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The importance that has been atiributed to osteoporosis in recent times
is demonstrated by figures given by Lutwak & Whedon (1969). In the
U.S. more than 4 million people were found to suffer from osteo-
porosis. Smith & Rizek (1966) even estimated that 14 million women
in the U. S. show a significant vertebral atrophy, and about 1.8 million
have dorsolumbar vertebral fractures without symptoms. The inci-
dence of advanced osteoporosis in the male population is much lower
with advanced age (e.g. 5 to 10 per cent over 50 years of age).

In spite of the above-mentioned importance of osteoporosis the
success of previous therapy methods was not encouraging.

As we have seen massive osteosclerosis (Franke 1968 a, b, 1972 a, b,
d, Runge et al. 1972) in many patients with industrial fluorosis, and
encouraged by the good results with the treatment of the osteoporosis
with sodium fluoride reported in the literature (Rich. et al. 1961, 1964,
1966, Bernstein et al. 1963, 1967, Cohen & Rubini 1965, Adams & Jowsey
1965, Reutter & Siebenmann 1965, Cass et al. 1966, Luckert et al. 1967,
Reutter 1967, 1970, Jowsey et al. 1968 a, b, 1971, Cohen et al. 1969,
Kuhlencordt et al. 1969, 1970, Schenk et al. 1970, Merz et al. 1970,
Thiébaud et al. 1970 a, b, Dalderup 1970, Beickert 1971) as well as by
reports of lower incidence of osteoporosis in high fluoride areas in
Texas and North Dakota (Leone et al. 1955, Leone 1960, Bernstein et
al. 1966), we started sodium fluoride therapy in January 1969. A
report on our first results of this treatment was given by Mattner &
Franke at the Congress of the Orthopaedic Society of the GDR in
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1971. The purpose of this paper is to demonstrate our experiences,
successes and failures with the NaF-therapy of osteoporosis.

MATERIAL AND METHODS

Since that time we have treated 46 patients with sodium fluoride. In the present
paper 33 patients between 31 and 69 years of age with ideopathic osteoporosis are
cvaluated, and one patient with steroid osteoporosis. These patients were treated
for a period 13 to 42 months with sodium fluoride. The time of treatment of the
12 missing patients was too short (under 12 months).

Osteoporosis was diagnosed clinically (diffuse bone pains, loss of height, indirect
and direct compression-pain of the spine), roentgenologically (diminution of the
mineral content, ballooned disks, compression vertebral fractures, determination of
the corticalis-index according to Barnett & Nordin (1960), histologically by means of
iliac crest biopsy (diminution of the hone mass, exclusion of other bone diseases)
and biochemically (failure of specific abnormalities).

The patients were given 20 to 60 mg sodium fluoride per day in three portions,
either as 10 or 20 mg powder or as tablets (“Fluoretten forte”). After the onset of
the effect of fluoride (approximately after 1.5 to 2 years) we reduced the daily
doses to 10 to 20 mg sodium fluoride or we passed over to the interval therapy
with a 4 to 8 weeks’ pause.

Once a year we carried out an accurate clinical examination, such as measuring
the body height, the indirect and direct compression-pain of the spine and the
chest and the sensitivity to tapping of the spine. Patients came to our clinic at
intervals of 6 to 8 weeks, in order to have the serum calcium and phosphorus
levels, alkaline and acid phosphatase determined.

Each year we carried out a radiological control (thoracic and lumbal spinal
column in 2 planes and pelvis). As the usual x-ray picture shows only changes of
the bone density of 20 to 40 per cent mineral-loss (von Leitner 1969, Heuck 1970),
we used a method of comparative radiological densitometry. We took an x-ray
picture of the thoracolumbal transition with an aluminium wedge (9 steps), that
lay in an 18 cm high water-column beside the patient lying on his side. In a ver-
tebral body the relative radiological change of the density was measured with t}}e
photometer (Schnellphotometer des VEB Carl Zeiss Jena) before the beginning of
the treatment and then once a year under equal conditions. With our method it is
not possible to determine the absolute concentration of hydroxyapatite in the
vertebral hody.

