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It has been traditionally believed that the main determinant for 
"spontaneous" non-traumatic fracture is low bone mas s . This assumption is the 
basis for the concept of fracture threshold, 1·2 which defines the critical level 
of bone mass, below which the risk of fracture is increased . To be effective 
in inhibiting recurrent fractures, treatments should be able to augment bone mass 
to approach or exceed fracture threshold (Fig. 1). Thus , treatments recommended 
were formation-stimulating drugs capable of augmenting bone formation , not anti 
resorptive drugs which inhibit bone resorption. 3 
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However, it is apparent from recent developments that the above concept 
requires modification . First, a restoration of normal bone mass in most 
osteoporotic patients may not be achieved quickly without sacrificing bone 
integrity. 4 Second, bone quality appears to be equally important, if not more 
so, than bone mass in predicting risk of fractures . 5 The relative importance of 
improving bone quality or augmenting bone mass in osteoporosis management is 
fully illustrated by contrasting effects of our slow-release sodium fluoride 
treatment6· 7 from those of conventional fluoride treatment. 4 



It is the objective of this medical grand rounds to emphasize the need to 
direct osteoporosis treatment toward improving bone quality, as well as 
increasing bone mass. We shall review progress made in methodologies for 
assessing bone strength, update our work with slow-release sodium fluoride and 
calcium citrate, and suggest that this treatment approach might meet the above 
need. 

Background : Bone Mass vs Bone Quality 

Fracture Threshold 

The importance of bone mass as a determinant of skeletal fracture is 
underscored by fracture threshold, and was popularized by recent introduction 
of methods for the measurement of bone density . 

The fracture threshold for the spine, calculated from fracture prevalence, 1 

has been reported to be 1.2 g/cm2 • With a decreasing bone density below this 
value, an increasing percentage of subjects were afflicted with fractures. In 
contrast, subjects were largely fracture-free above this value. Thus, they were 
considered to be at an increased risk of fractures when their bone density was 
below 1.2 g/cm2 (or 103 mg/cm2 by CT). 2 

Therapeutic Implications of Fracture Threshold 

Various treatments for osteoporosis were characterized on the basis of 
fracture threshold. Antiresorptive drugs, directed at inhibiting bone 
resorption, included calcium supplements, estrogen, calcitonin, and 
diphosphonate. These drugs theoretically do not cause a sustained augmentation 
of bone mass .3 Bone mass may increase during the early period of treatment, due 
to a reduced bone resorption in the setting of an unaltered bone formation. 
However, the bone mass stabilizes with continued treatment, because of a decline 
in bone formation from coupling. Because most osteoporotic patients would still 
carry bone density below fracture threshold, they would continue to be exposed 
to recurrent fractures after anti resorptive drug treatments. Thus, 
antiresorptive dr~g treatments would have a limited value in the prevention of 
recurrent fractures, unless it improves quality of bone. 

Formation-stimulating drugs include coherence t.herapy, 8 PTH peptide9 and 
fluoride. 4

'
0

'
1 They may theoretically restore normal bone mass by stimulating a 

sustained bone formation . An inhibition of recurrent fractures could 
theoretically occur from -a rise in bone density which approaches or exceeds 
fracture threshold . 

Unfortunately, many patients with established osteoporosis have already 
lost a substantial amount of bone mass. Thus, it may be difficult to restore 
normal bone mass during a reasonable period of treatment without sacrificing the 
quality of bone. Thus, in a recent study by Riggs et al., 4 a high dose of 
readily bioavailable fluoride preparation (plain NaF 60-90 mg/day) was required 
to augment vertebral bone mass substantially (35% in 4 years). However, bone 
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density barely approached fracture threshold, and the spinal fracture rate was 
reported to show a non-significant decline from the non-fluoride-treated group. 

Limitation of Bone Mass As A Determinant of Fracture Risk 

Several lines of evidence suggests that treatments which are also directed 
at improving bone quality may be particularly efficacious in inhibiting recurrent 
fractures. First, our recent study indicates that bone mass may have a limited 
value in predicting fracture risk. 

In more than 300 patients referred to our osteoporosis clinic, individual 
spinal fractures were calculated and compared with corresponding L2-L4 bone 
densities. This plot differed from prior reports of fracture threshold,l.2 
since it was based on fracture rate rather than prevalence. 

The fracture rates were low or zero above the bone dens i ty of 1.2 g/cm2 , 
approximating the fracture thresho 1 d derived from fracture prevalence. 1 However, 
a large fraction of patients were fracture-free, even though most of their bone 
densities were be 1 ow the fracture thresho 1 d. Moreover, fracture rates were 
independent of bone density below 1 g/cm2 • Thus, once sufficient bone loss has 
occurred to cause non-traumatic fractures, the risk of further fractures appears 
to be unaffected by prevailing bone mass . 

Abnormal Bone Quality in Osteoporo sis 

Second, bone quality may be inferior in postmenopausal and senile 
osteoporosis. Osteoporotic bone is characterized by a predominance of high 
density fractions, with "mature" bone mineral of high Ca/P ratio and 
crystallinity. 10 An ultrasound examination of bone has disclosed a reduced 
velocity with aging or osteoporotic process, 11 indicating impaired mechanical 
strength . 

