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Summary

Objective: The purpose of this study was to investigate the immunolocalization of carboxy-terminal type II procollagen peptide (pCOL-II-C)
in the regenerated articular cartilage grown 1–2 years after reduction of mechanical stress by correction of varus deformity with high tibial
osteotomy (HTO) for knees with medial compartmental osteoarthritis.

Design: The series included 24 knees of 16 patients with a mean age of 70 (56–79) years. Synovial fluid and tissue specimens of the
regenerated articular cartilage were obtained at the time of plate removal with arthrotomy. Tissue specimens were decalcified and stained
with toluidine blue, safranin O, anti-type I and type II collagen and anti-pCOL-II-C. Pineda’s histological grading of articular cartilage repair
and Okada’s grade of immunostaining were employed to assess the regenerated articular cartilage.

Results: In knees with regeneration of articular cartilage, there was a positive linear correlation between the grade of immunostaining and
the concentration of synovial fluid pCOL-II-C (r=0.652; P<0.001). Similarly, a positive linear correlation was observed between the grade of
immunostaining and the histological grading score (r=0.683; P<0.001).

Conclusions: The immunostaining and synovial fluid concentration of pCOL-II-C decreased in accordance with the progression of articular
cartilage regeneration observed after reduction of mechanical stress by correction of deformity with HTO. © 2002 OsteoArthritis Research
Society International. Published by Elsevier Science Ltd. All rights reserved.
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Introduction

Osteoarthritis (OA) of the knee is one of the most common
joint disorders in the elderly. Varus deformity is frequently
seen in knees with late-stage OA. The mechanical stress of
weight bearing produces pain and advanced degeneration
of the articular cartilage on both the femoral and tibial
condyles1.

High tibial osteotomy (HTO), which corrects varus
deformity to relieve mechanical stress exerted on the
articular cartilage, is well known to be one of the most
effective surgical procedures. Post-operative realign-
ment of the leg provides relief of pain and a good func-
tional outcome in patients with OA2. However, few
reports3,4 mentioned intraarticular changes observed after
osteotomy, especially of those in the initially degenerated
portions of the articular cartilage. Koshino et al. reported
that one to two years after initial osteotomy, the most
severely degenerative portions of articular surface were
completely covered by white, uneven layers of fibro-
cartilage, with no exposure of the subchondral bone3,4.

Articular cartilage is composed of chondrocytes, and
its surrounding extracellular matrix consists principally of
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collagen and proteoglycans. Type II collagen is the major
component of hyaline cartilage, and accounts for up to 90%
of the dry weight5,6. According to Wada et al.7, a histologi-
cal study of regenerated articular cartilage obtained after
osteotomy showed different types of cells and staining
patterns between the superficial layer with spindle-shaped
fibrocartilage-like cells and the middle to deep layers with
round hyaline cartilage-like cells. Immunohistochemical
staining revealed that antitype I collagen was observed
mainly in the superficial layer and antitype II collagen in the
middle to deep layers.

Carboxy-terminal type II procollagen peptide (pCOL-II-C)
was first reported by Choi et al.8, who characterized 35,000
molecular weight subunit isolated from growth plates of
fetal bovine cartilages. This component has been extracted
growth plate cartilage, tracheal and laryngeal cartilage;
however, it appears to be absent from adult bone and
cartilage9. Shinmei et al.10 developed an enzyme immu-
noassay (EIA) for pCOL-II-C and measured synovial fluid
levels of pCOL-II-C in OA, rheumatoid arthritis (RA) and
traumatic arthritis. Immunohistochemical study of Nakajima
et al.11 demonstrated characteristic localization of pCOL-
II-C in different stage of OA and RA cartilage. Recent
studies revealed that pCOL-II-C was proven to be a
potential marker of type II collagen synthesis in vivo as
well as in vitro12–17.

