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The toxic action of ingested fluorine compounds was first 
observed ·among people living in places where the fluorine content 
of the water was high. The clinical picture was dominated by 
the easily detectable lesions in the enamel of the teeth. Later 
injury to domestic also was found. Bovines have been 
veported to be more sensitive than man, and they are the most 
susceptible among the domestic animals, the susceptibility de­
creasing in the order: Cattle, sheep, rabbits, swine, rats and 
poultry (Phillips et al. 1955). 

The sources of fluorine in cases of bovine fluorosis are several. 

1. High fluorine content in mineral supplements. 
2. of .fluorine-containing gases and dusts.from indu&tri-

al plant-s. · 
3. Raised fluorine content in the dr·inking water. 
4. Fluorine-bearing soil's deposited upon forage by wind and rain. 

The first cases of bovine fluorosis observed were caused by 
mineral supplements. Rock phospha1e contains approximately the 
same amount of cakium and phosphorus as bone meal but has 
a considerably lower cost. It is therefore widely used. The product 
was not usually defluorinated until mol'e recently, when the often 
very hi1gh fluorine content, 2--4 %, was recognized. Severe 
toms of fluorosis in dairy herds using raw uock .phosphate were 
reporited by Agate et al. (1949), Dale & Crampton (1955) and 
Maplesden et al. (1958). Reed & Huffman (1930), on the basis 
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of a 5 year mineral feeding investigatii<>n, distinctly warned 
against feedii.ng flaw rook phosphate. Ln their experiments the 
coWIS got badly wom teeth with enamel defects, ankylosis and 
widespread exostoses. 

Fluorosis in cattle due to emission of fluorine-containing 
gases and dusts from industrial plants is an imporitant and in­
crea-sing hazard t.o ·the live&tock in .indus.tri·a"lized countries. Cases 
are descri·bed from Norway by Slagsvold (1934) in cows Hving 
in farms in .the vicinity of an aluminium factory. ln the vicinity 
of chemical factories in Germany with fluorine-containing emis­
siorus Cohrs (1941) .found rtypioal cases of fluorosis in bovines. 
Blakemore et al. (1948), and Burns & Allcroft (1964) reported 
fluorosi.s in cattle in farms in industrial areas in England. They 
found lameness .and skeletal chan•ges. The same symptoms were 
observed by Udall & Keller (1952) in herds of cattle near alu­
minium plants in USA. 

Fluorosis caused by high Huoriine content in the drinking 
water is m ore seldom observed than <the cases of industrial ori­
gin and they usually are not so severe. The risk for this type of 
fluorosii.s is of cour.se larger in places where the climarte is hot 
and the water intake high. A contri·buting factor to the risk is 
that, accordii.ng to experimental results, fluorine intake does in­
orease the water intake. Several cases are reponted from the USA. 
In Arizona, Rand & Smith (1952) observed fluorosis in some 
farms with a raised f.luorine contell't in the wells. In those farms 
where the water con<tained 4.8-5.1 p.p.m. or where the animals 
spent only part of theill' lives wiith a water containing 16 p.p.m. 
there were no other symptoms than ·tooth lesions. In another 
farm with 18 p.p.m. in the drinking water, the cattle showed an 
unthrifty condition with mild emaciati•on and Jamenes•s. The 
tieeth were mottled and severely worn. Ockerse (1941) found 
severe tooth lesions in cattle on a farm where the drinking water 
contained 11.78 p.p.m. fluorine. Neeley & Harbaugh (1954) found 
dental lesions but no other sympt-0ms in a herd in Texas, where 
the water contained 4-5 p.p.m. fluorine. Ezaki (1959) observed 
enzootic fluorosis in Japan in a.reas where the drinking water 
was rioh in fluorine. Mottled teeth appeared at the inge&tion of 
at least 0.5-0.6 p.p.m. of fluorine in the water. No other symp­
toms were recorded. Murray (1967) diagnosed fluorosis clinically 
on .the basis of tooth and bone involvement ilil a herd of carttle in 
Kenya, where ,the fluorine level in the drinking wat·er was 1.5-
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9.2 p.p.m. The affected catt1e was in poor condition with low 
milk production and severe lameness. The incisor teeth showed 
severe wear and were pigmented and pitted. In some farms in 
Sweden fluorosis was observed to be caused by a combination of 
the fluorine content of the mineral supplement and of the drink­
ing water. The symptoms appeared when rthe .farmers began to 
use new deep-bored wells which had .a mod•erately elevated flu­
orine content.*). 