Inhibition of Fractures Without a Substantial Change in Bone Mass 

Two reports 5·5" have recently appeared indicating that intermittent 
etidronate therapy retards spinal fr c: tures without substantially raising bone 
mass. This finding suggested that rec ;rrent spinal fractures could be inhibited 
without restoring normaJ bone mass, .possibly by improving bone quality. Though 
exciting, the results should be interpreted with caution for the following 
reasons. · Since etidronate is an antiresorptive agent 12

, it should not be 
expe cted to produce a substantial or sustained increase in bone mass. No 
objective data for improved bone quality were provided. The possibility of 
etidronate to exert this action would seem less likely than newer diphosphonates 
because of its known ability to inhibit bone mineralizat1on . 14 In one report, 5 

the number of patients were small, and in the other, 5
" patients selected may have 

had a very mild disease. The spinal fracture rate during the treatment phase 
of the p 1 acebo group was only 1 in 16 years. Moreover, the initial fracture 
occurrence was only 1-4/patient (mean of 2), and the pre-treatment lumbar spine 
bone density was much higher than in the series of Riggs et al 4 (0.85 - 0.89 
gjcm2 vs 0.78 g/cm2

). 
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In contrast, there is substantial evidence that our ongoing treatment 
program with intermittent slow-release sodium fluoride and continuous calcium 
citrate supplementation, not only causes a sustained augmentation of spinal bone 
mass, but also produces bone of improved quality. 6

•
7 In 201 untreated patients 

with primary osteoporosis, the individual recurrent spinal fracture rates were 
calculated and compared with corresponding L4-L5 bone densities. 15 Durin~ 
treatment, the majority of patients were fracture-free. At each 0.1 gjcm 
i nterva 1 of bone density, the fracture rate of the treated patients was 
significantly lower than that of untreated patients. The rise in spinal bone 
mass of 5.4%/year was less than that of Riggs et al. 4 using plain sodium 
fluoride, but much greater than 1. 8%/year reported by Storm et a 1 . 5 with 
etidronate. 

The clinical trial with slow-release sodium fluoride and calcium citrate 
is now entering the 8th year, with some patients having completed 7 years of 
treatment. More than 300 patients are enrolled in the study, both at the primary 
site here and at 9 multiclinic sites elsewhere. The bone biopsy examination by 
light and electron microscopy and by a recently developed reflection ultrasound 
has disclosed that bone formed is normally mineralized and mechanically stronger. 
A substantial amount of data is available concerning safety and efficacy of this 
treatment approach. 

Rationale for Slow-Release NaF Plus Calcium Citrate 

Mechanism of Fluoride-Induced Bone Formation 

In cultured human osteob 1 as ts, our 1 aboratory reported that fluoride 
increases cytosolic ionic calcium by activating phosphatidylinositol pathway. 16 

This response was biphasic, since the osteoblastic stimulation produced at low 
fluoride concentrations was attenuated at high concentrations (Fig . 2). The 
ensuing rise in cytosolic ionic calcium may cause synthesis of growth factors 
responsible for osteoblastic proliferation and collagen synthesis. Our recent 
study suggests that one such growth factor might be transforming growth factor 
betaY When the supply of calcium is adequate, the formation of mineralized 
bone should increase. 
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Alternatively, fluoride may cause osteoblastic proliferation by inhibiting 
phosphot~rosyl phosphatase 16 or by serving as a cofactor for other growth 
factors. 9 

Problems with Fluoride Therapy 

While fluoride treatment is well known to stimulate new bone formation,it 
is beset with a potential for causing frequent , and sometimes serious, 
musculoskeletal and gastrointestinal complications. 

Musculoskeletal Complications 

Manifested as lower extremity pain, plantar fascitis , tenosynovitis or 
microfracture, 20 musculoskeletal complications are believed to result from 
formation of poorly or inadequately mineralized bone with defective mechanical 
properties. 

There is extensive evidence from experimental animal and clinical studies 
supporting the view that an excessive fluoride exposure and an inadequate calcium 
intake are responsible for the skeletal toxicity of fluoride. 

Experimental animal studies. 21 - 24 In chicks and rats maintained on a 
normal calcium intake, a short term exposure to drinking water containing 
fluoride at a concentration of 50 mg/liter or less augmented mass and strength 
of long bones rich in cortical bone. H.owever, both bone mass and strength 
decreased at higher fluoride concentrations. The addition of calcium accentuated 
the rise in bone mass and strength produced by a "modest" amount of fluoride, 
and attenuated the decline in bone mass and strength developing from toxic 
fluoride exposure. Calcium restriction, even in the setting of modest fluoride 
intake, impaired bone growth and strength. 

Endemic fluorosis. 25 In human beings, the hallmark of fluoride toxicity 
is endemic fluorosis. Characteristic features are marked proliferation of bone 
growth, tendinous calcification, dental fluorosis and gross skeletal deformities. 
In a survey of rural farming communities in lndiG from 1963-1983, Teotia & Teotia 
found prevalence of fluoride-induced ''rnetabo l i c s ke leta l disease" to be much 
higher in regions with fluoride conte~ ~ in the drinking water of 11-25 mg/liter 
than in regions with low fluoride content (< 1 mg/liter) (33-90% vs 0.2-2:5%). 
However, skeletal fluorosis was much less common in regions with an adequate 
calcium intake (> 800 mgjday) than in areas of low calcium intake (< 200 mg/day) 
(33% vs 90% in areas of endemic fluorosis). 

