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ABSTRACT: Weaimed to reproduce the articular cartilage structural changes in a joint exposed to a
metallic implant as in the adolescent pinned hip with persistent joint penetration and secondly, to
test the effect of an interleukin inhibitor, diacerein (DAR) in the ensuing articular cartilage lesion.
Twenty immature beagles were submitted to a surgical K-wire implantation in the hip with the
material left in the joint space for 6 months. Twelve animals were sacrificed for histological and
biochemical tests. Eight animals were sacrificed at 10 months (half of them treated with DAR) and
analyzed by scanning electron microscopy (SEM) and biochemistry of the articular cartilage. Pre-
operative andmonthlyC3 andC4 complement and immunoglobulins serum levelswere determined.
The histological and the electrophoretic profile changeswere significative at 6months. At 10months
the migration profile (CaCl2) recovered to normal levels in the operated hip and the SEM scores for
the acetabulumwere similar to the non operated control hip after treatment. The serum level of IgA
waselevatedat the4thand6thmonthpostoperatively.Thepersistenceof ametallic implant resulted
in degenerative changes parallel to that described for hip chondrolysis as a complication of in-situ
pinning; and the cartilage lesion improved with DAR treatment. � 2006 Orthopaedic Research

Society. Published by Wiley Periodicals, Inc. J Orthop Res 24:1240–1248, 2006
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INTRODUCTION

Crepitus and a painful hip with any attempt of
movement are unequivocal early signs of joint
penetration by the implant in patients submitted
to in situ pinning. A transient single episode of pin
penetration has not been demonstrated to cause
lasting damage to the articular cartilage.1–4 In the
literature, however, slipped capital femoral epi-
physis patients treated surgically whom developed
chondrolysis had accidental implant penetration
in the joint space for a period as long as 6 to
9 months.1,3,5–11 Postoperatively, one can assume
that these patients were asymptomatic or had
little hip pain during follow up and corrective
measures were not instituted prior to the diag-
nosis of both the cartilage lesion and the position of
the implant. The amount of implant penetration

into the joint was not documented in these
studies.5,8,10,12 To date, no experimental model of
in situ pinning13 was able to reproduce the
situation above described.

The histological changes in hip chondroly-
sis7,12,14–16 are similar to those of the clinical
osteoarthrosis and to the experimentally produced
cartilage lesion.7,9,17–30 The sequence of events
that occur in the articular cartilage degradation is
set out by the activation of a cytokine, interleukin-
1b, which induces metalloproteinase synthesis.
These enzymes in turn, degrade the cartilage in a
perennial cyclic process.31,32 Experimental33–36

and clinical37,38 trials demonstrated the efficacy of
an interleukin-1b inhibitor, diacerein (DAR), in
restraining the osteoarthrosic process.

We aimed to reproduce in immature beagles hip
chondrolysis as result of in situ pinning with
radiological persistence of the implant in the joint
space for 6 months and absence of crepitus, and,
second, analyzed the efficacy of oralDAR treatment
by scanning electron microscopy (SEM) and bio-
chemistry of the articular cartilage.
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METHODS

All procedures involving the animals were approved by
the Ethics Commission of the University (#645/99).
Twenty skeletally immature beagles were used in this
study. They were 4.5 months old (range, 3–7 months),
weighing 7.2 kg (range, 5.5–9.2 kg) at the time of
surgery.

