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Abstract. In a 4-year controlled, prospective trial, 
histomorphometric analysis was used to compare the 
tissue-level skeletal effects of fluoride therapy in 43 
postmenopausal women (75 mg NaF/day) with those of 
35 matching placebo subjects; all subjects received 1500 
rag/day elemental calcium supplement. In addition to an 
initial, baseline biopsy, a second biopsy was obtained 
after 6, 18, 30 or 48 months. Measurements were made 
on a third biopsy obtained from 8 subjects following at 
least 72 months of fluoride therapy. The change in 
cancellous bone volume or trabecular thickness in 
fluoride-treated subjects was not different from a 
change in placebo-treated subjects. However, paired 
analysis in the fluoride-treated subjects indicated that 
bone volume was increased between the first and second 
biopsies (p <0.005). Both osteoid length and width 
were significantly increased in fluoride compared with 
placebo subjects; however, only the osteoid surface 
increased linearly (r = 0.63, p <0.001). The mineral 
apposition rate and relative tetracycline-covered bone 
surface were not different between fluoride and placebo 
treatment, although they were decreased in both 
groups in the second biopsy. The tetracycline-covered 
bone surface returned to normal in the third biopsy. 
Definitive evidence for osteomalacia is a prolonged 
mineralization lag time, which following fluoride treat- 
ment was found to be increased 9-fold in the second 
biopsy and 4-fold in the third biopsy. Further evidence 
for osteomalacia was increased osteoid thickness by 6 
months, evidence of focal areas of interstitial minerali- 
zation defects, and broad tetracycline labels of low 
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fluorescence intensity. In the third biopsies, osteoclastic 
resorption was observed beneath osteoid seams. 
Fluoride therapy increased the cortical width compared 
with placebo treatment (p <0.02), and increased the 
osteoid surface in Haversian canals, but did not change 
the osteoid width, resorption surface or cortical poro- 
sity. After an initial rise, serum fluoride levels remained 
constant, and the urine values fell slightly. The bone 
fluoride concentration rose throughout the treatment 
period, and was correlated with the change in osteoid- 
covered bone surface (r = 0.56, p <0.001). Although we 
found definitive evidence for osteomalacia, the cause of 
the osteomalacia was not determined in this study. On 
the other hand, the presence of bone resorption beneath 
unmineralized osteoid and of osteocyte halos is sugges- 
tive of hyperparathyroidism. Thus, it is possible that the 
strong stimulus for bone formation brought about by 
fluoride therapy resulted in relative calcium deficiency. 
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Introduction 

Sodium fluoride has been used experimentally for the 
treatment of osteoporosis since the experiments of Rich 
and Ensinck [1] suggested that fluoride could improve 
calcium balance. Subsequently, many studies demon- 
strated that fluoride therapy increases cancellous bone 
mass [2-7]. Histomorphometric studies have shown that 
the increased bone mass is associated with an increase in 
the bone-forming surfaces, increased osteoid width, 
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increased osteoid volume, and increased mean wall 
thickness (the amount of bone formed in each cycle of 
bone formation) [8-11]. Studies in vitro suggested that 
the increased formation may be due to a direct effect of 
fluoride in stimulating osteoblast proliferation [12]. 
However, inhibition of mineralization was suggested by 
wide osteoid seams and decreased double tetracycline 
labels [8-11]. 

Few of these studies have followed the effect of 
fluoride on bone metabolism sequentially. Many studies 
did not include a biopsy at baseline, and few were 
properly controlled. The present study was designed to 
assess the efficacy of fluoride therapy using a placebo- 
controlled, double-masked design. The effect of 
fluoride on spinal bone mass, biochemical parameters 
and fracture frequency has been reported by Riggs et al. 
[13,14]. This report describes the effects of fluoride 
treatment on the sequential change in bone remodeling 
assessed by histomorphometry of transiliac bone 
biopsies. 

Materials and Methods 

Experimental Design 

The selection of patients, design of the study, bone 
densitometry and fracture rate data have been pre- 
viously reported by Riggs et al. [13]. The 202 postmeno- 
pausal (50-75 years of age) white women with type I 
(involutional) osteoporosis included in the study were 
randomly assigned to placebo plus calcium (as CaCO3, 
1500 mg elemental Ca/day), or fluoride (NaF, 75 mg/day 
as 30 mg tablets three times daily and two times on 
alternate days) plus calcium groups. The NaF was 
administered as non-enteric-coated tablets, which have 
a higher bioavailability than enteric-coated capsules 
[15]. Prior to starting treatment, a baseline bone biopsy 
was obtained from 114 subjects. A second biopsy was 
obtained in 82 subjects; 78 of these biopsies were 
technically suitable for histomorphometric analysis. 
Biopsies were not obtained in the remaining subjects 
because of dropouts, refusal of a second biopsy, or 
technically unsuitable biopsies. 

A second bone biopsy was obtained from 35 placebo- 
treated subjects and from 43 fluoride-treated subjects. 
In both treatment groups the second biopsy was not 
obtained at the end of treatment but after four different 
intervals to determine the time course of the bone 
response to fluoride. The second biopsy was obtained 
after either 6, 18, 30 or 48 months of treatment. The 
distribution of subjects biopsied at each time interval is 
indicated in Tables A1 and A2. 

Twelve subjects were maintained on fluoride therapy 
and biopsied a third time. Eight of these biopsies were 
adequate for analysis. Seven biopsies were obtained 
following a total of 72 months on fluoride therapy, and 
one biopsy after 84 months. The third biopsy was 
obtained 2 cm medial to the first biopsy site. 

All the women gave written informed consent. The 

study was reviewed and approved by the Mayo 
Institutional Review Board. 

Histomorphometric Methods 

To determine the rate of and active surface involved in 
bone mineralization, tetracycline was administered 
prior to the first bone biopsy to the following schedule: 
tetracycline hydrochloride (250 mg q.i.d.) was given for 
3 days, then 14 days later demeclocyline (150 mg q.i.d.) 
was given for 3 days, and the bone biopsy obtained 3-7 
days following the last dose of tetracycline. For the 
second biopsy, the tetracycline hydrochloride was used 
for both labeling events, with 33 days between the start 
of the first and the start of the second tetracycline 
administration. The longer interval between the ad- 
ministration of the two labeling events was employed to 
obtain better separation between the labels, because 
fluoride therapy often produces wide, diffuse tetra- 
cycline labels. 

Transiliac bone biopsies were obtained with a 7.5 mm 
internal diameter trephine, 2.5 cm below and behind the 
anterior superior iliac spine. The biopsies were placed in 
70% ethanol, dehydrated in alcohol, and embedded in 
an 85% methyl-glycol methacrylate mixture [16]. 
Approximately one-third of the biopsy sample was 
removed by grinding using a plate sander. Five micro- 
meter sections were obtained using a Reichert Autocut 
1140 microtome. The sections were examined (1) 
unstained to visualize tetracycline labels, (2) stained 
with a modified Goldner's stain to obtain volume and 
surface measurements or (3) stained to identify 
osteoclasts using histochemical localization of acid 
phosphatase activity [17]. 

Quantitation of cancellous and cortical bone histo- 
morphometry values was made with a Leitz Orthoplan 
microscope. Images were projected using a series of 
mirrors onto a Summagraphics Bit-Pad One digitizing 
tablet interfaced with a microcomputer. Morphometry 
software was obtained from BioMed Stats (Yelm, WA). 
Total tissue and mineralized bone areas were measured 
in a single Goldner's-stained section from each biopsy 
by projecting an image obtained with a x i objective 
onto paper and tracing the outlined bone and tissue 
areas on the digitizing tablet. Cancellous tissue area was 
defined as the area which was at least 0.25 mm from the 
cortical-endosteal surface. The cancellous tissue area 
was 30.6 + 11.5 mm 2. Osteoid area, length and width in 
both cortical and cancellous bone were determined by 
tracing the osteoid area, projected directly onto the 
digitizing tablet, at a magnification of approximately 
x490 using a x l 0  objective. The precision of the 
methods ranged from 2% to 9%, similar to the 1%-8% 
determined by Gruber et al. [18]. The number of 
osteoclasts, and the number of osteoclast nuclei, were 
counted in the 5 #m sections stained for acid phos- 
phatase activity at a magnification of x 250. 