In 10 patients we carried out a second iliac crest biopsy after 14 to 27 months of
fluoride therapy. The bone material was decalcified with nitric acid and stained
with azan, hematoxylin-eosin, PAS, alcian-blue. 1n addition, we examined these
preparations histomorphometrically. With the eyepiecemicrometer (VEB Carl Zeiss
Jena) we determined the average thickness of the trabeculae in the biopsy cylinders
before and after treatment with NaF. We measured about 20 trabeculae per patient.
Simultaneously, we determined the volumetric density of the bone with an integra-
tion eyepiece on the basis of the point-counting-volumetry. We counted on the
average 10 visual ficlds per biopsy cylinder. The measurings were compared before
and after treatment and secured statistically by means of Student’s t-test.
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Table 1. Subjective results of 34 patients with osteoporosis after 13 to 42 months
treatment with sodium fluoride.

Group 1
Time of the painless or Group 2 Group 3 Group 4
treatment distinctly improved unchanged deteriorated Total numbers
improved
13-42 months 19 4 5 6 34
27-42 months 15 3 4 4 26

We examined the 24-h-urinary excretion of fluorine and the conditions of the
gastric juice in order to find causes for the failure of our treatment in a few
patients. The 24-h excretion of fluorine was controlled twice a year during the
NaF-treatment. We determined the normal acidity, hyper- and hypoacidity with the
indicator tablets (Acidotest of Chinoin-Budapest Hungary).

RESULTS
Subjective:

Table 1 shows the subjective results of the treatment. Group 1 in-
volves painless patients and persons with intermittent slight back
pains. Group 2 involves patients with distinctly diminished complaints,
which temporarily disappear, and with stronger load capacity of the
skeleton. Both groups comprise 23 patients, i. e. that more than two-
thirds of the patients felt better after the fluoride therapy. An isolated
evaluation of the patients, treated for 27 to 42 months and having re-
ceived much reduced doses in the last half to one year (upper part of
Table 1) yielded similar results (18 of 26 patients show an improve-
ment).

Clinical:

Table 2 shows the behaviour of the clinical symptoms: direct and
indirect compression-pain of the spine, compression-pain of the chest,
sensitivity to tapping of the spine and body height in relation to the
subjective disorders. There is a good correlation and a distinct im-
provement of these findings in more than half of the patients.

Radiological:

In the normal usual x-ray picture we could demonstrate a distinct
increase of the density of the vertebral bone and an enlargement of the

1
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Figure 1. Pat. K. K.: The skeleton shows a clear remineralization after 2 years of
treatment with 40 to 60 mg sodium fluoride per day.

bone trabeculae in 6 patients (only males) with a dosage of 30 to 60
mg/sodium fluoride per day after 18 to 33 months (Figure 1).

In groups 3 and 4 three palients showed an impairment of the radio-
logical findings in the form of a fracture of the femur and two frac-
tures of vertebral bodies. By means of our densitometry method we
examined 23 patients after 1 to 2 years of treatment. Table 3 shows:
an increase of the bone density in 18 persons, an unchanged density
in one person and a decrease in 4 patients. The control of the densitom-
etry revealed the same trend after two to three years of fluoride
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Table 3. Results of the comparative radiological densitometry in 23 patients with
osteoporosis after 1 to 2 years of treatment with sodium fluoride in relation to the
subjective success of this therapy.

Group 1 Group 3
13 patients with Gl.‘oup 2 . 5 patients with G‘.‘OUD 4 .
A s 3 patients with 2 patients with
distinct improvement . unchanged N .
h improvement b deterioration
or painless complaints
++ + = — ++ + = — 4+ + = — ++ -+ =

4 8 0 1 2 1 0 0 0 2 1 2 0 1 0 1

= distinctly improved e¢.g.: increase of the density of the vertebral body of
4 or more steps in the aluminium wedge = 6 patients
+ = improved e.g.: increase of the density of the vertebral body of
1 to 3 steps in the aluminium wedge = 12 patients
= = unchanged e.g.: no increase of the density = 1 patient
— = deteriorated e.g.: decrease of the density of the vertebral body of
1 to 2 steps in the aluminium wedge = 4 patients

therapy. An accurate statement was not possible al this time because
of changed technical conditions (installation of a new x-ray-apparatus).

Biochemical:

Blood phosphate levels, the plasma alkaline and acid phosphatase
levels did not show any distinct changes. The blood calcium levels,
however, showed a significant increase (Student’s t-test) in the course
of the treatment (Figure 2).