To elicit an articular cartilage lesion, a 2.4-mm full-
threadedKirschnerwirewas surgically introduced in the
left hip articular space of 20 immature beagles through
the femoral neck and head. Ventro-dorsal and flexed
ventro-dorsal radiographs39 with the spine aligned in a
wooden basewere taken of the hips prior to the procedure
to anticipate any pathology or malformation, in the
immediate postoperative period to document the correct
positioning of the tip of theKirschner wire and at 30 days
intervals. With the same intent, as well as to verify the
presence of a growth, physis computed tomography (CT)
scanning of the hips with transversal cuts of 2 mm
interval were performed at 6 and 10 months postopera-
tively. At 6 months, 12 animals were sacrificed for
histology and biochemical cartilage sampling; 8 animals
had theKirchnerwire removedandweredivided into two
groups: (a) group I, 4 animals left untreated for 4months,
comprising our control group, and (b) group II, 4 dogs
who received a daily dose of oral DAR (15–20 mg/kg
of body weight; TRB-Pharma, São Paulo, Brazil) for
4months.33,34,38 Blood samplesweremonthly collected to
determine C3 and C4 complement, IgA, IgG, and IgM
serum levels. At 10 months, the animals were sacrificed
for SEMand biochemistry tests of the articular cartilage.
The puppies were allowed to move freely in their cages
and dog food/water was offered at regular periods. All
clinical occurrences were noted by the attending veter-
inarians. The animals were sacrificed with intraveneous
injection of potassium chloride at a lethal dosage after
Propofol1 induction.All surgerieswereperformedby one
of us (H.K.K.) and specimen samplings by two of us
(H.K.K. and F.T.K.).

Surgical Technique

Anesthesia was induced intravenously with Propofol1

(6 mg/kg of body weight) and 2% Xylocaine1 (5 mg/ kg of
body weight) was injected for epidural block. The skin of
the left hip was prepared and a longitudinal lateral
incision made to expose the lateral aspect of the
proximal femur. A 2.4 mmKirschner wire was manually
drilled into the femoral neck and head aiming a non-
weight-bearing portion of the latter. Under radiographic
control the tip of the Kirschner wire transversed the
physeal line and the articular cartilage of the femur but
not penetrating the acetabular articular surface. Before
wound closure attempts of passive flexion, extension and
external and internal rotation of the hip were per-
formed. The joint was not exposed at any time. The
criterion for positioning the tip of the Kirschner wire
was a radiographic penetration in the articular space, in
the medial part of the joint, avoiding the weight-bearing

area and sparing the articular cartilage of the acetabu-
lum combined with a full range joint motion without
crepitus. Intramuscular penicillin benzathine (300,000
IU) and sodium diclofenac (50 mg) were administered.

Synovial Membrane and Articular Cartilage Sampling for
Histology, Scanning Electron Microscopy, and
Biochemistry Analysis

The hips were dissected of all soft tissues, osteotomized
from the rest of the skeleton, and kept intact for
photographic documentation. By means of a radial
capsuletomy the mid- to posterior aspect of the acet-
abulum and the superior portion of the femoral head
were exposed, which corresponded to the weight-bearing
area. A 5-mm diameter trephine was used to mark the
center portion of these areas of interest. From the
central part of the area of interest, a 1.5� 1.5 mm
fragment of the articular cartilage was removed for
histology at 6 months in the experimental model
animals, and for SEM examination at 10 months in
the DAR test beagles, and put in a test tube containing
2.5% glutaraldehyde and 2% paraformaldehyde in
buffer solution of sodium cacodylate 0.1M, pH 7.4. The
remainder articular cartilage and the material adjacent
to the area of interest, harvested by scarification, were
kept in Eppendorf tubes for biochemistry analysis. The
tubes were identified and stored at �208C. A 5� 5 mm
fragment of synovial membrane was collected from the
medial portion of the joint and kept in 10% formalin. The
hip joint was photographed and stored in 10% formalin
for macroscopic analysis.

Biochemistry Analysis

Proteoglycan Extraction

The tissue was minced, weighed, and then homogenized
by gentle shaking in 3M CaCl2 (1 mL/4 mg of tissue) for
48 h at 48C. Centrifugation followed and the residual
proteoglycans (PG)were extracted in 4MGuHCl for 48 h.
The supernatant extracts of CaCl2 and GuHCl in the
pellets containing PG were dialyzed against distilled
water for 72 h at 48C. The material was lyophilized and
ressuspended in distilled water (200 mL/1 mg of tissue).