Several Haversian canal measurements were also 
made on the outer two-thirds of the cortical tables. 
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These included cortical porosity as a percentage of the 
cortical area, osteoid area as a percentage of bone area, 
osteoid width, Haversian canal resorbing surface length 
and Haversian canal osteoid surface length as a percent- 
age of the total Haversian canal length. These measure- 
ments were made with the same digitizing tablet 
described above for the trabecular measurements. The 
number of subjects per group is different for measure- 
ments of cortical bone because (1) section orientation 
was not adequate for cortical examination, (2) an 
insufficient amount of cortical bone was present, or (3) 
other technical problems occurred in the processing 
and/or staining of the section which precluded making 
accurate measurements. 

The nomenclature recommended by the ASBMR 
Nomenclature Committee was used to describe the 
histomorphometric parameters [19]. We have defined 
the mineralizing surface (%MS/BS) as the total 
tetracycline length per bone surface, and the osteoclast 
index (N.Oc?BS) as osteoclast number per 100 mm bone 
surface. Additional abbreviations include: % BV/TV, 
percentage bone volume per tissue volume; % MBV/ 
TV, percentage mineralized bone volume per tissue 
volume Tb.Th, trabecular thickness (#m); %OV/BV, 
percentage osteoid volume per bone volume; % OV/ 
TV, percentage osteoid volume per tissue volume; 
O.Th (/zm), osteoid thickness; % OS/BS, percentage 
osteoid surface per bone surface; % DL/BS, percentage 
double labeled surface per bone surface; MAR (/~m/ 
day), mineral apposition rate (interlabel distance per 
interlabel period); A j .AR (#m/day), adjusted appo- 
sition rate (MAR x MS/OS); Omt (days), osteoid 
maturation time (O.Th/MAR); BFR/BS (#m3/#m2/ 
year), bone formation rate per bone surface; BFR/BV 
(%/year), bone formation rate per bone volume; BFR/ 
TV (%/year), bone formation rate per tissue volume; 
Mlt (days), mineralization lag time (MAR x MS/OS); 
Ilt (days), interlabel time; ND1, number of double 
labels; Nu/Oc, nuclei per osteoclast. For cancellous 
bone only, the two-dimensional measurements were 
converted to three-dimensional terms by multiplying all 
perimeters by 4/zc, and dividing all widths by 4/m 
Trabecular and osteoid widths were determined by the 
indirect method [19]. The distance between tetracycline 
labels was determined by direct measurement at multi- 
ple sites. When the MAR could not be determined due 
to the lack of clearly defined double tetracycline labels, 
MAR, Omt and Mlt were specified as missing values, 
and bone formation rates recorded as zero. 

Serum and Bone Fluoride Measurements 

Serum and urine fluoride measurements were made 
using an ion-specific electrode (Orion) [20]. A 24-h 
urine specimen was collected 48 h after the last dose of 
fluoride. The specimen was acidified by adding 10 ml 
concentrated hydrochloric acid prior to taking the ali- 
quote in order to avoid fluoride loss into precipitates. 

Bone fluoride measurements were obtained on two 

sections (20 #m thick) of the embedded biopsy. The 
sections were ashed at 550 °C for 24 h and dissolved in 1 
M HC1, and the fluoride separated by acid diffusion 
before measurement with the fluoride electrode [21]. 
The calcium concentration was measured using atomic 
absorption spectroscopy. The results are expressed as 
micromoles fluoride per millimoles calcium. 

Statistical Analysis 

The effect of fluoride treatment was compared with 
placebo treatment by first determining the difference 
between the first and second biopsy. This change 
between biopsies due to fluoride treatment was then 
compared with placebo treatment using the 
Kruskal-Wallis analysis of variance test. 

Changes between biopsies in either the placebo group 
only, or fluoride treatment only, were compared using 
the Wilcoxon matched pairs test to determine the effect 
of treatment without regard to treatment time, or using 
the Kruskal-Wallis analysis of variance test to deter- 
mine the effect of time on treatment. In subjects 
biopsied three times, the significance level was adjusted 
to 0.017 according to the Bonferroni method [22]. 
Logistic regression analysis, and determination of 
correlation coefficients, were performed on the pla- 
cebo-treated subjects separately from the fluoride- 
treated subjects. Results for each group are reported as 
mean + SEM unless specifically stated otherwise. 

Results 

Cancellous Bone 

Bone Volume~Tissue Volume (BV/TV) and Trabecular 
Thickness (Tb. Th). To determine whether fluoride 
treatment altered histomorphometry without regard to 
time on treatment, the difference between the first and 
second biopsies was calculated for each variable. The 
placebo-treated group was then compared with the 
fluoride-treated group using the Kruskal-Wallis non- 
parametric analysis of variance test (Table 1). These 
results indicate that over the 4-year treatment period, 
fluoride treatment did not significantly increase bone 
volume or trabecular thickness compared with placebo- 
treated subjects. In both the placebo and fluoride- 
treated groups the changes in bone volume were highly 
variable (Fig. 1). There is an apparent increase in bone 
volume during the first 30 months of fluoride therapy, 
but at 48 months the second biopsy values are not higher 
than pre-treatment or placebo values. 

The lack of difference in bone volume following 
fluoride compared with placebo treatment was un- 
expected on the basis of previous studies. Therefore, 
we used the Wilcoxon matched pairs test to evaluate 
pre- and post-treatment biopsies in the placebo and 
fluoride-treated groups separately. There was no 
change in BV/TV during placebo therapy (p <0.2) (Fig. 
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Table 1. The Kruskal-Wallis test statistic (F) is a non-parametric 
analysis of variance test which compares the difference between the 
first and second biopsies in all placebo-treated (n=35) versus all 
fluoride-treated (n=43) subjects 

F p<  

BV/TV (%) 1.35 0.25 
Tb.Th (/*m) 0.96 0.33 
OV/BV (%) 38.61 0.0001 
OV/TV (%) 42.84 0.0001 
OS/BS (%) 40.12 0.0001 
O.Th (/*m) 24.09 0.0002 
MAR (/*m/day) 0.48 0.49 
MS/BS (%) 0.21 0.65 
MS/OS (%) 14.23 0.0001 
Aj .AR (/,m/day) 6.41 0.01 
Omt (days) 13.08 0.001 
Mlt (days) 27.53 0.0001 
BFR/BS Om3//,mZ/year) 0.01 0.99 
BFR/BV (%/year) 0.32 0.57 
N.Oc/BS (/100 ram) 0.65 0.42 
Nu/Oc 0.06 0.80 
Ilt (days) 4.59 0.03 

For explanation of abbreviations see text. 

1). However, in the fluoride-treated subjects there was a 
highly significant increase in BV/TV in the second 
compared with the first biopsies (p <0.005). Linear 
regression analysis indicated no relationship between 
changes in BV/TV and the length of time subjects were 
treated with fluoride (r = 0.01). 

There was no change in trabecular thickness during 
placebo therapy when the difference between the first 
and second biopsies was determined (p <0.10). 
Fluoride therapy significanty increased trabecular thick- 
ness in the second compared with the first biopsy 
(p <0.001), but this change was not related to the 
treatment interval (r = 0.04). The mean cancellous 
bone volumes for the first and second biopsies for each 
group of placebo-treated and fluoride-treated subjects 
are listed in the Appendix. The additional variables 
discussed below are also included in the Appendix. 

Oseoclast Index. The change in number of osteoclasts 
per bone perimeter did not differ between placebo and 
fluoride treatment (Table 1). The number of acid 
phosphatase positive osteoclasts in the post-treatment 
biopsy was also not significantly different from the 
number in the pre-treatment biopsy in either the 
placebo-treated or the fluoride-treated subjects. There 
were also no changes in the number of nuclei per 
osteoclast in either treatment group. The difference in 
osteoclast number did not change at any time point 
during treatment in either the placebo or fluoride- 
treated groups. 

