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The temporomandibular joint (TMJ) has an 
interposing disk between the temporal com- 
ponent and the mandibular condyle. The 
function of the disk is mainly to distribute 
the load from mastication within the TMJ 
and to reduce friction and shearing forces 
between the joint surfaces (1). 

The disk is composed of fibrocartilage, 
which forms a dense tissue, rich in collagen 
and with scattered cells. In rabbits the total 
content of glycosaminoglycans (GAG) in 
disk tissue is only about 10% of what is 
normally found in hyaline cartilage (Un- 
published observations). Furthermore, the 
dominant GAG of rabbit TMJ disks is der- 
matan sulfate (DS), whereas only minute 
amounts of chondroitin sulfate (CS) and 
other disaccharides are present (2). The con- 
tent and composition of GAGs are thus 
somewhat like those of the tendons. The 
histologic and histochemical characteristics 
of the disk in humans resemble those in 
rabbits ( 3 4 ,  but the content of GAGs has 
not been determined and characterized by 
biochemical means. 

The quality and mechanical properties of 

articular cartilage, such as the disks, depend 
on its matrix constituents. The collagen 
fibers form a dense meshwork that gives the 
tissue mechanical strength, while the non- 
collagenous matrix, mainly proteoglycans 
and GAGs, provide a high-charge density 
resulting in a correspondingly high osmotic 
pressure. This combination of meshwork and 
osmotic pressure, striving to expand the 
tissue, provides an organ that is able both 
to absorb shock and to distribute loading 
forces. 

Like other synovial joint cartilages, the 
TMJ is prone to develop osteoarthosis (OA) 
when submitted to an excessive load, as hap- 
pens during bruxism and unilateral chewing 
(7) or if teeth are lacking (8). Microscopi- 
cally, both the disk tissue and the articular 
hyaline cartilage degenerate during the 
course of the disease, and eventually the 
underlying bone may be affected (9). Some 
inflammation of the capsule and disk attach- 
ments may be seen, although OA is con- 
sidered to be a mainly non-inflammatory 
disease (10). 

In hyaline articular cartilage OA is associ- 
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Materials and methods 
Tissues 

Ten virtually unaffected human TMJ 
disks were obtained at autopsy from five 
patients-two female and three male. The 
ages ranged from 17 to 80 years, with a 
median of 43 years. The autopsies were per- 
formed within 36h after death. The disks 
showed no macroscopically detectable 
degenerative changes; they were all biocon- 
cave and avascular in the weight-bearing 
areas. In no case was there any systemic 
disease affecting the joints or any known 
trauma to the head. The disks were dissected 
free of capsular and muscular tissue and div- 
ided into one anterior and one posterior part. 
This dissection was carried out so that the 
anterior part of the disk would include the 
thin load-bearing areas of the tissue. The 
tissue were then frozen in liquid N2 until 
analyzed. 

Six TMJ disks from five patients-four 
female and one male-were obtained at TMJ 
surgery. The ages of the patients with OA 
ranged from 28 to 59 years, with a median 
of 47 years. The diagnosis that led to surgery 
was disk derangement with associated pain 
and impairment of function. All patients had 
been treated non-surgically before surgery, 
comprising splint therapy, occlusal adjust- 
ments, and physiotherapy. Local intra- 
articular injections were not given in any 
case. All disks extirpated at surgery were 
macroscopically deformed. None of the disks 
had a normal biconcave shape, and in most 
of them the normally thick posterior band of 
the disk seemed to be dislocated antero- 
medially over the condyle, with the mandible 
in closed position, according to observations 
at surgery. Since the arthrotic disks were all 
abnormal in shape, it was difficult to identify 
the original posterior band at dissection. 
They had also been anteriorly displaced for 
at least 12 months, and during this period 
the weight-bearing area had been displaced 
to the posterior portion. The tissues were 
dissected and separated into an anterior and 
a posterior fraction similar to those in the 
normal specimens, and a sagittal slice from 
both the lateral and medial portion were 
taken for histologic examination (10). Only 

ated with the disintegration of the collagen 
network and the subsequent fibrillation of 
the tissue. A simultaneous degradation and 
loss of otherwise entrapped proteoglycans 
(PGs) has also been demonstrated (11, 12). 
These alterations influence the ability of the 
tissue to retain water, which then affects 
elasticity and load-distributing properties. 
Such mechanical deterioration may, in turn, 
induce cell damage and a further release of 
proteolytic enzymes. Regardless of which of 
these processes occurs first-that is, enzyme 
activation, cell damage, or matrix degra- 
dation from other causes-they all con- 
tribute to the severe deterioration in the 
mechanical properties of the affected tissues. 
A vicious circle may thus be started with 
proteolytic enzyme activity, followed by 
degradation of matrix constituents and 
changes in the shock-absorbing properties 
of the tissue, resulting in cell damage and 
further proteolytic activity. 