Clinical studies. Clinically, Jowsey et al. 26 noted in bone biopsy 
examination from patients receiving a high fluoride dosage (plain NaF 60 mg/day), 
that "morphologically abnormal bone developed which appeared irregular and 
contained areas of incompletely mineralized bone." At a lower dosage (plain NaF 
< 45 meqjday), "bone was histologically and microradiographically normal." The 
importance of adjunctive calc i urn therapy was emphasized, as this treatment 
averted osteomalacic development and reduced bone resorption. 27 
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The danger of high fluoride dosage is further supported by the finding of 
an increased hip fracture rate among patients receiving a high fluoride dosage 
(NaF 75 mg/day) than in those taking a customary dosage (50 mg/day). 28 Moreover, 
in a recent randomized trial, Riggs et al . 4 using a high fluoride dosage (NaF 60-
90 mg/day) found a fall in radial shaft bone density and enhanced appendicular 
fracture rate. In contrast, we found no change in radial density and non
vertebral fracture rate using a lower fluoride dosage (50 mg/day). 

Thus, in the setting of high fluoride exposure and inadequate calcium 
intake, it is apparent that an abnormal bone may develop, because calcium supply 
may be inadequate to mineralize the extensive amount of collagen synthesized 
under the influence of fluoride. An appropriate balance of fluoride dosage and 
calcium intake would seem critical in assuring formation of a normally 
mineralized bone. 

Other Problems of Fluoride Therapy 

Tachyphylaxis. Attenuation of osteoblastic stimulation may develop after 
1 ong -term f1 uori de therapy. Bri ancon and Meun i er29 reported the presence of f1 at 
inactive osteoblasts after two years of fluoride therapy, but not after 1 year. 
After two years of fluoride therapy, Zerwekh from our 1 aboratory noted that 
tetracycline labelling of bone was diffuse and impaired, suggesting defective 
osteoblastic activity or mineralization. 30 

Gastrointestinal complications. Fluoride ion can react with hydrogen ion 
secreted in the stomach, forming corrosive hydrofluoric acid. 31 Thus, fluoride 
treatment may cause minor gastrointestinal complaints, as well as gastric 
bleeding and anemia. 32 

Accommodation of ~roblems of Fluoride Therapy 

From its inception in 1982, our treatment format for osteoporosis was 
directed at overcoming the problems of conventional fluoride therapy cited above 
(Table 1). Calcium citrate supplementation was provided to avert osteomalacia. 
Fluoride was delivered as a slow-release tablet preparation to minimize 
gastrointestinal complications. The provision of slow-release sodium fluoride 
with calcium citrate was intended to overcome musculoskeletal complications. 
Fluoride tachyphylaxis was avoided by a temporary withdrawal of f1 uoride therapy. 
Finally, all three accommodations were designed to prevent the formation of 
abnormal bone. 
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Rationale for Calcium Citrate Supplementation 

Calcium citrate is more soluble than calcium carbonate or calcium phosphate 
in synthetic solutions containing zero to 7.2 meq HCl/300 ml water, mimicking 
achlorhydric to moderately high acid secretory state (Fig. 3). 33 Even in the 
absence of HCl , calcium citrate is part ; lly soluble whereas the other two salts 
are not. The three salts are comph ~ ly soluble only in the presence of 
abnormally high HCl (24.2 meq/300 ml), simulating Zollinger-Elli son syndrome . 
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Following calcium citrate ingestion , the soluble calcium in the luminal 
fluid of the small bowel probably exists as ionic calcium and calcium citrate 
complex . 34 There is preliminary evidence that ca- is absorbed by an active 
t r ansport transcellularly, whereas CaCit- is absorbed passively via paracellular 
pathway. 

The above factors account for superior calcium absorbability from calcium 
citrate than from calcium carbonate when salts are provided on an empty stomach. 
In 12 studies from the literature , 35

-
44 ll found a greater calcium absorption from 

calcium citrate (F ig. 4) . It ha s been reported that calcium absorption from 
calcium carbonate may be improved when the salt is given with certain meals. 42 

However , th i s practice is not recommended in the management of osteoporos is 
becaus e of inter ference by calcium of the absorption of phosphate and i ron . 
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Rationale for Slow-Release Sodium Fluoride 

Avoidance of G ~ strointestinal Complications (Fig. 5). During conventional 
fluoride therapy with plain NaF, the rapid or immediate release of fluoride in 
the gastric lumen leads to an abundant formation of hydrofluoric acid. The 
corrosiveness31 and optimum absorbability of HF 45 accounts for gastrointestinal 
side effects and high levels of fluoride in serum. 

Fig . 5. 

Rapid Release 
NaF 

Bleeding 
Rc.pid Absorption 

Slow Release 
NaF 

0 

Sche:.1e for &voidance of g~s!rc i nte:st. i n• l como li ca tions. 