Electrophoresis

Eighty microliters of the material with PG was dried,
ressuspended in 15 mL of 20% glycerol and applied in 1%
agarose gel in buffer solution 0.06M barbital sodium, pH
8.6. Ten micrograms of chondroitin 4-sulphate was run
as a standard in each gel. The electrophoresis was
performed in a horizontal submarine system (H-model,
Bethesda Research Laboratories), at 50 V voltage
gradient, approximately 50 mA, for 2 h. The PG were
then precipitated in a gel containing 0.1% Cetavlon for
12 h. The gel was dried with filter paper (Whatman, 3M)
and then stained with 0.1% toluidine blue in 50%
ethanol and 1% acetic acid and destained with 1% acetic
acid and 50% ethanol. The dried gel was scanned for
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documentation. The electrophoretic migration pattern
was determined at 525 nm (Shimadzu densitometer/CS
9 301, Shimadzu Co.) and expressed in millimeters
compared with the 50 mm chondroitin 4-sulphate
migration standard.

HISTOLOGY

Samples from the synovial membrane were fixed in
tamponade 10% formalin for 24 h. After three succes-
sive alcohol dehydration and xylol baths, the samples
were impregnated in paraffin at 588C for 45 min and
the blocks mounted for microtomy. The articular
cartilage samples were fixed in 2.5% glutaraldehyde in
buffer solution of 0.1M sodium cacodylate, pH 7.4. The
fragments were washed repeatedly in buffer solution of
0.1M sodium cacodylate, pH 7.4, and postfixated in 2%
osmium tetroxide. The material was fixed in 0.5%
acetate uranyl and saccharose, washed in distilled
water, and sequentially dehydrated in ethanol. After
preparation in propylene oxide and polymerization
for 48 h, 3 mm cuts were obtained (Ultracut S, Leica
AG, Reichert Div., Austria) and dyed with 1%
toluidine blue and 1% sodium borate. The articular
cartilage lesions were graded according to Colombo and
colleagues.20

Scanning Electron Microscopy Tissue Processing

The articular cartilage samples were fixed in 2.5%
glutaraldehyde in buffer solution of 0.1M sodium
cacodylate, pH 7.4, for 24 h. The fragments were washed
repeatedly in buffer solution of 0.1M sodium cacodylate,
pH 7.4, and postfixated in 1% osmium tetroxide in buffer
solution of 0.1M sodium cacodylate, pH 7.4, for 2 h, and
washed again in buffer solution of 0.1M sodium
cacodylate, pH 7.4. Conductive impregnation with 1%
tannic acid for 1 h was performed and bath with distilled
water followed. To enhance conductivity impregnation
was done with 1% osmium tetroxide in buffer solution of
0.1M sodium cacodylate, pH 7.4. The material was
washed in distilled water and sequentially dehydrated
in a series of ascending grades of ethanol. The samples
were dried by the critical point method using CO2 as a
transition fluid (BALZERS/CPD 030, Balzers, Liechten-
stein) and glued to a metallic stub. Metallization with a
25-nm gold layer was performed by sputtering (BAL-
ZERS/SCD 050).

Sample Analysis

The articular cartilage samples were analyzed by the
ultramicroscope (JEOL/JSM-5300) in a systematic over-
all manner at primary magnification of �50, as to
determine the predominant aspect of the lesions in the
central area of the fragment. At �500 and �2000
magnifications, these lesions were observed for details.
The prevailing characteristics encountered were photo-
graphed in black-and-white film (Kodak TMX120). Care
was taken to differentiate representative finding from
occasional lesions and artifacts originated in the

preparation process. We performed a morphological
analysis of the articular cartilage using a semiquanti-
tative method.40 Three aspects were studied: (a) even-
ness or the general contour of the articular surface, with
subtypes even, slightly uneven, hillocky, folded, fibrous,
and unclassified; (b) roughness and the quality of the
true surface, with subtypes smooth, slightly rough,
rough, knobby, leafy/striated, and unclassified; and (c)
splits of the surface, with subtypes intact, superficial,
deep and unclassified. The results were expressed
adding up the scores for the three aspects.

