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(1) The development of periarticular osteophytes in experimental osteoarthritis in the
dog begins as early as 3 days after induction of the disease process. (2) Development of
the osteophytes is still proceeding 48 weeks after induction. (3) The common site for
development of the osteophyte is at the marginal zone where synovial membrane merges
with fibrocartilage. (4) At this site the osteophyte begins as a deposition of mineral
outside the existing femoral bone cortex. (5) Further deposition of new bone and
resorption lead to a remodelling which ultimately produces a mature osteophyte having a
trabecular bone structure and free communication with the bone marrow spaces of the
femur. (6) In some dogs there is also hyperplasia of bone with remodelling which takes
place beneath the cartilage ofthe nonarticulating face of the trochlear ridge. This develops
a mature trabecular structure later in the disease process and may become confluent with
the osteophyte at the marginal zone. (7) The bone changes are not confined to develop-
ment of the osteophyte. The whole distal end of the femur appears to have a marked
increase in bone turnover, and there is also evidence of increased bone metabolism in
the contralateral limb. (8) Dye injection techniques have shown that an increase in
vascularity is associated with this development of new bone, and it is suggested that the
results indicate the possible importance of a vascular component in the pathogenesis of
osteoarthritis.

The development of periarticular osteophytes in
osteoarthritis is generally regarded as a phenomenon
which occurs relatively late in the disease process.
Marshall (1969) and Marshall and Olsson (1971)
have, however, described the appearance of osteo-
phytes early in experimentally induced osteoarthritis
in dogs, and Bennett, Waine, and Bauer (1942), in a
study of human knee joints, reported marginal
proliferations in the transitional (proliferative) zone
without gross articular changes. In his monograph
on degenerative joint disease, Sokoloff (1969) states
that a great degree of osteophytes may exist where
there is little loss of cartilage; alternatively, extensive
erosion and eburnation of cartilage may occur with-
out marginal osteophytes. It thus appears that there is
Accepted for publication May 28, 1974.

no relationship between the presence of osteophytes
and the changes in articular cartilage. The majority
of observations, however, have been made on clinical
or post-mortem specimens, and relatively little
information has been obtained on the early changes
of osteophyte formation, so that at present the
origin and significance of these structures remain
obscure.

It has been our aim to follow the early development
of experimentally induced osteoarthritis of the knee
(stifle) joint in dogs, both with regard to the articular
cartilage and the development of osteophytes. This
paper reports the development of periarticular
osteophytes as shown by microradiographic, micro-
angiographic, and fluorescent labelling techniques.
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Periarticular osteophytes in experimentally induced osteoarthritis in the dog 13

Materials and methods

(1) INDUCTION OF OSTEOARTHRITIS
A total of 40 dogs were used (See Table III). The dogs
were all adult (skeletal maturity confirmed by x-ray),
weighing between 15-30 kg, of either sex, and of no
particular breed. All dogs were screened by clinical
examination and preoperative x-ray to ensure that there
was no prior osteoarthritic change in the stifle joints.
To induce osteoarthritis the anterior cruciate ligament

of the right knee joint was sectioned through a 2 mm
stab incision into thejoint. This method produces minimal
joint trauma (M. J. Pond, personal communication,
1972), and after section a 'forward drawer' movement of
tibia relative to femur of approximately 1 cm is possible.

The left knee joint remained unoperated and provided a
control. The dogs were allowed exercise in large runs for
periods of -1 hour daily. The duration of survival varied
from 1 week up to 48 weeks after cruciate section, and
during this time clinical assessment was made at regular
1- or 2-week intervals up to 10 weeks postoperatively and
thereafter at approximately monthly intervals. A plain
lateral x-ray of the operated knee joint was taken just
before euthanasia of each dog.

