months after mosaicplasty, it was 33.1.
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Twodonorplugs in the lateral trochleawere taken (Fig2C).
The preoperative radiography of the right knee
showed osteophytes in the MFC (Figs 2D and 2E); at
141 months after her mosaicplasty, the radiograph of
the right knee showed narrowing of her medial
compartment (Figs 2F and 2G). The preoperative KL
grade was 2, and it was 3 at follow-up. The patient’s
preoperative IKDC subjective score was 57.1 points,
and it was 33.1 points at 141 months after mosaic-
plasty. At that time, she had right total knee arthro-
plasty (TKA) because of severe knee pain. In this study,
only 1 case converted to TKA.

Discussion
In this study we observed that the autologous osteo-

chondral grafts did improve clinical outcomes, even if
the recipient had cartilage degeneration with no
trauma, and second, the M1 group significantly became
worse than the other 2 groups, and the PF3 group
significantly maintained good clinical outcomes,
compared with the other 2 groups.
Madry et al.2 defined EKOA as being present if 3 of

the following criteria were fulfilled: pain in the knee,
standard radiograph with KL grade of 0 to 2, and at
least 1 of the following 2 structural criteria: arthroscopic
findings of cartilage lesions, magnetic resonance imag-
ing findings demonstrating articular cartilage degener-
ation, meniscal degeneration, or subchondral bone
marrow lesions. Therefore EKOA was diagnosed if the
patients had no traumatic events, were older than 40
years, having a KL grade of 0 to 2, and an ICRS grade of
2 to 4 of cartilage in 1 compartment in the knee joints in
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this study. In the natural course of early osteoarthritis,
Roemer et al.15 emphasized that effusion synovitis, a
reflection of inflammatory activity including joint
effusion and synovitis thickening, might play a role in
the development of cartilage lesions in knees without
OA in the future. Cartilage defects, bone marrow
edema, and meniscal tears correlated with persistent
symptoms, at least in patients at high risk of developing
OA.16 Moreover, bone marrow edema and meniscal
lesions were associated with increased incidence of
cartilage defects and loss of cartilage.16 In 1979, Higano
et al.17 reported that advanced osteoarthritis had a
significantly higher odds ratio compared to non-
osteoarthritis and early osteoarthritis with the tibial
plateau angle and medial tibial cortical bone thickness.
The current study showed the clinical outcomes of only
autologous osteochondral grafts for EKOA.
With respect to the long-term outcomes of mosaic-

plasty, Solheim et al.18 reported that long-term (mini-
mum 15 years) mosaicplasty resulted in better and
clinically relevant outcomes than microfracture in
articular cartilage defects (2-5 cm2) of the distal femur of
the knee in patients aged 18 to 50 years. However, few
reports available on mosaicplasty outcomes for EKOA.
Brittberg et al.19 stressed the need to identify trigger
mechanisms that start generalized loss of cartilage matrix
and induce subchondral bone changes and concomitant
synovial pathology, to maximize treatment methods for
biological repair in degenerative aging joints. The current
study showed that autologous osteochondral grafts
improved clinical outcomes of EKOA, even in recipient
cartilage degeneration, not trauma.
In a comparison of outcome among different recipient

sites for mosaicplasty, the PF joint was worse than
medial or lateral femorotibial joint.7,11 The reason may
be the difficulty in accurately reproducing the curvature
of the articular surface of both the patella and
trochlea.20 However, we implanted plugs obliquely to
create the curvature of the articular surface of both the
patella and trochlea (Fig 1B). Culvenor et al.21 reported
that the PF compartment seemed to be at particular risk
for early OA after anterior cruciate ligament recon-
struction. However, in the current study, the M1 group
significantly became worse than the other 2 groups,
and the PF3 group significantly maintained good clin-
ical outcomes, compared with the other 2 groups. It
may relate to recipient cartilage degeneration in the
current study, but not trauma. Pelletier et al.22 reported
that meniscal damage and bone changes were the fea-
tures most closely associated with the greatest sub-
regional cartilage volume loss, and for the first time,
joint space narrowing was strongly associated with
cartilage loss in the central areas of plateaus and con-
dyles. That also may explain the significant mainte-
nance in the PF joint compared with the medial or
lateral femorotibial joint.
There have been several reports of outcomes of
autologous chondrocyte implantation (ACI) for EKOA.
In an animal model, Shinhan et al reported that a
matrix-associated ACI group of sheep achieved signifi-
cantly better results in both macroscopic and histolog-
ical examination.23 In human studies, at 5 years after
treatment with ACI for EKOA, 92% of patients were
functioning well and were able to delay the need for
joint replacement.24 At more than 10 years’ follow-up
ACI, there were 3 total knee replacements (4.3%),25

and at the 15-year evaluation there were 17 failures
(21.2%) and 6 total knee replacements (7.5%) in the
ACI group.26 The failure rates of ACI treatment up to 9
years varied from 8% to 27.3%, and the rate of con-
version to TKA rate was 2.5% to 6.5%.27 In the current
series, the worse cases of clinical outcomes were 10
cases (32.3%) in the JOA score, 8 cases (25.8%) in the
IKDC objective score, and 7 cases (22.6%) in the KL
classification. Only 1 case (3.2%) showed a conversion
to TKA. There were no major differences between the
current series and other ACI reports.24,25

Limitations
The small sample size (31 cases and 31 knees,

including 5 cases with arthroscopic partial meniscec-
tomy), the shorter mid-term follow-up (76 months:
range, 24 to 170 months), not large follow-up ratio
(81%) and an observational study (not a randomized
clinical trial) were the most important limitations of the
current study. And 3 subgroup sample size were also
small. Because this is a level 4 study, with no control
group, we cannot insist that autologous osteochondral
grafts directly led to improve clinical outcomes or pre-
vent progression of osteoarthritis.

Conclusion
Autologous osteochondral grafts for degenerated

cartilage improved clinical outcomes of EKOA even if
the recipient had cartilage degeneration and not
trauma. The PF3 group maintained significantly good
clinical outcomes, and the M1 group became signifi-
cantly worse.
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