The observed alterations in GAG content 
in arthrotic hyaline articular cartilage thus 
seems to be an integral part of the patho- 
physiology of the disease. The unaffected 
fibrocartilagenous TMJ disk tissue , however, 
has a very different composition, with a 
much lower content of GAGS, and the role 
of these substances in relation to arthrosis 
remains to be demonstrated. As a first step 
in this direction our aim was to isolate and 
characterize the GAGS present in the normal 
and osteoarthrotic human disk tissue of the 
TMJ. 

Table 1. Glycosaminoglycan content in human tem- 
poromandibular joint disks (in pg HexN per mg dry 
weight) 

Normal Arthrosis 

Anterior Posterior Anterior Posterior 

CS/DS 4.721.1 5.220.8 1 . 7 2 0 . 8  1.1rt0.6 
HA 0.5 2 0.2 0.7 2 0.4 0.022 0.02 0 .22  0.3 
HS 0.2 2 0.2 0.3 2 0.2 0.1 2 0.01 0.2 2 0.3 
KS 
ZGAG 5 . 4 2 1 . 0  6.221.0 1.850.8 1.550.8 

CS/DS = chondroitin sulfate/dermatan sulfate; 
HA = hyaluronate; HS = heparan sulfate; KS = 
keratan sulfate; GAG = glycosaminoglycans. 

* Less than 0.01 pg HexN/mg dry weight. 

1; * * * 
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Table 2. Galactosaminoglycan composition in human temporomandibular joint disks 
~~ ~ 

Arthrosis Normal 

Anterior Posterior Anterior Posterior 

Sulfation pattern 
Non-sulfated 0 0 0 0 
4-Sulfated 33 32 65 80 
6-Sulfated 67 68 35 20 

Iduronic acid 36 28 12 15 
Glucuronic acids 64 72 88 85 

Uronic acids 

~~ ~~ ~~ 

The figures express percentages of disaccharides. 

disks showing histologically verified de- 
generative changes were used in the study. 
The light microscopic changes have pre- 
viously been described (10). 

Chemicals 
High molecular weight hyaluronate (HA) 

standard (Healon@) was obtained from Phar- 
macia AB (Uppsala, Sweden). CSs were 
obtained from Sigma (St. Louis, Mo., USA) 
as their grade-I1 and 4-sulfated grade-I 
preparations. Unsaturated disaccharide 
standards (delta-di-4S and delta-didS, re- 
spectiveIy) and idose standards were also 
from Sigma, the latter in an 85% pure 
preparation. Papain (twice recrystallized), 
chondroitinase AC, chondroitinase ABC, 
chondroitin-4-sulfatase, and chondroitin-6- 
sulfatase were all obtained from Sigma. All 
other reagents were of analytic grade. 

The tissue was digested with papain (13) 
for 4 h at 65"C, the digestion buffer con- 
taining 0.05 M ethylenediaminetetraacetic 
acid (EDTA) to decalcify the tissue. The 
uronic acid containing GAGs was pre- 
cipitated from these digests by the addition 
of 4% cetylpyridinum chloride (CPC). For 
further purification of CPC-precipitable 
GAGs, the pellet obtained was dissolved in 
0.4% CPC and 60% n-propanol, whereafter 
the GAGs were reprecipitated with four vol- 
umes of a 9:l mixture of ethanol and 25% 
w/v sodium acetate in water (14). After 
being washed in 99% ethanol and sub- 
sequently lyophilized, the precipitate was 
dissolved in 24 mM Tris buffer, pH 7.5. The 

CPC supernatant was analyzed for its con- 
tent of non-precipitable GAGS-that is, 
keratan sulfate (KS), as described below. 