In contrast, the delayed release of fluoride from the slow-release 
preparation restricts the formation of hydrofluoric acid in the stomach, averting 
gastric bleeding. Fluoride is released instead as fluoride anion in the lumen 
of the small bowel. The delayed release and the less efficient absorbability 
of F- allows avoidance of toxic levels of fluoride in serum. 
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Avoidance of Abnormal Bone Formation (Fig. 6). During conventional 
fluoride therapy with a high dosage of plain NaF (>50 mg/day), high fluoride 
levels in serum may exert a toxic effect on osteoblasts, causing synthesis of 
abnormal matrix. This effect , combined with an inadequate calcium availability 
from calcium carbonate supplementation, may cause abnormal bone formation and 
impaired bone mineralization . 

Fig . 6 . 

Toxic Fluoride Levels 
Inadequate Calcium Availability 

l l t 
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t t t 

Fluoride Within Theraoeutic Window 
I 

Adequate Calcium Availability 

Sche!lle for i V o i d~nce of ~ bnor.:~al bone f or.na ti on . 

However, the rna i nta i nance of fluoride within therapeutic window and 
avoidance of toxic fluoride levels in serum assure orderly osteoblastic 
stimulation and synthesis of normal matrix. The concurrent availability of 
adequate amount of calcium may allow matrix to undergo normal mineralization. 

10 



Validation by Updated Results of Slow-Release NaF 
Plus Calcium Citrate Trial 

Pharmacokinetics of Fluoride Absorption: Maintainance of Serum Fluoride Within 
Therapeutic Window 

Concept of Therapeutic Window 

The objective of fluoride treatment is to deliver fluoride in such a way 
so as to maintain serum fluoride level within the therapeutic window, defined 
as the range between therapeutic threshold and the toxic threshold. There is 
substantial evidence that the therapeutic window for serum fluoride in the 
management of osteoporosis is 95-190 ng/ml. 

The following lines of evidence support the validity of above limits for 
therapeutic window . 

First, high fluoride concentration could exert toxic effects on the 
skeleton. In our study of human osteoblasts in culture, 16 the ability of 
fluoride to stimulate osteoblasts (measured by a rise in intracellular ionic 
calcium) was attenuated when fluoride concentration was high . In experimental 
animals exposed to drinking water with hi~h fluoride content (> 50 mg/1), both 
mass and strength of bone were reduced. 24

• 
7 

•
48 

Second, the toxic threshold for serum fluoride may be 190 ng/ml. Skeletal 
fluoride retention has been shown to be directly deftendent on serum fluoride 
concentration from studies in experimental animals 49

-
1 and in human beings. 52

•
53 

The minimum skeletal fluoride content at which fluorosis or mechanically 
defective bone developed was reported to be 0.4-0 . 45% of dry defatted 
bone. 24

•
48

•
49

·
54 The corresponding serum fluoride value, interpol a ted from the 

relationship between serum and skeletal fluoride, was 200-270 ng/ml . 53 Several 
studies in experimental animals indicated that skeletal and dental fluorosis 
occurred at serum fluoride concentration greater than 49

·
50

·
53

-
57 but not below 190 

ng/ ml. 52
·
53 In patients with renal impairment who developed fluoride-induced bone 

disease fhip fracture and osteomalacia), serum fluoride was found to exceed 190 
ng/ml. 54.~7 

Third, as previously discussed, the dosage of sodium fluoride determines 
the amount of fluoride absorbed and the serum fluoride levels, and may influence 
the clinical response. Jowsey et al. 26 noted that bone was morphologically 
abnormal with areas of impaired mineralization in patients receiving a high 
dosage of sodium fluoride (60 mg/day). However, bone was normal histologically 
and microradiographically at a lower dosage of sodium fluoride (45 mg or 
less/day). The hip fracture rate in patients receiving a high dose of sodium 
fluoride (75 mg/day) was higher than in those taking a lower dose (50 mg/day). 28 

Most studies employing a sodium fluoride dosage of 50 mg(day reported a decline 
in spinal fracture rate during long -term treatment. 6.7 • -

60 However, in two of 
three studies4

·
61

·
62 using a high dosage of 75 mg/day, a non-significant decline4 

or a rise in spinal fracture rate was noted. 62 
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Effect of Meal or Calcium Citrate on Slow Fluoride Bioavailability 

A higher than customary dose (50 mg rather than 25 mg) of slow-release NaF 
(Slow Fluoride) was tested here, in order to better discern pharmacoki netic 
variables.~ When Slow Fluoride was given alone, serum fluoride reached its peak 
level (Cmax ) in 2 h; thereafter, it declined with Tlj of 5.9 h. When Slow Fluoride 
was given with calcium citrate (400 mg Ca), Tlj was unaffected but C~x and area 
under the curve (AUC) were reduced by about 25%. When Slow F 1 uori de was 
administered with a meal, C and AUC were also reduced by 25%. Moreover, Tlj was 
further prolonged. Thus, the concurrent administration of Slow Fluoride with 
Ca citrate reduced fluoride absorption modestly without affecting its rate of 
clearance. 

Comparison of Fluoride Bioavailability from Slow Fluoride vs Plain NaF 

Fluoride bioavailability from a single dose of 25 mg Slow Fluoride was 
compared with that of 25 mg plain NaF, both given with a synthetic meal. 64 

Following Slow Fluoride dose, serum fluoride rose and declined more gradually, 
avoiding sharp peaks. 