Osteoid: Unmineralized Bone Matrix. Fluoride treat- 
ment increased all osteoid values significantly when 
compared with the placebo control group (Table 1). In 
the placebo-treated group, osteoid volume decreased in 
the second biopsy compared with the first biopsy when 
normalized to either bone volume (p <0.001) or tissue 
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Fig. 1. Changes in cancellous bone volume (BV/TV%), osteoid 
surface (OS/BS%) and osteoid thickness (O.Th) are shown in 
placebo-treated (open circles) and fluoride-treated (filled circles) 
osteoporotic subjects• The differences in each individual (measure- 
ments in second biopsy minus first biopsy) were plotted against the 
time between the first and second biopsy. Fluoride-treated subjects 
were different from placebo-treated subjects by analysis of variance 
(p<0.001) for osteoid surface and osteoid thickness. 

volume (p <0.002). The decrease was greatest at 6 
months, and returned towards pre-treatment levels as 
time on the protocol increased. The decrease in osteoid 
volume during placebo and calcium treatment was a 
consequence of a decrease in osteoid-covered bone 
surface (p <0.04) (Fig. 1), with no change in osteoid 
thickness (p <0.02) (Fig. 1). 

In the fluoride-treated group, osteoid volume 
increased significantly, normalized for either bone 
volume (p <0.0001) or tissue volume (p< 0.0001). 
These increases were linear with time on fluoride 
treatment (r = 0.50, r = 0.42, respectively) (Fig. 1). The 
osteoid surface was significantly increased during 
fluoride therapy (r = 0.63, p <0.0001); a linear increase 
in osteoid-covered bone surface is clearly demonstrated 
in Fig. 1. However, in 6 patients (14%) the osteoid 
surface decreased during fluoride therapy. All subjects 
treated with fluoride for 48 months responded with an 
increased osteoid surface. 

The mean osteoid thickness also increased signifi- 
cantly in the second biopsy compared with the first (p 
<0.0001). However, this increase was not progressive, 
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in contrast to the change in osteoid surface. The 
increase in osteoid thickness occurred at 6 months, after 
which it decreased slightly (Fig. 1). Although the mean 
value for osteoid thickness remained constant, examin- 
ation of the sections suggests that there may have been 
an increase in the maximum width of osteoid seams that 
was balanced by an increase in the length of narrow 
osteoid seams. 

Dynamic Indices of Bone Formation. There were no 
significant differences in the mineral apposition rate or 
mineralizing surface per bone surface between the 
placebo-treated and fluoride-treated groups (Table 1). 
The number of double labels, and the bone formation 
rates, were not significantly different between the treat- 
ment groups. 

However, because osteoid length increased, the para- 
meters that use the length of unmineralized matrix 
(osteoid) as a referent were significantly different in the 
fluoride-treated group compared with the placebo 
group. The mineralization lag time was significantly 
longer than it was in placebo-treated subjects, as was the 
osteoid maturation time. Changes in the number of 
double tetracycline labels per section were similar in 
both placebo-treated and fluoride-treated groups. 

The lack of significant changes in the tetracycline 
label length and apposition rate between placebo- 
treated and fluoride-treated subjects was unexpected, 
because both bone volume and osteoid volume increase 
with fluoride therapy. Therefore, we used the Wilcoxon 
matched pairs test to examine the changes between the 
first and second biopsies in the placebo subjects separa- 
tely from the fluoride-treated subjects. 

In fluoride-treated patients, mineral apposition rate 
decreased (p <0.01) in the second compared with the 
first biopsy. There was also a reduction in the percent- 
age of total surface, and osteoid surface, that incorpor- 
ated tetracycline (p <0.002, p <0.006, respectively). 
The net effect of these changes was to decrease the 
tissue-level bone formation rates (BFR/BS, p <0.01; 
BFR/BV, p <0.002). There was a similar decrease in the 
percentage of bone surface taking up tetracycline in 
the placebo-treated and fluoride-treated patients 
(p <0.002). Therefore, bone formation rates were also 
decreased in the placebo-treated and fluoride-treated 
subjects in the second compared with the first biopsies 
(BFR/BS, p <0.005; BFR/BV, p <0.001). The number 
of double labels per section was also decreased in both 
the placebo-treated (p <0.001) and fluoride-treated 
subjects (p <0.003) in the second compared with the 
pre-treatment biopsy. 

Since the change in tetracycline labels between the 
first and second biopsies occurred in both placebo and 
fluoride groups, these changes could be due to the 
calcium treatment, for which there is not an adequate 
control, or they could be an artifact of the differences in 
the time between tetracycline labels in the first and 
second biopsies. The interlabel period was increased 
from 17 to 33 days to minimize smearing and overlap of 
tetracycline labels in the fluoride-treated subjects. 

Thus, the tetracycline interlabel time was significantly 
different between the placebo-treated and fluoride- 
treated groups (Table 1). The difference between the 
mean interlabel time in the placebo-treated subjects 
(first biopsy, 26.7 + 1.4; second biopsy, 30.2 _+ 1.4; 
p <0.02) was less than in the fluoride subjects (first 
biopsy, 23.1 _+ 1.5; second biopsy, 32.5 + 0.23; p 
<0.0001). 

The significant decrease in bone formation rates in 
the fluoride-treated subjects with time is inconsistent 
with the increase in bone volume in the second com- 
pared with the first biopsy. The continued increase in 
osteoid length during fluoride therapy, coupled with the 
increased osteoid thickness, suggests that bone 
formation rates based on tetracycline uptake may not 
accurately reflect bone formation in fluoride-treated 
subjects. Therefore, we sought an alternative way to 
evaluate the effect of fluoride on bone formation. To 
determine whether fluoride increases matrix produced 
per forming surface, we examined the second biopsies 
from both placebo-treated and fluoride-treated sub- 
jects. The first set of tetracycline labels, administered 
prior to the basal biopsy, were buried deep within 
mineralized bone. We measured the distance from the 
first label to the bone surface, regardless of whether the 
surface was covered with osteoid or was fully mineral- 
ized. This distance is an index of the amount of matrix 
formed by osteoblasts during therapy, and is apparently 
independent of matrix mineralization. The distance 
from the initial tetracycline labels to the bone surface 
was significantly greater in the fluoride-treated subjects 
compared with those who received placebo (Table 2). 

Table 2. In the second biopsy only, we measured the distance from the 
first, pre-treatment pair of tetracycline labels to the bone surface. We 
included both quiescent and osteoid-covered bone surfaces in these 
calculations 

Months between Placebo Fluoride p <  
biopsies 

6 38.29+1.91 (7) 62.00+6.15 (5) 0.006 
18 47.00+3.87 (5) 57.86+4.49 (7) 0.10 
30 47.20+3.60 (5) 66.10+6.01 (10) 0.03 
48 44.00+0.63 (5) 56.00+7.51 (3) 0.20 

Values are the mean + SEM (n). 

Qualitative Evaluation of Bone Histology. In placebo- 
treated osteoporotic subjects and in all baseline biop- 
sies, the osteoid seam is 4-20 #m thick, with a smooth 
interface between the mineralized and unmineralized 
matrix. Osteoid is not observed below this interface or 
around osteocytes within the newly formed, mineralized 
bone. The lamellae normally are distinct and easily 
identifiable, and usually are visible along the complete 
length of the remodeling unit. 

Fluoride treatment appears to affect both the form- 
ation and mineralization of bone. Following 6 months of 
fluoride therapy the osteoid thickness increases, and the 
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interface between the mineralized and unmineralized 
bone is not always smooth. Small unmineralized areas 
are observed within the first two mineralized lamellae at 
the osteoid-mineral interface by 6 months. These small 
areas of osteoid are seen to coalesce and extend through 
three or more lamellae following 18 months of fluoride 
treatment. Mottled bone tissue with periosteocytic 
hypermineralized halos is apparent in patients treated 
for 30 months with fluoride. All patients treated with 
fluoride for 48 months have the irregular interface 
between the mineral and the osteoid seams, and 
occasional islands of osteoid within newly formed bone. 
Occasional linear formation defects are observed 
following 48 months of treatment. These changes in 
mineralization of osteoid do not appear more severe 
following 48 than 30 months of treatment, but they do 
affect all individuals. To determine whether fluoride 
therapy affected the pattern of matrix formation, we 
examined the Goldner's-stained sections using polar- 
ized light microscopy. A normal lamellar pattern was 
observed in both the mineralized bone and the un- 
mineralized matrix in all fluoride-treated subjects, 
irrespective of the length of treatment. Fibrosis was not 
apparent at the bone surface in the fluoride or placebo- 
treated biopsies. 

