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INTRODucnON
The pathogenesis of osteoarthritis is still not known. In general the disease is regarded as a result of

"degeneration", a wear and tear phenomenon as well as a disorder of advanced age.

Over the years innumerable studies have been concerned with attempts to elucidate this disorder.

Most investigators have been engaged in the study of articular cartilage, and alterations in this tissue

usually are considered the primary stage of osteoarthritis. Others have entertained the idea that

basically osteoarthritis is a vascular disease and that the initial changes are to be found in the

subchondral bone. However, the cause of these changes is still obscure. Although general factors may

contribute to certain forms of osteoarthritis, it is generally agreed that local factors are of more

importance. These may vary from joint to joint.

The present paper deals with the pathomechanism of "primary" osteoarthritis of the hip joint. It has

been our intention to analyse the results of a series of investigations on changes in the synovial

membrane, the synovial fluid, articular cartilage and the sub- and juxtachondral bone and bone

marrow. Our choice of methods depended on the resources of our laboratories, and the subjects of

investikation upon a working hypothesis developed during the years 1970-1975 (Fig. 1.). Thus, this

work is not intended as a systematic treatise on the pathogenesis of osteoarthritis. Instead, it is first

and foremost a synthesis of our findings, a search for internal correlation and an attempt to determine

which of the many gaps in our knowledge are of most importance for further studies.
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Fig. 1: The data ~nown from intraosseouspressure measurements andphlebography in1975, andthe
basisfor thestudiesrepresented iii thispaper.

THE SYNOVIAL MEMBRANE

The histopathological features of osteoarthritic synovium have been considered non-specific (Roy
1967) and controversy about the role of the synovial membrane has persisted. Though many are of the
opinion that changes in the synovium are secondary to cartilage destruction and result from
displacement of joint detritus into the synovium (Lloyd-Roberts 1953), it is a clinical experience that
synovitis is a very early and consistent feature also in primary osteoarthritis.

In contrast to rheumatoid synovium the changes in the synovial membrane of osteoarthritic joints
described in the literature are not very detailed. Proliferation of lining cells, hypertrophy of villi and
absence of, or only slight, inflammatory changes have been mentioned (Wilkinson & Jones 1963, Roy
1967, Huth et al. 1973)and vascular changes of the same pattern as observed in rheumatoid arthritis

were described by Goldie (1970).
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Recently a grading system of the histological criteria for inflammation has been proposed (Salvati et

aI. 1977) and an increased enzyme level has been demonstrated biochemically (Kar et at. 1976,Salvati

et al. 1977).

Own Investigatioas

Eledroa IUld Hpt mkrosc:opie study of the synorial membnme

To explore the representative features in osteoarthritic synovium we performed an electron and light

microscopic study of the synovial membrane from human hip joints. The material consisted of biopsies

from 24osteoarthritic hip joints, and for comparison, biopsies from twelve patients with rheumatoid

arthritis. Biopsies from eight patients with fracture of the femoral neck were used as controls (Arnoldi

et al. in press 1979 c).

Fig.2: A: Femoralheadfrom a woman aged71 withcoxarthrosis andproliferative synovitis.
B: Femoralheadfrom a man aged71 withcoxarthrosis andfibrous synovitis.

Gross inspectionofthe synovialmembranein coxarthrosis. Two relatively distinct types of "synovitis"

were observed in patients with coxarthrosis: an early proliferative type and a late fibrous type. The

proliferative type was characterized by increase of synovial fluid in the joint and bulky

volume of the synovium, the oedematous tissue often having the appearance of a juicy bunch of grapes

(Fig. 2 A). In the fibrous type most of these grapelike protuberances had disappeared and been

replaced by stringy bands of fibrous scar tissue (Fig. 2 B). In the fibrous type the hip joint usually
contained very little fluid.

Light microscopy. The light microscopic examinations revealed that the osteoarthritic synovium as

estimated by the grading system introduced by Salvati et al. (1977) only showed slight to moderate
degrees of inflammation in contrast to the rheumatoid synovium, which was characterized by

pronounced focal as well as diffuse inflammation.
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Fig. 3: A: Synovialmembranefrom aman aged63 withcoxarthrosis. Markedvenousstasis.

Haematoxylinleosin, magnification x 25.
B: Same asA. Note interstitial oedema. Magnification x 100.
C: Synovialmembranefrom a woman aged64 withfracture of thefemoral neck. Haematoxylinl
eosin, magnification x 25.

Compared with the control group the biopsies from both osteoarthritic and rheumatoid arthritic hip

joints showed characteristic vascular changes. The venules and capillaries were dilated and packed

with erythrocytes (Fig. 3 A, B and C), hypertrophy of the arterioles was often present and an increased

permeability of the capillary wall was suggested by the presence of interstitial oedema, free

erythrocytes and haemosiderine deposits in the interstitial tissue (proliferative type). In almost half the

cases of osteoarthritis there was an increased amount of fibrosis (fibrous type).

Electron microscopy. Electron microscopy confirmed the changes seen by light microscopy. Free

erythrocytes were often seen in the interstitial tissue or penetrating the capillary wall, which was intact
and of normal appearance. This is in accordance with the observations by Dryll et al. (1977), who have

shown an increased transcapillary migration of circulating blood cells, but a normal structure of the
capillary wall.

Histochemical investigations

Compared with rheumatoid arthritis only slightly increased levels of acid and alkaline hydrolase
activity have been demonstrated by biochemical methods (Kar et al. 1976). In order to investigate
Whether this increased activity is consistent with the morphological changes of the synovial membrane
seen in our histological studies, a histochemical analysis of alkaline and acid phosphatase in
osteoarthritic synovium from human hip joints was carried out (Reimann & Christensen 1979).

Frozen sections of synovial biopsies from U osteoarthritic hip joints were studied. Biopsy samples

from six patients with fracture of the femoral neck were used as control, together with two biopsies
from the knee joints of young patients with tom menisci. The enzymo-histochemical analyses were
performed using Burstone's (1959) method for demonstration of non-specific alkaline phosphatase
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activity, and Barka & Anderson's (1963) method for demonstration of acid phosphatase activity. For
semiquantitative estimation of the enzyme activity the initial time was used, as described by Hopsy &

Glenner (1965).
The enzyme levels were significantly increased in the osteoarthritic synovium compared with the

controls. The significance of increased alkaline phosphatase acticity is not yet clear. However, the

alkaline phosphatase was found located in fibroblasts below the lining cells and in capillaries and

precapillary arterioles. Thus, the increased activity is presumably consistent with the increased

vascularity and fibrosis found by histological examinations.

Fig. 4: A: Frozensection from osteoarthritic synovium. Theacidphosphatase reaction isseenin
superficifJllining cells (arrows). Magnification x ]00.
B: Frozensection from controlsynovium. Theacidphosphatase reaction isseenin afew ofthe
superficitJIlining cells. Magnification x ]00.