The fluoride delivery format employed by us (Slow Fluoride 25 mg with Ca 
citrate 400 mg Ca twice/day) 7 was compared with that of Riggs et al. (plain NaF 
30 mg with Ca carbonate 500 mg Ca twice or thrice daily) . 4 The c i read ian 
fluctuation in serum fluoride was measured after a dose of each of above formats 
in patients stabilized on long-term Slow Fluoride-Ca citrate therapy. 65 

Following Slow Fluoride-Ca citrate dose, the circadian fluctuation in serum 
fluoride was narrow with peak-to-trough variation of only 50 ng/ml (Fig. 7). 
Serum fluoride was maintained largely within the therapeutic window. In 
contrast, high toxic levels of serum fluoride were attained following plain NaF 
with Ca carbonate. Fluoride absorption, calculated from AUC and uri nary 
fluoride, was twice as high. 

Similarly, Nagant et al. reported that plain NaF was 1.6 times more 
bioavailable than enteric-coated NaF. 64

a They attributed the inferior efficacy 
of plain NaF4 to its high fluoride bioavailability. 
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During 1 ong- term therapy with Slow Fluoride and Ca cit rate, the trough 
levels of serum fluoride could be maintained within the therapeutic window (Fig . 
8).6.7 Because of small circadian fluctuation, it is likely that peak levels 
would also have been kept largely within that range. Riggs et al. 4 reported 
similar levels of serum fluoride following plain NaF-Ca carbonate therapy. This 
finding provoked a comment that fluoride is the same no matter how it gets to 
the blood. 66 However, they measured serum fluoride 24 h after the last dose of 
NaF (personal communication, B. L. Riggs), thus obscuring the high peaks of serum 
fluoride attained earlier. 
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Effect on Bone Mass 

Augmentation of Vertebral Bone Mass 

Fluoride treatment is the only one which has been shown to produce a sustained 
augmentation of vertebra 1 bone mass . 4 

· 
6

• 
67 From a review of the 1 i terature , 

conventional fluoride treatments in 10 trials involving 399 patients4
•
52

•
67

•
68

-H 

have been shown to increase vertebral bone mass by 8.2%/year (Fig. 9). In the 
study of Riggs et al . 4 using plain sodium fluoride 60-90 mg/ day, vertebral bone 
density increased by 8.75%/year. In our own study employing Slow Fluoride 25 
mg with Ca citrate 400 mg Ca twice/day, however, the rise in vertebral mass was 
less prominent at about 5.4%/year, probably reflecting lower fluoride exposure. 
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Among 5 reports of non-fluoride-treated or placebo groups involving 135 
patients, 4

•
5 

·
67

•
70

·
75 vertebral bone mass decreased slightly by -0.65%/year. 
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Majority of report s indicate that fluoride treatment does not adversely 
affect cortical bone mass . Riggs et al. 4 showed a slight decline in radial shaft 
bone dens i ty during treatment with plain NaF. In contrast, we found no change 
during Slow Fluoride-Ca citrate therapy .6.7 

Avoidance of Tachyphylaxi s by a Temporary Slow Fluoride Withdrawal 

Briancon and Meunier29 reported that osteoblasts appeared fat and inactive 
on histomorphometric analysis of bone obtained from patients rece iving fluoride 
treatment for 2 years, but not for I year . They suggested that fluoride 
treatment be temporarily withdrawn in order to prevent thi s tachyphylaxis. 

In order to determine the minimum period of fluoride treatment withdrawal 
required to avert tachyphylaxis, a labelling of bone with two courses of 
tetracycline was initiated at varying times after fluoride withdrawal . 30 During 
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the first 30 days of fluoride withdrawal, the tetracycline labelling wa s diffu se 
and non-distinct, with less than 5% of surfaces covered with a double label (Fig. 
10). However, when fluoride treatment was withdrawn for more than 30 days , th e 
tetracycline labelling was entirely normal, and the amount of labelled surface 
wa s within or greater than the pre-fluoride treatment value. 

AVO IDANC E O F I ACHYPCiYLAXlS BY FC.UOiiiD E WIIHD F. AWAL 

~ 
c 
0 J .. ·. 

10 

. . 

<0 :il 

! 
I 

I 
I 
I 

-=; 

II 
' I 
! l ,, .. , 

ii 
6il ;c 

F.:.g . 10 DAYS OF FLUORIO E WITHDRAWA L :!Ei'OR E TS?.AC':'C~N E LAS E C.~~~ G 

Thus , our treatment fo rmat of yearly Slow Fluoride treatment, inter rupted 
by 1-2 months of fluoride withd rawal, assure s re storation of fluorid e 
re spon s iveness. 

Struc tural and Functional Int egrity of Bone 

Qu ant itative Hi stomorphometry6 

Tr an scortical ilial bone biopsjes were obtained in 23 patients before and 
after 2 years of Slow Fluoride -Ca citrate treatment. There were no significant 
change s in osteoid parameters . No defect in mineralization wa s observed in any 
of the specimens. 
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Polarized Light Microscopy 

All bone biopsy specimens obtained after about two months of treatment were 
examined under polarized light. 30 A normal lamellar pattern was detected in 
every specimen (Fig . 11). No mosaic bone was seen . 