Serum, Urine and Bone Fluoride Values. The concentra- 
tion of serum fluoride and that of either bone (r = 0.49) 
or urine ( r=-0 .48)  were similar in the placebo and 
fluoride groups before treatment began. Serum, urine 
and bone fluoride concentrations remained constant in 
the placebo group during treatment. However, after an 
initial increase at 6 months, serum fluoride values 
remained elevated during fluoride therapy (Fig. 2). 
Urine fluoride output was greatest at 6 months, then 
declined (r = 0.42, p <0.006). Bone fluoride concentra- 
tions continued to increase throughout fluoride treat- 
ment (r = 0.74, p <0.001) (Fig. 2). There were no 
significant correlations between the changes in serum, 
urine or bone fluoride concentrations. 

The correlation of histomorphometric values with 
fluoride concentrations revealed positive correlations 
between bone fluoride content and the changes in 
osteoid volume and in osteoid surface (Fig. 3) in 
fluoride-treated subjects (Table 3). There was also a 
positive correlation between the serum fluoride con- 
centration and the change in bone volume in fluoride- 
treated subjects. There was, however, a poor cor- 
relation between the serum fluoride concentration and 
bone volume at the second biopsy (r=-0.16) .  Signifi- 
cant correlations between the changes in histomorpho- 
metric values and fluoride concentrations are shown in 
Table 3. 

Cortical Bone 

The histomorphometric changes in cortical bone were 
determined in a manner similar to that used for cancel- 
lous bone. To determine whether fluoride treatment 
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Fig. 2. The serum, urine and bone fluoride concentrations were 
determined at the time of the second biopsy in placebo-treated (open 
circles) and fluoride-treated (filled circles) subjects. Data are 
expressed as mean _+_ SEM. All fluoride-treated subjects have signifi- 
cantly (p<0.01) greater serum, urine and bone fluoride concentra- 
tions than the placebo-treated group by 6 months. 

altered histomorphometry without regard to time on 
treatment, the difference between the first and second 
biopsy was calculated for each variable. The placebo- 
treated group was then compared with the fluoride- 
treated group using the Kruskal-Wallis analysis of 
variance test (Table 4). The cortical thickness was 
significantly increased in fluoride treatment compared 
with placebo (p <0.02) (Fig. 4). Although there was a 
slight increase in cortical porosity following fluoride 
treatment compared with placebo therapy, this increase 
was not significant. The osteoid volume was signifi- 
cantly increased by fluoride therapy. As in the cancel- 
lous bone, there was a linear increase in osteoid surface 
in Haversian canals of cortical bone during fluoride 
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Fig. 3. The difference in osteoid-covered cancellous bone surface 
(second minus first biopsy) in flu•ride-treated subjects compared with 
the bone fluoride concentration at the time of the second biopsy 
(r=0.55), p<0.001). 

T a b l e  3. In the flu•ride-treated subjects only, the serum, bone or urine 
values obtained at the time of the second biopsy were correlated with 
the change in histomorphometric values between the first and second 
biopsy 

Fluoride Correlation 
concentration at coefficient 
at second biopsy (r) 

p< 

-1 

0 10 20 30 40 50 

Months between biopsies 
Fig. 4. The change in cortical thickness for placebo-treated (open 
circles) and flu•ride-treated (filled circles) osteoporotic patients. The 
difference in cortical thickness between biopsies (second minus first) 
was plotted according to the time between the first and second biopsy. 
Fluoride treatment was greater than placebo by analysis of variance 
(p<0.02). 

therapy (r =0.44, p <0.01). However, the osteoid width 
in Haversian canals was not increased at all compared 
with pre-treatment biopsies, or with the placebo-treated 
group. The Haversian canal resorbing surface was also 
not increased in the cortical bone during fluoride ther- 
apy. The lack of change in resorbing surface or cortical 
porosity suggests that bone turnover is not increased in 
cortical bone during fluoride therapy. 

Change between biopsies 
BV/TV (%) Serum 0.30 0.05 
OS/BS (%) Serum 0.29 0.06 
OV/TV (%) Serum 0.43 0.005 
OV/BV (%) Bone 0.27 0.09 
OS/BS (%) Bone 0.56 0.001 
OV/TV (%) Bone 0.49 0.002 

Values in second biopsy 
NDL Urine 0.34 0.03 
NU/OC Urine 0.54 0.001 
OV/BV (%) Bone 0.41 0.01 
OS/BS (%) Bone 0.59 0.001 

For explanation of abbreviations see text. 

T a b l e  4. Changes in cortical bone between placebo-treated and 
flu•ride-treated subjects were determined using the Kruskal-Wallis 
analysis of variance test (F). The difference in each variable between 
the first and second biopsy was determined for each individual before 
determining the effect of placebo versus fluoride treatment 

F p<  

Cortical thickness (ram) 5.3 
Cortical porosity (%) 0.3 
Osteoid area/bone area (%) 20.0 
Osteoid width (/~m) 0.9 
Haversian canal resorbing surface (%) 0.01 
Haversian canal osteoid surface (%) 24.3 

0.02 
0.59 
0.0001 
0.35 
0.9 
0.0001 

Third Biopsy 

The effect of an additional 24-36 months of fluoride 
therapy on bone metabolism was determined in 8 
subjects. There were no control subjects for comparison 
of the third biopsies. The bone volume continued to 
increase compared with that in the previous biopsies, 
with the third biopsy significantly greater than the first 
two biopsies (p <0.05; Table 5). 

The osteoid-covered bone surface does not continue to 
increase further between the second and third biopsies. 
Osteoid thickness is significantly increased at each time of 
bone biopsy (each group different by Bonferroni com- 
parison of means a tp  <0.05). These longitudinal results 
are slightly different from the cross-sectional compari- 
sons of the change in osteoid thickness at the four 
different biopsy times (Fig. 1). There was no difference in 
the number of osteoclasts per bone surface between the 
three biopsies. However, there were areas of osteoid 
extending into the marrow from the bone surface (Fig. 5). 
Osteoclasts can be seen resorbing bone beneath osteoid, 
which appears to leave osteoid isolated in the bone 
marrow. These extensions of osteoid were observed in 3 
of 8 subjects who had a third biopsy. Osteoclasts were 
observed resorbing bone beneath osteoid in only one 
biopsy obtained after 48 months or less. 

The dynamic indices of bone formation improve 
between the second and third biopsies. Since the 
mineral apposition rate remained relatively constant 
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Table 5. Eight subjects were biopsied a third time following 6 years of fluoride treatment 

Baseline Second biopsy Third biopsy 

BV/TV (%) 16.77_+2.31 19.34+1.90 30.61+4.03 ~'b 
Tb. Th (/~m) 114.60_+10.05 135.10_+11.10 221.56+50.26 
OV/TV (%) 0.29+0.057 1.20+0.145 1.89+0.41 ~ 
OV/BV (%) 1,79_+0.25 6.67+0.94 ~ 5.85+0.87 ~ 
O.Th (/~m) 6.60+0.61 10.17+1.14 ~ 13.52+0.88 "'b 
OS/BS (%) 15,13_+1.55 43.29+5.48 ~ 43.20+8.88 a 
N.Oc/BS (/100 mm) 13,79-+4.44 13,30+4.12 17.25-+3.84 
MAR (#m/d) 0.66-+0.12 0,52_+0.07 0.55+0.10 
MS/BS (%) 6.76_+1.08 3.86-+0.62 12.06+2.25 b 
MS/OS (%) 45.92+7.24 10.09+3.02 ~ 37.77+10.90 
Mlt (days) 24.36+_1.82 423.70-+-+137.18 a 98.32+26.30 b 
Omt (days) 8.74_+0.79 20,45-+1.60 33.32_+7.81" 
BFR/BS (/~m3//~m2/year) 16.38_+4.43 6.80+1.734 25.42+5.54 
BFR/BV (%/year) 25.93-+6.77 10.73+3.07 a 29.05+6.05 

For explanation of abbreviations see text. 
Values are the mean + SEM. 
Compared with baseline biopsy using Bonferroni adjustment, p<0.05. 

b Compared with second biopsy using Bonferroni adjustment, p<0.05. 