(2) SEQUENTIAL BONE-LABELLING
The use of different compounds which become incor-
porated in newly calcified tissue and which fluoresce
characteristic colours on exposure to ultra-violet (UV)
light has been recorded by a number of authors (Suzuki

Table I Administration offluorochrome bone labels

Duration of
survival ofdogs*
(weeks)

it

it

2

2

3

4

5

5

6

6

7

8

9

9

10

12

12

16

16

24t

24t

48t
48t

Time interval (days) between anterior cruciate section and administration offluorochromes

Fluorochrome 1

2

2

7

3

6

2

2

7

7

14

14

14

21

28

35

42

28

28

42

28

35

28

56

Fluorochrome 2

6

5

13

7

13

13

14

28

21

28

28

28

35

42

42

56

56

56

70

84

91

84

112

Fluorochrome 3

12

20

20

21

35

35

42

52

42

49

56

70

82

84

98

140

168

168

334

Fluorochrome 4

26

28

98

322

* Dogs grouped in pairs, except for sections marked by t where I dog only was used.
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14 Annals ofthe Rheumatic Diseases

Table II Fluorescent labels used and colour emitted

Dose rate
Fluorochrome Colour offluorescence (mg/kg 1. V.)

(1) Oxytetracycline* Yellow 20
(2) Alizarine complexone Red 30
(3) Xylenol orange Orange 90
(4) DCAF (fluorescein complexone) Green 30

* Oxytetracycline hydrochloride-Terramycin injection kindly supplied by Pfizer Ltd., Sandwich, Kent.

and Mathews, 1966; Olsson, 1968; Rahn and Perren,
1971, 1972). This system affords an excellent dynamic
picture of the sequence of events during new bone for-
mation, the sites of fluorescence showing those areas of
bone calcifying at the time of administration of the
fluorochrome.
Each of the experimental dogs was given a number of

fluorochromes at measured time intervals, the number of
fluorochromes administered and the length of time
between each injection varying with the duration of sur-
vival of each dog (Table 1). Table II shows the fluorescent
labels which were used and the colour of fluorescence
emitted: in most instances the labels were administered
in the order shown. The sections were examined by
standard fluorescence equipment* using transmitted UV
light with a blue exciter filter. The results were recorded
by means of diagrams and on Kodak HS Ektachrome
film.

(3) PREPARATION OF SECTIONS
After euthanasia, both left and right knee joints were
removed from the dog and the femoral trochlear region
excised as a block. This block of bone was not embedded,
but, supported by dental wax on a glass slide, was cut into
alternate thick (approx. 5 mm) transverse sections for
routine histological examination and thin (80 ,um or 100
jum) sections which were retained undecalcified. The bone
was sectioned using a Microslice machinet, which employs
an annular saw blade, the specimen being held to the
cutting edge by a counter-balanced arm so that the delicate
trabecular structure of the bone is not crushed.

In over half of the dogs, a simple technique of filling
the blood vessels with a suspension of barium sulphate+ in
2% Prussian Blue was used. After the dog was killed, the
femoral artery was cannulated and between 50 and 80 ml
(depending on the size of the dog) of the dye mixture
injected into both left and right legs.

(4) MICRORADIOGRAPHY
Microradiographs of undecalcified bone sections were
obtained using a Machlett OEG 50A x-ray tube with a
tungsten target and a focal spot of 15 mm. The focus
object distance was 28 cm, and the sections were exposed
to 20 kV and 15 mA for 40 minutes' duration. The micro-
radiographs were made on Ilford Maximum Resolution
plates, achieving close contact of specimen to plate by
clamping both between thin methyl-methacrylate sheets.

* Zeiss-Standard RA microscope with fluorescent illuminator No.11.
t Microslice 2 Precision Annular Saw, Metals Research Ltd.,
Cambridge.
: Micropaque, Damancy & Co. Ltd.

Results

(1) CLINICAL EXAMINATION
The clinical evaluation of each dog included assess-
ment of the degree of lameness, the presence of fluid
or firm swelling of the joint, the ability to elicit a
forward drawer movement, and whether pain was
manifested by the dog on any manipulations of the
joint.