It is generally agreed that increased acid phosphatase activity is involved in the process leading to

cartilage damage. Other lysosomal enzymes presumably playa greater role, but acid phosphatase is a

good markere~ for-lysosomal.ep.zymes. As acid phosphatase was found located in the lining cells
(Fig. 4 A and B), probably mainly in the A type which is rich in lysosomes, the proliferation of the
lining cells - a general histological finding in various types of synovitis - is probably a contributory
factor to the increased activity.

The histochemical changes observed in the synovium thus seem to correlate with the histological
findings.

Discussion
In patients with coxarthrosis the histological examination of the synovium in proliferative synovitis

shows a picture that is dominated by venous stasis and capillary dilation. The few and scattered
inflammatory cells could well be explained as a reaction to increased protein content in the
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oedematous fluid and to haemosiderine deposits in the interstitial tissue. The subsequent development

of fibrosis and scarry transformation of the synovial membrane is probably the long-term reaction of

mesenchymal tissue to these changes. This conception is supported by the knowledge of a similar

process which develops in the skin and subcutaneous tissues of the ankle region in patients with

chronic venous insufficiency. In these patients a purely mechanical disorder of the venous pump of the

calf leads to an ambulatory hypertension in the veins and venules of the ankle region with impeded

capillary flow (Arnoldi 1966). The early reaction is oedema and increased capillary permeability to

proteins and erythrocytes (Zweifach 1940).Large deposits of haemosiderine in the interstitial tissue

give rise to the well-known brown discolouration in the lower leg that is so common in these patients.

Haemosiderine is a strong tissue irritant and causes an inflammatory reaction in the subcutis which

undergoes a scarry transformation. The previously swollen leg shrinks. The scarry tissue is palpable as

"induration". The final stage of this "degenerative" process is the chronic venous leg ulcer

(Haxthausen 1936,Arnoldi & Linderholm 1968,Arnoldi 1976).
Any process that results in an elevation of intraarticular pressure could probably initiate the changes

observed in theosteoarthritic synovium. Examination of pressures in the extraarticular veins of the hip

region (Arnoldi et al. 1979 a) indicates that elevation of intraarticular pressure by as little as 5-10
mmHg is sufficient to impede the flow through the synovial veins (see later). The process may begin as

an inflammatory reaction caused e.g. by trauma or mechanical dysfunction of the joint with increased

production of synovial fluid. Due to the rigid character of the fibrous capsule any increase in volume is

accompanied by an increased intraarticular pressure that in its tum will block the venous blood flow

and add the effect of venous stasis to the inflammatory reaction (Arnoldi et al. 1979 a). The

subsequent effect of further increased capillary permeability could result in a self-perpetuating

process.

THE SYNOVIAL RUm

As synovial fluid is a dialysate of blood plasma to which hyaluronate - synthesized by synovial lining

cells - is added, the changes in the synovial membrane in coxarthrosis described above should be

reflected in the composition of the synovial fluid. As shown by Lund-Olesen (1970)there seems to be a

decreased oxygen tension in synovial fluid from osteoarthritic joints, but to a lesser degree than in

rheumatoid synovia. He also observed a significant correlation between P02and pH and between P02

and PC02. It is known that the protein concentration in osteoarthritic synovia is slightly increased

(Ropes & Bauer 1953),and that there is an abnormal protein pattern (Kushner & Sommerville 1971,
Pruzanski et aI. 1973,Willumsen & Friis 1975). Further it has been shown that the passage of protein
through the synovial vascular walls is affected by molecular size and by presence of inflammation
(Kushner & Sommerville 1971).

Own investiptions
Prot. UIIIyIis

To elucidate the permeability of the osteoarthritic synovium to plasma proteins of varyjng molecular

size we performed an analysis of the ratios of synovial fluid concentration to serum concentration
(SF/S) for four non-immunoglobulin proteins from osteoarthritic and normal hip joints. We also
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investigated whether these changes were correlated to the.histological features in the synovial

membranes in patients with coxarthrosis (Reimann et aI., in press 1979).
The synovial fluid was obtained at the time of replacement surgery from 46 patients with unilateral

coxarthrosis. Blood samples from a vein on the forearm were taken simultaneously, Criteria for
unilateral coxarthrosis were that the patients showed a radiologically normal contralateral hip without

clinical symptoms and that there was no accentuation of the normal uptake pattern at osteoscinti­

graphy with 99mTc*polyphosphate (Heerfordt et al. 1976).

The simultaneously aspirated synovial fluids and sera were analysed with electro-immunoassay as

described by Laurell (1965). The proteins studied were orosomucoid, molecular weight 44,000;

transferrin (74,lXX»; ceruloplasmin (160,lXX» and oe-macroglobulin (820,lXX». Recently, it has

been shown that Stoke's radius, which is a function of molecular weight, volume and shape, is a more

appropriate expression of protein size than molecular weight alone (Burnett et al. 1975). However, the

size of Stoke's radius for the four proteins investigated roughly correlates with the molecular weight

(Burnett et aI. 1976, Renkin 1977). Further, local synthesis or destruction in the synovial membrane of

these proteins has not been shown (Kushner & Sommerville 1971).The SF/S ratio thus reflects the

synovial permeability for the single protein.
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Fig. 5: A; Log/log plot of SF/S ratio and molecular weightfrom hip joints with osteoarthritis (black

circles) and from normal hip joints (open circles). Ratio determined for the four non­

immunoglobulin proteins represent the mean+ SD of29 and 23 samples respectively.
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Our results showed that the variations in SF/S ratios from the normal hip joints were insignificant.

Furthermore, the analyses showed the same pattern in an intraindividual study as when aUthe samples

from the osteoarthritic joints were compared with the normal samples (Fig. 5 A and B).

The analyses showed a relationship between SFIS and molecular weight as described previously

(Nettelbladt & SundbIad 1959, Kushner & SommerviUe 1971,Pruzanski et al. 1973, WiUumsen & Friis

1975). The ratios were higher for osteoarthritic synovia than for normal, and the difference increased

with increasing molecular weight and was highly significant for the largest molecules (p<O.OOI). An

almost inverse linear relationship was observed between SFISratios of the proteins and their molecular

weight (Fig. 5 A and B). These findings indicate an increased capiUary permeability in the synovial
membrane.

Relationship between protein ratios and inflammation in synovial fluid in different joint diseases has
been described by Kushner & SommerviUe (1971). They found that increasing degrees of inflammation

corresponded to higher SF/S ratios with greatest increases in large molecules. Patients with
osteoarthritis showed least evidence of inflammation.

In this series the degree of inflammation was estimated by histological examination of the synovial

membrane. It was impossible to correlate the degree of inflammation in the synovium with the protein

ratios, owing to the very slight degree of inflammation observed in the osteoarthritic synovium.
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As previously described, it is possible to distinguish between a proliferative and a fibrous type of

synovitis in coxarthrosis. By comparing the ratios of the four proteins in these two types it was found
that patients with proliferative synovitis showed higher SFISratios than those with fibrous synovitis.
The difference was significant for oo-macroglobuhn (p<O.01). Thus the abnormal protein pattern
in osteoarthritic synovia reflects an increased capillary permeability in the synovial membrane and it

seems to correlate with the histological features.