Along these lines, many aspects of pCOL-II-C has
become clear. However, little is known about the immuno-
localization of pCOL-II-C in the regenerated articular
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cartilage obtained after initial osteotomy. In this study, we
attempted to examine the relation between pCOL-II-C
staining pattern and the level of synovial fluid pCOL-II-C at
different stage of cartilage regeneration, and found marked
correlation among them. We confirmed that pCOL-II-C
could be a clinically useful marker of type II collagen
biosynthesis.
Methods

SYNOVIAL FLUID AND TISSUE SPECIMEN PREPARATION

Synovial fluid and regenerated articular cartilage were
obtained from knees with OA with the patients’ consent.
Varus deformity of the knee was corrected by initial HTO,
and the internal fixation was removed about 2 years later.
The series included 24 knees of 16 patients (13 women,
three men), whose mean age was 70.7 (range 56 to 79)
years. The mean interval between the two operations was
21 (13–31) months. Arthrotomy was performed at the time
of both operations, and the articular cartilage in the weight-
bearing portion of the medial tibial condyle was observed
and evaluated according to the macroscopic cartilage
degeneration grading18,19 (Table I) and regeneration stag-
ing4 (Table II). Intraarticular findings were recorded and
photographed with special work files without fail.

The concentration of synovial fluid pCOL-II-C was
measured by sandwich EIA (Teijin Corporation, Tokyo,
Japan) proposed by Choi et al.8 and Shinmei et al.10.
Control synovial fluid was taken with patients’ consent from
seven knees of six subjects (four men, two women) with a
mean age of 35.8 (25–48) years, who underwent arthro-
scopic surgery for meniscal injury or shelf disorder (painful
impingement of proliferative plica synovialis medio-
patellaris). In all control subjects the articular cartilage was
diagnosed as healthy.

Regenerated white fibrocartilaginous tissue (5×5×
3 mm, full-thickness specimens) were obtained at the time
of blade plate20 removal from posterior border of previously
degenerated portions, which were usually non-weight-
bearing when standing straight. The reason for this was to
avoid undesirable knee pain when the patients start walk-
ing two days after plate removal (Fig. 1). Normal healthy
cartilage tissues (controls) were biopsied with patients’
consent from four knees of three subjects (two men, one
woman) with a mean age of 55.3 (48–63) years, who
received above the knee amputation for ischemic necrosis.
The specimens were fixed with buffered 10% formalde-
hyde for 48 h and decalcified with 0.5 M ethylene diamine
tetraacetic acid (EDTA), pH 7.5 for 4 weeks, after
which they were embedded in paraffin. Serial sagittal
sections (5 �m thick) were prepared and initially stained
with acidified toluidine blue (1B481, Chroma-Gesellschaft)
and safranin O (1B463, Chroma-Gesellschaft; fast green
counterstain).
OPERATIVE PROCEDURES AND POSTOPERATIVE MANAGEMENT

At our institution, more than 1250 patients received HTO
since 1968. The operative technique partly followed that
described by Bauer et al.2. The size of a laterally-based
wedge of bone to be removed was calculated, to achieve a
post-operative femoro-tibial angle of 170° (10° of anatomi-
cal valgus angulation)3,20. After segmental resection of the
mid-fibula, the retinaculum and capsule were released
along the medial and the lateral side of the patella and
patellar ligament. Then, intraarticular findings were
assessed and photographed. The laterally-based wedge
was completely removed, following by fixation of the proxi-
mal and the distal osteotomy fragments with a blade plate
to produce a femoro-tibial angle of 170°. Furthermore, the
medial side of the osteotomy site was fixed by a small plate
(dual plating fixation). Quadriceps exercise and active
motion exercise were begun after a few days, and a
Table I
Macroscopic grading of articular cartilage degeneration in OA of

the knee

Grade Articular cartilage degeneration*

0 Normal
1 Yellow discoloration
2 Softening and unevenness
3 Fasciculation and attrition
4-a Erosion
4-b Ulcer with exposure of subchondral bone
4-c Eburnation of subchondral bone
5-a Bone destruction in an area less than 5 mm in depth
5-b Bone destruction in an area 5 mm or more in depth

*Modified from the grading system of Outerbridge18,19.
Table II
Staging in regeneration of articular cartilage observed through

arthrotomy at removal of a blade plate4

Stage Articular cartilage regeneration

0 No regenerative change
1 Pink and yellowish fibrillation
2 White fibrillation scattering
3 Partial coverage with fibrocartilage
4 Overgrowth of white fibrocartilage
5 Even coverage with white fibrocartilage