(a) Lameness
While some individual variation was obvious, in the
majority of cases, dogs bore weight on the operated
limb by 3 days after section of the ligament. Improve-
ment in gait was rapid and often dogs showed only
mild lameness after 4 or 5 weeks.

(b) Fluid swelling
Synovial fluid swelling of the knee was readily
appreciated in most cases. It developed after 2 weeks
and occasionally resulted in marked distension of the
joint capsule. The volume of the synovial effusion
ranged from 4-22 ml in dogs killed between 4 and 12
weeks after cruciate section. Thereafter the effusion
subsided and less than 1 ml of synovial fluid was
aspirated from the knee joints of the dogs killed at
48 weeks.

(c) Firm thickening
A palpable firm thickening of the osteoarthritic
joint also began to develop in the first few weeks after
operation, detected in some dogs as early as 2
weeks and in the majority of cases by 4 weeks. This
thickening was due to periarticular fibrosis and
often appeared to be most marked in the region of the
medial collateral ligament. The presence of osteo-
phytes also contributed to the increase in width.

(d) Anterior drawer
The presence of an anterior drawer sign was readily
shown unless the dog became very tense on exami-
nation when it was difficult to elicit. The degree of
instability appeared to be reduced as the fibrous
thickening around the joint became marked. It was
still possible, however, to produce a small amount of
movement in both dogs at 24 weeks, and in one dog
at 48 weeks.
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Periarticular osteophytes in experimentally induced osteoarthritis in the dog 15

(e) Pain (2) RADIOGRAPHIC EXAMINATION
Depending on the temperament of the dog, it was not On plain lateral x-rays the earliest appearance of
always easy to ascertain whether pain was produced osteophytes was noted at 5 weeks after cruciate
by manipulation of the osteoarthritic knee. It was section; these were visible in the supratrochlear
notable, however, that in the majority of dogs no region. In those dogs showing only small osteophytes
pain or resentment of manipulation was observed. which did not involve this region, the x-ray was

Tablem Macroscopical changes relating to osteophyte development

Duration Large discrete or 'mosaic'
of No. Small discrete nodules pattern nodules Confluent ridge Remod-
survival of elling of
(weeks) dogs STfossa Lat. TR Med. TR STfossa Lat. TR Med. TR Stfossa Lat. TR Med. TR TR

1 2 - - - - - - - - - -

2 4 - + +
_ + +
+ +
+ +

3 2 + - -
+ + +

4 2 + + +
+ + +

=0 2

5 4 - + +

+ - _

6 4 - - -
_ + +
- + +

-
+ +

7 2 - - -
+ - +

8 2 - - _

9 4 - _ _

10 2 - - -

12 4 - - -

16 4 - - -

24 2 - - -

48 2 - - -
+ - _

+
+

+

+ +

+ +
+ +
+ +

+ +
+ _

+ +
+ +

+ _
- +

_ +

_ +

+ _

+ +
_ +

_ +

_ +

- +

_ +

_ +

_ +

_ +

_ +

- +

_ +

+

+ +

+ +

- +

- +

_ +

_ +

+ +
_ +

+ +
_ +

_ +

+_

+_

+_

- +~~~~~
-

+

+ +

+ +

ST = supra-trochlear; TR = trochlear ridge.
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16 Annals of the Rheumatic Diseases

negative. With the exception of one 9-week dog which
had very minor osteophyte development and negative
x-ray, all dogs from 8 weeks on showed readily
recognizable exostoses on lateral radiographs.