Statistical Analysis

All quantitative variables were analyzed descriptively
and expressed as maximum and minimum, mean,
standard error, and median. The nonparametric
Mann–Whitney U-test compared the results after DAR
treatment by the electrophoretic profile of PG extracted
by CaCl2 and GuHCl and SEM once the supposition of
normality of the scores was rejected.

The nonparametric Friedman test compared the
scores of histological changes, blood serum levels of C3
e C4 complement and IgA, IgG, and IgM, SEM and
electrophoretic profile of PG. Multiple 2� 2 comparisons
by rank sumwere calculated after statistical significance
(5%).

RESULTS

Imaging

The CT scan made at 6 and 10 months post-
operatively demonstrated the physeal line in both
hips of all animals. The femoral head did not
outgrow the tip of the implant in all specimens.

Blood Serum Levels of C3 and C4
Complement and IgA, IgG, and IgM

Preoperative serum levels of C3 and C4 comple-
ment and IgA, IgG, and IgM presented a non-
significant progressive increase until day 90.
Preoperative serum levels of C3 and C4 comple-
ment were not different until the day 180. C3
complement levels were lower 2 months (day 240)
after implant removal (p< 0.05) when comparing
with the preoperative level. The serum level of IgA
was elevated at day 120 (p< 0.05) and day 180
(p< 0.05). IgG and IgM serum levels remained
constant from the preoperative period until the
end of the experiment.

Histology

Macroscopy

The operated hip joints dissected from all sur-
rounding soft tissues appeared to be enlarged as
compared to the nonoperated side. Reactive
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fibrous tissue circumscribed the operated hip and
was adherent to the Kirschner wire extremity
close to the cortical bone. A thickened joint capsule
and a hypertrophic synovial membrane were
observed (Fig. 1). At capsulotomy the synovial
fluid was copious and had a citrine coloration. The
articular surface of the weight-bearing area of the
femoral head and acetabulum appeared to be
thinned but no subchondral bone was exposed.
Most specimens presented a regular, smooth,
translucent, and white articular surface. The tip
of the Kirschner wire was not in the weight-
bearing area and was covered by a thin layer of a
white fibrous tissue (Fig. 1). Scarification of the
acetabular surface and pannus formation was not

observed. The femoral head ligament appeared to
be hypertrophic with increased vascularization
and in some specimens with a yellowish coloration.
Chondrophytes or osteophytes were not present in
any specimen.

Microscopy

The microscopic changes encountered in the non-
and operated hips were different (p< 0.001). There
was no difference between the changes produced
in the acetabular and in the femoral head articular
cartilage of the operated hip (p> 0.05; Table 1).

Biochemistry

Electrophoretic Migration of PG
Extraction with CaCl2 and GuHCl

The biochemical study of the femoral head and the
acetabular cartilage at 6 months postoperatively
demonstrated a different electrophoretic migra-
tion pattern of PG extracted with CaCl2 ( p< 0.001)
when compared with the nonoperated hip. The
results for the femoral head and the acetabular
cartilage were not different ( p> 0.05; Table 2).
The mean scores encountered for the acetabular
cartilage were higher in the operated hip as
compared with the scores of the nonoperated hip,
although not significant. The higher molecular
weight PG extracted with GuHCl showed no
difference in the electrophoretic migration
between the non- and operated hip and between
of both femoral head and acetabular cartilage
(p¼ 0.3041).

Figure 1. Operated hip (day 180). Thinning of the
articular cartilage and synovial hyperthophy. Tip of the
Kirschner wire covered by a fibrous tissue (arrow).