The urinary excretion of fluoride did not show any positive trend
resulting from therapy. However, we found a surprising result in the
evaluation of the gastric acid. Of the 11 patients of groups 3 and 4
seven patients showed a reduction or a complete lack of gastric acid.
But in groups 1 and 2, 4 patients only out of 21 had a reduction of
gastric acid. The difference was significant in the x*-test with 1 per
cent likelihood of error.

Histological :

In our histological investigations we found a distinct increase in the
bone mass in spite of the small dose we had applied (Figure 3).

Histomorphometrically we found in 8 patients in measuring the
average thickness of the trabeculae before and after the NaF-treatment
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Figure 2. The average levels of the serum calcium before and during the NaF-
therapy. (The levels for the months 1-6 and 13-18 differ significantly from the
starting levels according to Student’s t-test).

a significant increase to 70 um and in determining the volumetric bone
density by means of point counting volumetry an increase of the bone
mass to 16 per cent (Table 4). The results were made sure by means
of the Student t-test.

The new bone formation developed subperiostally in the form of
fibrous bone formation with beginning transformation in lamellar bone
(Figure 4) and on previously existing trabeculae (Figure 5).

The newly formed bone is in particular irregular and atypical in the
compacta. Figure 6 shows a strongly trickened compacta with irregular-
ly arranged osteons and enlarged cavilies of osteocytes, with osteoid be-
tween them. Spread osteoid seams and the so-called “mottled bone”
according to Johnson (1965) were found only rarely. In one instance
we could identify a so-called “spongiosation of corticalis”, which we
(Franke et al. 1971, 1972 a, ¢) and other authors (Weinmann & Sicher
1955) had established in human and experimental animal bone fluo-
rosis (Figure 7).

In the microradiogram, for which we are indebted to Prof. Dr. Kuh-
lencordt, Hamburg, the newly formed bone shows enlarged osteocytes
lacunae, but almost normal mineralization (Figure 8).
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Figure 3. The increase of the bone mass in the NaF-therapy in 2 patienis:
left side—before the treatment H.E.1:50
right side—afler the theatment H.E.1:50
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Figure 4. Subperiostal new formation of fibrous bone with transformation in
lamellar bone. (Azan 1:80)

EW BONE APPOSITION PREVIOUSLY EXISTING TRABECULA
e p—

Figure 5. Distinct apposition of new bone on previously existing trabecula.
(HE. 1:130)
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Figure 6. Strong thickened compacia with enlarged cavities of osteocyles, between
the oesteons is osteoid. (Azan 1:80)

Figure 7. Spongiosation of the corticalis. (H.E. 1:50)
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Figure 8. Microradiogram. Distinct bone apposition around previously existing tra-
beculae is to be seen. The new formed bone shows enlarged cavities for osteocytes,
but good mineralization. (1:50)

Side effects:

In the beginning of the therapy we observed the following side
effects: nausea, sensation of repletion, gastric disorders, anorexia,
vomitus and diarrhea. The patients with vegetative and pre-existing
gastrointestinal disorders suffered from these complaints more vio-
lently. Since there were no “enteric coated tablets” available, these
gastrointestinal complaints appeared in particular in doses over 40 to
60 mg NaF per day. The highest dose which was tolerated by a patient
was 80 mg NaF per day. Patients with known hyperacidity could not
take in more than 20 mg NaF per day.

Powder and tablets were tolerated differently. In most patients
these disturbances diminished spontaneously after a certain time or
through application of sodium fluoride with much liquid after the
meals.

In 8 patients we observed a very unpleasant side effect, also deseribed
by other authors (Rich et al. 1964, Lukert et al. 1967, Bernstein &
Cohen 1967, Thiebaud et al. 1970 a). These patients complained of
severe pain in the feet, knee or hip joints, Some of them had earlier
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suffered from similar complaints. After temporary reduction of the
dose these pains disappeared and did not appear again laler.

In a woman we observed the following alarming side effect: for a
period of 14 months she received 30 to 40 mg, then, for a period of 12
months 20 mg sodium fluoride per day. After these 2 years she devel-
oped a distinct hypaesthesia in both legs to the navel and in both arms
to the elbows. Apart from a slight peripheral ataxia, the reflex status
was normal. The neurologist diagnosed a sensible neuritis. A toxical
neuro-myelopathia could not be excluded. The complaints, however,
disappeared completely. Whether the damage was due to the applica-
tion of fluorine could not be discerned.

