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SUMMARY: Osteoporosis was induced by feeding a low-
Ca high-P diet for 41 weeks to Beagle dogs, and dietary
fluoride supplements were given to obtain daily fluoride
intakes of about 0, 25, 85, 300, and 1, 000 ug/kg body
weight, Bone radiography, specific gravity, bending and
tension tests, and ash-per-volume revealed no effect of
fluoride on the degree of osteoporosis. However, densi-
tometry measurements showed that mineral mass de-
creased significantly with increased dietary fluoride, and
this was accompanied by a marked increase in bone ash
phosphorus and a slight decrease in ash calcium, Fluo-
ride content of bone ash was proportional to dietary fluo-
ride, and was higher in vertebrae than in long bones.

Osteoporosis can be readily induced in various mammalian species by
feeding a diet high in phosphorus and low in calcium (1), Such diets induce
secondary hyperparathyroidism, with consequent attrition of bone which is
not necessarily mediated by osteoclastic activity, but can occur via the pro-
cess of osteolysis (2), Studies of diets for various mammalian species have
repeatedly shown that, to ensure proper bone integrity, the dietary Ca/P
ratio must be in the range between 1,0 /1 and 1.5 /1 (1,3).

In a survey of the intake of calcium and phosphorus in human popula-
tions throughout the world, Henrikson (3) has found that calcium intake can
range from 1, 33 g/day to 0,35 g/day, Data concerning phosphorus intake by
humans is very scarce. The only value that Henrikson was able to find was
for the United States, where a phosphorus intake of 2,94 g/day was indicated
(3). Thus, with a calcium intake of 1,12 g/day, the Ca/P ratio in the U, S,
diet appears to be 1.12/2,94, or 0,38, This is far below the Ca/P ratio of
1.0/1 to 1.5/1 required by other mammalian species.
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Method

It has often been suggested that fluoride can prevent osteoporosis (cf4),
It was therefore decided to evaluate the possible influence of fluoride on the
osteoporosis induced by a high phosphorus low calcium diet, For this study,
our subjects were adult Beagle dogs. During growth, the dogs were fed a
commercial pelleted food that contained 2,15% calcium and 1.40% phosphorus
or Ca/P ratio of 1/5, This provides much more calcium and phosphorus than
recommended by the U,S, National Research Council for this particular species
(i.e., 0.54% calcium and 0, 42% phosphorus), and therefore ensured that there
was no deficiency (5).

The experimental diet was prepared from chemically pure ingredients,
and analytical reagents were used in the mineral mixture, This experimental
diet contained 0,12% calcium and 1,20% phosphorus, and represented conditions
previously used to induce nutritional secondary hyperparathyroidism in Beagle
dogs.

The fluoride levels were selected so as to provide the following in-
takes on a "mg F~ per kg body we_ight" basis:

.026 .087 ,295 and .975(mg/kg/day)

When expressed in relation to a 70 kg human, these fluoride levels are
equivalent to:

1.82 6,09 20.65 and 68,25 mg/day.

The highest fluoride level is that recommended for '"high fluoride therapy"

of osteoporotic patients (4). The second-highest represents the approxi-
mate fluoride intake per dialysis, when patients are treated by hemodialy-
sis using fluoridated water (6). A fluoride intake of 6 mg per day has been
said to be helpful in avoiding osteoporosis in humans (7) while the lowest
fluoride level is the approxdmate daily intake in communities where the drink-
ing water contains essentially no fluoride (8). Non-fluoridated water was
supplied ad-libitum. All dogs were vaccinated against distemper and infect-
ous hepatitis, The experiment lasted 287 days.

Results

This report summarizes some of the physical and chemical properties
of the bones of these dogs in this study. Details have been published else-
where (9). Subsequent reports will deal with mineral metabolic balances,
Ca%s kinetics, and histochemical observations on the same dogs.

1. Pronounced osteoporosis had developed in all dogs, at the

conclusion of the experiment, as revealed by pre-and post-
experimental radiographic examination of canine and molar
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teeth, and mandible bone, Laminae durae were no longer vis-
ible in mandible, and recession of interdental crests had oc-
curred, along with a striking reduction in overall density, How-
ever, there were no differences due to the level of fluoride,

2. Microradiographic examination of various bones revealed
that, regardless of dietary fluoride, osteoporosis was most
severe in alveolar bone, then in vertebrae, and least in the
long bones, Again, fluoride did not influence loss of bone.

3, Densitometry of mandibular bone was determined by mea-
suring the transmission of a monoenergetic I photon beam
as it was moved across the first molar and the ramus of the
mandible, As the level of dietary fluoride increased, the min-
eral content of both the molar tooth and mandible decreased.
This trend was statistically significant at the 2 1/2% level,
The two lower fluoride conditions caused a loss of about 9%
in mineral density; the 2 higher fluoride levels resulted in a
loss of approximately 28% in density, when compared with the
bone density in the control dogs which had not received fluo-
ride supplementation,

4, Specific gravity and ""ash content" of various bones re-
vealed no significant differences caused by fluoride, although
osteoporosis was again seen to be more severe in vertebrae
than in long bones, This apparent conflict with densitometry
results suggested a change in composition, but not in weight,
of bone ash components,

5. Ashed bones were dissolved in 4% HC1 and analyzed for cal-
cium by atomic absorption, for phosphorus by auto-analyzer,
and for fluoride by means of the fluoride electrode, As the
dietary fluoride increased, the fluoride content of vertebral
ash increased by factors of 1,5, 2,4, and 6-fold, In the ash
from long bones, the fluoride increment was only about one-
half of this,

The ash calcium and phosphorus revealed what Schatz (10)
might term a "paradoxical" effect., As the level of dietary
fluoride increased, the ash calcium increased by 3%, then
decreased to values 2 to 5% lower than in controls, In con-
trast, ash phosphorus at first decreased by 10%, then be-
came 10 to 15% higher than in controls, Thus, as dietary
fluoride was increased, the Ca/P ratio in bone ash increased
by 15%, then dropped to values 10 to 15% below that of con-
trols,
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6. Beary (11) has described an experiment with rats, in
which increasing dietary fluoride reduced the strength of
rat femurs, although they gained in elasticity. We conduc-
ted similar tests on the dog bones, but bending and tensile
strength measurements were not influenced by the level of
dietary fluoride. One might conclude that, in comparison
to dog bone, the rat bone is a much younger bone chronologi-
cally, and thus, its greater pliability might make it more
responsive in terms of such parameters,

Lonclusion

The above data warrant the conclusion that the proper prophylaxis

and therapy of the bone disease with which we are dealing and which is remi-
niscent of human osteoporotic conditions are correct calcium and phosphorus
nutrition -- not fluoride supplementation,
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11,
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