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Editor’snote: Dr. Be'ly presentsan excellent description of the
pathologic processes in degenerative arthritis and a report on ex-
perimental osteoarthritis produced in rats by sodiumfluoride. The
relation of fluoridated water to the human disease isunder further
investigationin Hungary.

MiklosBe'ly, M.D.

Osteoarthritisis adegenerative process|eading to progressive
damage of the articular cartilage and secondary disintegration of the
articular surface of bones. Several factorsare known to havearole
in the pathogenesis of the disease in secondary arthrosis. If the
etiologic factor isunknown, thetermidiopathic or primary arthrosis
is used.

The degenerative processtakesplacein thearticular cartilage,
consisting of chondrocytesand intercellular matrix. Theintercellular
matrix is formed by a structure of collagen fibrils embedded in a
proteoglycan matrix. Thecollagen fibrilshaveacharacteristic orien-
tation. Originatingintheborder-line between boneand cartilage, the
fibrilsrun vertically upward to the surface of the articular cartilage,
therebend and run further parallel with the surface, forming adense
layer, the so-called lamina splendens. Thefibrils of the tangential
zone, that run tangentially to the chondrocytes, are named
“interterritoreal fibrils” The other part of the collagen fibrils— the
territoreal fibrils— are organized circularly around the chondrocytes.
The territoreal fibrils form sequences of linearly arranged
microspheres.

This particular collagen structure provides the special biome-
chanical characteristicsof thearticular cartilage. Thevertical fibers
ensureresistance agai nst twisting, tracting shearing stress, thelamina
splendens serves as a shield, the linearly arranged microspheres
resist against pressing forces. Thelower zone of the articular carti-
lageissclerosed, so the physio-chemical properties of thiszoneare

similar to the characteristics of the subchondral bonetissue, provid-
ing firm connection between bone and cartilage.

Four zones can be distinguished from each other inthe articular
cartilage according to the orientation of collagen fibrils:

IV: Lower, sclerotic zone.

I11: Vertical zone.

Il: Zone of bending.

I: Zone parallel with the surface.

Theother congtituent of theintercellular material istheso-called
matrix. The matrix consists of aggregates, composed by
proteoglycans bound to molecules of hyaluronic acid. The
proteoglycans are mucopolysaccharides (new name:
glycosaminoglycane) bound to carrier proteins. Binding proteins
bind the proteoglycans to molecules of hyaluronic acid. the muco-
polysaccharides— strongly hydrophilic dueto their negative charge
— haveamainrolein the biomechanical propertiesof the cartilage.
Their great water binding capacity (they can bind as much as 10,000
timeslarger amounts of water than their own) providestheelagticity
and load bearing potential of the cartilage.

The chondrocytes are responsible for the balance of matrix,
synthesized by them.

According to agenerally accepted principle, the metabolic dis-
turbance of chondrocyte activity isinthe center of the pathogenesis
of arthrosisinthe case of primary arthrosis. The synthesizing activ-
ity of chondrocytesdecreases, and probably abnormal matrix struc-
turesare also generated. A part of chondrocytes becomes degener-
ated, so enzymes, further damaging the structure of matrix get re-
| eased:

— mucopolysaccharidase, splitting the mucopolysaccharides
off fromtheir carrier proteins;

— protease, breaking up the carrier and binding proteins;

— hyaluronidase, decomposing the molecules of hyaluronic
acid, that keep the proteoglycane aggregatestogether;

— collagenase, damaging the bridges of collagen fibrils, that
collapseafter all.

The fragments of articular cartilage cause synovitis; the en-
zymes, rel eased during theinflammatory processfurther increasethe
enzymatic destruction of chondroid tissue. Because of the damage
of chondroid tissue, the surface of the articular cartilage becomes
incongruent, so the remaining congruent surface getsrelatively over-
loaded (unchanged load pressesasmaller intact surface). Therela-
tive overload further increases the destruction of the articular carti-
lage. The degenerative processis a so-called vicious circle. The
causethat startstheviciouscircleisknown in secondary arthrosis.

For example, inthe case of syringomyelia, or tabesdorsalis, the
viciouscircleisstarted by the overload of articular surfaceduetothe
disturbance of bathyesthesiaof joints. Inthe case of haemarthrosis,
positiveionsaccumulatein thejoint, so the negative charge of muco-
polysaccharides becomes neutralized. The mucopolysaccharides,
therefore, losetheir water-binding capacity, so the el asticity and load-
bearing potential of thearticular cartilage decreases.

In the case of ochronosis, a pathologic metabolite, the
homogentisine acid destroysthe chondrocytes, the synthesizing po-
tential of chondrocytes decreases, and enzymesfurther damaging the
matrix get released.

