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EFFECT OF FLUORIDE TREATMENT ON THE FRACTURE RATE IN POSTMENOPAUSAL
WOMEN WITH OSTEOPOROSIS

B. Lawrence Rices, M.D., STepHEN F. Hopgson, M.D., W. MicuaerL O’FarLLon, Pu.D.,
Epmunp Y.S. CHao, Pu.D., HEINz W. WAHNER, M.D., JoaN M. Musns, B.S.N., Sanpra L. CepEL, M.S.,
AND L. Josepn MEeLTON 111, M.D.

Abstract Although fluoride increases bone mass, the
newly formed bone may have reduced strength. To as-
sess the effect of fluoride treatment on the fracture rate in
osteoporosis, we conducted a four-year prospective clini-
cal trial in 202 postmenopausal women with osteoporosis
and vertebral fractures who were randomly assigned to
receive sodium fluoride (75 mg per day) or placebo. All
received a calcium supplement (1500 mg per day). Sixty-
six women in the fluoride group and 69 women in the
placebo group completed the trial.

As compared with the placebo group, the treatment
group had increases in median bone mineral density of 35
percent (P<0.0001) in the lumbar spine (predominantly
cancellous bone), 12 percent (P<0.0001) in the femoral
neck, and 10 percent (P<0.0001) in the femoral tro-
chanter (sites of mixed cortical and cancellous bone),

HE ideal therapy for osteoporosis should increase
bone mass to a level sufficient to decrease the
occurrence of new fractures. However, the treatments
commonly used, such as calcium, estrogen, and calci-
tonin, act by decreasing bone resorption and thus can
only maintain the existing bone mass or increase it
slightly.! Consequently, bone mass remains low, and
fractures continue to occur, albeit at a lesser rate.
Sodium fluoride stimulates bone formation and in-
creases cancellous-bone mass as much as twofold.??
These results have led to its widespread use and to the
hope that treatment with fluoride will decrease the
rate of vertebral fractures. Although the drug has not
been approved for the treatment of osteoporosis by the
Food and Drug Administration, many patients are be-
ing treated with low-potency preparations marketed
for use as nutritional supplements or for the preven-
tion of dental caries.* Undoubtedly, many more are
being treated with high-potency preparations com-
pounded by local pharmacies. The regulatory agen-
cies of eight European countries have approved the
use of fluoride as treatment for osteoporosis.® A recent
consensus report developed at the International
Workshop on Fluoride and Bone concluded that “the
benefits of fluoride therapy appear to outweigh the
risks for most patients with the vertebral crush frac-
ture syndrome.”®
Despite this widespread and growing use, there has
been concern about the safety and antifracture efficacy
of fluoride therapy. The incidence of side effects is
high,? particularly those relating to gastric irritation
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but the bone mineral density decreased by 4 percent
(P<0.02) in the shaft of the radius (predominantly cortical
bone). The number of new vertebral fractures was similar
in the treatment and placebo groups (163 and 136, re-
spectively; P not significant), but the number of nonverte-
bral fractures was higher in the treatment group (72 vs. 24;
P<0.01). Fifty-four women in the fluoride group and 24 in
the placebo group had side effects sufficiently severe
to warrant dose reduction; the major side effects were
gastrointestinal symptoms and lower-extremity pain.

We conclude that fluoride therapy increases cancellous
but decreases cortical bone mineral density and increases
skeletal fragility. Thus, under the conditions of this study,
the fluoride—calcium regimen was not effective treatment
for postmenopausal osteoporosis. (N Engl J Med 1990;
322:802-9.)

and pain in the lower extremities. Moreover, bone
formed during the administration of fluoride may be
structurally abnormal®’ and its strength less than nor-
mal. Indeed, in some but not other studies,®!' fluoride
therapy in women with osteoporosis increased the oc-
currence of hip fractures.

To examine these issues, we performed a four-year,
prospective, randomized, double-blind, placebo-con-
trolled trial of sodium fluoride in women with osteopo-
rosis. Because it has been recommended that calcium
be given with sodium fluoride to offset the impairment
in mineralization that occurs when fluoride is given

alone,?’ all patients also received supplementary
calcium.

METHODS
Patients

The 202 patients with Type I (postmenopausal) osteoporosis who
were enrolled in this study were fully ambulatory, postmenopausal
white women 50 to 75 years of age who had documented osteoporo-
sis but no evidence of an associated disease or a history of use of any
drug known to cause osteoporosis. The criteria for osteoporosis were
diffuse osteopenia on spinal roentgenography, the presence of one
or more vertebral fractures, defined as a decrease in vertebral height
of more than 20 percent, and a bone-mineral-density value for the
lumbar spine below the normal range for premenopausal women.
All women met these criteria except one whose decrease in vertebral
height was 17 percent. Except for three women who had participat-
ed in a trial of calcitriol therapy, none had previously participated
in clinical trials of other investigational regimens, and none were
entered into the study because of a lack of response to standard
treatment regimens. About 1000 patients or patients’ medical rec-
ords were screened to obtain the required number of patients who
met the inclusion criteria and volunteered to enter the trial. All were
patients at the Mayo Clinic, and about 75 percent had previously
been found to have osteoporosis.