Swelling and pain are regular features in all inflammatory joint disease, typified by rheumatoid

arthritis. It is also a common symptom after trauma or overloading, more easily noticed, e.g. in the

knee than in the hip joint. The patient with primary ~xarthrosis is generally in his late fifties or sixties

when he is seen by the orthopaedic surgeon. However, a careful history will often reveal periods of

intermittent pain in the hip region, combined with limping, during the years preceding the state of

manifest osteoarthritis. During this period, when the X-rays are normal, the patients are rarely seen by

the orthopaedic surgeon, but by their family physician or a rheumatologist. The treatment - if any - is

conservative, mainly consisting of rest, occasionally combined with physical treatment of various

kinds, and during the recent decade medication with one or several of the non-steroid antiphlogistica.

This conservative regimen is often effective, but in some cases the symptoms return periodically until

the diagnosis osteoarthritis becomes obvious. This conservative treatment is essentially a treatment of

synovitis.

Thus, there are clinical indications that even primary coxarthrosis does not appear suddenly and

without warning sometime after the fifty-fifth birthday. The history is more likely to suggest that

clinical osteoarthritis is the final stage of a fairly long-lasting joint disorder. Our clinical experience

suggests that many attacks of synovitis disappear without doing permanent damage to the joint. In

certain cases the attack leads to manifest coxarthrosis within a short period of time, but in most cases

of primary coxarthrosis the synovitic episodes stretch over a number of years before the typical
roentgen changes become visible.

Inflammation, joint effusion and subsequent stasis result in a ...ascular derangement in the synovial
membrane. Increased capillary permeability is followed by a change in the protein pattern and the

amount of protein in the synovia. One of the functions of the synovial fluid is joint lubrication. As
shown by Reimann et al, (1975) and Reimann (1976)boundary lubrication is reduced in rheumatoid

arthritis and osteoarthritis. It seems probable that this deterioration is due to the change in the protein
pattern of the synovial fluid.

The increased production of acid phosphatase and lysosomes, known to be of importance for the
degenerative changes of articular cartilage, and the reduction of oxygen in the synovial fluid
(Lund-Olesen 1970)are of special importance as the synovia is the vehicle for supply of oxygen and
nutrition to the cartilage. Further, decreased oxygen tension is of significance for release of lysosomal
enzymes (de Duve 1964).

The mechanical effect of synovitic joint effusion is discussed on p. 21.
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VASCULAR CHANGES IN .JUXTAARTICULAR BONE MARROW

The fact that degenerative changes usually are caused by a failure in the supply of oxygen and nutrition

to the tissues involved focussed attention on the state of the arterial supply to the joint in many early

studies on osteoarthritis. As late as the middle of this century many authors were of the opinion that

osteoarthritis of the hip was accompanied or preceded by a state of ischaemia of sub- and

juxtachondral bone (Wollenberg 1909, Goldhaft et al, 1930, Phemister 1940, Pridie 1952). This

conception was cballenged by Harrison et al. (1953). By means of injection studies on cadavers they

found a hyperplasia of the intraosseous arteries in the femoral head, and on the basis of this

observation they assumed that the arterial inflow to the femoral head was increased instead of reduced

in coxarthrosis, The same authors also found signs of venous stasis in the bone marrow.

In the years following this study investigations by means of intraosseous phlebography provided

evidence of disturbed venous outflow from the femoral head and neck in patients with coxarthrosis

and from the distal part of the femur "in patients with gonarthrosis (Mene] et aI. 1955, Hulth 1959,

He1a11962, Wardle 1964, Phillips 1966) and increased intramedullary pressure in juxtachondral bone

marrow (Arlet et al. 1968).

Own invesdptioDs

"tno.eoa~yud..e...emeau ofbltnolleo88 pre8IIIft

Coxarthrosis. In a series of 15 patients with unilateral painful primary osteoarthritis of the hip joint,

Arnoldi et al, (1m a) measured the pressure in the bone marrow of both femoral necks and the

femoral vein. These examinations were followed by bilateral serial intraosseous phlebography of the

proximal part of the femur.

r- Normal ~

mmH9Sl '~~

o r-- Coxarthrosis

mmH9J ~

r- V. feomorali 5

mmH9] ~-----------
o 5 10 Sf'C

Fig. 6: Bilaieral measurements ofintraosseous pressure in the femoral neck with simultaneous recording

offemoral vein pressure. Patient with unilateral coxarthrosis.
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They observed that 1) the intraosseous pressure in normal bone marrow was always higher than the

pressure in the extraosseous veins of the region (mean difference 6.8 mmHg). 2) The intraosseous
pressure was always higher in the arthritic hip than in the healthy hip (mean difference 29.7 mmHg)

(Fig. 6). 3)"High intraosseous pressure coincided with phlebographic signs of impaired venous drainage

from the upper end of the femur (intramedullary retention of contrast material and disappearance of
the veins draining the femoral head (vv. retinaculares) (Fig. 7 and Fig. 8).4) Patients with high

intraosseous pressures «40 mmHg) always complained of characteristic pain at rest, while patients

with lower pressures did not suffer from this symptom.

Fig. 7: Bilateral intraosseous phlebography from patient with unilateral coxarthrosis, exposed thirty

seconds after bililteral injection of8 miIlilitres lsopaque Cerebral. In the normal hip the contrast

material leaves the intraosseous space without noticeable filling of intraosseous vessels and is

observed in the normal drainage veins. In the hip with severe osteoarthritis the contrast is seen in

large, tortuous intraosseous veins extending far down into the femoral shaft.
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Fig. 8: Exposuresofthe somepamasin Fig. 7. Thetum ofthe normalhip wasexposedthree minutes
afterthe injection ofconoas: The exposure ofthe hip withosteoarthritis wasmade thirty minutes
141er. LargeqUlJ1llitin ofcontrast areleft in the meduJlory space.

In a second series of pressure measurements the same authors showed 5) that in patients with

coxartbrosis the intraosseous pressure was always higher in the femoral head than in the neck (mean

difference 10.8 mmHg).

In another study Arnoldi et al, (1971) found that 6) in patients with coxarthrosis intertrochanteric

osteotomy or cortical fenestration caused an immediate fall of intramedullary pressure in the femoral

head and neck (osteotomy 17.6 mmHg and 13.5 mmHg, respectively; fenestration 21.5 mmHg and 15.9

mmHg respectively (mean values» (Fig. 9). In 10of the 11patients who complained of rest pain before

the operation these pains bad disappeared within 24 hours after the operation. -,

Thus, these investigations showed that patients with kue stages of Painful coxarthrosis invariably
suffered from intraosseous venous stasis and hypertension in the bone marrow of the proximal femur

and the changes were most pronounced near the hip joint. The pressure in the extraosseous and

extracapsular veins was not affected. Later investigations have shown the same findings in patients

with various forms of painful secondary coxarthrosis.
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Fig. 9: Pressure tracingfrom the femoralheadandneck, beforeandaftersubtotalintertrochanteric

osteotomy.