Fig . 11 . Ph o t~omicrograoh of Cance ll ous Bo ne Viewed Unde:- Poi 2rized 
L1gnt (rrom a Patient in Group !! After 4 Cyc i es) 

Backscattered Electron Image (BEll Elect ron Micros cop y 

This technique76 utilizes the backscattered electron signal in a scanning 
electron microscope operated at an accelerating voltage of 30 KeV and a beam 
current of 10-8 amps. The image formed by the backscattered electrons is 
proportional to the average atomic number (density) of reg i on s of the specimen. 

Thus , the hydroxyapatite, bone and soft tis sues had backscattered electron 
yi elds of 13.4%, 7. 1% and 3.7%, respectively. In some cases the backscattered 
signal can discriminate between regions whose mean atomic number difference i s 
less than 0.5 atomic number. 
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Our initial effort was directed at exam1n1ng specimens from patients 
undergoing Slow Fluoride-Ca citrate therapy to ascertain if any gross 
abnormalities in mineralization were present. Results disclosed normally 
mineralized tissues by this backscattered electron imaging technique in all 
samples after treatment. None of the samples had abnormal mineralized tissue 
(Fig. 12). The pre-treatment bone biopsy picture from the same patient showed 
no evidence of abnormal bone mineral (Fig. 13). The overall picture indicated 
a less extensive new bone formation. 

However, the BEl picture was grossly abnormal in bone specimens containing 
an excessive amount of fluoride (from other studies). 77 

Fig. t2 Backscat:ered ~ l ec:ron ioaqe phoc:qraph of bane frcm a patient af:er 2 y~!rs of 
intermit:ent Slow Fiuoride therao: Mote the are!s of new bo ne for.:-:a: i cn as 
c:mpared to the ~Or! el!ctron de~;~ old bone. Th~ ce~en~ line is re!aily 
visaole. 
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Fig . 13 Bac ks cac:er ed e l ec:ron i~ag e ? hocograph of bone f r ee che s~e pac i enc 
as i n Fi gure 12 befo re Slav Fluoride t =eac: ea c . 

Reflection Ultrasound 78
•
79 

The reflection ultrasound is a novel method for assessing mechanical 
strength of bone. It allows a calculation of reflected ultrasound velocity at 
the critical angle, and of bone density . Bas ic principals are described below . 

In a bone tissue surrounded by soft tissue (water), the transmitted 
ultrasound velocity and direction are determined by the Snell's law: 

_ v_ 
sin B 

_c _ 
sin a 

where v and c are velocities in bone and water, respectively, and B and a are 
angles between the directions of ultrasound in bone and water and normal 
(perpendicular) to the surface separating two tissues. For transmitted 
ultrasound, B is less than 90'. When there is total reflection from the bone 
surface, the incident velocity and angle are identical to reflected velocity and 
angle. 
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The reflection ultrasound at the critical angle describes a sound wave 
propagated at the interface between soft tissue and bone. It occurs when B is 
go·c. The angle between the direction of propagation of incident ultrasound in 
soft tissue and normal (perpendicular) to bone surface defines the critical 
angle, ac. Sin B is equal to 1, since B is go•. Thus, from the Snell's law, 
velocity of reflection ultrasound at the critical angle (vc) is equal to incident 
velocity in soft tissue (c), divided by sin a. 

The value of cis known. The critical angle is experimentally derived from 
the amplitude of reflected ultrasound at different angles of incident ultrasound. 
The critical angle can be identified by a peak in amplitude followed by a sharp 
drop. Thus, vc can be calculated. 

When critical angle velocities (vc) are determined at different 
orientations of bone tissue, vc displays a biphasic pattern every 180•. The peak 
and trough values of vc probably represent velocities along two principal axis 
of bone tissue. Both principal axis velocities and reflected amplitudes (peak, 
mid- and trough) are functions of the density of bone tissue. Bone density may 
be calculated from these relationships. Thus, the modulus of elasticity can be 
calculated as the product of bone density and the square of vc. This measure 
gives an index bone strength, as it determines the resistance to deformation of 
bone tissue . The modulus of elasticity, so obtained from reflection ultrasound 
method, has been shown to be positively correlated with directly measured 
mechanical property of bone. 

The reflection ultrasound technique differs from the traditional 
transmission ultrasound method, which measures the time required for ultrasound 
to be transmitted across bone. Unfortunately, the transmission ultrasound 
velocity so-calculated may not be accurate, because of difficulty in estimating 
pathlength of sonic transmission in bone. Moreover, the transmission velocity 
provides a measure of structural property at an organ level. In contrast, the 
reflection ultrasound method determines phase velocity at a surface of bone with 
a dimension of 1-100 mm3 microns, and thus yields a property of bone at a 
material or trabecular level. Finally, the transmission ultrasound technique 
cannot estimate modulus of elasticity, since it cannot determine bone density. 