At the time of recruitment, 153 of the women were receiving
treatment for their osteoporosis. The treatment consisted of calcium
supplements (>500 mg per day) in 29 women, calcium supplements
plus pharmacologic doses of vitamin D (>1000 units per day) in 30,
estrogen in 22, estrogen plus calcium supplements in 30, estrogen
plus calcium supplements plus pharmacologic doses of vitamin D in
31, vitamin D alone in 6, and vitamin D and estrogen in 5. None of
the women had ever received sodium fluoride or diphosphonate
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drugs. The treatment was discontinued for three months in women
receiving calcium supplements, vitamin D, or both and for six
months in those receiving estrogen before the start of this study.
All the women gave written informed consent. The study was
reviewed and approved by the Mayo institutional review board.

Experimental Design

The women were randomly assigned to treatment or placebo
groups, with 101 women in each group. The composition of the
groups was balanced according to the number of vertebral fractures
at base line, the bone mineral density of the lumbar spine, the
dosage of any previous estrogen treatment, and the interval after the
discontinuation of previous treatment for osteoporosis. The treat-
ment group received sodium fluoride (75 mg per day, given as 30-
mg tablets three times daily and twice daily on alternate days), and
the control group received a placebo tablet identical in appearance.
Both groups received divided doses of calcium carbonate equivalent
to 1500 mg of elemental calcium per day. The women were treated
for four years, during which period they were evaluated every six
months. They were encouraged to be active, but there was no formal
program of exercise or rehabilitation. Their dietary calcium intake
was assessed in interviews with a dietitian and by a review of their
diet over a seven-day period as assessed by a diet diary. Changes in
calcium intake were reassessed at the end of the study.

At each evaluation the women were asked specifically about gas-
tric pain or distress, nausea or vomiting, joint pain, stiffness or
swelling, neurologic symptoms, and hair loss. Blood samples were
collected for the measurement of hemoglobin levels, and blood and
24-hour urine samples were collected for various biochemical meas-
urements. Bone roentgenography and measurements of bone min-
eral density and content were performed as described below. Addi-
tional radiologic examinations were performed as indicated to
search for bone spurs or incomplete fractures, and radioisotopic
bone scanning was performed as clinically indicated. When sub-
stantial symptoms appeared that were believed to represent side
effects, fluoride treatment was stopped until the symptoms disap-
peared. Treatment was then resumed with a 15-mg reduction in the
daily dose of sodium fluoride or an equivalent amount of pla-
cebo; these doses were continued for the remainder of the study.
Compliance was assessed by a count of the pills remaining at
each visit.

Laboratory Studies

The serum and urine samples were stored frozen until they were
analyzed periodically in batches. Serum and urinary calcium levels
were measured by atomic-absorption spectrophotometry. Serum
levels of phosphate, creatinine, and alkaline phosphatase and uri-
nary levels of phosphate and creatinine were measured by routine
methods with an AutoAnalyzer. Serum bone Gla-protein (BGP,
osteocalcin) levels were measured by radicimmunoassay.'? Serum
parathyroid hormone levels were measured by radicimmunoassay
using an antiserum (GP-235) directly against epitopes on the mid-
dle portion of the parathyroid hormone molecule. Urinary cyclic
AMP levels were measured by radioimmunoassay. Serum and uri-
nary fluoride levels were measured by a glass-electrode method."
Urinary hydroxyproline levels were measured colorimetrically after
fractionation by high-performance liquid chromatography. The
glomerular filtration rate was estimated by measuring creatinine
clearance.

The bone mineral densities of the lumbar spine, femoral neck,
and femoral intertrochanteric region were measured by dual-photon
absorptiometry. The bone mineral content of the shaft of the radius
was measured by single-photon absorptiometry at the junction of
the middle and distal thirds of its length. The long-term precision
was 2.2 percent for the measurements with dual-photon absorpti-
ometry and 1.0 percent for those with single-photon absorptiome-
try.'* The measurements of the lumbar spine and radius were made
at base line and every six months, and those of the femur every two
years. Roentgenography of the lumbar and thoracic vertebrae was
performed at base line and yearly.