DISCUSSION

The results of treatment of osteoporosis have not been satisfactory so
far. The therapy with sex hormones, introduced by Albright et al.
(1948), gave subjective alleviation of pain and positive nitrogen and
calcium balances. New bone formation, however, was found neither
roentgenologically nor histologically (Jesserer 1953, Lafferty et al.
1964, Reutter 1967, Rose 1967). With estrogens it is possible to reduce
bone resorption only. Similar results were obtained in the treatment
with anabolic hormones (Wagner 1965, Rose 1967, Saville 1968, Kuh-
lencordt et al. 1969, Jesserer 1970).

The administration of high doses of calcium propagated by Nordin
(1962) was not sufficiently successful either, since an increase of the
bone mass was not found (Lafferty et al. 1964, Rose 1967, Reutter 1967,
Kuhlencordt et al. 1969, Jesserer 1970). Likewise, the therapy with
vitamin D was disappointing (Jesserer 1953, Rose 1967, Reutter 1967).

The application of calcitonin (Milhaud et al. 1969, Baud et al. 1969)
also only resulted in a reduced effect of bone resorption, whereas
Jowsey et al. (1971) and Bellwinkel et al. (1971) observed even a
negative effect. The phosphonate-treatment proposed by Fleisch et al.
(1969) also seems to be unsuccessful (increase of the osteoid mass)
according to Jowsey et al. (1970).

By the NaF-therapy of osteoporosis it was possible to demonstrate
new bhone formation roentgenologically as well as histologically for the
first time.

As has been previously shown, there were many cases with partly
enthusijastic success, but nevertheless also a few therapeutical failures.
Therefore we studied intensively the causes of failure of fluoride thera-
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py in these patients. Among the 6 cases with complete therapeutical
failures there were 2 patients who had taken sodium fluoride irregular-
ly and had thus received too small doses. This explanation, however,
fails in the rest of the patients. Obviously there exists a distinctly
different response of the individual to fluoride. This fact is known in
the chronical industrial human fluorosis. We observed two aluminium-
smelters who had worked at the same place for 15 years; one of them
suffered from fluorosis of stage III, the other from just beginning
changes. Which factors play a role in this process are not yet fully
known, but Pandit et al. (1940) found an increase in the fluoride effect
in vitamin C deficiency and in malnutrition. Kidney insufficiency also
leads to an increased storage of fluorine in the body (Linsman &
McMurray 1943, Havelka 1970). However, the ability of resorption of
the gastrojntestinal tract and the height of the kidney threshold for
fluorine have a distinct influence on the intake of fluorine in bone.
The finding that there was frequently a reduction of the gastric acid
in groups 3 and 4 leads to the conclusion that there is obviously a bad
resorption of fluorine in a gastric acid deficiency. In these cases a
therapy of substitution with pepsin acid is perhaps indicated.
There are three further problems:

1. The combination therapy with caleium or anabolic steroids. We
combined the fluoride intake with calcium or anabolic steroids in
a few patients. A comparison of these groups, which were very
small, with the patient groups which received NaF alone, showed
no clear differences. On the strength of our investigations we must
reject the simultaneous intake of fluoride and calcium (Cohen et al.
1969, Jowsey et al. 1971), because insoluble calcium fluoride devel-
ops in the intestine which is absorbed with difficully. Ericsson
(1971) therefore recommended a combination of sodium mono-
fluorphosphate with complex-fixed calcium. A combination therapy
with anabolic steroids seems to be recommendable.

2. Since the publications of Larget (1952, 1960) it has been known
that the storage of fluorine in the skeleton is reversible. Roholm
(1938) and Fritz (1958) found a regression of sclerosis in industrial
fluorosis after the fluoride influence had stopped. New investiga-
tions are necessary to find out whether one must go on giving
continuous small doses of 5 to 10 mg/NaF per day after the success
of the treatment or if an interval therapy with pauses of 4 to 12
weeks should be preferred.
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3. The slight increase of the serum calcium level could indicate an
increased activity of parathyroid during the fluoride therapy. In
animal experiments (Faccini 1969, Franke 1971) there were also
signs of a stimulation of parathyroid. Cohen & Bernstein (1967)
and Reutter et al. (1970) demonstrated signs of hyperplasia of
these glands during fluoride therapy. However, we could not find
radiological and biochemical signs of hyperparathyroidism in
workers with industrial fluorosis, even in serious cases.