The intraosseous engorgement-pain syndrome. The finding that the characteristic rest pain of

coxarthrosis seemed to be connected with intraosseous venous stasis and hypertension focussed our

attention on thissymptom.

In a series of investigations on patients with various painful conditions in the knee region Arnoldi et

al. (1975) found that patients with rest pain (with or without osteoarthritis) showed a higher

intraosseous pressure in the proximal part of the tibia or the lower part of the femur than patients

without rest pain (with or without osteoarthritis). They observed that the patients with rest pain and

high intraosseous pressure, but without visual or clinical signs of osteoarthritis, generalIy belonged to a
younger age group than patients with gonarthrosis. Later studies of this condition (Lemperg & Arnoldi

1978, Arnoldi et al. in press 1979 b), showed that the high pressures were accompanied by intraosseous

venous stasis, that the intraosseous engorgement-pain syndrome could be located to the hip as well as

to the knee region (Fig. 10and 11), and that roentgen examination often showed a state of

juxtaarticular osteopenia in these patients instead of the sclerotic appearance characteristic of

osteoarthritis.
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Fig. 11: 99mTc-polyphosphate scintigraphy of
both hipsfrom thepatientshownin Fig.
1D (beforeoperation).

Discussio.
The CIUIIe ofiutnlolleous ....uti llypertelllioD

Our findings by means of intraosseous and intravenous pressure measurements in patients with

coxarthrosis indicate that the blockage ofveno~drainage from the femoral head is located

somewhere in or just outside the cortex. Pressure measurements from extraosseous and extracapsular

veins, including the circumflex veins, have shown normal findings (Fig. 6 and Fig. 22). The

observations by Phillips et al. (1967) seem to exclude venous thrombosis as a cause of blockage. They

found that intraosseous phlebography repeated 12-20 months after intertrochanteric osteotomy

showed reopening of the normal drainage vessels from the femoral head in a number ofpatients. Their

phIebograms showno signs that this reopening was due to recanalisation of thrombosed veins.

The retinacuJar veins leave the femoral head just distal to the cartilage border and until they join the

circumflex veins their course is intraarticular. The pressure in these veins lies between about 10mmHg

(the pressure in the normal bone marrow) and 5 mmHg (the pressure in the large extraosseous veins).

As the studies on the synovium indicated, and as direct measurements from other joints have shown

(Eyring &.Murray 1964), the intraarticular pressure increases when the volume of synovia increases or

when the joint space is reduced. A riseof intraarticular pressure in the order of 10 to 15 mmHg is

sufficient to impede the flow through the intraarticular veins, unless the perfusion pressure is raised.

CODtracture, joiat volute ud",

From experiments on patients with rheumatoid arthritis of the knee joint we know that in the presence

of joint effusion the intraarticular pressure is least in the mildly flexed position (Favreau &.Laurin
1963, Eyring &.Murray 1964, Jayson &. Dixon 1970) which is the position spontaneously adopted by

patients with effusions in the knee joint and gives least discomfort (Eyring & Murray 1964). In these

experiments it was shown that further flexion of the knee produced extremely high intraarticular

pressures that actually could rupture the joint capsule. Further, high intraarticular pressure could

20



inhibit the function of the quadriceps femoris muscle and lead to atrophy and flexion contracture (De

Anrade et al. 1965).
In human coxarthrosis the habitual contracture is flexion, outward rotation and adduction, which is

also the position with the greatest joint volume due to maximal relaxation of the fibrous capsule. One

of the very early clinical signs of coxarthrosis and the intraosseous engorgement-pain syndrome is pain

on inward rotation in flexion. If this symptom is analysed carefully it becomes obvious that the pain

increases with increasing rotation. The movement from maximum inward rotation back into neutral is

accompanied by reliefof pain. Inward rotation reduces the volume of the hip joint and if effusion is

present the intraarticular pressure should reach its maximum in this position.

~RDEPENDENCEBETWEEN~RTICULARAND

INTRAOSSEOUS PRESSURE

Theoretically intraosseous stasis and hypertension could be explained as the effect 'of blockage of flow

through the draining vessels from the weight-bearing area of the femoral head, and the haemodynamic

changes in the bone marrow might be secondary to high pressure in the joint cavity due to synovitic

effusion.

Own ial'estiptioll8

Although the circumstantial evidence of interdependence between intraarticular and intra osseous

pressure is impressive, direct experimental evidence of this relationship has been lacking. In order to

investigate the reaction of intraosseous pressure to variations in intraarticular pressure we measured

the pressure in the bone marrow of the femoral condyle of healthy rabbits before, during and after a

known rise of pressure in the knee joint (Arnoldi et aI. 1979b).

As in human subjects the intraosseous pressure is normally somewhat higher than the intraarticular

pressure. Injection of fluid into the knee joint was accompanied by an immediate rise of intraarticular

pressure and followed by a slower rise of pressure in the bone marrow of the femoral condyle (Fig. 12

and Fig. 13). The results indicated a blockage of venous outflow through the intraarticular drainage

Vessels with continued arterial inflow to the bone marrow.
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Fig. 12: Intraosseouspressureas afunction ofintraarticularpressure. A riseofintraarticularpressure
resultedin a significant riseofpressurein juxtaarticular bone marrow (p<O. (01).
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Fig. 13: Tracing ofintraosseous pressureincrease inducedby joint infusion ofsaline. Simultaneous
pressurecurvesfrom a singleexperiment.
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Discuaion
The experiments described above indicate that intraosseous stasis and hypertension may in fact be

secondary to a joint effusion with high intraarticular pressure caused by synovitis.

CHANGES IN SUBCHONDRAL BONE

The structural changes in subchondral bone in the osteoarthritic femoral head are fairly weDknown

(Collins 1949, Sokoloff 1969, Radin et al. 1970, Foss & Byers 1972, Jeffrey 1973). Roughly, they are

characterized by an attempt to repair dead trabeculae with increased bone formation. The macro­

scopic results are seen as deformation of the head, cyst formation, increased radiodensity and building

of osteophytes.

Own iDvesdptions
QuBtit.tin .....oJotkaIuaIysiI 01udcuIu cardIap ud lIIIbc:ItHdnII bone

In order to quantify the alterations in subchondral bone and to compare the changes with the severity

of the cartilage lesions, a quantitative histological analysis of articular cartilage and subchondral bone

from osteoarthritic and normal human hips was performed (Reimann et a1. 1977).

The analysis was based on 12 femoral heads, six osteoarthritic and six controls. The cartilage was

graded according to the histological-histochemical system of Mankin et al. (1971), using the Safranin 0

staining method. The subchondral bone was analysed to establish the percentage of trabecular,

osteoblastic and osteoclastic areas. The trabecular bone area measurements were made with

point-counting method (Harris & Weinberg 1972)and for osteoblastic and osteoclastic area counts the

technique described by Melsen et a1. (1975) was used.
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Fig. 16: Graphic representation illustrating the relationship betweenhistological-histochemicalgrade
and per centofosteoclastic area.