Assessment of Fractures

Vertebral fractures were assessed by quantitative biplanar radi-
ography'® with use of the method of Rab and Chao.'® Roentgenog-
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raphy of the thoracic and lumbar vertebrae was performed with the
lens at a constant focal length and with the woman placed in a stable
position in a calibrated frame so that her posture and position were
identical at each examination. Fractures of vertebrae from T-4
through L-5 were evaluated. The landmarks on each vertebra were
identified and their positions on the lateral radiograph were record-
ed (coefficient of variation, 1.5 percent) with an electrostatic digitiz-
ing board [Graf/Pen GP-6 model 50 sonic digitizer]). A scale factor
was used to correct for magnification errors. Measurements of the
heights of the anterior (h,), middle (h,,, averaged from “right” and
“left” middle heights), and posterior (h,) regions of each vertebral
body were made to the nearest 0.1 mm. Anterior wedge fractures
were identified by a decrease in the h;:h, ratio, central biconcave
fractures by a decrease in the h,,:h, ratio, and vertebral collapse by a
decrease in the total height, including h,, as compared with adja-
cent vertebrae. A patient was considered to have a new fracture if at
least one of the three ratios decreased by 15 percent within a verte-
bra between any two examinations. In addition, the total vertebral
height and total lateral area of the vertebral bodies were summed
from the measurements and recorded as continuous variables. All
measurements were made by a person unaware of the patient’s
treatment assignment.

Statistical Analysis

The primary goals of the study were to assess the effect of fluoride
therapy on the occurrence of vertebral fractures and related side
effects, including the occurrence of nonvertebral fractures. Fracture
rates and confidence limits were expressed as fractures per 100 per-
son-years.'” Relative risk was defined as the ratio of the number of
fractures per person-year in the patients receiving fluoride to the
number of fractures per person-year in the patients receiving pla-
cebo. Binary logistic analysis was used to assess differences between
groups with respect to the number of women in whom new fractures
developed during treatment.'® The dependent variable in this anal-
ysis was whether at least one new fracture occurred during treat-
ment. Because patients could have more than one fracture during
treatment, they were grouped into categories according to the rate
of occurrence of new fractures, and an ordered categorical analysis
(proportional-odds model) with the logistic-regression model was
performed.'® Finally, the Cox proportional-hazards model® was
used to assess the effect of treatment on the rate of occurrence of
first new fractures. Side effects were assessed by binary logistic re-
gression and Cox proportional-hazards modeling.

The rates of change in bone mineral density (percent change per
year) at each site were calculated as the slope of a least-squares
regression line of successive measurements of bone mineral density
for each patient, divided by its intercept and multiplied by 100. This
ratio was used as the dependent variable in weighted multiple-
regression models?' to assess the effect of treatment on these rates of
change. The weights were the variance estimates of the ratios.?

In each of these analyses, the results were adjusted for stratifi-
cation variables and significant (P<<0.05) covariates and interac-
tions. Thirty-one possible covariates were assessed, including the
base-line values for age; number of years since menopause; height
and weight; calcium intake; type of previous treatment; number of
fractures; initial bone mineral density at the various scanning
sites; concentrations of serum and urinary fluoride, calcium, phos-
phorus, and creatinine; serum concentrations of immunoreactive
parathyroid hormone, bone Gla-protein, and alkaline phosphatase;
urinary excretion of cyclic AMP and hydroxyproline; and hemo-
globin.

In all analyses, the results reflect all available data for the 202
patients who entered the trial, whether or not they completed the
full four years of study.

REsuULTS
Clinical Findings

The major clinical and biochemical characteristics
of the 202 women at base line are shown in Tables 1
and 2. There were no significant differences between
the two groups with regard to these or any other co-
variates. Of the 202 women enrolled, 135 (66 in the
fluoride group and 69 in the placebo group) completed
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Table 1. Clinical Characteristics of the Women in the Fluoride and Placebo Groups at

March 22, 1990

supplemental calcium was 1329 mg

Base Line. per day in the fluoride group and
CHARACTERISTIC FLUORIDE PLACEBO P VALUE* 1305 mg per d a},] in the placebo
group (P not significant).
median (range?)
Age (y) 68  (58-74) 68 (57.2-74) 0.96 Safety
Years since menopause 21.5 (9-33) 21 (10-35) 0.69 For purposes of this analysis, a
Years since diagnosis of 3.5 (0.2-12.9) 2.5 (0.2-11.7) 0.47 side effect was defined as a symp-
v “‘F°P°f°?!:] - 4 05158 3 081328 o6 tom severe enough to require a de-
e verte ©05-15.8) 081328 ' crease in dosage. Fifty-four of the
Dietary calcium intake (mg/day) 961  (436-1510) 983 (419-1566) 0.76 women receiving fluoride hfid side
Height (cm) 159 (149-166) 157 (149-165) 0.12 effects during the study, as did 24 of
Weight (kg) 61 (49.6-75.5) 61  (50.2-77) 0.84 those receiving placebo (Table 3).
Vertebral fractures (median 4 (-6 3 a-7n 0.72 The mean (*SE) cumulative per-
T m“"’/l’e;:]") s £20 (11.3-95.1 28 (109963 0.9 centages who had side effects dur-
ane ::::m] d:’;?t;cg/zmz) 0 (1.3-55.1) 8 (09-96.3) ' . ing the four-year period (according
Lumbar spine 0.7 (0.60-0.98)  0.78 (0.59-099)  0.60 to the Kaplan—Meier method) were
Femoral neck 0.66 (0.47-0.77) 0.64 (0.51-0.75) 0.43 65%6 percent and 26*5 percent in
Femoral intertrochanter 0.50 (0.38-0.63) 0.50 (0.37-0.64) 0.44 the fluoride and placebo groups, re-
Bone mineral content of radius (g/cm?) 0.72 (0.59-0.88) 0.68 (0.55-0.89) 0.20 ’