Four clinical-radiological stagesof arthrosisare distinguished:

Stagel: Mildclinical symptomsappear. Discrete sclerotization
of the cotyloid cavity can be seen onthe X-ray picture of the affected
joint, thearticular space and the condyle remain intact.

Stage Il: The movability of the joint decreases because of the
pain at the start of amovement, and therigidity of thejoint. There
appear small cystsinthe cotyloid cavity, and fine osteophyteson the
X-ray picture.
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Stage I11: The movability of the joint becomes significantly
limited. Secondary inflammation may occur. Cystscan be observed
either in the cotyloid cavity or in the condyle on the X-ray picture.
Thearticular space becomesirregularly narrowed.

StagelV: Thejointismoreor lesstiff, immobile. Secondary
inflammati on often takes place, signs of muscle decompensation are
observable. Severedeformation of thejoint can be disclosed onthe
roentgenogram: deformation of the condyle and acetabulum, cystic
degeneration, detritusin the articul ar cavity, bizarre osteophytes, ex-
tremely narrow articular space.

The synovia membrane and cartilage of the joint and the sub-
chondral bonetissue areinseparables[and] form an interdependent
functional unit. The above mentioned viciouscircle processleading
to increasing destruction of the joint is accompanied by reactive
synovitis. Secondary changes occur in the subchondral bonetissue
too. Theincongruence of the surface of thearticular cartilageleadsto
theoverload of theintact, congruent partsof thejoint. The subchon-
dral bone trabecules may collapse; therefore secondary necrosis of
bonetissuein smaller fields may occur. The osteonecrosisincreases
theincongruence, leading to relative overload of theintact areas.

Thisprocessisaviciouscircletoo. The synovial membrane,
articular cartilage and subchondral bone tissue form a functional
unit. Injury of any of these componentsduring anillnessleadsto the
impairment of the other structures of thisfunctional unit.

For example, in the case of primary arthritis, secondary de-
struction of the cartilage and osteonecrosi stakes place; or at primary
necrosis of the subchondral bone tissue, secondary destruction of
the cartilage and reactive synovitis occur.

Casesof primary arthritis accompanied by secondary boneand
articular impairment, due to mycosis, metabolic diseases, and au-
toimmune processes areinterpreted.

Cases of aseptic bone necrosis dueto traumaor systemic dis-
eases (osteonecrosisdueto sickle cell anemia, dysbaric trauma, ste-
roid administration, etc.) areinterpreted.

If the aseptic necrosis occursin the subchondral region, impair-
ment of the articular cartilage and synovial membrane can be dis-
closedinevery case.

Thehistologic differential diagnosisisvery important because
thetherapy and prognosisisdifferent in osteo-arthrosis of different
origins.

Changesin the Collagen Structure
of Bone Tissuein Experimental Fluorosis
Introduction

According to experi[ments] in human [physiology], about 10%
of thewhole preexisting bonetissueisreorganized in ayear.12 This
perpetual process of rebuilding, remodeling the bonetissueisdueto
the action of multicellular functional units (BMU, BRU or BSU),
consisting of osteoclasts and osteoblasts. It is generally accepted
fact, that sodium fluoride causes enlargement of the whole bone
mass. Thereis no confirmed and generally accepted theory in the
literature yet as to how NaF influences bone tissue whether the
enlargement of the bone massisdueto increased osteopoesis (stimu-
lation of osteoblasts)4:5:8,9,13,14,16,18 and/or to decreased bone
absorption (blockade of osteoclasts)1:2,7,:10,11,13,15,17,19  Ay-
thors agree that the formed boneisinferior to normal, the matrix is
irregular46,10,18 the collagen structure of the newly formed bone
tissue differs from normal ,10 and the mineralization is en-
hanced4.8,10,11,13,14,18

Theaim of our experimentswastheinvestigation of the changes
of collagen structurein experimental fluorosis.

Material and Methods

The experimentswere performed on 45 femaleratsin 3 groups.

Fifteen animalswere given 0.5 mg, another 15 animalsreceived 5.0

mg of sodium fluorideintraperitoneally, daily, for 3months. Fifteen
animals— the control group — received physiological saline solu-
tioninthe sameway.