The data obtained showed wide variations in all parameters in the osteoarthritic specimens, but

consistently more marked alterations in the weight-bearing areas. The trabecular bone area as well as

osteoblastic and osteoclastic areas were significantly larger in the osteoarthritic than in the control

group (normal femoral heads obtained at autopsy or femoral heads removed after fracture of the

femoral neck) (Fig. 14, Fig. 15and Fig. 16). By comparing the bony changes with the severity of the

cartilage lesions from different areas within the same femoral head a correlation of moderate

significance was found between the degeneration of the cartilage and sclerosis and hypermetabolism of

the subchondral bone.

lliltodte.kallhldy of8IbIiJIe ud add pItoIpbt8le actirity

To further elucidate the metabolic changes found in the subchondral osteoarthritic bone by

histological examination a histochemical investigation was performed (Reimann & Christensen 1979).

Alkaline phosphatase was used as a marker enzyme for bone regeneration and acid phosphatase as a
marker enzyme for bone resorption. These enzymes were chosen as increased alkaline phosphatase

activity has been demonstrated in regions of deposition of new bone (Jeffree 1959, Jeffree & Price

1965, Timmer et al. 1968, Andersen 1970) and acid phosphatase - associated with the Iysosomes in the

osteoclasts- plays an important role in bone resorption (Burstone 1959, Doty & Scofield 1976).
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WEIGHT-BEARING AREA (WB)

NON -WEIGHT-BEARING

AREA (NON-WB)

CENTRE

OSTEOPHYTE

ALKALINE PHOSPHATASE: ACID PHOSPHATASE:

WB ------------ 22.1 t 8.0see WB ----------- 41.2t13.8see

NON-WB ------ 39.8:t 13.7see NON-WB ---- 94.5t57.4see

OSTEOPHYTE -26.6 t 4.7see OSTEOPHYTE - 69.7t290sec

CENTRE ------ 50.7t20.6see CENTRE ----126.9t56~6see

Fig. 17: Radiographsoffemoral head withosteoarthritis showingthe differentareasestimated. The
figuresbelow illustrate the variations in the initialtimeaccording to the sitestudied.

Frozen sections from 24 osteoarthritic femoral heads were prepared for semiquantitative analysis of

the enzyme activity using Burstone's (1959) and Barka & Anderson's (1963) enzymo-histochemical

methods. The analyses showed that there were wide variations within the same femoral head for both

enzymes, with significantly higher activity in weight-bearing than in non-weight-bearing areas alld in

. subchondral bone compared with more central areas (Fig. 17). Further, the enzyme activity correlated

directly with the severity of the cartilage lesions. The findings seemed to be consistent with the

morphological findings in the histological study.

Distribution of99mye-pbosphate coDlpoUDds in osteoarthritic femoral beads (Christensen & Arnoldi,

in press 1979)

Femoral heads from 12 patients with osteo~rthritiswere examined. Ten mCi 99mTc-phosphate was

given intravenously approximately 2 hours before total hip replacement and frozen sections were

prepared. Autoradiograms showed accumulation of 99mTc-phosphate in the subchondral region of the

weight-bearing area of the femoral head and in the osteophytes (Fig. 18 A and B). In the

weight-bearing area the uptake was particularly high in the walls of the cysts. In the osteophytes the

radionuclide was localized at the osteochondral junction.
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Fig. 18: A: Autoradiogram from osteoarthriJic femoral head from apatient given 99mTc-polyphosphote
preoperatively. The radionru:lide ispredominantlyaccumulaledat the cyst wallofthe

weight-bearing areaand at the osteochondraljunction in the osteophytes.
B: Correspondingroentgenogram ofa thin sliceofthe femoral head.

A quantitative study was performed from six different zones on a to-micron thick section from each

femoral head, the six zones being the weight-bearing area, the non-weight-bearing area, the

osteophytes, the central area, the synovial membrane and the fibrous capsule. These different zones

were counted in a well-counter, The areas were determined by planimetry and the uptake per unit

volume was expressed in proportion to the uptake per unit volume in the fibrous capsule. The

quantitative study confirmed the impression from the autoradiograms. Thus, the highest uptake was in

the weight-bearing area and in the osteophytes and the lowest in the synovial membrane $d fibrous

capsule (Fig. 19).
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Fig. 19: Target-to-backgrowul ratioon differentareas in twelveosteoarthritic femoral heads, wing the
uptake ofradiomu:1ide in thefibrous capsule as background.

To compare the distribution of the radionuclide with the morphology, sections were stained with
Ilaematoxylin-eosin, with the van Kossa technique for calcium phosphate and by Burstone's method

for determination of alkaline phosphatase activity (Fig. 20 A, B and C). The morphological studies
Ibowecl that the radionuclide accumulated in areas of new bone formation, particularly enchondral
Dlsification. Histochemical staining for alkaline phosphatase activity showed that the distribution of
IIlisenzyme roughly corresponded to the deposition of the bone-seeking radionuclide. Incidentally,
Ilese investigations failed to produce evidence of caUusformation in microfractures of subchondral
bone trabeculae.
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Fig. 20: A: Fibrocartilage at thearticular surfacewithenchondral ossification. Autoradiogram
f9"'Tc-polyphosphate).

I

B: Van Kossastain. Magnification x 10.
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C: AIICIJline phosphataseactivity. Magnificotion x 10.

"-re-polypllolplulldatipllplly .. pMieaU witII OIIteoartluttil, or die iab:aoaeo.. elllOlJellleat·
.... syadrome (Arnoldi et al. in press 1979b)

Twenty-five patients with painful conditions in the hip or knee region were examined by means of
99mrc-polyphosphate scintigraphy, intraosseous and intravenous pressure measurements and intra­
osseous phlebography. Seventeen patients complained of typical rest pain in the hip or knee. Ten of
these suffered from severe osteoarthritis, whereas seven fulfilled the criteria for the intraosseous
engorgement-pain syndrome (Lemperg & Arnoldi 1978). In the remaining eight patients the pain had
a different character, such as pain on loading or joint movements. These pains were never present
when the joint was completely at rest.

All the patients with painful osteoarthritis or the intraosseous engorgement-pain syndrome showed
intraosseous venous stasis and hypertension in juxtaarticular bone marrow and increased uptake of the
radionuclide over the affected joint (Fig. 11and Fig. 21). This complete correlation between impaired
drainage, increased pressure and increased uptake of the radio tracer was not observed in
patients with pain due to other causes.
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The authors concluded that the results may be an indication that the intraosseous engorgement-pain
syndrome and osteoarthritis are two stages of the same pathological process.
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Fig.22: Schematicrepresentation ofintraosseous and extraosseous pressures inpatientswithunilateral
painful coxarthrosis.