M. W. Lundy et al. 

throughout this t rea tment  period, the difference in bone 
formation rate is due to change in the osteoid surface 
incorporating tetracycline labels. The labels are predo- 
minantly observed beneath  the wider osteoid seams. 
The osteoid maturat ion t ime increased significantly 
between the first and second biopsies, and then 
increased slightly by the third biopsy. The mineral- 
ization lag t ime increased significantly at 30 months,  
then decreased to values that remained higher than, but 
not significantly different from, baseline values. 

Fig. 5a,b, In three of eight biopsies obtained following 6 years of 
fluoride therapy, unmineralized bone matrix can be observed in the 
bone marrow. Multinucleated osteoclasts (arrow) can often be 
observed removing mineralized bone (MB) beneath osteoid (arrow- 
head). Scale bars represent 100 #m in a and 50 #m in b. 

D i s c u s s i o n  

To characterize the mechanism of action of fluoride on 
bone,  it is necessary to assess sequential changes over  
time. Although many non-invasive methods are avail- 
able today to assess changes in bone turnover  and bone 
mass during t reatment  of  osteoporosis [23], only histo- 
morphometr ic  analysis can characterize the changes at 
both the cellular and tissue levels. Therefore ,  bone 
biopsies were obtained f rom the ilium in small groups of 
subjects prior to and after 6 months to 6 years of either 
placebo plus calcium or sodium fluoride plus calcium 
t rea tment  to identify changes in bone histology and 
bone  fluoride content. 

Riggs et al. observed a linear increase in lumbar  spine 
bone mineral  density (LS-BMD) using dual photon 
absorpt iometry during 4 years of fluoride therapy [13], 
which continued to increase when t reatment  was con- 
tinued for an additional 2 years [14]. LS-BMD in the 
placebo-treated subjects did not change. When we 
determined changes in cancellous bone volume in the 
ilium in small groups of subjects used in the Riggs study, 
there was not a significant increase in bone volume in the 
fluoride-treated subjects compared  with the control. 
Bone  volume did increase during the 6-year fluoride 
t rea tment  period when compared  only with baseline 
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values. Increases in bone volume compared with pre- 
treatment biopsies have been reported previously [2,3,8- 
11]. Kleerekoper et al. [24] reported significant increases 
in total bone volume, but not mineralized bone volume, 
compared with pre-treatment biopsies, in subjects 
receiving 75 mg sodium fluoride per day for 42 months. 
The lack of a clear trend of increasing bone volume in the 
ilium following fluoride therapy compared with the 
continued increase in LS-BMD may be caused by a slow 
increase in mineralized bone volume but a faster increase 
in bone mineral content which is included in LS-BMD 
measurements. Alternatively, bone formation rates and 
increases in bone volume in the ilium may slow with 
prolonged fluoride treatment [10], while LS-BMD con- 
tinues to increase. These differences observed between 
the ilium and vertebrae may also be a result of the high 
variance in bone volume determinations in the ilium, the 
small number of subjects in each group, and the cross- 
sectional nature of the comparison, compared with the 
repeated measures design of LS-BMD measurements 
which are more precise and are all measured in the same, 
larger numbers of subjects. 

The definitive method for identification of responders 
to fluoride therapy is the increase in bone mass. Riggs et 
al. [14] found that almost one-third of the patients who 
had an increase in serum fluoride levels did not respond 
with an increase in LS-BMD, while many others have 
observed a lack of response in approximately 25% of 
subjects [8,9,25]. Neither Riggs et al. [14] nor Hodsman 
and Droost [26] could identify any baseline character- 
istic which could predict the lack of response to fluoride. 
The best histologic index of a response to fluoride in the 
bone biopsies is an increase in osteoid volume and 
osteoid-covered bone surface. We found in the current 
study that osteoid volume had not increased in 40% of 
the fluoride-treated subjects after 18 months of treat- 
ment, and in 15% after 30 months. All subjects biopsied 
at 48 months responded with an increase in osteoid 
volume, although bone volume changes were minimal. 
It is not clear from this whether all osteoporotic subjects 
may eventually respond with increases in bone mass, or 
whether the high bone fluoride content might alter 
mineralizations without stimulating osteoblast prolifer- 
ation or activity. 

Osteoclast volume and osteoid surfaces were dec- 
reased in the placebo-treated groups after 6 months. 
These reductions in osteoid volume may be due to 
restoration of positive calcium balance, and a reduction 
in serum parathyroid hormone concentration induced 
by the high daily calcium supplement of 1500 mg. 

Pre-treatment bone formation rates or other histo- 
morphometric variables were not useful predictors of a 
response to fluoride therapy in this or other studies 
[8,9]. Fluoride concentrations in serum and urine were 
also not useful in predicting responders. Bone fluoride 
concentrations were a better indicator of a response to 
fluoride treatment, although the osteoid-covered bone 
surface was not increased in all subjects with high bone 
fluoride concentrations. Harrison et al. [11] also found 
that serum and bone fluoride concentrations overlap 

between responders and non-responders. However, 
more patients respond as bone fluoride concentrations 
increase above 30 #mol fluoride/mmol calcium. 

The increases in osteoid volume are recognizable as 
increases in both length and width within 6 months of 
treatment. Osteoid length continued to increase whether 
measured in different groups of subject for 4 years, or in 8 
subjects receiving fluoride for 6 years. The mean osteoid 
width appeared to remain constant when measured in 
small groups of subjects at different times during the 4 
years of fluoride treatment. However, osteoid width 
continued to increase during 6 years of fluoride treatment 
in the 8 subjects biopsied three times. This difference in 
response of osteoid width may be due to the type of 
comparison; the multiple measurements in the same 
subjects will be more reproducible than single measure- 
ments in multiple groups of individuals, so small changes 
are more likely to be identified. Alternatively, the 
minimal or slow increase in osteoid width and progressive 
increase in osteoid length may be a result of either the 
mineralization of forming areas stopping earlier than 
expected, or an extremely prolonged life span of the 
terminal osteoid. In either case, a thicker than normal 
layer of unmineralized matrix remains at bone surfaces 
which would otherwise be described as quiescent. 

In addition to osteomalacia, other observations of the 
mineralization changes include periosteocytic halos and 
mottled bone, which were observed after 48 months of 
treatment. The bone fluoride content (measured as a 
function of bone calcium content) had increased to nearly 
10 times pre-treatment levels in these biopsies obtained 
after 48 months of treatment, and were 5 times pre- 
treatment after 30 months of fluoride therapy. Similar 
calcification defects have been described by Boivin et al. 
[27,28] in fluoride-treated osteoporotic subjects whose 
bone fluoride content (measured as a percentage of bone 
ash) was 5-8 times pre-treatment levels. These changes in 
calcification were not observed in subjects whose bone 
fluoride content remained less than 3 times pre-treatment 
levels. Calcification defects may be the result of a toxic 
effect of fluoride on osteoblasts [29], as osteoblasts may 
be required for complete mineralization of matrix by 
removing inhibitors of crystal growth [30]. However, the 
problems with mineralization may not be a result of 
changes in osteoblast function, but rather be a direct 
effect of fluoride on mineral growth. A direct action of 
fluoride to inhibit bone mineralization has been demon- 
strated in vitro [31], and in rat kidneys during experimen- 
tal nephrocalcinosis [32], leading Harrison et al. [31] to 
suggest that the physical-chemical properties of fluoride 
can account for the inhibition of mineral deposition 
without postulating direct effects of fluoride on osteo- 
blastic metabolic processes. 