Analytic procedures 
To analyze the contents of HA, CS, and 

DS, an aliquot containing 50-150 pg uronic 
acid/ml of the GAG preparation was 
digested overnight at 37°C with a mixture 
of chondroitinase AC and chondroitinase 
ABC, using 0.1 U of each enzyme/ml of the 
digestion mixture. To measure the contents 
of HA and galactosaminoglycans (CS and 
DS, respectively), aliquots of these digests 
were further digested by the addition of 
chondroitin-4- and chondroitin-6-sulfatases 
(0.1 U/ml). The non-sulfated 4,5-unsatu- 
rated disaccharides obtained were then 
analyzed with a high-performance liquid 
chromatography (HPLC) procedure (35). 
To determine the position of the sulfate 
group of CS/DS, another aliquot of the 
chondroitinase digest was chromatographed 
at a higher ionic strength and at a higher pH 
(15) but without preceding sulfatase diges- 
tion. The contents of iduronic acid (IdUA) 
and glucuronic acid (GlcUA) in GAG prep- 
arationsweredetermined by means of another 
HPLC procedure described by Karamanos 
et al. (16). To analyze the presence of chon- 
droitinase-resistant and CPC-precipitable 
GAGS-that is heparan sulfate (HS)-this 
analysis of uronic acids was also applied to 
chondroitinase digests. Hexosamine con- 
tents of the CPC-precipitated GAG prep- 
arations were further analyzed by hydrolysis 
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of the samples, using 8 M HCl for 3 h at 
95"C, followed by lyophilization. The dan- 
sylated derivatives obtained were chromato- 
graphed on a Supelcosil LC 18 column as 
described (17). The supernatant from CPC 
precipitation was taken for analysis of its KS 
content (18). CPC was extracted by repeated 
washing with isopentyl alcohol. The residues 
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Fig. la. Content of hyaluronate in normal and arthrotic 
temporomandibular joint disk tissue. anterior and pos- 
terior portion, in relation to age. lb .  Content of chon- 
droitin sulfate/dermatan sulfate in normal and arthrotic 
temporomandibular joint disk tissue, anterior and pos- 
terior portion, in relation to age. 

were diluted tenfold and added to 0.5 rnl 
DEAE anionic ion exchange columns. 
After the column had been washed with 1 ml 
H 2 0  followed by 1 mlO.05 M LiCl and 1 ad- 
ditional ml of H 2 0 ,  the KS was eluted with 
1.5 m16 M HCl. After lyophilization the hex- 
osamine content of this GAG fraction was 
analyzed for hexosamine contents. 

Results 
The normal disk tissue contained an average 
of 5.4 pg hexosamine/mg tissue dry weight 
in the anterior part, whereas the posterior 
portion was somewhat richer in GAGs, with 
a content of 6.2 pg hexosamine/mg tissue dry 
weight (Table 1). The galactosaminoglycans 
(CS and DS) accounted for 90% of the total 
GAG content in the anterior part and 84% 
in the posterior part. In these galactos- 
aminoglycans 28% (posterior) to 37% 
(anterior) of the disaccharides contained idu- 
ronic acid, demonstrating the presence of 
DS. HA composed 10% of the total GAG 
content. Minor amounts of HS and KS were 
also detected, the former with an IdUA/ 
GlcUA ratio of 13:87 in all tissue fractions. 

The main part of the galactosaminoglycans 
was sulfated in the 6-position, with a 416 
ratio in the order of 1:2 in both the anterior 
and posterior parts (Table 2). The total 
recovery of CS/DS-derived disaccharides 
exceeded that of monosulfated ones before 
sulfatase digestion, which also indicated the 
presence of some non-sulfated moieties. 
There were no signs of oversulfation of CS/ 
DS . 

The values obtained for the content and 
composition of GAGs showed some vari- 
ation with age, as can be seen in Fig. 1. With 
increasing age there was a decrease of HA 
contents, whereas changes in CS/DS were 
less obvious. The older TMJ disk tissue, 
however, contained CS/DS with a slightly 
lower 4/6 sulfate ratio. 

The total amount of GAGs present in the 
arthrotic disks was markedly lower than in 
the normal tissue (Table 1). When estimated 
on a dry tissue weight basis, the concen- 
tration was reduced to 33% or less. This 
change was most apparent in comparisons of 
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the posterior parts of the disks. The dif- 
ference between the anterior and posterior 
tissue fractions was less marked in the OA 
disks, with a GAG composition similar to 
that in normal tissues. 