(3) MACROSCOPIC AL EXAMINATION
These changes are recorded briefly in Table III. The
sites for development of osteophytes in the canine
knee joint are at the proximal (supratrochlear) limit
of the femoral trochlea, medial and lateral trochlear
ridges, femoral intercondyloid fossa, tibial spine,
edges of tibial plateau (especially caudomedially),
fabellae, and proximal and distal edges of the
patella. In this report, however, description and
detailed examination is confined to the osteophyte
development at the femoral trochlea only.
The earliest proliferative change at the joint

margin was noted at 2 weeks after cruciate section,
in two out of the four dogs killed at this stage. This
change was minimal, the nodules measuring less
than 05 mm, and confined to the proximal region of
attachment of synovial membrane at medial and
lateral femoral trochlear ridges and also in the
supratrochlear fossa. In the dogs surviving for 1
week only, there was an obvious vascular prolifer-
ation in the synovial membrane at this site, shown
clearly by the dye-injection technique (Fig. 1). As the
duration of survival increased, the marginal vascular
proliferation became more distinct and extensive
(Figs I c and 3). Small bony nodules of approximately
1 mm were apparent at 4 weeks (Fig. 2a), these
became larger and confluent by 8 to 12 weeks (Fig.
2b), and at 16 weeks marked bony ridges of osteo-
phyte were noted in all four dogs (Fig. 2c). The bone
changes were not, however, confined to develop-
ment of these marginal osteophytes. By 24 weeks and
48 weeks after cruciate section there was an obvious
remodelling of the distal end of the femur (Figs
2d and 3). The whole trochlea appeared markedly
widened in comparison to the left (control) knee
joint, and this increase in width was also noted to
affect the subsynovial femoral cortex (Figs 3 and 4).

Other changes affecting articular cartilage, menisci,
and synovial membrane were observed. The cartilage
quickly lost its sheen, the surface becoming roughened
and granular with obvious erosions in some sites,
notably on the femoral condyles and central area of
tibial plateau. Eburnation occurred in 3 cases. All
but 6 of the dogs showed meniscal fibrillation or
bucket-handle tears of one or both menisci, usually
the medial meniscus alone being affected. The synovial
membrane became vascular, thickened, and some-
times granular in appearance; villous proliferations
were noted in a number of cases.

(4) MICROSCOPICAL EXAMINATION
Fluorescent photomicrographs of transverse sections
through the right femoral trochlea showing osteo-

phyte development at 2, 8, and 48 weeks are shown
in Fig. 5a, b, and c. These changes are also represented
diagrammatically in Fig. 4. The earliest uptake of a
fluorochrome was noted 3 days after cruciate section,
the label being deposited chiefly in the new bone
at the marginal (transitional, proliferative) zone
outside the original femoral bone cortex (Fig. 5a).
This is the region where fibrocartilage merges with
synovial membrane attachment (Fig. 4a). No
labelling by fluorochrome administered at 2 days
was noted at this site. Subsequent fluorochrome
labels were deposited external to this (Fig. 5a) so that
by 4 weeks there was an obvious localized area of
calcification with the most recently administered
fluorochrome at the outer edge. At this early stage
the pattern of distribution of fluorochromes had a
relatively simple though irregular arrangement
showing the sequential accretion of new bone,
although remodelling of this new bone had already
begun, as shown by resorption cavities; and by 5
weeks communication may have been established
between the bone marrow of the femur and the centre
of the osteophyte. By 8 to 12 weeks the osteophyte
is still larger and better developed with obvious
communication established with the bone marrow
of the femur, and a trabecular bone structure be-
ginning to develop within the osteophyte (Figs
4c and 5b). The resorption and further deposition of
new bone gives a more complex distribution of
fluorochrome labels. The outer edge of the osteo-
phyte still shows the immature spongey-type of new
bone deposition. The continued growth and re-
modelling of the osteophyte leads to the appearance
shown in Figs 4dand 5c by 24-48 weeks after cruciate
section. Even at 48 weeks, the longest duration of
survival in this series, there is still a small fringe of
immature new bone at the outer edge of the osteo-
phyte.