Table 1. Descriptive Statistics and Comparison of Histological Lesions by Colombo
and Colleagues (Friedman Nonparametric Test, n¼ 12)

Control Hip Operated Hip

Acetabulum
Femoral
Head Acetabulum

Femoral
Head

Mean 0.00 1.08 7.75 7.50
Standard error 0.00 1.38 4.49 4.98
Minimum 0.00 0.00 4.00 2.00
Maximum 0.00 4.00 21.00 16.00
Median 0.00 0.50 7.00 5.00

p< 0.001*

Nonoperated acetabulum� operated femoral head p< 0.05*
Nonoperated acetabulum� operated acetabulum p< 0.05*
Nonoperated femoral head� operated acetabulum p< 0.05*
Nonoperated femoral head� operated femoral head p< 0.05*
Nonoperated acetabulum�nonoperated femoral head n.s.
Operated acetabulum� operated femoral head n.s.

n.s., not significant.
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In animals sacrificed at 10 months postopera-
tively, the PG extracted with CaCl2 from operated
hips of group I animals demonstrated different
electrophoreticmigration pattern (p¼ 0.006)when
comparing with the nonoperated side. When the
extraction was carried out with GuHCl the electro-
phoretic migration was equivalent (p¼ 0.340). The
electrophoretic migration of PG extracted with
CaCl2 and GuHCl from the cartilage of non- and
operated hips of group II animals were not differ-
ent (p¼ 0.355 and p¼ 0.777, respectively). By the
Mann–Whitney U-test, there was no difference in

the electrophoretic migration of PG extracted with
CaCl2 from the femoral head cartilage when
comparing group I nonoperated hips and the group
II operated hips (p¼ 0.057). However, it was
different in the acetabular cartilage (p¼ 0.029).

Scanning Electron Microscopy

The lesions described for the articular surface of
the nonoperated and the operated hip in group I
animals (Fig. 2) were distinct (p< 0.001). The SEM
examination of the articular cartilage of group II

Table 2. Six Month—Mean, Standard Error of the Mean, Minimum, Maximum, and
Median Scores of Electrophoretic Migration of Proteoglycans Extracted with CaCl2
(mm); Friedman Nonparametric test, n¼ 12

Nonoperated Hip Operated Hip

Acetabulum
(mm)

Femoral Head
(mm)

Acetabulum
(mm)

Femoral Head
(mm)

Mean 29.25 29.75 26.83 24.75
Standard error 3.84 3.86 4.22 3.98
Minimum 21.00 21.00 20.00 21.00
Maximum 36.00 35.00 33.00 32.00
Median 29.00 30.00 27.50 24.50

p< 0.001*

Operated femoral head�nonoperated femoral head p< 0.05*
Operated acetabulum�nonoperated femoral head p< 0.05*
Nonoperated acetabulum�Operated femoral head p< 0.05*
Operated acetabulum� operated femoral head n.s.
Operated acetabulum�nonoperated acetabulum n.s.
Nonoperated acetabulum�nonoperated femoral head n.s.

n.s., not significant.

Figure 2. Femoral head. (A, B) Control animal; (C) Animal treated with diacerein
(DAR). Original magnification �2,000; bar¼ 5 mm.
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(DAR) animals demonstrated that the aspect of
the nonoperated (mean score, 4.0) and opera-
ted acetabulum (mean score, 6.0) was not dif-
ferent after the experimentation period (Table 3).
Although the scores for the non- and operated
femoral head were approximated they were differ-
ent (mean values of 3.75 and 7.25, respectively;
p< 0.05).

DISCUSSION

The proposed experimental model should mirror
an actual clinical situation of a relatively small
portion of a metallic implant accidentally left in
the articular space. The patient, once discharged
from the hospital, would not complain of symp-
toms regarding the hip joint, and the implant
penetration should remain unrecognized for some
period of time. Our failed attempts to use a rabbit
model13 were due to the extensive and variable
joint lesions produced which we believe is related
with the implant/hip size ratio. We used a 2.4-mm
Kirschner wire in beagles weighing 7 kg; im-
mature rabbits weight less than 2 kg and a
3/16 Steinman pin is approximately 4.8 mm in
diameter. By inserting two Steinman pins, the tip
of the implants will occupy most of the femoral
head and will be in direct contact with the weight-
bearing area of the acetabular roof. In the rabbit
model, the cartilage lesional mechanism was
based on a direct mechanical aggression to the
acetabular roof cartilage and on a secondary
lesion due to the badly nourished cartilage of

the femoral head as a response to the intense
inflammatory process. In addition, the physiology
and anatomy of the hip in the beagle is adapted
for a gait-like mobility rather than by jumps;
rabbits have rudimentary and diminute joints not
representative of the human hip anatomical
complexity.