spectively. After adjustment for

*P<0.05 by the rank-sum test.
tRanges shown are from the 10th to the 90th percentile.

the full four years of treatment. The numbers of wom-
en who discontinued the trial during years 1, 2, 3, and
4 were 14, 6, 14, and 1, respectively, in the fluoride
group and 12, 7, 11, and 2, respectively, in the placebo
group. The reasons for discontinuation were side ef-
fects in 10, personal reasons in 39, the development of
other illnesses in 10, death in 6, and loss to follow-
up in 2.

As assessed by the count of tablets, the median dos-
age of sodium fluoride at the end of the study was 71
mg per day. The distribution of the mean dosages
in individual women was as follows: in 25 women,
275 mg per day; in 36 women, 65 to 74 mg per day;
in 18 women, 55 to 64 mg per day; in 13 women,
<55 mg per day; in 9 women, the dosage could not be
determined with accuracy. The median dosage of

Table 2. Biochemical Characteristics of the Women in the Fluoride and Placebo

Groups at Base Line.

stratification variables and covar-

iates, significantly more women re-

ceiving fluoride had side effects
than did women receiving placebo (P<<0.0001). In ad-
dition, the fluoride-treated women had about 3.0
times (95 percent confidence interval, 1.9 to 4.8) as
many side effects as the women given placebo. The
side effects fell into one of two major categories —
those due to gastric irritation and those due to pain in
the lower extremities.

The gastric symptoms consisted mainly of nau-
sea or, less commonly, epigastric pain and vomit-
ing, or both. The fluoride-treated women had these
symptoms 2.9 times (95 percent confidence interval,
1.2 to 7.1) more frequently than the women given
placebo. However, the risk of peptic ulceration and
anemia due to loss of blood was similar in both
groups.

The episodes of lower-extremity pain developed rel-
atively acutely, associated at times
with local pain and erythema and
sometimes requiring the use of
crutches. In about 10 percent of the

episodes the pain was bilateral. The

CHARACTERISTIC* FLUORIDE PLACEBO P VaLugt
women given fluoride had this side
median (ranget) effect 9.9 times (95 percent confi-
Serum calcium (mmol/liter) 2.42 (2.30-2.52) 2.40 (2.27-2.54) 0.76 dence interval, 4.0 to 24.2) more
Serum phosphate (mmol/liter) 1.19 (1.03-1.39) 1.16 (1.00-1.42) 0.23 often than the women given pla-
Alkaline phosphatase (ukat/liter) 0.4 (0.3-0.6) 0.4 (0.2-0.5) 0.72 cebo. The more severe symptoms
Bone Gla-protein (ng/mi) 7.7 3.9-114) 74 (3.8-11.9) 0.68 occurred only in the fluoride group.
Parathyroid hormone (ml-eq/liter) 36 (22-61) 35 (22-60) 0.68 These symptoms usually disap-
Serum fluoride (umolliter) 1.5 (0.9-2.3) 1.4 (0.8-2.2) 0.26 peared four to eight weeks after
Hemoglobin (g/liter) 139 (128-150) 139 (126-151) 0.63
Creatinine clearance (ml/min) 83.4 (563-114.1) 848 (59.5-111.7)  0.93 treatment was stopped. When the
Urinary calcium (mmol/day) 31 (1.2-5.1) 3.1 (1.6-6.1) 0.53 drugs were resumed at a lower
Urinary phosphate (mmol/day) 20 (12-29) 21 (12-31) 0.28 dose, symptoms recurred in eight
Urinary fluoride (umobliter) 76 (39-127.4) 80 (36.3-131.6)  0.89 women and recurred more than
Cyclic AMP (nmol/dl of GF) 3.4 (2.24-5.0T) 3.5 (2.22-5.45) 0.49 once in two women. All the recur-
Urinary hydroxyproline (nmol/dl of GF)  19.8 (13.6-29.5) 20.3 (13.7-30.8) 0.97 rences were in the fluoride group.