In addition to this activity at the marginal zone
leading to the development of the classical osteo-
phyte, there is also subchondral deposition of new
bone and remodelling proximal to the osteophyte, i.e.
on the trochlear ridge beneath the articular cartilage
(Figs 4a and 5d). Fluorescent labelling at this site is
not a constant feature, however, and where it does
occur the pattern of distribution shows that the
activity is less than at the osteophyte site, and tends
to begin later in the disease process. In a few dogs
uptake of fluorescent label was noted here as early
as 2 to 4 weeks, but one dog with large periarticular
osteophytes at 12 weeks showed no bone deposition
at this site. The pattern of fluorochrome distribution
shows that, initially, the new bone is deposited in a
linear fashion on the inner aspect of the pre-existing
bone, but this early arrangement is soon obscured by
progressive remodelling. By 16-24 weeks this region
of new bone development may be confluent with the
osteophyte. Together with the osteophyte, it results
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Periarticular osteophytes in experimentally induced osteoarthritis in the dog 17
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FIG. 1 To show the synovial vascular proliferation
which develops after anterior cruciate section ofright
knee. Specimensperfused with Prussian Blue-Micro-
paque mixture (see also Fig. 3). (a) Normal (left)
trochlear ridge; (b) right trochlear ridge at I week;
(c) right trochlear ridge at 2 weeks
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18 Annals ofthe Rheumatic Diseases

FIG. 2 Illustration ofprogressive development of osteophytes on lateral femoral trochlear ridge after anterior cruciate
section. (a) 4 weeks; (b) 8 weeks; (c) 16 weeks (perfused specimen); (d) 48 weeks (perfused specimen)
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Periarticular osteophytes in experimentally induced osteoarthritis in the. dog 19

FIG. 3 Comparison of right and
left knee joints from a dog 24
weeks after transection of the
right anterior cruciate ligament.
Note marked increase in width of
right trochlear region compared
to left, and the difference in vas-
cularity (perfused specimens)

Articular cartilage
Subchondral zone

Fibrocartilage
Marqinal zone

Synovial membrane

I////1 WSubsynovial femoral cortex

(a) 2 weeks

(b) 4-6 weeks

(c) 8-lb weeks

(d) 24-48 weeks

FIG. 4 Diagrammatic representation of transverse
sections through the femoral trochlea to show developing
osteophyte at 2 weeks and 4-6, 8-16, and 24-48 weeks

in the marked increase in width of the trochlear
ridges, which is obvious in the later stages (Fig. 4d).

There is yet a third site of localized new bone
deposition at a site quite remote from the joint
surfaces, on the periosteal surface of the femoral
cortex caudal to the attachment of the synovial
membrane (Figs 4 and 5e). Initially (2 to 5 weeks) this
new bone is deposited in a linear fashion, but soon
becomes of irregular and wavy pattern. The front of
irregular new bone extends outwards and behind it
follows a process of resorption and then deposition
of mature lamellar bone.

In addition to this, the trabecular bone of the distal
end of the femur shows an increased activity as
shown by the uptake of fluorochrome labels on the
trabeculae from approximately 3 weeks (Fig. 5d). By
comparison, very little or no fluorochrome depo-
sition has been shown in comparable sections from
the left knee joint of dogs killed in the early stages.
After approximately 12 weeks, however, a signifi-
cant amount of fluorescent labelling of trabecular
bone is often apparent in sections from these control
knee joints.