Elevated serum immunoglobulins have been
described in patients with SCFE25,41,42; and in
SCFE patients who developed chondrolysis IgA
and mainly IgM levels are increased.41 Our find-
ings in C3 and C4 complement and immunoglobu-
lins serum levels determination coincide in
some aspects with those of the literature,41–43

and warrant the supposition of an autoimmune
response playing a part in the process of the
articular cartilage lesion.

Pannus is an amorphous tissue proliferation
over an articular surface which may contribute to
the cartilage lesion.17,22 In the current study, we
observed in the synovial membrane of hips treated
with implant penetration into the joint fibroblast
proliferation and a slightly increased lympho- and
plasmocytic infiltrate. The synovial inflammatory
reaction is responsible for the osteoarthrosis
symptoms, thus playing an important part in the
pathophysiology by aggravating cartilage metabo-
lism.31,32 The apparent enlargement of the oper-
ated joint was possibly due to the inflammatory
response and proliferation of soft tissue vascularity
around the bones. Bone scintigraphy with 99DMP-
technetium performed in the sixth month
postoperatively in three beagles demonstrated

Table 3. Group II (DAR)—Scanning Electron Microscopy Findings (Jurvelin and
Colleagues); Mean, Standard Error of the Mean, Minimum, Maximum, and Median
Scores (Friedman Nonparametric test, n¼ 4)

Nonoperated Hip Operated Hip

Acetabulum
Femoral
Head Acetabulum

Femoral
Head

Mean 4.00 3.75 6.00 7.25
Standard error 1.15 0.96 0.82 0.96
Minimum 3.00 3.00 5.00 6.00
Maximum 5.00 5.00 7.00 8.00
Median 4.00 3.50 6.00 7.50

p< 0.001*

Operated femoral head�nonoperated femoral head p< 0.05*
Operated acetabulum�nonoperated acetabulum n.s.
Operated acetabulum�nonoperated femoral head n.s.
Nonoperated acetabulum�nonoperated femoral head n.s.
Nonoperated acetabulum� operated femoral head n.s.
Operated acetabulum� operated femoral head n.s.

n.s., not significant.
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increaseduptakeover the femoralheadandgreater
trochanteric area.

The articular cartilage cell number is somewhat
related to the intra- and extracellular changes
which would start DNA replication with velocity
rate independent to the existing cell number.44,45

In osteoarthrosis, although an increased death
cells rate exists, replication compensates by
increasing the rate of new cell formation. An
unknown environmental mechanism stimulates
replication, possibly the reflex of cell number
concentration.25 The reparative process of the
articular cartilage will then require chondrocyte
proliferation.46H3-labeled chondrocytes fromadult
rabbits in the degenerative process similar to the
human osteoarthrosis and the chondrocytes found
in cell agglomeration indicate that mitosis can be
induced in these cells during cartilage degenera-
tion being the agglomerates formed by cells in
mitotic division.30 We verified in the articular
cartilage of the operated hip a consistent presence
of chondrocytes clonning of variable cell size
number, a plausible indication that an initial
articular lesion process is commencing the events
of cartilage repair.

PG polydispersity is due to a variation in the
glycosaminoglycan chains length and/or on the
amount of glycosaminoglycan chains united cova-
lently to a proteic core; both situations varies with
maturation.47 In the weight-bearing cartilage
there is a higher proportion of PG with low
molecular weight. The electrophoretic migration
of PG extracted with CaCl2 from the operated hips
demonstrated molecules of low molecular weight.
High rate of 35SO4 chondrocytes incorporation in
hemodyalisis patients with hip chondrolysis
demonstrate synthesis of new PG of low molecular
weight.48 This data indicates that these PG are
synthetized de novo, and are not degradative
products of larger molecules. To corroborate the
cartilage ongoing repair process is the presence of
chondrocytes agglomerates in the subchondral
region. A decreased hexosamine level induces
chondrocytes proliferation.21 In the first year of
life the beagle biochemical cartilage profile shows a
gradual 50% decrease in the hexosamine content
and in the glycosaminoglycan synthesis rate.23 The
PGmigrationprofile obtainedat10months in13- to
15-month-old beagles had decreased values as
compared to 6 months utilizing younger animals
(9–13 months old). The biochemical analysis of the
operated hips corroborated the histological find-
ings in regard to the articular cartilage lesion
produced by the permanence of a metallic implant
in the joint space.