*GF denotes glomerular filtrate.
tP<0.05 by the rank-sum test.
$Ranges shown are from the 10th to the 90th percentile.

In 19 of the women (20 episodes)
with the acute lower-extremity pain
syndrome, a search was made for
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incomplete (“stress”) fractures by roentgenography of
the painful area at least two weeks after the onset of
pain. Eleven such fractures were identified by the radi-
ologist on the basis of radiopaque sclerotic bands that
represented healing fracture calluses. In four of the
women, the diagnosis was confirmed by a bone scan
that showed a localization of *"Tc-labeled diphos-
phonate. An incomplete fracture developed into a
complete fracture in only one woman.

Biochemical Measurements

During the trial, the mean serum alkaline phos-
phatase concentration increased by 15.6+2.3 U per
liter (P<<0.0001), and the mean serum bone Gla-pro-
tein concentration increased by 5.2+0.9 ng per liter
(P<0.0001) in the patients treated with fluoride as
compared with the patients taking placebo. The se-
rum calcium, phosphorus, and immunoreactive para-
thyroid hormone concentrations, the urinary excre-
tion of calcium, and the creatinine clearance did

Table 3. Untoward Symptoms and Signs in the Women with Os-
teoporosis in the Fluoride and Placebo Groups.

No. oF No. oF RELATIVE Risk
SympTOM PATIENTS Episopes (95% CD*
FLUO- PLA- FLUO- PLA-
RIDE CEBO RIDE  CEBO
Gastric pain, nausea, 17 7 22 8 2.88(1.2-7.1)
vomiting
Gastrointestinal bleeding, 9 9 10 12 0.87 (0.3-2.3)
anemia
Lower-extremity pain 37 5 47 5 9.85(4.0-24.2)
Bone spurs 3 4 3 4 0.79 (0.2-3.4)
Fracture, nonunited 1 0 1 0 —
Any of the abovet 54 24 83 29 3.00(1.9-4.8)

*The fluoride group had 310 person-years of follow-up, and the placebo group had 325
person-years of follow-up. Patients were evaluated every six months for side effects. CI denotes
confidence interval.

tSome patients had more than one untoward symptom.

not change significantly. Serum and urinary fluoride

levels increased (P<0.0001) in the fluoride group -

(Fig. 1).
Bone Densitometry

In the fluoride group, the mean increase in bone
mineral density of the lumbar spine was 8.2 per-
cent per year (95 percent confidence interval, 5.5 to
10.9), as compared with 0.4 percent per year (95 per-
cent confidence interval, —1.6 to 2.5) in the placebo
group. The difference between these two rates, 7.8
percent per year (95 percent confidence interval, 6.0 to
9.5), was significantly different from zero (P<<0.0001).
The corresponding changes in the bone mineral den-
sity of the femoral neck were 1.8 percent per year
(95 percent confidence interval, —0.7 to 4.2) in the
treatment group and —0.9 percent per year (95 per-
cent confidence interval, —3.4 to 1.6) in the pla-
cebo group; the difference between these rates, 2.6
percent per year (95 percent confidence interval, 1.7 to
3.6), was also significant (P<<0.0001). In the femoral
intertrochanteric region, the corresponding changes
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Figure 1. Mean (+SE) Serum Fluoride and Urinary Fluoride Lev-
els in the Fluoride Group (Solid Circles) and the Placebo Group
(Open Circles).

in the fluoride and placebo groups were —1.8 percent
per year (95 percent confidence interval, —1.4 to 5.1)
and —0.7 percent per year (95 percent confidence in-
terval, —3.7 to 2.3), respectively, and the difference
between these rates was 2.5 percent per year (95 per-
cent confidence interval, 1.1 to 4.0) (P<<0.0001). The
bone mineral content of the radial shaft decreased
by 1.8 percent per year (95 percent confidence inter-
val, —3.3 to 0.3) in the fluoride group, as compared
with 0.4 percent per year (95 percent confidence in-
terval, —1.7 to 1.1) in the placebo group. The dif-
ference between these rates, —1.4 percent per year
(95 percent confidence interval, —2.0 to —0.8), was
also significant (P<<0.0001). During the four years
of the trial, there was a cumulative increase in
bone mineral density in the fluoride group as com-
pared with the placebo group of 35 percent for the
lumbar spine (Fig. 2), 12 percent for the femoral
neck, and 10 percent for the femoral intertrochanteric
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Figure 2. Mean (*=SE) Bone Density of the Lumbar Spine in the
Fluoride Group (Solid Circles) and the Placebo Group
(Open Circles).
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Figure 3. Mean (+SE) Bone Density of the Femoral Trochanter,
Femoral Neck, and Radial Shaft in the Fluoride Group (Solid Cir-
cles) and the Placebo Group (Open Circles).

area, and a decrease of 4 percent for the radial
shaft (Fig. 3).