Occasionally fluorosis occurs due to surf.ace oontamination of 
plants, where .the soil contains large amoulllts of fluorine. This 
is seen in Morocco (Velu 1931, Gaud et al. 1934), where t:he 
climate is dry and dusity, and in Tenessee, where animals are 
grazing on fluorine bearing phosphatic limestone soils (Merriman 
& Hobbs 1962). 

Also volcanic eruptions could give rise to contamination of 
the vicinity with fluorine. This has been r.eoorded in Iceland 
af>ter the eruption of Hekla in 1845, where sheep in the following 
years showed typical symptoms of fluorosis (Roholm 1937). 

It has been of very wide interes.t to determine the effects of 
fluoride ingesmon on ,the living :animal. When fluoride enters 
the organism, either per os or parenteraHy, it riapidly leaves ·the 
blood and enteiis the skeleton and the teeth. lt is beLieved that 
this is an attempt from the organism to proteot the soft tissues 
f.rom the toxic aotion. In the bone the fluoride 1ion substitiutes for 
the hydroxyl ion ·the apatite. As .this compound is less soluble, 
fluoride has a .stabilizing effeot on bone and reduoes the sus­
ceptibility of enamel and dentine to caries. When F 1s was given 
intravenously cattle Bell et al. (1961) found that after 240 min. 
only 4 % of the dose remained in the blood. In experiments 
wi.Jth F 18 Wallace-Durbin (1954) found rthat .the concentration in 
the skeleton was maximal 4 hrs. after the ingestion. In fhe skele­
ton the fluorine has a preferential localization to the primary 
spongiosa beneath the epi·physeal cartilage. deposits also 
a11e established under the periosteal and endosteal ·surface and 
in places in the trabeculae (Perkinson et al. 1955). When extra 
fluoride is ingested a part is bound by bone and the remainder is 
excreted in :the urine. If the input later on is dimini'5hed, the out­
put of .fluoride will exceed the input for a long time, often several 
years (Largent 1952). 

•) These cases will be described in a following publication. 
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As .the ionic bond between tihe fluoride and calcium ions in 
the apatite ·structure is -shor-t and sbabLe, the removal of calcium 
is rendered mor.e dHficult in fluorosis (Havivi & Guggenh eim 
1966). This will cause a para.thyroid stimulation which is 
evidenced both in experiments with intraperitoneal lavage with 
rats (Yates et al. 1964) and by studying the u1triastmcture ·of the 
parathyroid in lambs with fluorosis (Faccini & Care 1965). 

It has long been known that fluoride has an inhibitory effect 
on many enzymes. In tissue cultures it has a depressing effect 
(Berry & Trillwood 1963, Proffit & Ackerman 1964). In the ef­
ftect on bone pvobably a compeiliSatory mechaniS>111 exis>ts through 
stimulation of the parathyrnids, but if the dose is .too high, only 
the depressing eff eot is seen wiith the reduction of bone growth 
(Faccini 1969). Fluoride wiH also depress the effect of enolase 
and thereby prevent tihe glycolysis. Also the lipases are very 
sensitive. Through affinity to Mg -and Mn the fluoride might 
interfere with many enzyme aotivirties. In the blood alkaline 
phosphatase seems to be rais·ed in fluorosis (Weidman et al. 1959, 
Miller & Shupe 1962). 

A question of wide practical importance is ·the tolerance level 
of foluorine. The toxicity depends upon the solubility of the com­
pound which is administered. When fluoride is given as sodium 
fluoride it <is about twice as toxic as fluorspar (CaF2), r·ock phos­
phate or cryolHe in small doses. W.hen the dose .i·s higher, the dif­
ference will increase .stiU more (literature, see Grieser & Bronsch 
1964). In experiments with cattle Greenwood et al. 1964, observed 
tihat fluorine in the form of calcium fluoride was less than half 
ais toxic as sodium f1luoride or industrial residue fluoride. 