The toxic effects of fluoride on osteoblasts have often 
been identified as reduced tetracycline incorporation 
into bone, or wide diffuse labels which prevent accurate 
measurement of mineralization rate [9,24]. The extent of 
tetracycline-labeled surface and mineral apposition 
rates are used to determine bone formation rates and 
adjusted mineral apposition rates, which are measure- 
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ments used to indicate osteoblastic function. However, if 
the incorporation of tetracycline is irregular due to 
fluoride-induced inhibition of mineralization, then 
measurements based on tetracycline labels may be 
inaccurate. Osteoblastic function appears normal on the 
basis of total matrix synthesis, as we found that the 
amount of matrix formed after labels were administered 
at the start of the study is increased at 6 months compared 
with that in placebo-treated subjects. Eriksen et al. [10] 
have demonstrated increases in completed mean wall 
thickness following 5 years of fluoride therapy. Matrix 
and mineral content in the vertebrae must also continue 
to be increasing during fluoride treatment as demon- 
strated in the current subjects by measurements of whole 
bone mass [14]. The linear increase in osteoid-covered 
surface would be expected if surfaces which start bone 
formation as a result of the normal bone remodeled 
process (activation, resorption formation, quiescence) 
do not become completely mineralized. The increases in 
bone mass would therefore be primarily the result of a 
positive bone balance at each site of bone formation, 
resulting in an increase in trabecular thickness [10]. 

Bone remodeling and bone resorption continue in the 
fluoride-treated subjects despite the presence of osteoid 
over most of the bone surface. We observed osteoclasts 
resorbing bone beneath osteoid seams, and fragments of 
osteoid isolated in the bone marrow. This type of 
resorption beneath unmineralized bone matrix is often 
observed in osteomalacia, particularly that caused by 
renal abnormalities and associated secondary hyperpara- 
thyroidism [33]. Although some authors have suggested 
that the resorption observed in skeletal fluorosis is due to 
secondary hyperparathyroidism in humans [34,35] and in 
fluoride-treated animals [36-38], others have found no 
effect of fluoride on parathyroid mass or serum parathy- 
roid levels in animal studies [39,40]. There is no direct 
evidence for a role of parathyroid hormone in fluoride- 
stimulated bone formation in osteoporotic subjects. 

Two recent placebo-controlled studies did not show a 
significant change in the vertebral fracture rate follow- 
ing fluoride treatment [14,41]. One study described an 
increase in stress fractures in the extremities in the 
fluoride-treated subjects, but no difference in the rate of 
hip fractures [14]. The other study described no changes 
in true peripheral fractures, although there were peri- 
pheral lesions they described as part of a "painful lower 
extremity syndrome" [41]. Kleerekoper and Mendlovic 
[42] recently reviewed the significance of peripheral 
lesions following fluoride therapy and also discussed 
reasons why the significant increase in vertebral mineral 
density is not reflected in a decrease in the fracture rate. 
One of the possibilities includes abnormal biomechani- 
cal properties of the new bone formed during fluoride 
treatment. In addition to the periosteocytic halos of 
poorly mineralized matrix, density fractionation of 
fluoride-treated bone found an accumulation in the 
highest density fractions, indicating increased mineral- 
ization [43]. Mechanical testing of fluoride-treated bone 
in situ found increases in compressive strength but 
decreases in tensile strength [44-47]. Whether the 
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changes in bone structure and biomechanical properties 
are harmful remains to be determined. 

Regarding stress fractures and lack of vertebral frac- 
ture efficacy with fluoride treatment, it seems possible 
that osteomalacia, to the extent observed in many 
patients in this study, could impair the mechanical 
performance of bone. Accordingly, it is currently 
thought that microdamage induces bone resorption at 
the site of the damage and that this is followed by 
replacement of the damaged bone with newly synthe- 
sized functional bone. It seems likely that osteomalacia, 
because of the mineralization defect, would delay the 
process of replacing damaged bone with new functional 
bone. If this were the case, osteomalacia could, in part, 
account for the observed increase in susceptibility to 
stress fractures seen in fluoride-treated patients [13]. 
In support of this possibility is the finding that classical 
osteomalacia is characterized by an increased preva- 
lence of stress fractures [48]. Thus, the observed osteo- 
malacia could have adverse mechanical effects on the 
skeleton. However, we wish to emphasize that our study 
was not designed to study the consequences of osteoma- 
lacia on skeletal performance, and that further work will 
be required to address this issue. 

Although this study clearly documents in a prospective 
manner that fluoride therapy results in osteomalacia, our 
study was not designed to determine the cause of this 
osteomalacia. However, recent evidence suggests that 
fluoride may cause osteomalacia by stimulating bone 
formation to the extent that there is inadequate calcium 
absorption to support the demand for increased mineral 
deposition [49]. Fluoride could cause a calcium defi- 
ciency osteomalacia. Alternatively, it is possible that 
fluoride locally inhibits some enzymatic process which 
results in a direct inhibition of the mineralization process. 
In favor of the calcium deficiency hypothesis is that when 
patients with fluoride-induced calcium deficiency were 
treated with 1,25-dihydroxyvitamin D for several 
months, all evidence of calcium deficiency dissipated 
[49]. If this had been a toxic effect of fluoride to inhibit 
enzymes involved in mineralization, one would not 
necessary expect a correction with 1,25-dihydroxyvita- 
min D therapy. Thus if this osteomalacia produced by 
fluoride is a calcium deficiency osteomalacia, it should be 
possible to correct this with adequate calcium/1,25- 
dihydroxyvitamin D treatment. In any case, further 
studies will be required to determine the cause of the 
osteomalacia produced by fluoride therapy. 
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Appendix 
Table A1. Histomorphometric indices for bone biopsies obtained before and after placebo therapy 

Appendix 

Baseline 6 months Difference % change n Baseline 18 months Difference % change n 

BV/TV 14.69 16.88 2.19 16.47 11 
(%) (1.30) (2.38) (1.99) (15.22) 
MBV/TV 14.32 16.70 2.38 18.27 11 
(%) (1.29) (2.38) (1.99) (15.63) 
Tb.Th 100.17 118.96 17.79 23.92 11 
(#m) (7.28) (9.24) (11.90) (11.94) 
OV/TV 0.37 0.1.8 0.19 c -48.23 11 
(%) (0.04) (0.02) (0.04) (5.97) 
OV/BV 2.61 1.32 - 1.28 b - 49,00 11 
(%) (0.27) (0.28) (0.30) (8,66) 
O.th 8.13 7.13 -1.00 -11.88 11 
(#m) (0.48) (0,74) (0.72) (8.46) 
OS/BS 15.96 10.06 5.91 ~ -34.41 11 
(%) (1.79) (1.23) (1.42) (6.40) 
MS/BS 9.77 5.75 -3.68 -23.70 10 
(%) (1.91) (1.17) (1.37) (16.62) 
DL/BS 3.12 1.61 -1.37 15.92 10 
(%) (0.85) (0.40) (0.74) (44.65) 
MS/OS 62.71 61.95 3.24 26.79 10 
(%) (10.59) (13.52) (13.28) (30.32) 
N.Oc/BS 16.22 12.62 -3.60 98.57 11 
/100 mm (3.19) (2.59) (3.91) (119.76) 
Nw'Oc 2.09 2,64 0.56 29.50 11 
(%) (0,16) (0.36) (0.36) (14.92) 
Ilt 31.91 33.00 1.09 5.64 11 
(days) (1.19) (0.00) (1.19) (5.94) 
MAR 0.47 0.54 0.02 -5.39 9 
(#m/day) (0.09) (0.08) (0.12) (18.79) 
Aj.AR 0.17 0.25 0.10 34.29 9 
(/~m/day) (0.04) (0.08) (0.10) (46.08) 
Omt 17.73 t3.38 -3.10 -7.76 8 
(days) (2.25) (1.53) (2.75) (16.42) 
Mtt 38.73 32.00 -6.81 -7.49 8 
(days) (7.48) (8.78) (10.93) (21.10) 
BF/BS 15.59 11.65 -3.60 -16.54 9 
(/zm3//~m2/day) (4.41) (2.86) (4.70) (30.78) 
BFR/BV 32.33 19.77 -12.18 -39.44 9 
(%/year) (7.98) (5.08) (8.76) (18.49) 
BFR/TV 4.06 3.18 -0.48 12,74 9 
(%/year) (0.89) (0.78) (0,76) (38.45) 