Discussion
De COnditioDS for capiIIuy Dowin the femoral bead in courthrosis

Fig. 22 shows intramedullary and intravenous pressures from patients with unilateral coxarthrosis,

together with mean arterial blood pressure measured on the upper arm. The findings are inserted into

a Landis'curve ofpressure distribution through the vascular system (Arnoldi et al. 1972a). The rate of

flow through the capillary depends upon the diameter of the vessel and upon the pressure difference

between the arterial and venous end of the capillary. As seen in Fig. 22 this pressure difference
decreases in coxarthrosis and more so in the femoral head than in the neck. Hyperplasia of the .

intramedullary arteries as demonstrated by Harrison et al. (1953)may be a compensatory reaction to

the high resistance to flow on the venous side of the circulation. With a pressure distribution as shown
in Fig. 22 the end result is probably a reduced nutritional flow to bone tissue, especially to the
Subchondral bone of the weight-bearing area of the femoral head. The slow clearance of radioactive
NaI from the bone marrow of the femoral head demonstrated by Hernborg (1969) may be an
indication of this state.

There is, however, both clinical and experimental evidence that the intraosseous pressure - and thus

,the resistance to capillary flow - may vary considerably with circumstances. If- as our findings induce
USto believe - the characteristic rest pain is caused by excessively high pressure in the bone marrow,

, the appearance of pain after exercise and disappearance after a period of rest indicate variations of

pressure depending upon activity. Fig. 23 illustrates the effect of prolonged bed rest uponthe marrow
,. pressure.
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Fig. 23: Intraosseouspressures from thefemoral neck ofhip jointswithcoxarthrosis and a historyof

severeachingrestpains. Datafrom 69 hips. Pressure in mmHg, meansand range.
31 hips examinedwithin24 hoursafterthepatientwasadmiuedto hospital, 38 examinedafter
8-22days bed rest.

Fig. 22 indicates that under extreme circumstances the blood flow through subchondral bone

marrow may virtually be at a stand still. The effect upon cellular nutrition would bevery much the

same as blockage at the arterial end of the system. Complete blockage of arterial inflow to bone results

in death of the osteocytes within 8 to 24 hours (ROsingh & James 1969). Thus, clinical observations as

well as experimental findings indicate considerable periodical variations in the amount of oxygen

available to the cells in the femoral head.

De effectof reduced ouaritive capillary no" 00 thebonestructure of thefeDIonl bead

The finding of Hernborg (1969) of a reduced clearance of radioactive NaI from the femoral head in

osteoarthritis and the intraosseous stasis and hypertension demonstrated by others indicate a reduced

blood flow through the bone marrow of the femoral head in spite of continued arterial inflow. This

would most probably result in a reduced P02 in the region. Direct measurements of oxygen tension in

the bone marrow are surprisingly few, but some evidence of reduced oxygen tension has been

presented (Brookes 1970, Pujol et aI. 1973).

The histological picture of juxtaarticular bone in coxarthrosis is a mixture of bone death and new

bone formation. Several authors are of the opinion that venous stasis and reduced oxygen tension are

the factors responsible for new bone formation (Harrison et aI. 1953, Pistolesi 1962, Abdalla &

Harrison 1966, Phillips et aI. 1967, Arnoldi et aI. 1972b). The investigations reported here indicate that

the various phases of bone death and new bone formation might correlate with varying conditions for
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cellular nutrition, which in their turn are .dependent upon varying degrees of resistance to flow from

the drainage vessels of the weight-bearing area of the femoral head.

Our investigations point to the weight-bearing area as the place where the changes from normal are

most pronounced. We are convinced that mechanical factors play an important role in the deformation

of the joint that is so obvious in coxarthrosis. However, not all these features are directly explained by

the effect of mechanical forces (e.g, osteophytes). Our investigations also stress the fact that the

weight-bearing area is the part of the femoral head that is drained by the superior retinacuIar veins and

the part where the effects of venous stasis are most pronounced. In our opinion the question of the

relative importance of mechanical forces and weakening of bone structure due to circulatory deficiency

for the deformation seen in osteoarthritic joints is still unanswered. Theoretically, it is quite feasible to

assume that mechanical forces are only able to cause deformation of a joint if they act upon tissues

previously weakened by degenerative changes produced by circulatory derangement.

Are the vascular clumces in subchondral bOne marrow an early or late factor in the development of
__...L_":".,

COAilUDIUlHlt.

Intraosseous stasis and high pressure in the vessels of the subchondral bone marrow are generally

regarded as late and secondary manifestations of coxarthrosis which can be explained as a consequence

of cartilage and bone changes (Freeman 1972). It is true that demonstration of vascular changes in the

late stages of coxarthrosis does not necessarily indicate that these changes initiated the process leading

to clinical osteoarthritis.

However, several well-known clinical facts combined with recent findings indicate that haemo­

dynamic changes in juxtaarticular bone may - after all- be a very early and perhaps causative factor in

the development of the skeletal changes characteristic of osteoarthritis.

1) The clinical observation that synovitis is a very common precursor to clinical osteoarthritis,

combined with the finding that increased intraarticular volume and pressure is followed by an

increase of pressure in juxtaarticular bone marrow (Arnoldi et al, 1979a).

2) The experimental findings by Abdalla & Harrison (1966)that marrow stasis and high

intramedullary pressure produced radiological and histological changes in cartilage and sub­

chondral bone in albino rats that were consistent with those of human osteoarthritis.

3) The observation that long standing ambulatory hypertension in patients with chronic venous

insufficiency leads to skeletal changes of the same character as seen in osteoarthritis (Arnoldi et

ai. 1972 b).

4) The observation that intraosseous stasis and hypertension may be observed in younger people

with synovitis and pain, but without signs of cartilage destruction (the intraosseous engorgement­

pain syndrome).

ARTICULARCAR~AGE

The changes of articular cartilage in osteoarthritis are progressive with advancing disease, leading to

complete loss of tissue. Most investigators are of the opinion that "degeneration" of this tissue is

primary in the pathogenesis of osteoarthritis. Over the years a sizable part of the literature has been
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concerned with attempts to analyse these changes. It is not our intention to review this literature as

extensive treatises on the subject are available (e.g. Sokoloff 19(9).

Numerous reports have been concerned with investigations of biochemical changes in the matrix of

articular cartilage and a reduction in the amount of g1ycosaminogiycans, as weDas alterations in

quality, have been consistent findings in osteoarthritis (Mathews & Glagov 1966, Mankin & Lippiello

1970 and 1971, Bjelle et al. 1972, Lust & Pronsky 1972and many others), but parallel with this

reduction an increased synthesis ofg1ycosaminoglycans was observed when 35S04 was incorporated

(Collins & McEUigot 1960, Mankin et al. 1971, Eronen et aI. 1978).

The histological changes in osteoarthritis are characteristic (Collins 1949, Harrison et al. 1953,

Sokoloff 1969, Mankin et al. 1971and others) and a histological-histochemical grading system (Mankin

et al. 1971) is available. It has been shown that this grading system correlates with biochemical

(Mankin et al. 1972) as well as with enzyme abnormalities (Ehrlich et al. 1973) in the cartilage.