Stages 0, 1, 2 and 3 are classified macroscopically into the
‘Immature’ regeneration group, and stages 4 and 5 ‘Mature’
regeneration group.
Fig. 1. Photograph of medial femoral condyle (M) of the left knee
taken at removal of internal fixation two years after high tibial
osteotomy. A white even layer of fibrocartilaginous tissue is
observed (stage 5). Full-thickness specimen (5×5×3 mm) was

taken from posterior border of previously degenerated portion.
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cylinder cast was applied at two weeks, allowing full weight
bearing. The plaster was removed after 6 weeks and knee
mobilization started.
CLASSIFICATION OF CARTILAGE REGENERATION STAGE

For assessment of cartilage repair, we classified estab-
lished macroscopic cartilage regeneration stages4 into two
groups; one, ‘immature’ regeneration group including stage
0 (no regenerative change), stage 1 (pink and yellowish
fibrillation), stage 2 (white fibrillation scattering) and stage
3 (partial coverage with fibrocartilage); and the other,
‘mature’ regeneration group including stage 4 (overgrowth
of fibrocartilage) and stage 5 (even coverage of fibrocarti-
lage). The ‘immature’ regeneration group showed no repair
or partial coverage with fibrocartilaginous tissue and the
‘mature’ regeneration group showed total coverage.
ANTIBODIES

Mouse monoclonal antibodies to human type I and type
II collagen were purchased from Fuji Chemical Industries,
Ltd (Toyama, Japan). The monospecificity of the antigens
were checked by established western blotting21. Rabbit
monoclonal antibody to human pCOL-II-C was prepared by
Teijin Iwakuni Research Center (Yamaguchi, Japan), using
a method proposed by Shinmei et al.10. The antigen was
also tested for specificity to human and bovine pCOL-II-C
by an established EIA10, confirming no cross reactivity with
type II collagen.
IMMUNOLOCALIZATION OF TYPE I, TYPE II COLLAGEN AND

PCOL-II-C

Tissue sections were first incubated for 10 min at 37°C
and then deparaffinized. After three 5-min washes in
phosphate-buffered saline (PBS), hyaluronidase (Type II,
H2126, SIGMA; 1 mg/ml in PBS), which was derived from
sheep testis, was used for tissue permeation for 30 min.
Then, endogenous peroxidase activity was blocked by
30-min treatment with 0.03% hydrogen peroxide. Further
washing as mentioned above was performed, and non-
specific background staining was blocked by 20-min incu-
bation with normal horse serum for type I, type II collagen
(diluted 1:66; Vector Laboratories Inc., California, U.S.A.)
and normal goat serum for pCOL-II-C (diluted 1:66; Vector
Laboratories). Excess serum was blotted from sections,
followed by incubation for 30 min with antihuman type I,
type II collagen (10 �g/ml in PBS containing 0.1% bovine
serum albumin) and antihuman pCOL-II-C (18 �g/ml). The
sections were rinsed with PBS and incubated for 30 min
with biotinylated, affinity-purified antimouse IgG (diluted
1:200; Vector Laboratories) for type I, type II collagen and
antirabbit IgG (diluted 1:200; Vector Laboratories) for
pCOL-II-C. Each slide was washed with PBS and incu-
bated with epitope-localized avidin-biotin-peroxidase com-
plex (Vector Laboratories) for 30 min. Localization of
peroxidase in tissue sections was developed with 0.03%
diaminobenzidine tetrahydrochloride (DAB) in 50 mM Tris-
HCl, pH 7.6, containing 0.006% hydrogen peroxide until
desirable stain intensity was obtained. Finally, sections
were rinsed in tap water and counterstained with Harris’
hematoxylin.
HISTOLOGICAL ASSESSMENT

Immunolocalization of type I, type II collagen and pCOL-
II-C was investigated, and especially, the grade of pCOL-
II-C immunostaining was assessed using the grading
system proposed by Okada et al.23. Briefly, the percentage
of immunoreactive chondrocytes was graded as 0 to 4 as
follows: grade 0 represented no staining; grade 1, <10%;
grade 2, 10 to 30%; grade 3, 30 to 50%; grade 4, >50%.