Opponents of the fluoride trealment maintain, however, that newly
formed bone is of poor qualily. The following reasons speak against
that argument:

1. As we have shown above, pathological changes of the newly formed
bone are limitated with our small doses of 20 to 60 mg per day—a
finding that was also made by Schenk et al. (1970) in a patient
after the reduction of the fluoride dose.

2. In investigations on the breaking load on a fluorosis skeleton we
(Franke et al. 1972 b, Runge et al. 1972) found a small diminution
of the resistance to pressure in the isolated cylinders of the corti-
calis of femur in comparison to the normal bone. However, the total
lumbar vertebral body showed a resistance to pressure, which was
three times higher.

3. The determination of the absolute content of hydroxapatite showed
in the femur neck in a patient with serious industrial fluorosis
(stage III of Roholm) approximately a higher amount by three
times: 683 mg hydroxy-apatite/ml bone in comparison to a normal
content of 320 mg hydroxy-apalite/ml bone (Rempel 1972).

Fluoride treatment does not necessarily result in replacement bone.
Some patients recorded that the complete load capacity of their
skeleton was recovered after fluoride treatment. Furthermore, we
believe that any new formation of bone, even of inferior quality, is
better than no formation at all.

Nevertheless, each fluoride treatment of osteoporosis should be car-
ried out under strict control of a specialist.

SUMMARY

Since the end of 1969 we have treated 46 patients suffering from idio-
pathic osteoporosis with sodium fluoride. The duration of the treat-
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ment was 12 to 42 months. In spite of the relatively small doses of
20 to 60 mg sodium fluoride/d—as compared to those given in the
literature—we obtained significant alleviation of pain or freedom
from pain in 24 of the patients. In the normal x-ray-picture some pa-
tients showed obvious remineralization. In 18 out of 23 patients we
were able to detect a strong increase of bone density by means of
comparative densitometry of the thoraco-lumbal transition, a method
we developed. In 10 patients we performed repeated biopsies of the
iliac crest. Histologically there was clear evidence of an increase in
bone mass. We found a new formation of subperiostal fibrous bone
and a formation of new bhone on previously existing trabeculae. The
bone structure was only partly irregular: spread osteoid seams were
found by us only rarely. We attribute the relatively rare atypical bone
changes—in comparison to those given in the literature—to our small
doses. Employing histomorphometric methods (measuring of the aver-
age thickness of the trabeculae and determination of the volumetric
bone density by means of point-counting vélumetry) we could show an
increase in thickness of the trabeculae from 50 to 70 um and an increase
in density of 16 per cent. Furthermore, attention is given to the side
effects and possible causes of complete failure of the sodium fluoride
therapy in a number of patients (reduction in gastric acid).

REFERENCES

Adams, P. H. & Jowsey, J. (1965) Sodium fluoride in the treatment of osteoporosis
and other hone diseases. Ann. intern. Med. 63, 1151-1155.

Albright, F. & Reifenstein, E. C. (1948) The parathyroid glands and metabolic bone
disease. Williams & Wilkins Co., Baltimore.

Barnett, E. & Nordin, B. E. C. V. (1960) The radiological diagnosis of osteoporosis:
a new approach. Clin. Radiol. 11, 166-174.

Baud, C. A., De Siebenthal, J., Langer, B., Tupling, M. R. & Mach, R. S. (1962) Ef-
fects de l’administration prolongée de thyrocalcitonine dans Postéoporose
sénile humaine. Schweiz. med. Wschr. 99, 675-661.

Beickert, A. (1971) Die Behandlung der Glukokortikoid-Osteoporose mit Natrium-
Fluorid. Disch. Gesundh.-Wes. 28, 2398-2402.

Bellwinkel, S., Delling, G. & Ziegler, R. (1971) Der Einfluss von Calcitonin auf die
experimentelle Osteoporose der Ratte. Z. ges. exp. Med. 156, 259-267.

Bernstein, D. S., Guri, Ch., Cohen, P., Collins, J. J. & Tamrakopoulos, S. (1963) The
use of sodium fluoride in metabolic bone disease. J. clin. Invest. 42, 916,

Bernstein, D. S., Sadowsky, N., Hegstedt, D. M., Guri, Ch. & Stave, F. J. (1966) Prev-
alence of osteoporosis in high- and low-fluoride areas in North Dakota.
J. Amer. med. Ass. 198, 495-504.