17.32 16.64 -0.68 4.78 8 
(1.16) (3.26) (3,73) (29.27) 
16.94 16.50 -0.44 6.73 8 
(1.14) (3.26) (3.74) (30.30) 

104.74 103.13 -1.61 1.32 8 
(7.83) (9.88) (11.33) (10.66) 
0.38 0.14 -0.24 a -59.63 8 

(0.06) (0.04) (0.06) (9.92) 
2.22 1.02 -1.20 -37.20 8 

(0.33) (0.25) (0.46) (21.65) 
8.30 6.44 -1.85 -20.90 8 

(0.74) (0.84) (0.67) (7.80) 
13.80 8.30 -5.51 -17.27 8 
(1.80) (1.94) (3.18) (34.68) 
9.34 5.37 -3.97 -8.99 8 

(2.43) (1.50) (2.78) (31.05) 
4.77 1.38 -3.38 -40.44 8 

(1.33) (0.56) (1.35) (33.46) 
65.34 98.43 33.09 94.19 8 

(13.12) (41.56) (44.00) (101.27) 
18.25 12.04 -6.21 2.71 8 
(4.14) (2.86) (4.09) (33.22) 
2.37 1.90 -0.40 -5.90 7 

(0.39) (0.18) (0.34) (11.21) 
20.38 32.25 11.88 a 70.17 8 
(2.46) (0.62) (2.31) (14.29) 
0.65 0.34 -0.31 a -48.60 8 

(0.04) (0.08) (0.07) (12.43) 
0.32 0.24 -0.08 -14.48 8 

(0.07) (0.09) (0.10) (39.29) 
13.03 15.91 1.89 17.57 6 
(1.21) (1.89) (2.39) (19.09) 
27.98 22.79 -4.67 -6.82 6 
(7.20) (7.86) (4.42) (21.23) 
22.11 9.25 -12.85 b -48.53 8 
(5.88) (3.71) (6.10) (21.80) 
40,07 17.30 -22.77 d -52.40 8 
(8.44) (8.58) (9.33) (20.94) 
7.08 2.84 -3.52 d -61.10 8 

(1.68) (0.97) (1.29) (12.99) 

Values are the mean (SEM). 
Compared with baseline: ~p<0.05; bp<0.01; Cp<0.005; alp<0.001. 
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Table A1 continued 

Baseline 30 months Difference % change n Baseline 48 months Difference % change n 

15.60 22.39 6.79 a 46.55 7 
(1.25) (2,14) (2.07) (15.24) 
15,34 22.07 6,73 46,84 7 
(1.26) (2.14) (2.03) (15.14) 

114.96 137.43 22.47 a 23.51 7 
(11.01) (10.41) (10.72) (11.16) 

0,26 0,33 0,06 69.02 7 
(0.07) (0.08) (0,08) (41.90) 
1.78 1.55 -0,23 17.51 7 

(0.52) (0,45) (0:41) (33.96) 
7.15 7.91 0.76 20.91 7 

(1.06) (1.04) (1.05) (17.38) 
13.68 12.15 - 1.53 29.35 7 
(3.64) (2.06) (3.80) (40.94) 
7.49 5.67 -1.82 37.75 7 

(1.70) (1.33) (2.69) (72.39) 
3.15 1.67 -1.48 46.93 7 

(1.01) (0.45) (1.29) (81.46) 
67.39 52.44 - 14.94 12.32 7 

(11.82) (10,65) (14.99) (42.36) 
22.67 20.58 -2.08 96.63 7 
(5.28) (3.46) (5.22) (101.69) 
2.69 1.98 -0.71 -23,37 7 

(0.41) (0.23) (0.23) (4.60) 
26.14 33.00 6.86 40.36 7 
(3.24) (0.00) (3.24) (19.02) 
0.67 0.52 -0,15 a -16.09 7 

(0.10) (0.04) (0.10) (9.90) 
0.29 0.17 -0.12 -9.84 7 

(0.05) (0.03) (0.07) (34.92) 
12.14 15.01 2,87 70,71 7 
(2.37) (1.13) (2.47) (46.76) 
21.89 41.60 19.71 175.53 7 
(5.41) (13.97) (15.84) (98.46) 
18.32 10.16 -8.16 18.44 7 
(4.31) (1.67) (5.35) (66.86) 
32.33 15.60 -16.73 9.75 7 
(7.34) (3.28) (9.50) (67.52) 
4.78 3.36 -1.15 36.38 7 

(0.94) (0.62) (1.00) (77.72) 

19.81 20.82 
(1.62) (2.78) 
19.57 20.69 
(1,58) (2.78) 

116.34 135.49 
(11.34) (22.25) 

1.01 10.61 9 
(2.79) (15.33) 
1.12 11.05 9 

(2.76) (15.26) 
19.15 15.65 9 

(15.45) (10.53) 
-0.12 23.17 9 
(0,07) (55.55) 

-0.51 a -5.53 9 
(0.30) (33.14) 

-1.36 -3.50 8 
(1.26) (17.47) 

-3.14 21.14 9 
(2.17) (44.86) 

--3.07 a -31.19 8 
(1.07) (18.29) 

-1.58 -73.85 8 
(0.64) (12.64) 

-6.71 3.70 8 
(13.49) (20.78) 
-7.42 1.78 8 
(5.53) (22.70) 

-0,04 -1.02 8 
(0.08) (6,26) 
6.11 34.64 9 

(2.72) (15.80) 
-0.00 -17.28 6 
(0.09) (10.54) 

-0.05 -29.96 6 
(0.07) (20.47) 
1.63 27.14 6 

(4.02) (35.64) 
30,45 208.39 6 

(31.99) (187.08) 
-7.14 -59.84 6 
(2.97) (8.87) 

-11.91 a -65.58 6 
(4.61) (5.99) 

-1.94 -69.51 6 
(0.73) (8.06) 

0,24 0,12 
(0,06) (0.02) 
1,13 0.61 

(0.27) (0.11) 
8.17 6.81 

(1.07) (0.73) 
8.79 5.65 

(2.30) (1.00) 
7.20 3.92 

(1.64) (1,05) 
2.31 0.69 

(0.81) (0.26) 
76.70 67.94 

(10.08) (8.73) 
23.20 15.78 
(6.87) (2,49) 
1.43 1.35 

(0.05) (0.06) 
25.22 31.33 
(2.67) (1.80) 
0.43 0.42 

(0.10) (0.05) 
0.23 0.17 

(0.06) (0.03) 
15.07 17.00 
(1.85) (1.80) 
20.34 42.64 
(3.37) (20.33) 
14.04 6.43 
(3.95) (1.78) 
21.31 8.98 
(5.41) (1.88) 
4.59 1.85 

(1.13) (0,38) 
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Table A2. Histomorphometric indices for bone biopsies obtained before and after fluoride therapy 

Appendix 

Baseline 6 months Difference % change n Baseline 18 months Difference % change n 

BV/TV 17.59 18.18 0.59 -1.46 9 
(%) (2.15) (2.61) (1.51) (18.04) 
MBV/TV 17.27 17.30 0.03 -4.20 9 
(%) (2.11) (2.55) (1.44) (17.48) 
Tb.Th 121.52 120.93 -0.60 -3.74 9 
~m)  (14,57) (11.86) (10.07) (12.38) 
OV/TV 0.32 0.88 0.56 ~ 885,25 9 
(%) (0.06) (0.16) (0.16) (728.71) 
OV/BV 1.74 5.07 3.33 an 608,30 9 
(%) (0.23) (0.88) (0.90) (350.16) 
O.th 7.54 11.97 4.43 e 92.68 9 
(#m) (0.81) (2.12) (2.24) (66.46) 
OS/BS 13.89 27.15 13.27 h 149.16 9 
(%) (1.41) (4.3I) (4.97) (57.02) 
MS/BS 8,35 4.84 -3.51 e 130.19 8 
(%) (1.90) (0.73) (i.84) (148.25) 
DL/BS 2.88 1.29 -1.59 c -36.21 7 
(%) (0.69) (0.34) (0.52) (16.04) 
MS/OS 58.85 19.67 -39.19 bf 1.9.64 8 
(%) (9.26) (2.76) (7.45) (65.76) 
N.Oc/BS 17.23 13.22 -4.01 297.72 8 
(/100 mm) (4.00) (3.08) (5.82) (330.81) 
Nu/Oc 2.73 2.40 -0.33 56.73 8 