Tissue sections were also scored according to the histo-
logical grading of articular cartilage repair described by
Pineda et al.23. The scale consists of four categories:
percent filling of the defect, reconstruction of the osteo-
chondral junction, matrix staining and cell morphology, with
a score from 0 (best) to 14 (worst). Safranin O staining was
employed to assess the articular cartilage repair as
described in the original article. Specimens were assessed
at magnification of ×40 and ×100.
STATISTICAL ANALYSIS

Statistical analysis of differences between the two
groups was carried out using Wilcoxon’s rank-sum test.
Data values were expressed as mean±S.D. in each group,
and P values less than 0.05 were considered to be statisti-
cally significant. Regression lines were calculated by the
method of least squares; r was the correlation coefficient.
Results

INTRAARTICULAR ASSESSMENT

With respect to the macroscopic cartilage degeneration
grading at initial osteotomy, two knees had grade 3, three
had grade 4-a, four had grade 4-b, 13 had grade 4-c and
two had grade 5-a. Observation following arthrotomy at
plate removal showed cartilage regeneration in all cases as
follows: four knees had stage 2 regeneration, seven stage
3, four stage 4, and nine stage 5 according to cartilage
regeneration staging (Table II).
SYNOVIAL FLUID PCOL-II-C

The concentration of synovial fluid pCOL-II-C was higher
in the ‘immature’ regeneration group (5.9±1.5 ng/ml; 11
specimens) than in the ‘mature’ regeneration group
(2.7±1.3 ng/ml; 13 specimens) (P<0.01). These two values
were still higher than that of control subjects (1.2±0.7 ng/
ml; seven specimens) (P<0.05). The results suggested that
type II collagen biosynthesis by chondrocytes decreased
with the maturation of regenerated articular cartilage.

An additional study of 34 patients (41 knees) with OA
who underwent HTO revealed that the concentration of
synovial fluid pCOL-II-C according to the macroscopic
cartilage degeneration grading was 5.3±1.0 ng/ml for
grade 2 (four knees), 7.9±2.4 for grade 3 (six knees),
9.3±3.8 for grade 4-a (four knees), 7.2±0.8 for grade 4-b
(three knees), 5.2±1.6 for grade 4-c (19 knees), and
3.9±0.8 for grade 5-a (five knees).
IMMUNOLOCALIZATION OF TYPE I COLLAGEN

All biopsy specimens were initially stained with type I
collagen to demonstrate ‘regenerated cartilage’ effectively
contains type I collagen which fibrocartilages contain.
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Representative sample showed positive type I collagen
staining in a subchondral bone as well as in fibrocartilage
(Fig. 2).
NORMAL CONTROL CARTILAGE

Normal healthy cartilage obtained from amputated limbs
with ischemic necrosis did not react positively when
challenged with pCOL-II-C (Fig. 3).
‘IMMATURE’ REGENERATION GROUP

Regenerated articular cartilage macroscopically classi-
fied into the ‘immature’ regeneration group was found to
contain residual degenerated cartilage with a distinct
boundary in nine of 11 specimens examined. Chondrocytes
strongly immunoreactive for type II collagen and pCOL-II-C
were found in the superficial layer of the remaining
degenerated cartilage, whose surface was fibrillated and
proteoglycans was moderately depleted in eight of 11
specimens. Positive immunostaining for type II collagen
was observed around chondrocyte clusters located in the
middle to deep layers of the residual degenerated cartilage,
whereas no chondrocytes immunoreactive for pCOL-II-C
were detected in nine of 11 specimens. Slightly positive
type II collagen and pCOL-II-C staining was detected
around fibrillations, fissures, osteophytes and chondrocyte
clusters in all specimens.

With respect to the regenerated articular cartilage, how-
ever, the surface of reparative tissue was smooth, with
slightly depleted toluidine blue staining. Spindle-shaped
fibrocartilaginous cells located in the superficial layer were
not stained with type II collagen or pCOL-II-C in the current
study (12 of 13 specimens). Instead, immunodetection of
type II collagen and pCOL-II-C revealed weak immuno-
staining mainly around the clusters of round hyaline carti-
laginous cells located in the middle to deep layers in eight
of 13 specimens. These cartilaginous cells seemed to
regenerate from eburnated subchondral bone, whose
osteochondral junction showed marked immunostaining,
and to proliferate toward the upper layers (Fig. 4).