The reflection ultrasound velocity has been determined in cancellous bone 
of bone biopsy specimens obtained from patients undergoing treatment with Slow 
Fluoride and Ca citrate. 79 In a group of 16 patients, the velocity in bone 
increased from a mean value of 3303 m/sec before treatment to 3484 m/sec 
following treatment (p<0 . 001). It ro oe in 81% of the patients (Fig. 14). The 
histogram of ultrasound velocities showed a shift toward higher values following 
treatment. 
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The results provide objective evidence that Slow Fluoride-Ca citrate 
treatment increases mechanical strength of bone. 

Effect on Skeletal Fractures 

Spinal Fracture Rate 

In fluoride-treated groups. In 7 reports 4
•
60

-
62

•
80

-
82 involving 259 patients 

who received plain NaF, the spinal fracture rate during treatment was 426/1000 
pt yr (Fig. 15). It was 446/1000 pt yr in the study of Riggs et al. 4 In 
contrast, the vertebral fracture rate was significantly lower at 116/1000 pt yr 
during Slow Fluoride-Ca citrate treatment. 

In control groups. In 9 studies4
•
58

•
60

-
62

•
80

•
83

•
84 of non-fluoride-treated 

patients involving 451 patients, spinal fracture rate was 698/1000 pt yr. This 
rate was significantly higher than that of fluoride-treated groups. 
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Changes in spinal fracture rate relative to bone density. In 201 untreated 
patients with osteoporosis, 15 the recurrent spinal fracture rate (from the first 
fracture episode) was calculated individually, and was compared with the 
corresponding L2-L4 vertebral bone density (Fig . 16) . Between bone densities 
of 0.5 and 1.3 g/cm2

, the individual fracture rates showed a wide scatter; the 
median fracture rate wa s unaffected by the level of bone density. 

The results of 108 patients with primary osteoporosis who received Slow 
Fluoride-Ca citrate for at least 1 year (mean of 3 years) were plotted over the 
background of median, 25th and 75th percentile of untreated osteoporotic patients 
(Fig. 17~. 15 Only 19% of patients had a final vertebral bone density exceeding 
1.0 gjcm, and only 1% greater than 1.3 gjcm2

• None of patients with bone 
density exceeding 1.04 g/cm2 had fractures, suggesting that an increasing bone 
mass towards normal may have contributed to the inhibition of fractures. 
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A minority of patients (20 . 4% of total) had recurrent fractures during 
treatment which were within 25th-75th percentiles of values for untreated 
patients. The results raised the possibility that the quality of bone was 
unaffected by treatment. 

In mast patients (59 . 3% of tot a 1), however, no further spina 1 fractures 
occurred during treatment, even though their bone density was less than 1.0 
g/ cm2

• Moreover, the median fracture rates during treatment were significantly 
lower than those of the untreated osteoporotic population at corresponding bone 
density intervals . The results indicated that this treatment could have 
stimulated formation of mechanically improved bone. 

Spinal fracture rate during treatment relative to natural course of 
osteoporotic process. It has been suggested that spinal osteoporotic fractures 
tend to decline with progres si on of disea se. 85 

Our own results are not in accord with this conclusion. In 201 untreated 
patients with primary osteoporosi s , the group recurrent spinal fracture rate was 
calculated from the first fracture episode . Although the fracture rate was high 
during the first year, it stabilized at about 1000/ 1000 pt yr during subsequent 
years (Fig. 18). 
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Results of 106 patients receiving Slow Fluoride-Ca treatment were analyzed 
simi larly. Fracture rates were significantly lower than those of untreated 
population at same time intervals from the first fracture episode (Fig. 18). 
Thus, the decline in spinal fracture rate occurring during Slow Fluoride-Ca 
citrate treatment cannot be the result of natural course of the disease process. 

Hip Fracture Rate 

It has been suggested that long-term fluoride therapy may exaggerate the 
risk of hip fractures . However, compiled data from 5 sites did not disclose a 
higher rate of fracture of the proximal femur than in the untreated population . 28 
As previously discussed, it is noteworthy that patients who sustained femoral 
neck fractures were often those who took a higher dose of NaF. 28 Hedlund and 
Gallagher86 reported 4 spontaneous hip fractures in 35 patients receiving slow
release NaF over 72.3 pt yr. However, patients received calcium carbonate or 
no calcium supplement at all, unlike in our study where more bioavailable calcium 
citrate was given to all . 

Non-vertebral fractures were much ·more common in patients receiving plain 
NaF in the study of Riggs et al .4 than in our patients taking Slow Fluoride with 
Ca citrate .6.7 . 

Adverse Reactions to Fluoride Therapy 

In 11 re?.orts entailing the use of plain NaF in 460 pa-
tients4·52·53· 60·61.6 ·80 ·81.87-89 gastrointestinal side effects were encountered in 
30.3% of patients, and musculoskeletal complications (generally lower extremity 
pain) in 33.0% (Fig . 19). Up to 50% of patients had gastrointestinal complaints, 
and up to 56% of patients had musculoskeletal complications. Riggs et al. ~ 
reported gastrointestinal complaints in 16.8% of patients, with gastric bleeding 
resulting in anemia in 8.9%. The lower extremity pain was encountered in 36.6%, 
which manifested as stress fractures in about half the patients. 
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In contrast, the use of Slow Fluoride and Ca citrate produced much less 
frequent gastrointestinal and mu sculoskeletal complications . Among 378 patients 
with osteoporo s is participating in t : e study, gastrointestinal complaints were 
noted in 4.8% patients and mu sculoskeletal complications in 3.7%. No one had 
microfractures or blood loss anemia. 