Own iDvestigadoas
We have used this grading system to define the severity of the changes in articular cartilage from

osteoarthritic femoral heads in various studies of the subchondral bone in order to compare the

alterations in cartilage and subchondral bone (Reimann et al. 1977, Reimann & Christensen 1979).

Differential histochemical st8iniDa 01glyCOUlDinolJyauu iD osteoarthritic cartilage

In another study (Christensen & Reimann, in Press) we performed a histochemical analysis of
articular cartilage from osteoarthritic femoral heads, using Safranin 0, Alcian Blue-eEC and Toluidine

Blue at different pH values. The purpose of the study was to demonstrate the presence and amount of

chondroitin sulphate and keratan sulphate in the cartilage matrix and its distribution, compared with

normal cartilage.

Safranin 0 was used to classify the degree of the osteoarthritic changes in cartilage according to the

grading system of Mankin et al. (1979). Alcian Blue with critical electrolyte concentration principle

(Scott & Dorling 1965) was used to differentiate chondroitin 4/6 sulphate from keratan sulphate

(Laurent & Scott 1964, Scott 1967). Toluidine Blue at different pH values is a metachromatic staining

and as shown by Krygier & Kasprzyk (1961) and Spicer (1962) persisting metachromasia at pH 1.5

indicates presence of sulphated g1ycosaminoglycans, while carboxyl groups lose their metachromasia

atpH3.

These investigations showed that the degree of cartilage degeneration in osteoarthritis varied

considerably from site to site within the same femoral head. Pronounced changes were seen in

weight-bearing areas, whereas less severe changes were present in non-weight-bearing areas.

Reduction in staining ability was seen first and most distinctly at the surface. Apart from the loss of

staining for g1ycosaminoglycans the osteoarthritic cartilage was characterized by increased territorial

staining of chondroitin sulphate (Alcian Blue with 0.4 M MgCb), especially round cell clusters (Fig. 24

A and B). Further, keratan sulphate was found to be located more basically than chondroitin sulphate.

In the cartilage of osteophytes practically only chondroitin sulphate was present. The increased

territorial staining of chondroitin sulphate reflects an accelerated synthesis, possibly an attempt to

repair as seen in immature cartilage.
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Fig. 24: A: Osteoarthritic cartilage from a patientaged50yef!,Ts withintenseterritorial stainingespecially
high around cellclusters. Alcian Blue with0.4 M MgCI2. Magnification x 100.
B: Articularcprtilage from a patientaged 73withfracture ofthefemoral neck. Alcian Blue with
0.4 M MgC12. Magnification x 100.
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The choice of our investigations on articular cartilage from human osteoarthritic femoral heads was

largely determined by our resources and have first and foremost been an attempt to determine whether

a relationship exists between changes in cartilage and subchondral bone. Such a relationship has been

suggested by means ofbiomechanical considerations (Radin et at. 1973, Pugh et at. 1974)and

demonstrated as described above by quantitative histological analyses (Reimann et al. 1m). Further,

it has been shown that the histological changes from osteoarthritic femoral heads, evaluated by the

grading system of Mankin et at. (1971), correlate with biochemical and enzyme abnormalities of the

osteoarthritic cartilage (Ehrlich et at. 1973). In our studies these correlations were most pronounced in

the weight-bearing area.

Articular cartilage has no blood vessels of its own. Most investigators are of the opinion that

cartilage is supplied with oxygen and nutrition through the vessels of the synovium via the synovial

fluid and that the subchondral intraosseous vessels are of little importance in this respect.

As discussed previously, inflammation and stasis in the synovium reduce the rate of flow through the

synovial vessels and increase the permeability of the capillary wall. One result of these changes is a

lowering of oxygen tension in the synovial fluid (Lund-Olesen 1970). The protein and enzyme patterns

are altered (see above) and striking changes in glycogen metabolism have been noted (Treuhaft &
McCarty 1971, Lane et al. 1m). At the same time the lubricating function of the synovia probably is

impaired (Reimann 1976).

These changes in cartilage environment seem to us a reasonable - if still theoretical- cause of the

changes observed in cartilage cells and matrix. Mechanical forces undoubtedly play an important part

in the wear and tear that leads to tissue waste, but - as was the case in the question of changes in

subchondral bone - we find it difficult to accept mechanical forces as primary causes of cartilage

damage. To us the clinical course of osteoarthritis, as well as the experimental evidence, suggest that

mechanical force is only able to damage cartilage that is weakened by other causes.

The evidence of our own investigations indicates that the changes observed in articular cartilage and

subchondral bone are parallel reactions to the same primary pathological process.

GENERAL DISCUSSION

The findings in patients with osteoarthritis and the engorgement-pain syndrome by means of

intraosseous phlebography and pressure measurements, combined with the results of a series of studies

on the effects on the mesenchymal tissues of the ankle region of dysfunction of the venous pump of the

calf in patients with chronic venous insufficiency (Arnoldi 1964, Arnoldi & Linderholm 1971),

especially the changes of the ankle skeleton and joint (Arnoldi et at. 1972b) led to the working

hypothesis sketched in Fig. 1. The results of the studies reported here and reports from the literature

are tentatively correlated in the hypothesis shown in Fig. 25.
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with coxarthrosis secondary to rheumatoid arthritis, Legg-Calve-Perthe's disease and trauma, and

painful secondary coxarthrosis after these disorders shows the same intraosseous stasis and hyper­
tension as found in idiopathic coxarthrosis. We therefore assume the pathomechanism to be more or
less identical in primary and most forms of secondary coxarthrosis. Their clinical course may be

strikingly different, ranging from the silent period between the congenital hip dislocation and the
appearance of clinical osteoarthritis decades later to the rapid development of secondary coxarthrosis

after trauma or rheumatoid arthritis. These "time factor" differences have probably something to do

with the severity of the aetiological factor. Apart from the specific effect of the rheumatoid

inflammation on, e.g. the enzyme activity in the joint, patients with rheumatoid arthritis show the

lowest synovial oxygen tension measured. As mentioned above we believe primary coxarthrosis to be

the end result of a series of attacks of synovitis, sometimes stretching over a long period of years. In

this connection it may be mentioned that in the ankle joint skeletal sclerosis and osteophyte formation,

as well as genuine ankle joint osteoarthritis, usually appeared decades after the attack of thrombophle­

bitis of the deep veins of the extremity responsible for the dysfunction of the venous pump of the calf

and the high pressure in the intra- and extraosseous veins of the ankle (Arnoldi et al. 1972 b).

Synovitis ad thedeVeloplBeDts iDjuturdcUIr boDe (Fig. 25)

The synovial membrane seems to react to any abnormal stimulus with essentially the same
inflammatory reaction combined with effusion. The clinical examples are legion. The early synovial

reaction is combined with a state of arterial hyperaemia, not only of the synovial membrane but also in

juxtaarticular bone, where its effect on bone metabolism becomes visible on the isotope scintigram.