(0.38) (0.20) (0.43) (29.14) 
Ilt 33.00 32.44 -1.33 -0.26 9 
(days) (0,00) (0.29) (0.94) (1.11) 
MAR 0.46 0.49 0.03 2.00 7 
(t~m/day) (0.10) (0.09) (0.09) (24.01) 
Aj .AR 0.22 0.07 -0.15 a 60.91 7 
(~m/day) (0.06) (0.02) (0.05) (137.37) 
Omt 19.45 22.95 9.15 e 57.66 7 
(days) (5.33) (6.30) (6.24) (37,46) 
Mlt 50.65 194.91 169.84 ~ 385.87 7 
(days) (21.01) (112.75) (115.20) (151.85) 
BF/BS 15,46 10.13 -5.32 6.65 7 
(ltm3/l~mZ/day) (4.73) (2.51) (4.48) (61.25) 
BFR/BV 23.04 16.73 -6.31 -1.05 7 
(%/year) (6.59) (3.95) (6.80) (36.43) 
BFR/TV 4.38 3.04 -1.05 16.99 7 
(%/year) (1.40) (0.77) (0.86) (41.96) 

14.59 20.99 6.49 bg 32.07 12 
(1.36) (2.19) (2.09) (25.19) 
14.18 19.99 5.81 be 29.16 12 
(1.31) (2.13) (2.05) (25.I9) 
94.24 143.30 49.06 °g 30.57 12 
(5.09) (11.46) (11.61) (18.59) 
0.41 1.00 0.59" 192.54 12 

(0.08) (0.17) (0.20) (58.63) 
2.72 5.11 2.38 167.17 12 

(0.39) (1.00) (1.22) (57.42) 
8.61 10.94 2.34 ¢ 39.97 12 

(0.64) (0.85) (0.80) (15.06) 
14.11 31.25 17.14 a¢ 110.10 12 
(1.63) (4.49) (5,18) (34.17) 
5,50 5.64 -0.09 44.64 11 

(0.89) (1.22) (1.58) (54.96) 
1,98 1.47 -0.61 -37.36 9 

(0.49) (0.39) (0.83) (24.93) 
40.77 26.21 -16.09 -7.75 11 
(4.70) (10.47) (13.92) (33.40) 
15.82 15.96 0.15 a 60.03 12 
(3,97) (3.43) (5.16) (39.93) 
2.30 2.04 -0.25 19.15 12 

(0.31) (0,22) (0.47) (16.53) 
18.33 33.08 14,33 a~ 62.34 11 
(1.33) (0.08) (I,34) (13.33) 
0.55 0.50 -0.06" -27.19 8 

(0.09) (0.07) (0.12) (14.15) 
0.17 0.11 -0.07 a -24.20 8 

(0.03) (0.05) (0.08) (43.52) 
14.07 21.93 9.47 a 85.60 7 
(1.60) (3.35) (3.57) (27.48) 
41,63 280.46 293.52 a~ 712.24 7 
(8.87) (149.73) (I82,05) (248.12) 
12.27 12.08 -0.89 2.88 8 
(3.00) (3.03) (5.05) (57.33) 
25.54 17.81 -9.16 -17.54 8 
(5.37) (4.02) (7.73) (30.90) 
3.93 3.38 -0.84 -4.71 8 

(1.06) (0.77) (1.14) (51.04) 

Values are the mean (SEM). 
Compared with baseline: ap<0.05; bp<0.01; Cp<0.005; ap<0.001. 
Compared with placebo treatments at the same time after starting treatment: ~p<0.05; fp<0,01; gp<0.005; hp<0.001, 
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Baseline 30 months Difference % change n Baseline 48 months Difference % change n 

16.22 22.62 6.40 48.04 14 
(1.36) (2.41) (3,05) (21.21) 
15.91 21.30 5.39 42.28 14 
(1.33) (2.33) (2.94) (20.99) 

113.35 147.31 33.96 32.97 14 
(7.21) (9.62) (14.01) (13.01) 
0.31 1.32 1.01 ce 821.47 14 

(0.05) (0.16) (0.16) (217.50) 
1.88 6.23 4.34 ce 594.89 14 

(0.30) (0.70) (0.59) (215.16) 
6.58 9.64 3.06 ~ 60.61 14 

(0.59) (0.75) (0.80) (23.12) 
15.31 46.06 30.75 ¢e 360.42 14 
(2.01) (4.54) (4.54) (100.74) 
6.45 3.27 -3.19 c 51.69 12 

(0.99) (0.57) (0.98) (66.43) 
2.70 1.44 -1.12 ° 55.00 i0 

(0.64) (0.43) (0.84) (109.56) 
41.15 8.66 -34.32 ~ -74.49 12 
(5.84) (2.25) (6.30) (7.69) 
15.97 12.81 -3.16 102.27 14 
(3.83) (3.08) (3.76) (108.59) 
2.10 1.82 -0.30 -5.78 12 

(0.24) (0.20) (0.31) (21.10) 
21.43 32.43 11.64 c 44.52 14 
(1.91) (0.57) (1.96) (13.85) 
0.59 0.48 -0,16 a 38.24 10 

(0.09) (0.06) (0.14) (73.50) 
0.19 0.03 -0.17 e -63.43 10 

(0.04) (0.00) (0.04) (22.55) 
9.48 19.61 11.89 be 84.55 9 

(1.12) (1.62) (1.89) (27.95) 
23.16 427.25 460.70 c~ 2092.30 9 
(2.69) (113.88) (132.85) (655.88) 
14.92 6.04 -9.14" 50.19 10 
(3,09) (1.41) (4.07) (85.26) 
24.70 8.22 - 17.24" - 2.28 10 
(4.71) (1.97) (6.08) (49.06) 
4.17 1.81 -1.90 a 42.45 10 

(0.89) (0.41) (0.94) (75.73) 

22.45 23.73 1.27 64.92 8 
(3.96) (3.66) (4.04) (35.61) 
22.22 21.83 -0.38 58.62 8 
(3.97) (3.47) (3.99) (35.35) 

149.98 152.60 2.63 34.67 8 
(17.19) (17.57) (21.38) (25.49) 

0.24 1.89 1.66 a 815,91 8 
(0.05) (0.35) (0.33) (536.90) 
1.30 8.47 7.17 ah 402,88 8 

(0.36) (1.24) (1.13) (193.80) 
6.92 9.91 2.99 h 36.01 8 

(0.87) (0.76) (0.96) (28.15) 
11.48 60.24 48.76 an 302.55 8 
(1.94) (4.84) (3.96) (122.62) 
6.98 5.30 -2.83 31.38 7 

(1.95) (1.68) (3,49) (55,42) 
2.36 0.64 -2.05 -32,32 7 

(0,71) (0.38) (0.94) (56.88) 
62.52 9.34 -58.70 "~ -23.38 7 

(11.38) (3.06) (14.46) (46.66) 
21.08 18.06 -3.02 360.66 8 
(4.58) (4.13) (7.04) (312.15) 
1.39 1.62 0.24 -27.46 8 

(0.09) (0.13) (0,19) (12.06) 
27.38 32.38 5.13 10,23 7 
(2.98) (0.56) (3.11) (12.92) 
0.52 0.17 -0.39 a -60.98 7 

(0.10) (0.08) (0.11) (26.37) 
0.25 0.01 - -0 .26 bf -79.37 7 

(0.06) (0.00) (0.06) (18.98) 
12.50 22,51 14.57 94.23 3 
(1.84) (2.04) (4,94) (53.79) 
22.25 478,22 618.20 ah 1312.93 3 
(6,80) (308.99) (457.48) (845.10) 
13.83 3.73 -12,97 12.73 7 
(3.49) (2.51) (4.61) (104,35) 
17.82 6.04 -16.56 8.74 7 
(5.16) (4.42) (6.73) (102.28) 
4.40 1.01 -2.85 5.85 7 

(t .26) (0,65) (1.03) (95.92) 
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