Thus the galactosaminoglycans were also 
the dominant GAGs in the arthrotic disks, 
smaller amounts of HA and traces of KS and 
HS being present. The composition of the 
galactosaminoglycans in arthrotic disk tissue 
(Table 2) was, however, altered. The pro- 
portion of IdUA was reduced to 12%-15% 
of the CS/DS uronic acid content. The pro- 
portion of 4-sulfated disaccharides increased 
to 65%-80% (anterior and posterior parts, 
respectively). When related to the total con- 
centration of CS/DS, the ratios indicated a 
decrease in the content of both kinds of 
uronic acid, the lowered recovery of IdUA 
being more prominent. Similarly, the 6-sul- 
fated disaccharides were much lower than 
normal disk tissue, whereas the change in 4- 
sulfated disaccharides was much smaller. It 
was not possible to demonstrate an age- 
dependent variation in GAG content and 
composition in the arthrotic disk tissue (Fig. 
1). In no case did the age-related changes 
observed in the normal tissue explain the 
much larger differences found between nor- 
mal and affected tissue. 
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proportion of IdUA in this GAG fraction is 
remarkably different from the trace amounts 
found in hyaline articular cartilage (22), 
which emphasizes the fibrous nature of the 
TMJ disk. The proportion of IdUA observed 
is similar to that in human menisci (27% 
(23)), although higher values have been 
reported in the bovine tendon (21). 

The present finding that HA contributes 
10% of the total GAG content is only slightly 
higher than that in hyaline articular cartilage 
(8% (24)) and in the fibrocartilage of the 
meniscus (7% (20)) , whereas considerably 
lower values have been reported in the bov- 
ine tendon (2% (21)). The GAG compo- 
sition of TMJ disk tissue thus lies between 
that of hyaline cartilage and tendon tissue 
but is similar to that in other fibrocartilages, 
such as in the meniscus of the knee. 

Age-related changes in hyaline articular 
cartilage have previously been shown not to 
involve the content so much as the com- 
position of its GAGs. In hip and knee joint 
cartilages the relative proportion of CS de- 
creases with a simultaneous increase in KS. 
The CS become highly sulfated, whereas 
the 4/6-sulfate ratio decreases (25). Some 
authors have reported that the tissue content 
of HA increases with age (26),  while others 
have failed to verify this (25). The TMJ disk 
tissue differs from these hyaline cartilages 
in that the total content of HA decreases 
significantly with age, whereas the CD/DS 
is less affected. The severe biochemical alter- 
ations observed in arthrotic disk tissue, how- 
ever, cannot be explained by these more 
subtle age-related changes. The posterior 
and anterior tissue fractions from both nor- 
mal and arthrotic disks did not differ much 
in the concentration of total GAGS or in 
their composition, with the exception of the 
content of DS-derived IdUA, which was 
somewhat higher in the anterior load-bear- 
ing area of the normal disk. 

The decrease in the GAG content of 
arthrotic disks is in good accordance with 
previous histochemical findings (4). The 
findings also show some similarities to those 
of Adams et al. (27), who studied exper- 
imental arthrosis in dogs. After sectioning of 
the crucial ligament they found an initial loss 
of GAGS from the meniscus fibrocartilage, 

Discussion 
The content of GAGS (5.4-6.2 pg hexosa- 
mine/mg dry weight) demonstrated in 
normal TMJ disks was in every case con- 
siderably lower than that normally found in 
hyaline articular cartilages, such as in the 
hip joint (19). The fibrocartilage of the can- 
ine knee meniscus also has a higher GAG 
content, amounting to 20 pg uronic acid/mg 
dryweight (20), whereas in bovine tendon 
tissue GAGS occur at a concentration about 
half that of the present findings in TMJ 
disks (21). The finding that CS/DS is the 
major GAG in TMJ disk tissue is not specific 
for cartilage but is a common finding in 
several connective tissues. DS is present 
primarily in fibrous tissues, such as 
fibrocartilage and tendons. The substantial 
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but this decrease reverted to normal, and no 
changes in the ratio of 4/6 sulfate and IdUA/ 
GlcUA could be demonstrated. The present 
extensive changes in the arthrotic TMJ disks 
in humans, compared to those of the men- 
iscus of the dog, may reflect a more long- 
standing, chronic state of the disease. 