Bernstein, D. S. & Cohen, P. (1967) Use of sodium fluoride in the treatment of
osteoporosis. J. clin, Endocr. 27, 127-210.

2 ACTA ORTHOP. 45,1



18 J. FRANKE ET AL.

Cass, R. M., Croft, J. D., Perkins, P., Nye, W,, Waterhouse, Ch. & Terry, R. (1966)
New bone formation in osteoporosis following treatment with sodium fluoride.
Arch, intern. Med. 118, 111-116.

Cohen, M. B, & Rubini, M. K, (1965) The treatment of osteoporosis with sodium
fluoride. Clin. Orthop. 40, 147-152.

Cohen, P., Nichols, C. L. & Banks, H, H. (1969) Fluoride treatment of bone rarefica-
tion in multiple myeloma and osteoporosis. Clin. Orthop. 64, 221-249,

Dalderup, C. B. M. (1970) Fluoride-Therapie bij de Zickte van Kahler en Osteo-
porosis. Ned. T. Geneesk. 114, 816-817,

Ericsson, S. Y. (1970) Compatlible calcium and fluorine compounds for the therapy
and prevention of osteoporosis. Cale, Tiss. Res. 4 (Suppl.), 129.

Faccini, J. M. (1969) Fluoride and bone. Cale. Tiss. Res. 8, 1-186.

Fleisch, H., Russell, R. G. G., Simpson, B. & Miihlbauer, R. C. (1969) Prevention by
a diphosphonate of immobilization “osteoporosis” in rats. Nature (Lond.) 228,
211-212.

Franke, J. (1968 a) Chronische Knochenfluorose. Beitr. Orthop. Traum. 15, 680-684.

Franke, J. (19656 b) Ein Beitrag zur Differentialdiagnose des Morbus Striimpell-
Marie-Bechterew. Arch. orthop. Unfall-Chir. 64, 135-150,

Franke, J. (1972) Histological changes in human fluorosis, experimental animal
fluorosis and osteoporosis after NaF-therapy. 4th annual conference of Inter-
national Society for Fluoride Research, Oct. 24-27, 1971, The Hague, Holland.
Fluoride 5, 182-198.

Franke, J. & Auermann, E. (1972 a) Die Bedeutung der Beckenkammpunktion mit
histologischer und mikroanalytischer Untersuchung des gewonnenen Knochen-
materials bei der Diagnostik der Fluorose. Int. Arch. Arbeitsmed. 29, 85-94.

Franke, J., Drese, G. & Grau, P. (1972 b) Klinische, gerichtsmedizinische und phy-
sikalische Untersuchungen eines Falles von schwerer Fluorose. Kriminalistik
u. forens. Wiss. 7, 107-122,

Franke, J., Runge, 1., Fengler, F. & Wanka, Ch. (1972 ¢) Beitrag zur experimentellen
Knochenfluorose, Int. Arch, Arbeitsmed. 80, 31-48.

Franke, J., Lahl, R., Fengler, F. & Hempel, H.-D. (1972 d) Neurologische Sympto-
matik bei Fluorose. Dtsch. Gesundh.-Wes. 28, 120-124.

I'ritz, H. (1958) Rdénlgenologische und pathologisch-anatomische Betrachtungen
zum Fluoroseproblem. Med. Hab.-Schrift, Dresden.

Havelka, St. (1970) Chronische Gicht bei einem Fall von Knochenfluorose. III. Inter-
nationales Symposium der Gesellschaft fiir Osteologie der DDR und der Euro-
piischen Arbeitsgemeinschaft fiir Osteo-Arthrologie, Nov. 12.-14., 1970, Dres-
den,

Heuck, F. (1970) Die radiologische Erfassung des Mineralgehaltes des Knochens.
Enzyclopedia of medicatl radiology, ed. L. Diethelm, O. Olsen, F. Strnad, H.
Vieten & A. Zuppinger, Vol. 1V, part I, p. 106. Springer, Berlin, Heidelberg,
New York.