(5) MICRORADIOGRAPHIC FEATURES
The appearance of the osteophyte as shown by
microradiographs varies markedly from the earlier
to the later stages of development. At the onset of
formation, from 2 to 8 weeks, the new bone is
relatively radiolucent with a spongey appearance.
In every case it can be seen to start as a deposition
of mineral outside the pre-existing bone cortex
(Fig. 6). Within 4 weeks after section of the cruciate
ligament, irregular cavities, indicating areas of bone

3
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20 Annals of the Rheumatic Diseases

FIG. 5 (a) Fluorescent photomicrograph of lateral osteophyte at 2 weeks. 3 fluorochromes may be identified; on the inner
aspect a line ofyellow (oxytetracycline) administered at 3 days after cruciate section; then a small amount of'red' (alizarine
complexone) given 7 days after cruciate section, and the broader band oforange (xylenol orange) given at 12 days. x35. (b)
Part ofa lateral osteophyte at 8 weeks. In the centre the originalfemoral cortex can be identifiedand resorption of bone has
established communication between intertrabecular spaces ofthe distal end offemur (on the left) and the osteophyte (on the
right). 3 fluorochrome labels had been administered: oxytetracycline (yellow) at 14 days, alizarine complexone (red) at 28
days, and xylenol orange (orange) at 42 days after cruciate section. x35. (c) Part ofa lateral osteophyte at 48 weeks. A
small blood vessel on the lateral edge is arrowed. Again, 3 fluorochromes had been administered, although relatively little
labelling is evident, due partly to remodelling ofthe new bone andpartly to longer time intervals between administration of
the labels. Oxytetracycline, given at 8 weeks, alizarine complexone at 16 weeks, and xylenol orange 2 days before euthana-
sia at 48 weeks. x 35. (d) Fluorescent photomicrograph of the subchondral zone of the lateral trochlear ridge at 16 weeks
(for explanation see Fig. 4a). Oxytetracycline (yellow) administered at 4 weeks, alizarine complexone (red) at 8 weeks,
and xylenol orange (orange) at 12 weeks after cruciate section. A number ofsmall blood vessels may be identified (arrowed).
Also obvious is the uptake offluorochrome labels on the trabeculae. x35. (e) Periosteal new bone deposition at 8 weeks
on the subsynovial femoral cortex. Oxytetracycline (yellow) administered at 14 days, alizarine complexone (red) at 28
days, and xylenol orange (orange) at 42 days. x 120. (f) Part ofa lateral osteophyte at 12 weeks showing numerous blood
vessels filled with dye mixture in association with the new bone. x120
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Periarticular osteophytes in experimentally induced osteoarthritis in the dog 21

(a) (b)

FIG. 6 Microradiographs of a transverse section through the femoral trochlea showing osteophyte formation on the
medial ridge at4 weeks. (a) Lowpower (x 10) ofmedial edge shows characteristic site ofosteophyte; (b) higher magnification
(x33) ofthe same osteophyte. 2 small blood vessels containing Micropaque may be seen in the overlying synovial membrane'
and early resorption cavities are present adjacent to the pre-existing bone plate

resorption, appear within the substance of the
osteophyte (Fig. 6). Ultimately, communication
between these spaces and the bone marrow of the
femur is established, in some dogs as early as 5 weeks
(Fig. 7). The appearance of bone trabeculae in the
osteophyte can be recognized first between 7 and
12 weeks (Fig. 7). As long as 16 to 24 weeks after
cruciate section there is still appreciable immature
spongey new bone on the outer edges of the osteo-
phyte. A mature osteophyte of 48 weeks' duration is
shown in Fig. 8.
The regular stippled appearance of the new bone

is due to the presence of osteocyte lacunae, while
similar but slightly larger regular holes are probably
the site of chrondrocytes. Also recognizable are the
still larger regular cavities which are vascular chan-
nels, and this fact is confirmed in some sections by the
presence of vessels filled with the Micropaque mixture
showing as densely radiopaque markings (Fig. 9).
Resorption cavities have an irregular outline and
appear larger than the vascular channels.

3*

(6) MICROANGIOGRAPHIC FEATURES
The simple technique of filling blood vessels with a
mixture of Prussian Blue dye and Micropaque has
proved a useful adjunct to the other techniques and
has helped to show clearly the marked vascular
proliferation which is associated with the develop-
ment of the osteophytes and the other bone changes.