Bronsch & Grieser (1964), made ·a critical review of the litera­
ture on ·the fluorine toxicity. In several of the ·experiments in 
cattle sodium fluorid'·e has been used. In these cases it is not 
possible to compare ·the reSl\llits with other experiments, where 
rock phosphate is the source of fluoride. When f.luorinre is given 
as sodium fluoride or when ill occurs in ·the drinking water the 
highest tolerable dose was 1-1.5 mg F /kg body weight and the 
toxic dose 1.5-2.5 mg/kg body weight or equivalent ito 40 p.p.m. 
in the rfeed. Wi1th rook phosphate the <tolerance dose was 2.5-3.6 
mg F /k!g body weight and 1tihe toxic dose 5.5 mg F /kg body weight 
or 260- 300 p.p.m. in the feed. 

The toxici,ty of fluoride is also depending on the mineral con­
tent in the .ration, especiailly the content of calcium but also of 
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Figure 1. P 4627/62. Fluorosis. Calf. Incisival milk teeth with 
severe enamel defects. 

F i g u re 2. P 4627 /62. Fluorosis. Calf. Molar teeth from the same 
calf as in Fig. 1. Excessive wear on some of the milk molars with hook 

formaHon on the opposite tooth. 
Figure 3. P 1685/65. Fluorosis. Calf. The incisival milk teeth are 

worn down to the gum. 

phosphorus. If these minerals are lacking, the tolerance to flu­
oride i's diminished. 

In experiments, calcium decreases and molybdenum increases 
the resorption of fluoride from the gut (literature, see Grieser &: 
Bronsch). 
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When cattle inge.sts increased quantities of fluoride during 
the period of tooth development the f·iir·st lesions occur in the 
enamel. In ·the enamel chalky flecks or dark spots •and furrows 
are seen (Fig. 4). 

In more advanced cases more or less widespread defects will 
be found (F1igs. l and 4). Excessive wear occurs in the 
which could be WQll'n down to the gum (Fig. 3), and in the molars. 
where hooks often ar.ise on the opposite teeth (Fig. 2). When the 
fluorine content is low, no other symptoms are observed. Mottled 
or defective enamel is only a sign that fluoride initak:e was raised 
during the developmenrt of the teeth and says nothing of the 
actual intake. If ithe teeth are al-ready erupted, when fluorine is 
given, 1the teeth will not show any lesions. 

M toxic doses of fluoride •are r·esorbed, stiffness and lameness 
wm follow. It is typical .that the lameness is often shifting from 
one leg to another and it is of intermittent character (Suttie et al. 
1958). Fracture of the ped•al bone is often descr.ibed (Allcroft & 
Burns 1968). The coat will be rough and d·ry and the skin tight. 
In advanced cases the milk pr-Oduction will sink (Dale & Cramp­
ton) and may follow (Cohrs). Localized hyperostoses 
occur on the skeleton, especially on the mandible, the 11ihs, the 
metatarsals and mebacarpals (Fig. 6). 

Fluoride has a complex action on the skeleton. Wi·th low, re­
peated doses, as in the cryoli.tJe wo11kers, Roholm found osteo­
sclerosis and abundant subperiosteal bone proliferiation with 
ossification in ligaments and joint capsules. The lesions were 
most prominent in ·the lumbar spines. Osteoscler-osis is a common 
symptom in man in those places, where the dr·inking water con­
tains more or less fluorine. Osteosclerosis of <the compact bone 
and excessive proli.feration of very dense subperiosteal hypero­
stoses were also found by Kellner (1939) in experiments with 
nearly adult d<>gs, when a small dose of fluorine was given. In 
long term experiments with rats Rockert & Sunzel (1960) and 
Rockert (1963) in microradiograms found osteosclerosis in the 
spines. Wilth heavier doses of fluoride, as in most of the experi­
mental work and usually in sponfaneous cas·es in cattle, osteo­
poros·is instead of os·leosclerosis is a characteri1stic finding (Figs. 
5 ·and 9). Osteoporosis is particularly marked in cattle with fluo­
rosis of industrial origin. In such cases the compact bone is 
porous and .numerous haphazardly localized exostoses are found 
subperiostally. Also subendosteally there i's a lively proli.feration 
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Figure 4. P 729/65. Fluorosis. Bull-calf. The milk incisives have 
large enamel defects. The permanent incisives have erupted unsym-