Nonvertebral Fractures

All fractures that occurred during treatment, except
those of the vertebrae, are shown in Table 4. In the
fluoride group, a total of 72 fractures occurred in 61
women; of these, 40 fractures were complete and 32
were incomplete (“stress” fractures). In the placebo
group, there were 24 fractures in 24 women; 22 were
complete, and 2 were incomplete. The rates of fracture
per 100 person-years in the fluoride group were 23.2,
12.9, and 10.3 for total, complete, and incomplete frac-

Table 4. Nonvertebral Fractures during the Study in the Women with Osteoporosis in

the Fluoride and Placebo Groups.
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tures, respectively; the rates in the placebo group were
7.4, 6.8, and 0.6, respectively. The fluoride-treated pa-
tients had nonvertebral fractures 3.2 times (95 percent
confidence interval, 1.8 to 5.6) more often than pa-
tients given placebo. The nonvertebral fractures com-
bined occurred more frequently (P<<0.02) and in more
women (P<<0.01) in the fluoride group than the pla-
cebo group. The number of complete fractures and the
number of women who had them did not differ signifi-
cantly between the two groups, but the number of
incomplete fractures (P<<0.0005) and the number of
women who had them (P<<0.0005) were higher in the
fluoride than in the placebo group.

Among the complete nonvertebral fractures, there
were seven hip fractures (including one fracture
caused by trauma) in the fluoride group and three in
the placebo group. This difference between groups,
however, was not statistically significant. Two deaths,
one in each group, were partly attributable to hip frac-
tures.

Vertebral Fractures

Table 5 shows the rates of vertebral fracture per
person-year of follow-up, both according to year of
treatment and over the entire four-year period. By
either evaluation, the risk of a vertebral fracture was
similar in both groups. Figure 4 shows the proportion
of women who did not have new vertebral fractures
during the treatment period. None had more than one
fracture in a single vertebra during this period. The 15
percent reduction in the number of women who had
new vertebral fractures in the fluoride group as com-
pared with that in the control group was not signifi-
cant (P = 0.32) (Table 5). No difference with treat-
ment was detected in a proportional-hazards model of
the time to the first new vertebral fracture (P = 0.34).
Ordered categorical (proportional-odds) modeling
also failed to detect significant differences between
treatment groups (P = 0.41). When the women who
had had estrogen treatment were removed from
analysis, the difference between
groups was even less apparent.

There were no significant differ-
ences between the fluoride and pla-

SiTE INCOMPLETE FRACTURES COMPLETE FRACTURES

FLUORIDE PLACEBO FLUORIDE PLACEBO

no. of patients (no. of fractures)

Radius (Colles’ fracture) 0O 0O 1(1) 44
Humerus 0 () 0 0) 5(6) 1(1)
Rib L 0O 10 (13) 8(8)
Pelvis 34 0O 33 1(H)
Proximal femur 45 1(H 7(8) 33
Tibia 10 (11) 0(0) 2(2) 0(0)
Metatarsus or calcaneus 7(10) 1() 2(2) 2(2)
Other* 1(1) 0() 5(5 33
All sites 26 (32) 2(2) 35 (40) 22 (22)
Relative risk (95% confi- 16.8 (3.9-71.7) 1.9(1.1-3.4)

dence interval)t

FLUORIDE

TOTAL FRACTURES cebo groups with I'CSpCCt to the
slope of the mean changes in total
vertebral height (—0.543+0.020 vs.

—0.573%+0.025 cm per year). Simi-

PLACEBO

;23 ‘:i‘:; larly, there were no significant dif-
11 (14) 8 (8) ferences between groups with re-
6(7) 1) spect to the slope of the mean total
11 (13) 44 lateral area of the vertebral bodies
12 (13) 0 ) (—2.048%+0.320 vs. —2.098+0.317
9(12) 33) cm? per year).
6 (6) 309
61 (72) 24 (24) Discussion

3.2(1.8-5.6) Cancellous-bone mass increased

in the fluoride group as compared

*Other fractures involved the clavicle (two), the shaft or distal femur (two), and the small bones of the wrist or foot (two) in

the fluoride group and the ulna, fibula, and hand in the placebo group.