In the dogs killed 1 week after cruciate section a
network of finely branching vessels encroaching from
the synovial membrane on to the margins of the
lateral and medial trochlear ridges and into the
supratrochlear area was noted (Fig. 2b). The micro-
radiographs in Fig. 6 show two small synovial blood
vessels overlying the osteophyte on the medial
trochlear ridge at 4 weeks. The vascular proliferation
became more marked in the succeeding weeks, in
most instances reaching maximum intensity by
approximately 6 weeks. A difference between the
vascularity of left and right knee joints, as shown by
the dye-injection technique, continued to be obvious
even at 48 weeks after cruciate section. Microscopi-
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22 Annals ofthe Rheumatic Diseases

those of naturally occurring osteoarthritis. The
changes which occur in the articular cartilage
have been studied in the same experimental model
by M. J. Pond (personal communication, 1972).
Very briefly, these changes may be summarized as an
abnormal distribution of chondrocytes, the appear-
ance of tangential and vertical clefts in the cartilage,
and also loss of metachromasia as shown by special
staining techniques.

Biochemical analyses of articular cartilage from
some of the experimental dogs in this series have
shown similar changes to those found in cartilage
from naturally occurring osteoarthritis (McDevitt,
Muir, and Pond, 1973).

It is also obvious that, at least in this particular
model of osteoarthritis, the development of the peri-

_z_ articular osteophytes occurs remarkably soon after
- _ 8_! _the initial joint insult. This confirms the earlier

work by Marshall (1969), who reported uptake of
fluorochrome labels at 7 days in developing osteo-

isS3l;D - phytes in experimentally induced osteoarthritis.

FIG. 7 Microradiograph of the lateral femoral trochlear
ridge showing an osteophyte at 8 weeks. There are large
resorption cavities within the osteophyte and communication
has been established between these and the bone marrow
spaces of the femur. There is also the suggestion of a
trabecular pattern beginning to develop within the osteophyte
although the outer edges still retain a spongey, immature
appearance with a number of regular channels presumed to
be vascular channels. x 0o

cally, the blood vessels were visible on the fluorescent k
photomicrographs as dark blue-black markings
(Fig. 5f) and on microradiographs as densely F
radiopaque markings (Fig. 9). These blood vessels -
were readily recognized, particularly in association
with the osteophyte and the other areas where new I
bone was deposited. In some cases the vessel
appeared to originate from synovial vasculature
extending down towards the osteophyte, while
in other instances budding from vessels within the
bone marrow was apparent. Similar blood vessels b
were not visible in comparable sections from the left
femoral trochlea. ~-

FIG. 8 Microradiograph of the lateral trochlear ridge
Discussion showing osteophyte development at 48 weeks. Apartfrom the

The degenerative changes which take place in canine
knee joints after anterior cruciate section resemble

outer edge of the osteophyte, the structure consists of
mature trabecular bone ofsimilar density to the bone ofpre-
existing trabeculae. x I0
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(a) (b)
FIG. 9 Microradiographsofosteophytes at(a) 7weeksand (b) 16weeks.Bothdogshadbeen perfusedwithaMicropaque-dye
mixture and a number ofblood vessels are clearly visible as densely opaque markings within vascular channels in the bone.
The stippled appearance of the bone is due to the presence ofnumerous osteocytes and the large irregular cavities indicate
areas ofresorption. x40

It remains to be seen whether or not the biochemical
and histological investigations presently being made
will show that the cartilage changes precede the early
calcification at the marginal zone. It is still possible
that a change in cartilage composition, perhaps a
loss of components or an altered pH, may affect the
local environment and directly stimulate calcifi-
cation or the vascular invasion which is associated
with it. It does seem highly unlikely that the depo-
sition of new bone at this early stage is due to com-
munication of abnormal forces to the bone by a
softened articular cartilage (Sokoloff, 1969), although
this may be a contributory factor later in the disease.