metrically and have dark furrows in the enamel. 
Figure 5. 0 3369/62. Fluorosis. Calf. Femur. Marked osteoporosis. 
Figure 6. P 729/ 65. Fluorosis. Bull-calf. Metacarpus. Several exo­
stoses near the carpal joint (top arrow) and rough areas in places on 

the surface of the bone (lower arrow). 
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Figure 7. Normal epiphyseal line. Calf. Haematoxylin and cosin, 
30 x. 

Figure 8. 0 3369/62. Fluorosis. Calf. Epiphyseal line. Strong osteo­
porosis with insignificant osteoid production on the trabeculae. Hae-

matoxylin and eosin, 30 X. 
Figure 9. 0 1453/63. Fluorosis. Calf. The epiphyseal line is 
broadened and uneven and with elongated rows of cartHage cells. The 
spongy bone is osteosclerotic. Large cartilage islands in the trabeculae. 

Haematoxylin and eosin, 30 X. 
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F i g u r e 1 0. Normal compact bone. Calf. Concentrically lamel­
lated Haversian systems which are symmetrJcally placed. Haema-

toxylin and eos.in, 300 X. 
Figure 11. P 539/63. Fluorosis. Heifer. Compact bone from the 
mandible. Marked osteosclerosis. The structure is very irregular with 
woven bone (arrow) alternating with lamellar bone. The calcium con­
tent is very uneven and the numerous hyperchromatic lines give the 

bone a mosaic structure. Haematoxylin and eosin, 150 X. 
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of new bone. Microscopically Haver's canals are wide and covered 
with osteoid seams. The osteoclasts may be more or less abundant. 
The hyperostoses consist of coarsely bundled wov.en bone which 
is calcified. The bone ma:rrow consists of 'a fibrillar 
network poor in cells (Fig. 8). The picture of the lesions is com­
pared with osteomaliacia. (Lilleengen 1934, Cohrs, Blakemore 
et al.). 

In the studies of fluoride intoxication in experimental animals 
the bone lesions have been followed in detail (Bauer 1945, Wea­
therell & Weidmann 1959). In the cartilage ·the hypertrophic 
ca11tilage ceMs were more numerous. The length of the cartilage 
columns was increased (Faccini 1967), (Fiig. 8). The capillaries 
invade the cartilage cells unevenly and with difficulty so that the 
cadilage border is dented (Firg .9) iand isolated i·slandis .of cartilage 
appear. The bone apposition in the primary spongiosa is very 
meager and the junction of ithe primary spongiosa and the car­
tilage is fragile (Fig. 8) (Belanger et al. 1958). The trabeculae 
have osteoid seams and the osteoblasts are more numerous in the 
productive areas. The bone marrow is fibrous and poor in cells. 
In .the oompacta Haver's canals are wide with osteoid seams and 
in places there -are resorption cavities with an increased number 
of osteoclasts. The structure of the bone is often very irregular 
with lamellar bone interrupted of areas of less differentiated 
woven bone and .there are al•so variiatiions in the calcium content 
(Fig. 11). In places .the periosteum is thickened and rich in cells 
and tirabecul·ar osteoid tissue is produced. The trabecula.e consist 
of coarsely bundled woven bone. When they mature they get 
calcified and ane laiteir replaced by sclerotic 1'8.ID.elliar bone. They 
are growing at right angle from the bone surface. 

Havivi & Guggenheim have provided evidence that fluoride­
conbaining ·bone in mice resists resorption, when they are given 
injections of parathyroid ex,tract. To maintain ·the serum calcium 
at a normal level a hyperactivity of the parathyroid g1ands will 
be necessary (Faccini 1967). In fact, the principal lesions in the 
skeleton in fluorosis correspond with ·the effect of hyperactivity 
of the parathyroid glands. A study of the parathyroid'S in fluo­
rosis has also revealed a picture indicating hyperactivity (Faccini 
& Care, Faccini 1967). 
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