1The fluoride group had 310 person-years of follow-up, and the placebo group had 325 person-years of follow-up. Patients

were evaluated every six months for nonvertebral fractures.

with the placebo group. In the lum-
bar spine, a site containing a pre-
dominance of cancellous bone, the
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bone mineral density increased lin-
early at a rate of about 10 percent
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Table 5. Vertebral Fractures during the Study Period in the Women with Osteoporosis

in the Fluoride and Placebo Groups.*

per year. In contrast, there was a
substantial loss of bone from the

RELATIVE Risk

YEAR FLUORIDE PLACEBO 95% Ch)

shaft of the radius, a site with a pre- No. OF No. OF

: : NO. OF NO. OF PERSON- NO. OF NO. OF PERSON-
domlnal.lce Of cOl:tlcal bone' D'e- PATIENTS FRACTURES YEARS RATE PATIENTS FRACTURES YEARS RATE
creases in bone mineral content in

. 1 87 56 88.7 63.1 89 39 91.1 428 1.47(0.4-5.5)

the radial shaft have been found 2 81 2 814 270 82 36 778 463  0.58 (0.3-1.1)
previously during fluoride treat- 3 67 26 662 39.3 71 54 727 743  0.53(0.3-1.0)
ment.? Riiegsegger et al.?® used 4 66 32 68.9 46.4 69 34 68.7 49.5 0.94(0.5-1.8)
computed tomography to assess the E;et:eOd 301 136 3052 446 311 163 3103 525 0.85(0.6-1.2)
changes in the two types of bone
in the distal radius and tibia and *The number of fi was d only at yearly visits. Rates shown are per 100 person-years. CI denotes

.. confidence interval.
found a gain in cancellous bone but

a loss in cortical bone. These results

suggest that fluoride therapy causes a redistribution
of bone from the cortical to the cancellous compart-
ment. Thus, despite supplementation, there may
not have been enough calcium absorbed to mineral-
ize the large amount of newly formed matrix in can-
cellous bone, resulting in the removal of mineral from
cortical bone.

Although the bone mineral density in the proximal
femur increased substantially at both scanning sites
in the treatment group as compared with the pla-
cebo group, the rate of increase was only one quarter
that in the lumbar spine. The results in the proximal
femur were intermediate between those in the verte-
brae and the radius and are consistent with their inter-
mediate distribution of cancellous and cortical bone;
the femoral neck is about 25 percent cancellous
bone, and the femoral trochanter about 50 percent.'*
Thus, small losses of cortical bone in the proxi-
mal femur may have been offset by large gains in can-
cellous bone.

Bone formed in response to large doses of fluoride
has increased crystallinity and may have decreased
elasticity?*?; thus, the increased bone mass induced
by treatment does not necessarily equate with in-
creased bone strength. The effects of short-term ad-
ministration of fluoride to laboratory animals have
been variable, one study showing a net increase in
bone strength® but most showing no change or a
decrease in bone strength.??"?® Consequently, the
overall effect of fluoride therapy on skeletal strength
may be the result of the offsetting effects of qualita-
tive changes in bone (which decrease strength) and
increases in cancellous-bone mass (which increase
strength). Thus, under these circumstances, the as-
sessment of the fracture rate is the only reliable way to
determine efficacy in the clinical setting.

The results of the few controlled clinical trials of the
effect of fluoride therapy on the fracture rate are con-
flicting. In a double-blind, three-year, randomized
study of patients with multiple myeloma, Harley et
al.® found similar fracture rates in the fluoride and
placebo groups. In a six-month, randomized, double-
blind trial in elderly men and women, Inkovaara et
al.** found that fluoride was associated with more frac-
tures of all types than was placebo, but the patients
were followed for only eight months and no supple-

mentary calcium was given. In a controlled but non-
randomized study, Riggs et al.* found that women
with osteoporosis who received calcium and fluoride
had 27 percent fewer vertebral fractures than those
who received only calcium. However, in a small, open,
three-year study, Dambacher et al.* found that wom-
en with osteoporosis who were treated with fluoride
had 40 percent more vertebral fractures than untreat-
ed women. Most recently, in an open but randomized,
controlled, three-year clinical trial run by 94 French
physicians,'' women with osteoporosis who were treat-
ed with fluoride and calcium had a nonsignificant 25
percent reduction in the rate of vertebral fracture, as
compared with other women with osteoporosis treated
by various conventional methods. When analyzed by
the survival method, however, the fluoride group had
a significantly lower probability of a new fracture.
This trial was randomized, controlled, prospective,

100
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Figure 4. Proportion of Women in the Fluoride and Placebo
Groups Who Did Not Have New Vertebral Fractures during the
Four-Year Study Period.