Other workers (Bennett and Bauer, 1937) have
suggested that repeated stretching of the synovial
membrane at its insertion may stimulate proliferation

of the vascular, undifferentiated tissue at this site
and hence lead to osteophyte formation. To prove
this would be difficult, but the fact of a mechanical
instability resulting, either directly or indirectly, in a
vascular proliferation is clearly established in this
experimental series.
Much has been written about the possible vascular

aetiology of degenerative joint disease. Bernstein
(1933) has shown proliferative bone changes in dogs
after experimentally induced venous congestion.
More recently Brookes (1966) has reported thickening
of the epiphyseal trabeculae and of the subchondral
bone plate in rat knees after femoral vein excision.
In addition to these experimental data, clinical
observations have shown that venous congestion is a
feature of osteoarthritis (Brookes and Helal, 1968;
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Arnoldi, Linderholm, and Miussbichler, 1972). The
consensus of opinion, however, still agrees that the
vascular changes are likely to be the result, rather
than the cause, of the disease process (Freeman, 1972)
and that the primary pathological change occurs in
the articular cartilage (Collins, 1949; Freeman and
Meachim, 1973). Further investigations may prove
that this applies also in this experimental model of
osteoarthritis. From the results obtained so far it
seems clear that vascular inflammatory response is
important and is associated with proliferative
changes in the joint, notably the development of the
osteophyte and probably also the remodelling of the
internal architecture of the bone. Preliminary results
from histological examination and blood flow studies
appear to substantiate this observation. In addition,
the increase in synovial fluid in relation to the increas-
ed synovial vascularity indicates an inflammatory
process. Even if a vascular aetiology can be proved
with regard to the proliferative bone changes it is
still likely that other factors may be incriminated as
the cause of degeneration of articular cartilage.
It will be interesting to discover whether or not the
articular cartilage degeneration bears any relation-
ship to the rate of development of the osteophytes.
Another feature shown by this experimental series

is the long duration of vascular and bony prolifer-
ative changes. Certainly all the dogs, with one ex-
ception, retained a minor degree of instability of the
operated knee joint, and it is possible that this
instability bears a direct relationship to the continued
bone changes. Hypervascularity, however, was
noted within the bone marrow in later stages, and per-
haps other factors, such as altered stresses in the
bone or changes in the articular cartilage, may be
important. It is also interesting to note that there
appears to be an altered bone turnover in the control
knee joint in the later stages, shown by an uptake of
fluorochrome labels in the femoral cortex and epi-
physeal trabeculae. Work by Rhinelander and

Baragry (1962) and Rhinelander (1968) on experi-
mental fracture healing in dogs has shown that there
is a hyperaemia of the control bone of the contra-
lateral limb. This increase in blood flow is presumed
to be due to vascular reflexes under the control of the
sympathetic nervous system (Brookes, 1971). Per-
haps a similar reflex mechanism is in operation in this
model of osteoarthritis which produces a change in
vascularity, an altered pH, and hence an effect on
bone turnover in the contralateral limb, and possibly
other parts of the skeleton as well.

It is usually accepted that osteophyte production
is the result of endochondral ossification (Collins,
1949; Sokoloff, 1969; Marshall, 1969). Obviously the
limitation of this report to examination of unde-
calcified sections alone does not provide sufficient
evidence to confirm this observation. It does seem
worth comment, however, that calcification was
first noted at the outer edge of the intact femoral bone
cortex in the transitional zone, where cartilage is not
present in the normal animal. It is possible that
chondroid metamorphosis preceded mineralization,
but the rapid accretion of new bone indicates
that this may not always occur and that while the
osteophyte is developing rapidly the process is rather
one of apposition of mineral to the pre-existing bone
cortex. On the other hand, it is reasonable to postulate
a process of endochondral ossification in the sub-
chondral zone of the trochlear ridge after budding of
vessels from the bone marrow. Confirmation of these
theories awaits histological examination.
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