Apart from slight background staining, each control sec-
tion when challenged with non-immune mouse and rabbit
IgG in place of the primary antibody consistently gave
negative results.
‘MATURE’ REGENERATION GROUP

In the current study, sections from the ‘mature’ regenera-
tion group showed a different staining pattern and distribu-
tion of type II collagen and pCOL-II-C compared with the
‘immature’ regeneration group. Histological study demon-
strated spindle-shaped fibrocartilaginous cells in the super-
ficial to middle layers of the regenerated cartilage, where
Fig. 2. Photomicrographs of serial sagittal sections of biopsy specimen. Type I collagen staining is applied to demonstrate ‘regenerated
cartilage’ effectively contains type I collagen which fibrocartilage contain. FC: fibrocartilaginous cells, SCB: subchondral bone, Arrows:
osteochondral junction. (a) Control staining which was challenged without primary antibody to type I collagen shows no positive
immunostaining (×40). (b) Type I collagen immunostaining. Positive type I collagen staining is detected in a subchondral bone as well as in

fibrocartilage (×40).
Fig. 3. Photomicrograph of normal control cartilage with pCOL-II-C
staining. No immunostaining is seen in chondrocyte or the extra-

cellular matrix (×40).
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Fig. 4. Photomicrographs of serial sagittal sections of regenerated articular cartilage classified macroscopically into the ‘immature’
regeneration group (stage 3). These sections show a histological grading score of 4 points, and the grade of pCOL-II-C immunostaining is
3. (a) Toluidine blue staining. A distinctive boundary (B) between the remaining degenerated cartilage (DC) and regenerated cartilage (RC)
is observed in all layers. Note the surface of the residual degenerated cartilage is fibrillated and proteoglycans is slightly depleted, but the
surface of the regenerated cartilage is smooth (×40). (b) Safranin O staining. Spindle-shaped fibrocartilaginous cells (FC) are observed in
the superficial layer, and round hyaline cartilaginous cells (HC) in the middle to deep layers of the regenerated articular cartilage (×100). (c)
Safranin O staining. Round hyaline cartilaginous cells (HC) are observed in the middle to deep layers of the regenerated articular cartilage.
Note these cartilaginous cells located in the deep layer seem to regenerate from eburnated subchondral bone (SCB) and proliferate toward
the upper layers (×100). Arrows: osteochondral junction. (d) Type II collagen immunostaining. Type II collagen immunostaining is intensively
positive in the superficial layer, and moderately positive around chondrocyte clusters (large arrows) located in the middle to deep layers of
the remaining degenerated cartilage (DC). With respect to the regenerated cartilage (RC), intense immunostaining is detected at
osteochondral junction and weak immunostaining is observed chiefly around the clusters of hyaline cartilaginous cells located in the middle
to deep layers (small arrows) (×40). B: boundary. (e) pCOL-II-C immunostaining. Marked pCOL-II-C immunostaining is observed in the
superficial to middle layers, but not in the deep layer of the remaining degenerated cartilage (DC) (×100). RC: regenerated cartilage, B:
boundary. (f) pCOL-II-C immunostaining. Strong immunostaining is detected at osteochondral junction and weak immunostaining is
observed around hyaline cartilaginous cells (HC) in the middle to deep layers of the regenerated cartilage (×100). SCB: subchondral bone.
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proteoglycans was moderately depleted. In 12 of 13 speci-
mens examined, few fibrocartilaginous cells stained for
type II collagen and pCOL-II-C. In four of 13 specimens,
however, slight immunostaining was detected, where the
surface of the reparative tissue was fibrillated.