At 10 months, group I and II animals demon-
strated biochemical profile consistent with the
SEM findings. Also, when comparing the results
between nonoperated femoral head of group I
animals with the operated femoral head of group
II animals, theywerenot different (p¼ 0.057), thus
suggesting that the DAR treatment protocol had
some influence in the deteriorated articular carti-
lage possibly bynormalizing thePGelectrophoretic
migration profile.

In idiopathic or secondary hip chondrolysis
studies on transmission and SEM are scarce.14

The articular surface on the SEM demonstrates
diversity in the shape, dimension, and density of
processes, being it more evident in the weight-
bearing area.40,49 Thus, SEM of the cartilage of
group II animals showed in some samples a slightly
uneven and rough surface when an even and
smooth surface would be expected in the immature
animal. There are two normal patterns of articular
cartilage in theweight-bearing area50: (a) a smooth
surface, without roughness and irregularities and,
(b) an even surface surrounded by an area of rough
processes. Moreover, the micropattern of a porous
surface with fine texture and short and flat
processes are also considered normal. The samples
from operated hips showed a surface with filamen-
tous, thin and flat processes and vesicle structures
which can be considered segments of the same
morphological entities in different phases.49 Such
vesicles (Fig. 3) could represent the protein–
hyaluronic acid complex in the articular surface,
responsible for the cartilage nutrition, and conse-
quent to the cyclic stress/load to the joint.49,51

However, care must be exercised to correlate SEM
images with the biochemical findings in the light of
present knowledge.49 The severity of the articular

Figure 3. Leafy/striated surface with thin and flat
process, vesicles (arrow) and fissure (F). Original magni-
fication �500; bar¼ 10 mm.
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lesion will determine the fissure direction, quan-
tity, and organization being crucial to observe the
whole sample surface.40 Erosion, fibrillation, and
flaking are considered degenerative type changes
of the articular cartilage destruction. Chondrocyte
clusters, pannus over the articular surface, and
vascular invasion from the subchondral bone are
changes of the reparative type. A marked increase
in necrotic or degenerated chondrocytes is a sign of
cartilage degeneration as degenerated cells can be
seen in small quantities in the normal articular
cartilage of adults. The nodular surface seen in the
operated hip could be a chondrocyte impression52

under an eroded superficial layer spared of collagen
fibrils. The articular surface of the operated and
nonoperated hips in group II (DAR) improved as
the changes in the acetabulum were similar
(p> 0.05), however in the femoral head the scores
were different (p< 0.05) besides the overall ame-
liorated aspect of the examined cartilage (Table 3).
We believe that it was due to the natural variation
of histological characteristics observed within the
animals aggravated by the limited number of
specimens studied and therefore must be inter-
preted with caution.

Albeit the permanence of the implant inside the
joint led to pathological alterations matching the
human disease, definite conclusions in regard to
the pathogenesis is illusory. Further studies are
needed to elucidate the mechanism of cartilage
pathophysiology, the spontaneous recovery of the
articular space, and the potential benefit of genet-
ics and tissue bank therapy.

The experimental model with beagles produced
histological lesions in the articular cartilage of the
hip (p< 0.001), similar to those described for the
secondary chondrolysis to the neglected pinned hip
and significative biochemical modification in the
operated hip (p< 0.001). DARmay be beneficial for
the treatment of an articular cartilage lesion and
must be considered as an adjuvant noninvasive
alternative for the SCFEpatients complicatedwith
hip chondrolysis.
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