X-ray pictures were taken of the killed animals. Histologic
investigation was performed on both femurs and on thethird, fourth
and fifth lumbar vertebraof theanimals. Thematerial, fixed in 1%
formalin solution wasdecalcified. Thedecalcifying agent consisted
of 24 ml of 85% formic acid, 50 ml 35% hydrochloric acid, and 125
mg distilled water, (imbedded in paraffin, serially sectioned, and
stained with picrosiriusred).2

Theregularity of collagen fibrilsof the preexisting bonetissue
was measured by a polarization optic method according to Brace-
Kohler in 550 nm monochromatic light using an Opton Standard
microscope. The measurements were performed on the corticalis
and spongiosaof both femurs and vertebrae using 5 visual fieldsin
each case. Ten measurementsweremadeinall fields. Theaverage of
retardation values, characterizing the regularity of collagen fibrils
was calculated. Analysisof significance was performed betweenthe
retardation values obtained according to T and Welch (modified T)
tests.

Results

Theretardation values measured in the spongiosaand corticalis
of thefemursand vertebrae are represented.

Theregularity of collagenfibrilsinthe corticalisand spongiosa
of femurs and vertebrae decreased as compared to normal. In the
case of daily administration of 0.5 mg NaF, the observed difference
issignificant.

Administering 5 mg NaF daily for 3 months, the regularity of
collagenfibrilssignificantly decreased ascompared to normal inthe
corticalisand spongiosaeither of thefemur, or of the vertebrae.

Discussion

Theintercellular matrix of bone tissue consists of a collagen
structure, embedded in proteoglycan aggregates. The process of
formation and mineralization of theinter-cellular matrix areinaclose
relation. Isolation injury of any of these componentsisinconceiv-
able. Duringtherecentinvestigation, irregularity of the preexisting
bone tissue's collagen structure could be disclosed by a specific
topooptic method.

Theinvestigations disclosed that the regularity of the collagen
structure of preexisting, differentiated, lamellar bone decreases, so
fluoride exerts its effect not only on the newly generated (newly
formed woven) bonetissue, but also changesthe collagen structure
of the preexisting bone too. In our opinion, these changes can be
considered as part of the toxic effect of fluoride exerted on osteo-
cytes. The changesin collagen structure are certainly followed by
damageto the matrix (proteoglycan aggregate). Weare planning the
selectiveinvestigation of thisfield.

References

1. Baylink, D.J, Berstein, D.S. Clinical Orthopaedics and
Related Research 55: 51-85; 1967.

2. Bely, M. Fluoride 16: 106-11; 1983.

3. Constantine, V., Mowry, R. Invest. Derm. 50: 419-423;
1968.

4. Franke, J. Fluoride 12: 197-208; 1979.

5. Franke, J. Fluoride and bone. Symposium CEMO 9-12
Okt. 1977, Genevie Ed. Medicine et Hygiene 256-262; 1978.

6. Franke, J. Fluoride and bone. Symposium CEM O 9-12 Okt.
1977, Genevie Ed. Medicine et Hygiene 129-143; 1978.

7. Goldhaber, P. Israel J. of Med. ci. 3: 617-626; 1967.

8. Johnson, L.C. Fluoride Chemistry. Acad. Press, New York-
London; 1972: 424-441.

9. Jowsey, J, Riggs, B.L., Kelly, PJ., Hoffman, D.L. Ameri-
canJ. Med. 53: 43-49; 1972.

2



Medical data is for informational purposes only. You should always consult your family physician, or one of our referral physicians prior to treatment.

10. Krook, L., Maylin, G.A. The Cornell \eterinarian 69: 1-
70; 1979.

11. Malcolm, A.S,, Storey, E. Pathology 3: 39-51; 1971.

12. Parfitt, A.M. Clinic and Invest. Med. 5: 163-167; 1982.

13. Petrivic, A., Stuzmann, J.Abstracts Intern. Soc. for Fluo-
ride Res. XI. Annual Conf.: 40-41. Dresden, 8-10 Apr. 1981.

14. Rasmussen, M. Bone Histomorphometry 3: 311-316,
International Workshop; 1980.

15. Rich, C., Feist, E. Fluoridein Medicine. Huber, Bern-
Stuttgart-Vienna; 1970.

16. Ringe, J.D., Kruse, M.P, Kuhlencordt, F. Abstracts In-
tern. Soc. for Fluoride Res XI. Annual Conf.: 44. Dresden, 8-10
Apr. 1981.

17. Spencer, M., Kramer, L. J. of the Am. Coll. of Nutrition 4:
121-128; 1985.

18. Shupe, JL., Miner, M.L., Greenwood, D.A. Ann. N.Y.
Acad. <ci. 111: 618-637; 1964.

19. Weinmann, PF., Sicker, M. Fundamentals of Bone Biol-
ogy. Mosby, St. Louis; 1955: 300-308. Address: (Budapest I1.,
Frankel Leo u. 17-19) 1525 Budapest, 144, Hungary