Jesserer, H. (1953) Die Involutionsosteoporose. Z. Rheumaforsch. 12, 261-291,

Jessercr, H. (1970) Steroidarthropathie. IIl. Internationales Symposium der Ge-
sellschaft fiir Osteologie der DDR und der Europiischen Arbeitsgemeinschaft
fiir Osteo-Arthrologie, Nov, 12.-14,, 1970, Dresden.

Johnson, L. C. (1965) Histogenesis and mechanisms in the development of ostco-
fluorosis. Fluorine chemistry, ed. Simons, J. H., Vol. 1V, pp. 424-441. Academic
Press, New York, London.



SODIUM-FLUORIDE THERAPY OF OSTEOPOROSIS 19

Jowsey, J. & Kelly, P. J. (1968 a) Effect of fluoride treatment in a patient with
osteoporosis. Mayo Clin. Proc. 48, 435-443.

Jowsey, J., Schenk, R. K. & Reutter, F. W. (1968 b) Some results of the effect of
fluoride of bone tissue in osteoporosis. J. clin. Endocr. 28, 869-874.

Jowsey, J., Holley, K. B. & Linman, J. W. (1970) Effect of sodium etidronate in
adult cats, J. Lab. elin. Med. 76, 126-133.

Jowsey, J., Riggs, B. L., Goldsmith, R. S., Kelly, P. J. & Arnaud, C. D. (1971) Effects
of prolonged administration of porcine calcitonin in postmenopausal osteo-
porosis. J. clin. Endocr. 83, 752-758.

Jowsey, J., Riggs, B. L., Kelly, P. J. & Hoffman, D. L. (1971) Effect of combined
therapy with sodium fluoride, vitamin D and calcium in osteoporosis. Amer.
J. Med. 63, 43-49.

Kuhlencordt, F., Kruse, H.-P., Lozano-Tonkin, C. & Eckermeier, L. (1969) Therapie
der Osteoporose mit Natriumfluorid. Dtsch. med. Wschr. 94, 1730-1734.

Kuhlencordt, F., Kruse, H.-P., Eckermeier, L. & Lozano-Tonkin, C. (1970) The
histological evaluation of bone in fluoride treated osteoporosis. Fluoride in
medicine, ed. Vischer, Th. L., pp. 169-174. Huber, Bern, Stuttgart, Vienna.

Lafferty, F. W., Spencer, C. E. & Pearson, 0. H. (1964) The response of osteoporosis
to androgens, estrogens and high calcium intakes. Dynamic studies of meta-
bolic bone diseases, ed. Pearson, O. H. & Joplin, G. F., pp. 101-111. Blackwell,
Oxford.

Largent, E. J. (1952) Rates of elimination of fluoride stored in the tissues of man.
Arch. industr. Hyg. 6, 37-42.

Largent, E. J. (1960) The metabolism of fluoride in human. Arch. industr. Hilth. 21,
318-323.

von Leitner, G. (1969) Die Grenze des riontgenologischen Nachweises von Entkal-
kungsprozessen im Skelett. Med. Diss., F. U. Berlin.

L.eone, N. C., Stevenson, C, A., Hilbisch, Th. F. & Sosman, M. G. (1955) A roent-
genologic study of a human population exposed to high-fluoride domestic
water. A ten year study. Amer. J. Roentgenol. 14, 874-885.

Leone, N. C., Stevenson, C. A., Besse, B,, Hawes, L. E. & Dawber, Th. R. (1960) A
radiological investigation of 546 human residents of an area in which the
drinking water contained only a minute trace of fluoride. Arch. industr. Hlth.
21, 326-327.

Linsman, J. F. & Mc Murray, C. A. (1943) Fluoride osteoclerosis from drinking
water. Radiology 40, 474-484.

Lukert, B. P., Bolinger, R. E. & Meek, J. C. (1967) Acute effect of fluoride on 45-
calcium dynamics in osteoporosis. J. clin. Endocr. 27, 828-835.

Lutwak, L. & Whedon, G. D. (1970) Osteoporosis. D. M. (April 1969) cit. by: D.
Baylink, J. Wergedal, M. Stauffer & C. Rich: Effects of fluoride on bone
formation, mineralization and resorption in the rat. Flunride in medicine, ed.
Vischer, Th. L., pp. 37-69. Huber, Bern, Stuttgart, Vienna.