In contrast, clusters of round hyaline cartilaginous cells
were found scattered in the deep layer, whose periphery
showed weak type II collagen and pCOL-II-C staining in
eight of 13 specimens. This positive immunostaining was
not as prominent as that observed in the ‘immature’ regen-
eration group. In all specimens, previously eburnated
subchondral bone was filled with newly formed cancellous
bone and appeared to show impressive integration with
reparative tissue at the osteochondral junction (Fig. 5).
Fig. 5. Photomicrographs of serial sagittal sections of regenerated articular cartilages classified macroscopically into the ‘mature’
regeneration group (stage 5). These sections show a histological grading score of 3 points, and the grade of pCOL-II-C immunostaining is
2. FC: fibrocartilaginous cells, HC: hyaline cartilaginous cells; SCB: subchondral bone. (a) Toluidine blue staining. Thick regenerated articular
cartilage is observed, whose superficial to middle layers show moderate proteoglycans depletion (×40). (b) Safranin O staining.
Spindle-shaped fibrocartilaginous cells are observed in the superficial to middle layers of the regenerated articular cartilage (×100). (c)
Safranin O staining. Round hyaline cartilaginous cell (HC) clusters are found scattered in the deep layer of the regenerated articular cartilage.
Note that the previously eburnated subchondral bone (SCB) is filled with newly formed cancellous bone and appears to show good
integration with reparative tissue at the osteochondral junction (arrows) (×100). (d) pCOL-II-C immunostaining. Few fibrocartilaginous cells
located in the superficial to middle layers were stained with pCOL-II-C (×100). (e) pCOL-II-C immunostaining. Weakly positive staining is

observed around hyaline cartilaginous cell clusters (arrows) located in the deep layer of the regenerated articular cartilage (×100).



876 H. Kobayashi et al.: Carboxy-terminal type II procollagen peptide
SEMI-QUANTITATIVE ANALYSIS

There was a positive linear correlation between the
grade of immunostaining and the concentration of synovial
fluid pCOL-II-C (r=0.652; P<0.001). Similarly, a positive
linear correlation was seen between the grade of immuno-
staining and the histological grading score (r=0.683;
P<0.001).

The concentration of synovial pCOL-II-C (5.9±1.5 vs
2.7±1.3), the grade of immunostaining (2.7±0.4 vs
1.6±0.8), and the histological grading score (5.1±1.6
vs 3.4±0.9) were significantly higher in the ‘immature’
regeneration group than in the ‘mature’ regeneration group,
as shown in Table III.
Discussion

Recently, synovial fluid pCOL-II-C was proven to be a
good marker of increased biosynthesis of type II collagen
by chondrocytes, which reflected the condition of the articu-
lar cartilage with osteoarthritis10,12. pCOL-II-C is the
carboxy-terminal component of type II procollagen, which is
removed by a specific procollagen peptidase in the extra-
cellular matrix and then secreted into synovial fluid9. This
component was first called chondrocalcin, but was found to
be immunologically identical to pCOL-II-C24. According to
an in vivo study of Nelson et al.12, release of pCOL-II-C
from osteoarthritic cartilage was correlated directly with
total cartilage amount as well as type II collagen content.
However, increased pCOL-II-C biosynthesis in osteo-
arthritic cartilage was not reflected in serum, where a
significant reduction was observed. Shinmei et al.10

reported that in patients with OA of the knee, the concen-
tration of synovial fluid pCOL-II-C measured by sandwich
EIA increased in accordance with the radiographic grade.

Our immunolocalization study demonstrated that the
grade of pCOL-II-C immunostaining showed a significant
correlation with the concentration of synovial fluid pCOL-
II-C and the histological grading score. The concentration
of synovial fluid pCOL-II-C was higher in the ‘immature’
regeneration group than in the ‘mature’ regeneration group,
indicating decreased type II collagen biosynthesis in the
regenerated articular cartilage in the ‘mature’ regeneration
group. This was consistent with the result that the grade of
immunostaining decreased in accordance with the matura-
tion of regenerated articular cartilage. Especially, macro-
scopically overgrown cartilage hardly stained for pCOL-
II-C. Interestingly, our findings are similar to those of
Kosakai et al.25,26, who demonstrated an increase of
synovial fluid pCOL-II-C when the patient’s condition wors-
ened and a decrease when it ameliorated. The mechanism
by which pCOL-II-C is secreted into the synovial fluid is not
clear. However, the higher level of synovial fluid pCOL-II-C
in the ‘immature’ regeneration group might be caused by
residual degenerated cartilage, whose surface showed
intense pCOL-II-C staining (stimulated turnover of type II
collagen).