In a proportional-hazards model of the time to the first fracture,
with adjustment for the variables used as covariates to balance
the composition of the groups at treatment assignment, the esti-
mated relative risk in the fluoride group as compared with the
placebo group was 0.82 (95 percent confidence interval,
0.55 to 1.23).
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and double-blind and included sufficient person-years
of observation to have allowed the detection of a 50
percent decrease in the rate of vertebral fracture. The
nonsignificant 15 percent reduction in the rate of ver-
tebral fracture in the treatment group can be com-
pared with the reductions of 50 percent or more that
have been reported after treatment with other thera-
peutic agents.*’?* Given the high incidence of side ef-
fects during fluoride therapy, we believe that the verte-
bral-fracture rate should decline by at least half to
justify the treatment. Moreover, our results are consis-
tent with those of a parallel trial at Henry Ford Hospi-
tal in Detroit,®* in which no difference was found in
rates of vertebral fracture in women with osteoporosis
treated with fluoride or given placebo.

Although the large increase in the mineral density
of cancellous bone in the vertebrae during fluoride
treatment did not result in a significant reduction in
the rate of vertebral fracture, the small increases in
bone mineral density at the sites composed of mixed
cortical and cancellous bone and decreases in bone
mineral density at the sites containing predominantly
cortical bone were associated with a significant three-
fold increase in the incidence of nonvertebral frac-
tures, both incomplete and complete. The incomplete
fractures resembled the stress fractures reported after
a skeletal overload from athletic activities®® and, like
them, occurred almost entirely in weight-bearing
bones. Because only about half the women who re-
ported persistent pain in the lower extremities had
roentgenography of the painful area, these numbers
undoubtedly underestimate the true incidence of in-
complete fractures during fluoride therapy. These
fractures occurred almost entirely in the fluoride
group, but there was also a twofold, although nonsig-
nificant, increase in the number of complete fractures.
This increased rate of fracturing suggests that bone
formed during fluoride therapy has increased fragility.

Because of the high morbidity and mortality associ-
ated with hip fracture, the effect of fluoride treatment
on its occurrence is particularly important. Previous
investigators have reported that the incidence of hip
fractures either increased®® or did not change'®'" dur-
ing fluoride therapy. Although in this study the differ-
ence from the placebo group was not significant be-
cause of small numbers, there was almost a threefold
increase in the number of proximal femoral fractures
in the fluoride-treated women that paralleled the
threefold increase in the number of all nonvertebral
fractures. Because the bone mineral density of the
proximal femur increased moderately, the higher risk
of fracture, if indeed present, must be explained by an
overall decrease in bone strength.

As reported elsewhere,? the incidence of side effects
during fluoride therapy was high. Almost two thirds of
women in the fluoride group had gastric symptoms,
lower-extremity pain, or both, whereas only one quar-
ter of those in the placebo group had these symptoms.
Gastric symptoms have been attributed to an irritant
effect of fluoride on the gastric mucosa.? The mecha-
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nism of the lower-extremity pain is unclear, however.
It has been attributed both to intense bone remodeling
in the weight-bearing portions of the skeleton®*® and
to the occurrence of stress fractures.**** We found
incomplete fractures in only 11 of the 19 symptomatic
women in whom roentgenography of the painful area
was performed at an interval appropriate for detecting
them. Thus, both mechanisms may occur.

Two caveats should be borne in mind in the inter-
pretation of these data. First, one third of the patients
failed to complete the full four years of treatment.
Although high, the annual dropout rate in our study
was only half the average of the rates for eight other
large clinical trials in elderly women with osteoporo-
sis.*® Moreover, when we expressed our results as per-
son-years of follow-up, we achieved over 75 percent of
the follow-up that would have been theoretically pos-
sible if all 202 women had completed the full study.
We doubt that the dropout rate biased our results. It
was similar in both groups, and the data analysis in-
cluded all randomized patients, whether or not they
completed the clinical trial. Second, our results are
applicable only to the conditions of this trial and can-
not necessarily be generalized to regimens using other
doses or preparations of fluoride. Nonetheless, on the
basis of our negative findings, the advocates of other
fluoride regimens should document their efficacy by
randomized, controlled trials that evaluate the rate of
fracture.

Our data suggest that fluoride treatment increases
cancellous-bone mass but decreases cortical-bone
mass and increases skeletal fragility. These combined
effects result in a slight trend toward a decrease in
fracturing of the vertebral bodies (which are predomi-
nantly composed of cancellous bone) but an increase
in fracturing at sites containing either predominantly
cortical bone or similar amounts of cortical and can-
cellous bone. Thus, although we observed dramatic
increases in cancellous-bone mass, our findings do not
support the clinical efficacy of the fluoride—calcium
regimen for the treatment of osteoporosis.

We are indebted to Mrs. Diana Hansen for making the quan-
titative biplanar radiographic measurements; to Mrs. Cheryl
Collins for assistance in the preparation of the manuscript; to Drs.
R. Eastell, P.R. Ebeling, E.F. Eriksen, and M.A. Kotowicz for
assistance with various aspects of the clinical trial; and to Meri-
con Industries (Peoria, Ill.) for providing the drugs used in this
study.
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