In early cases of clinical synovitis the X-rays are usually normal. Occasionally, especially in the more

severe cases, they show a state of juxtaarticular osteopenia. The early stage of synovitis is mainly

characterized by increased arterial inflow to the structures of the joint, also in cases that later develop

into clinical osteoarthritis. This assumption seems to be supported by preliminary results from

investigations on artificially induced osteoarthritis on animals (to be published).

The volume increase of synovial membrane and effusion result in increased intraarticular pressure.

The effect on the synovial membrane is venous stasis and - as long as the arterial inflow is intact ­
further joint effusion. As shown in the experiments on rabbit joints a rise of intraarticular pressure is

followed by a rise of intraosseous pressure. In the hip joint this must be due to compression of the

retinacular veins as they pass from the weight-bearing part of the femoral head through the joint.

In the proximal part of the femur blockage of the draining vessels leads to intraosseous stasis and
hypertension. Although the conditions for capillary flow through the femoral head seem to vary, e.g.
with physical activity, the findings indicate that the resistance to flow occasionally becomes so great
that the oxygen supply to the osteocytes fails. The result is bone death.

Rest, physical treatment and medication seem to be effective in the treatment of many cases of
synovitis. Reduction of joint swelling and intraarticular pressure may restore the drainage through the
retinacular veins and improve the conditions for bone marrow blood flow. The characteristic
histological findings of new bone deposited on dead trabeculae could be the result of this improvement
of capillary flow.

Regional bone necrosis and new bone formation leave the femoral head vulnerable to deformation
by mechanical forces.
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SyJlO................artP r(Fig.25)

Increased permeability of the capillaries of the synovium caused by inflammation, and later by

mechanical stasis, results in important changes in the synovial fluid which is the vehicle for the supply

of oxygen and nutrition to the articular cartilage. The changes noted in Fig. 25 are probably just af few

of the changes actually taking place. However, if the fact holds true that tissue degeneration and death

arethe end results of a lack of oxygen, this factor alone should be sufficient to explain the fate of

cartilage in osteoarthritis. Even if there should be some foundation for the opinion held by some

authors that the basal layers of cartilage are supplied by the subchondral vessels me""circulatory

derangement in subchondral bone would embarass this source of supply.

We think that the circumstantial evidence supporting our assumption that cartilage degeneration is

due to biochemical changes in the synovial fluid is logically impressive. We are, however, aware that as

far as we know this assumption has not been proved by experimental evidence, although Abdalla &

Harrison (1966)found signsof cartilage disorganisation as a result of induced venous stasis and

hypertension. In our studies of the literature on cartilage research we have noted that, in spite of all

the accumulated special knowledge, the ultimate cause of the osteoarthritic changes is generally

conceived of as some vague "mechanical dysfunction" .

In our opinion mechanical forces are important in the pathomechanism of osteoarthritis, but their

main role comes late in the process, when the cartilage is already weakened by tissue degeneration,

ultimately due to changes in cellular environment. If this course of events is accepted it is easier to

explain why idiopathic coxarthrosis is so often unilateral, why the ankle joints are so rarely affected,

etc.

When the mechanical forces become effective the devitalized cartilage is exposed to the wear and

tear that results in complete tissue waste, erosion and denudation of the joint surface. The detritus of

thewom-down cartilage is caught in the plicae of the synovium and helps to perpetuate the

pathological process in this membrane.

OIlIerCU8eII 01co~

We Would like to emphasize here that the pathomechanism suggested in this paper and schematically

presented in Fig. 25 is but one of several pathological processes that may lead to coxarthrosis. Injhis
mechanism the key feature is vascular derangement due to high resistance on the venous side of the

capillary network, but with intact arterial inflow to the structures of the joint.

In certain forms of osteoarthritis a local arterial failure plays an important role in the patho­

mechanism. This is the case in coxarthrosis secondary to necrosis of the femoral head after

intracapsular fracture of the neck. Bone necrosis due to arterial blockage is probably also important

for the development of osteoarthritis after transplantation surgery and steroid medication in

immunosuppression, in certain cases of osteoarthritis in alcoholics, and possibly in other diseases.

ConeI.tio. 01cIbIkallipslllld symptOlll8 to the developmeatalltales of courtbrolis

In Fig. 25 we have made an attempt to correlate the clinical signs and symptoms of coxarthrosis with

the various stages of the pathological process. While some of these correlations are too obvious to

deserve comment a few words on the subject of pain seem necessary.
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Patients with coxarthrosis may suffer from different qualities of pain. Most of them complain of pain

when the joint is moved, especialJy when the limits of movements are approached. Pain on loading is

equally common. Rest pain is especialJy typical of coxarthrosis. It is characteristic for the pain in

coxarthrosis that it tends to radiate down the thigh to the knee region.

Cartilage does not contain nerves, but sensitive nerve endings are found in the synovium and the

fibrous capsule as weU as in the bone marrow, where the nerves are found together with the blood

vessels. Recently, Reimann & Christensen (lm) demonstrated a higher density of nerves in

osteoarthritic subchondral bone marrow than in normal and ascribed the increase to the hyper­

vascularity of osteoarthritis.

Joint distension by effusion may in itself be painful and the painincreases when the swoUen joint is

moved. Stretching of the capsule and pinching of swoUen synovium are obvious causes of pain.

However, the reaction of intraosseous pressure to rise in intraarticular pressure brings another pain

mechanism into focus. By now most authors agree that rest painis due to intraosseous stasis and

hypertension (Arnoldi et at. 1971, Bulstrode 1976). The threshold for pain seems to vary individually

(Lemperg & Arnoldi 1978), but in most cases a rise above 40 mmHg will produce the characteristic rest

pain.
In a joint with effusion, forced movements raise the pressure in the joint and may increase the

intraosseous pressure above the threshold of pain.

The intraosseous phlebograms showed dilation of all veins in the bone marrow of patients with

painful coxarthrosis and the intraosseous engorgement-pain syndrome. Distension of veins is known to

be connected with the "bursting pain" characteristic of patients with chronic venous insufficiency of

the lower leg or idiopathic dysfunction of the venous pump of the calf (eruralgia orthostatica) (Arnoldi

1964and 1976).Thus, there are some indications that the distension of the veins caused by

intraosseous venous stasis may be the factor responsible for the rest pain of osteoarthritis. The findings

that venous dilation and increased intraosseous pressure can be demonstrated not only in the femoral

head and neck, but also - although less pronounced - throughout the bone marrow of the femur, might

explain the pain radiating towards the knee joint characteristic of coxarthrosis.

In our opinion the results of the investigations presented in this paper give a reasonable basis for most

of the developments sketched in Fig. 25. The changes represent disturbances of an interacting

mechanism and we have attached importance to the internal correlation of our findings. At the time of

writing our main problem - still poorly supported by experimental evidence - is the effect of changes in

the composition of the synovial fluid upon articular cartilage. However, our choice of investigations

has been determined by the resources of our laboratories and are not a result of any bias.

One good reason for publishing the paper now is that it might provoke critical inquiry in centres with

greater resources in the field of cartilage research.
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