Nakajima et al.11, who demonstrated the immunolocali-
zation of pCOL-II-C in articular cartilage obtained from
patients with OA, RA and control subjects, pointed out that
pCOL-II-C was localized in the superficial to middle layers
of slightly degenerated cartilage and in all layers of moder-
ately degenerated cartilage. Conversely, less immunostain-
ing was observed in severely degenerated cartilage. They
reported that the grade of pCOL-II-C staining showed a
direct correlation with Mankin’s histological–histochemical
score27 in slightly to moderately degenerated cartilage
(Mankin’s score 0 to 7) and an inverse correlation in
severely degenerated cartilage (8 to 14). In contrast, the
present study revealed that the concentration of synovial
fluid pCOL-II-C increased in accordance with the macro-
scopic cartilage degeneration grade, and was highest in
grade 4-a (erosion of articular cartilage surface), then
decreased with exposure or destruction of the subchondral
bone. With all these facts taken into consideration,
increased type II collagen biosynthesis in the regenerated
articular cartilage as well as degenerated cartilage, could
be confirmed by determining the type of pCOL-II-C staining
pattern, which also had a positive linear correlation with
synovial fluid pCOL-II-C concentration. By means of mini-
mally invasive puncture and aspiration of the knee joint,
measurement of synovial fluid pCOL-II-C could help to
evaluate the intraarticular condition of the knee joint before
and after mechanical treatment by HTO.

Currently, many investigators are exploring various
methods to improve the healing of full or partial-
thickness defects in the articular cartilage in experimental
animals28–36. They adopted transplantation of cultured
mesenchymal stem cells30,36, gel-chondrocyte com-
posite32,35, isolated chondrocytes28,31 or periosteal mem-
brane33,34, growth factors29, and others. They reported
qualitative and quantitative changes in the reparative
tissues when the animals were sacrificed from 1 day to
12 months after surgery. Other investigators reported that
the reparative tissues initially resembled hyaline-like carti-
lage, developed extensive degenerative changes and
matured into a fibrotic appearing scar37–39. Along these
lines, there have been a number of attempts to establish
procedures for articular cartilage repair, many of which are
not clinically useful at the present time.

At our institution, however, we recruited elderly human
subjects with OA of the knee who had previously under-
gone HTO and achieved a good clinical outcome post-
operatively. Especially, articular cartilage defects in human
knees with OA are much larger than those in small experi-
mental animals. Thus, the cartilage defects in elderly
human knees might show somewhat different cartilage
repair compared with that in previously established reports
of experimental animals. The authors believe that relief of
knee pain depends greatly on the coverage of previously
degenerated portions of the articular cartilage by fibrocar-
tilage3,20. Unsatisfactory clinical results were due to under-
correction of the varus deformity, with post-operative
femoro-tibial angle of more than 180°. Though the present
study failed to recruit patients with poor post-operative
results, we firmly believe that there will be no or less
regeneration in the knees with under-correction of the
varus deformity.
Table III
Summary of the concentration of synovial pCOL-II-C, the grade
of immunostaining and the histological grading score at each

regeneration group

Immature Mature

Concentration of pCOL-II-C *5.9±1.5 2.7±1.3
Grade of immunostaining *2.7±0.4 1.6±0.8
Histological grading score †5.1±1.6 3.4±0.9

Values are expressed as the mean±S.D. in each group.
*P<0.01 vs the ‘Mature’ regeneration group.
†P<0.05 vs the ‘Mature’ regeneration group.
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In conclusion, we examined the relation between pCOL-
II-C staining pattern and the level of synovial fluid pCOL-
II-C at different stage of cartilage regeneration, and found
that the immunostaining and synovial fluid concentration of
pCOL-II-C decreased in accordance with the progression
of articular cartilage regeneration observed after surgical
treatment by HTO. Further studies are required, and this
study accounts for only one aspect of type II collagen
turnover in cartilage regeneration of the human knee.
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