Naturally occurring arthrosis of hyaline 
articular cartilage is different from that of 
TMJ disks, since the former is not associated 
with any significant changes in GAG con- 
centration (28). Some experimental studies 
show effects on the GAG contents, but the 
various models seem to be inconsistent in 
this respect (19, 29, 30). 

The GAGs of TMJ disk tissue differ from 
those of cartilage and tendon tissue and show 
some characteristics typical of both these 
tissues. This intermediate pattern is in good 
accordance with the morphology of this 
highly fibrous cartilage. The difference 
between TMJ disk tissue and hyaline articu- 
lar cartilage, with regard to changes in GAGs 
with osteoarthrosis, is substantial. This in- 
congruence may depend on the composition 
of the matrices involved. An initial loss of 
GAGs in hyaline cartilage (25) may affect 
the mechanical properties of the tissue to 
such an extent that it deteriorates, leaving 
only less altered remnants of the tissue. The 
tissue cohesiveness of fibrocartilage may be 
higher due to its higher content of collagen. 
When an equivalent loss of GAGs then 
occurs (27), the tissue may remain macro- 
scopically intact, enabling the resulting alter- 
ation in the content and composition of 
GAG to be demonstrated. 

For a better understanding of the role of 
GAGs it is important to study them in 
their macromolecular organization-that is, 
as PGs-and to elucidate further the proper- 
ties of these complexes. The use of autopsy 
material hampers such studies. To facilitate 
further investigations in this respect, an 
experimental animal model of TMJ disk 
arthrosis is at present being worked out in 
our laboratory. 

ACTA ODONTOL SCANE 50 (1992) 

Acknowledgements-This study was supported by 
research grants from the Swedish Dental Society and 
the Swedish Medical Research Council (project 8274) 
and by funds of the Karolinska Institute. 

References 
1. deBont LGM, Liem RSB, Havinga P, Boering G. 

Fibrous component of the temporomandibular joint 
disk. J Craniomandibular Pract 1985;3:368-73. 

2. Granstrom G,  Linde A.  Glycosaminoglycans of 
temporomandibular articular discs. Scand J Dent 
Res 1973;81:462-6. 

3. Blaustein DI, Scapino RP. Remodeling of the tem- 
poromandibular joint disk and posterior attachment 
in disk displacement specimens in relation to gly- 
cosaminoglycan content. Plast Reconstr Surg 
1986;78:756-64. 

4. Kopp S .  Topographical distribution of sulphated 
glycosaminoglycans in human temporomandibular 
joint disks. A histochemical study of an autopsy 
material. J Oral Pathol 1976;5:262-76. 

5. Isacsson G ,  Isberg A, Johansson A-S, Larsson 0. 
Internal derangement of the temporomandibular 
joint: radiographic and histologic changes associ- 
ated with severe pain. J Oral Maxillofac Surg 

6. Kurita K, Westesson P-L, Sternby NH, et al. His- 
tologic features of the temporomandibular joint 
disk and posterior disk attachment: comparison of 
symptom-free persons with normally positioned 
disks and patients with internal derangements. Oral 
Surg Oral Med Oral Pathol 1989;67:635-43. 

7. Boering G.  Arthrosis deformans van het kaak- 
gewricht [thesis]. Groningen: Rijksuniversiteit te 
Groningen, 1966. 

8. Mejersjo C, Hollender L. TMJ pain and dysfunc- 
tion. Relation between clinical and radiographic 
findings in the short and long term. Scand J Dent 
Res 1984;92: 24 1-8. 

9. deBont LM, Boering G ,  Liem RSB, Havinga P. 
Osteoarthritis of the temporomandibular joint: 
a light microscopic and scanning electron micro- 
scopic study of the articufar cartilage of the man- 
dibular condyle. 3 Oral Maxillofac Surg 1985;43: 

10. Holmlund A ,  Reinholt FP. Disk derangement and 
inflammatory changes in the posterior disk attach- 
ment of the temporomandibular joint. A histologic 
study. Oral Surg 1992. In press. 

11. S a n e  T, Heinegird D ,  Wollheim FA. Cartilage 
proteoglycans in synovial fluid and serum in patients 
with inflammatory joint disease. Relation to sys- 
temic treatment. Arthr Rheum 1987;30:972-9. 