Mattner, H.-R. & Franke, J. (1971) Die Therapie der Osteoporose unter besonderer
Beriicksichtigung unserer Erfahrungen mit der Fluorid-Behandlung. Wiss. Z.
Ernst-Moritz-Arndt-Univ. Greifswald, Math.-Naturwiss. Reihe 20, 261-265.

Merz, W. A., Schenk, R. K. & Reutter, F. W. (1970) Paradoxial effect of vitamin D
in fluoride-treated senile osteoporosis. Calc, Tiss. Res. 4 (Suppl.), 49-50.

Milhaud, G., Bloch-Michel, H., Courtis, G., Morin, Y. & Rouaud, J.-P. (1969) Effect

9



20 J. FRANKE ET AL.

de la thyrocalcitonine de porc sur l'ostéoporose humaine, C. R. Acad. Sci.
(Paris) 268, 310-312.

Nordin, B. E. L. (1962) Calcium balance and calcium requirement in spinal osteo-
porosis. Amer. J. clin. Nutr, 10, 384-390.

Rempel, H. (1972) Vergleichende Untersuchungen (chemische und rontgenologische)
zur Bestimmung des Mineralgehaltes im Skelett. Med. Diss., Humboldt-Uni-
versitit Berlin.

Reutter, F. W. & Siebenmann, R. (1965) Die Wirkung von Natriumfluorid bei meta-
bolischen Knochenerkrankungen, Helv, med. Acta 32, 493-497.

Reutter, F. W. (1967) Zur Therapie der Osteoporose unter Beriicksichtigung der
Natriumfluoridbehandlung. Praxis 88, 1276-1280,

Reutter, F. W., Siebenmann, R, & Pajarola, M. (1970) Fluoride in osteoporosis.
Fluoride in medicine, ed. Vischer, Th. L., pp. 143-152, Huber, Bern, Stuttgart,
Vicnna,

Rich, €. (1966) Use of sodium fluoride in the trecatment of osteoporosis. J. Bone Jt
Surg. 48-A, 1010.

Rich, C. & Ensinck, J. (1961) Effect of sodium fluoride on calcium metabolism of
human beings. Nature (Lond.) 191, 184-185.

Rich, C., Ensinck, J. & Ivanovich, P. (1964) The effects of sodium fluoride on cal-
cium metabolism of subjects with metabolic bone diseases. J. clin. Invest. 48,
545-556.

Roholm, K. (1938) Fluor und Fluorverbindungen. Handbuch der experimentellen
Pharmakologie, cd. Heffter, A., vol. VII, pp. 1-62. Springer, Berlin.

Rose, C. A. (1967) A critique of modern methods of diagnosis and treatment of
osteoporosis. Clin. Orthop. 85, 17-41.

Runge, H., Franke, J., Grau, P., Fengler, F., Rempel, H.,, Wanka, Ch. & Drese, G.
(1972) Physical properties of the fluorosis-bone. IVth International Osteo-
logical Symposium, Sept. 27.-30., 1972, in Prague.

Saville, P, D. (1968) Treatment of postmenopausal osteoporosis. Med. Treat. 5,
571-580.

Schenk, R. K., Merz, W. A. & Reutter, F. W. (1970) Fluoride in osteoporosis. Fluoride
in medicine, ed. Vischer, Th. L., pp. 1563-168. Huber, Bern, Stuttgart, Vienna.

Smith, R. W. & Rizek, J. (1966) Clin. Orthop. 45, 31-48, cit, by: Hodge, H. C. &
Smith, F. A. (1968) Fluorides in man. Ann. Rev. Pharmacol. 8, 395-408.

Thiébaud, M. (1970) Traitement des ostéopathies atrophiques par le fluorure de
sodium. Schweiz. med. Wschr. 100, 214-224,

Thiébaud, M., Zender, R., Courvoisier, B., Baud, C. A. & Jacot, C. (1970) The action
of fluoride on diffuse bone atrophies. Fluoride in medicine, ed. Vischer, Th. L.,
pp. 136-142. Huber, Bern, Stuttgart, Vienna.

Wagner, H. (1965) Prdsenile Osteoporose. Thieme, Stuttgart.

Weinmann, J. P. & Sicher, H. (1955) Bone and bones, 2nd. ed. Mosby & Co., St.
Louis.

Correspondence to:

J. Franke

Orthopaedic Clinic, Martin-Luther-University
GDR-402 Halle (Saale)

J.-A.-Segner-Strasse 12, GDR