12. Carroll G.  Measurement of sulphated glycos- 
aminoglycans and proteoglycan fragments in 
arthritic synovial fluid. Ann Rheum Dis 1989;48: 

13. Hjertquist SO. The glycosaminoglycans of the 
epiphyseal plates in normal and rachitic dogs. Acta 
SOC Med Uppsala 1964;69:83-104. 

14. Antonopoulos CA, Gardell S,  Szirmai JA, deTys- 
sonsk ER. Determination of glycosaminoglycans 
(mucopolysaccharides) from the tissue on the 
microgram scale. Biochim Biophys Acta 19644;83: 

15. Hjerpe A, Antonopoulos CA, Engfeldt B. Deter- 
mination of sulphated disaccharides from chon- 

1986;44:771-8. 

481-8. 

17-24. 

1-19. 



ACTA ODONTOL SCAND 50 (1992) Glycosaminoglycans in TMJ disks 119 

bovine articular cartilages. J Biol Chem 1985;260: 
6304-13. 

23. Habuchi H, Yamagata T, Iwata H, Suzuki S. The 
occurrence of a wide variety of dermatan sulfate- 
chondroitin sulfate copolymers in fibrous cartilage. 
J Biol Chem 1973;248:6019-28. 

24. Murata K, Bjelle AO. Constitutional variations of 
acidic glycosaminoglycans in normal and arthritic 
bovine articular cartilage proteoglycans at different 
ages. Connect Tiss Res 1980;7:143-56. 

25. Inerot S, Heineglrd D. Bovine tracheal cartilage 
proteoglycans. Variations in structure and com- 
position with age. Collagen Re1 Res 1983;3:245-62. 

26. Bayliss M, Ali Y. Age-related changes in the com- 
position and structure of human articular cartilage 
proteoglycans. Biochem J 1978;176:683-93. 

27. Adams ME, Billingham MEJ, Muir H. The gly- 
cosaminoglycans in menisci in experimental and 
natural osteoarthritis. Arthritis Rheum 1983;26:69- 
76. 

28. Inerot S, Heineglrd D, Andell L, Olsson SE. 
Articular cartilage proteoglycans in ageing and 
osteoarthritis. Biochem J 1978;169:143-56. 

29. McDevitt CA, Muir H. Biochemical changes in the 
cartilage of the knee in experimental and natural 
osteoarthritis in the dog. J Bone Joint Surg [Br] 
1976;58:94-101. 

30. Inerot S. Studies on cartilage proteoglycans in age- 
ing and degenerative disease [thesis]. Lund: Uni- 
versity of Lund, Studentlitteratur, 1983. 

droitin sulphate by high-performance liquid chro- 
matography. J Chromatogr 1979;191:339-44. 

16. Karamanos NK, Hjerpe A, Tsegenidis T, Engfeldt 
B, Antonopoluos CA. Determination of iduronic 
acid and glucuronic acid in glycosaminoglycans after 
stoichiometric reduction and depolymerization 
using high-performance liquid chromatography and 
ultraviolet detection. Anal Biochem 1988;172:410- 
19. 

17. Hjerpe A, Antonopoulos CA, Classon B, Engfeldt 
B. Separation and quantitative determination of 
galactosamine and glucosamine at the nanogram 
level by sulphonyl chloride reaction and high-per- 
formance liquid chromatography. J Chromatogr 
1980;202:453-9. 

18. Anseth A, Antonopoulos CA, Bjelle A, Fransson 
LA. Fractionation and quantitative determination 
of keratan sulphate using cetyl pyridiniumchloride 
and Ecteola cellulose. Biochem Biophys Acta 

19. Mankin HJ, Lippiello L. The glycosaminoglycans 
of normal and arthritic cartilage. J Clin Invest 

20. Adams ME, Muir H. The glycosaminoglycans of 
canine menisci. Biochem J 1981;197:385-9. 

21. Vogel KG, Heineglrd D. Characterization of pro- 
teoglycans from adult bovine tendon. J Biol Chem 
1985 ;260: 9298-306. 

22. Rosenberg LC, Choi HU, Tang L-H, et al. Isolation 
of dermatan sulphate proteoglycans from mature 

1970;215:522-6. 

1971 30: 1712-9. 

Received for publication 14 October 1991 