Comparison of Mayo Study4 vs Dallas Study 

Table 2 summarizes our re sults with Slow Fluoride and Ca citrate, and 
compares them with tho se of Rigg s et al . 4 

CO MPARI SON OF MAYO VS DALLAS STUDY 

Riggs et al Pak et al 

Fluoride Abso rptio n hig h modest 
Se rum Fluorid e Level high the rapeu tic 
Tachyphylaxis yes no 
Ca Availab ility suboptimal optima l 
Tr abec ul ar Bo ne Mass rapid inc rease modest increase 
Co rtical Bone Mass decline no change 
Bone Mi neralizat ion prob. defective no rmal 
Bo ne Qu ali ty prob. defP.ctive improved 
Sp in al Fracture Ra te unchanged red uc ed 

or reduced (cf untr ea ted) 
Side Effects freque nt infrequent 

In the study of Riggs "et al. 4
, the use of plain NaF at a high do sage 

con t inuously probably led to a high fluoride absorption , toxic levels of fluoride 
in serum and tachyphylaxis of osteoblastic st imulation. In contrast, the use 
of slow- release NaF intermittently allowed us to maintain serum fluoride within 
the therapeutic window and avoid tachyphylaxis . The calcium availability for 
bone mineralization may sometimes have been insufficient from the use of calcium 
carbonate in the study of Riggs et al. 4

, whereas an adequate amount of calcium 
may have been absorbed in our study by using calcium citrate. 

Owing to above differences in treatment format, the trabecular bone may 
have formed rapidly, but it may have been inadequately mineralized of inferior 
quality in the study of Riggs et al . 4 In contrast, the trabecular bone may have 
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formed modestly, but it was normally mineralized of improved quality in our study 
with Slow Fluoride and Ca citrate. The cortical bone mass declined in the study 
of Riggs et al. 4

, but not in ours.6.7 Riggs et al. 4 reported no significant 
decline in spinal fracture rate. However, by a different statistical analysis , 
a significantly lower spinal fracture rate was found in the fluoride group than 
in the placebo group. 90 By our own analysis, the fracture rates at second and 
third years of treatment were significantly different between the two groups 
(using Mantel-Haenzel test, 598/1000 pt yr in placebo group vs 325/1000 pt yr 
in fluoride group, p<0. 001). The rise in bone mass could have overcome the 
effect of a decline in bone quality. In our study with Slow Fluoride and Ca 
citrate, we found a substantially reduced spinal fracture rate compared to that 
of untreated osteoporotic population at comparable levels of bone density. 
Finally, the use of plain NaF with Ca carbonate was associated with frequent 
gastrointestinal and musculoskeletal complications, whereas such side effects 
were much less frequent and serious with our treatment format. 

The main drawback to our study is that the reduction in fracture rate has 
not been validated by a randomized placebo-controlled trial. However, such a 
trial is under way. 

Comparision of Etidronate vs Mayo Study vs Dallas Study 

Etidronate5
•
5

• differs from fluoride preparations since it is an 
antireso r ptive agent, while the latter are formation-stimulating agents (Table 
3). Thus, etidronate causes a small transient increase in bone mass, whereas 
fluoride could produce a more marked sustained increase. Etidronate (long-term) 
and rapid release NaF could potentially interfere with bone mineralization, 
whereas slow-release NaF with Ca citrate has not been shown to do so. Improved 
quality of bone has been found for slow-release NaF with Ca citrate, but not with 
other treatments. Patients with milder disease were evaluated with etidronate, 
probably accounting partly for the efficacy of this drug. 

Table 3 

COM P.A. P.I SO N OF TH RE:: TRE ATMENT APPROACH ES 

Etid ron ate 

Ac:lon An t ires orp ti ve 

Rise in Spi nal Sl igh t &. 
Bone Mass Transie n t 

Quality of Bone Not Tested 

Severity of Mild 
Osteoporosis 

Potential Impairment Presen: 
of Mineralization 
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Plain Nai' Si ow Fluoride 
+ CaCO + Ca C:trate 

J 

Forma tion Forma tio n 
Stimu lati ng St imula ting 

Hig h &. Mod er at e &. 
Sustained Sust ained 

Not Tested Improved 

Moderate • Moderate • 
Severe Severe 

Present No 



Conclusion 

In order to prevent recurrent spinal fractures among patients with 
established osteoporosis, it is necessary to restore normal bone mass, improve 
bone quality, or both. The treatment format of Riggs et al . 4 using a high dosage 
of plain NaF with Ca carbonate illustrates the first approach. Our format using 
intermittent Slow Fluoride and continuous Ca citrate therapy represents the last 
approach. The superior clinical responsiveness to our treatment program supports 
the feasibility of an approach directed toward improved bone quality as well as 
increased bone mass . 

Moreover, it is clear that the response to fluoride therapy depends on the 
dose, formulation and duration of fluoride therapy, as well as on the type of 
calcium supplement coadministered. An optimum format might be Slow Fluoride with 
Ca citrate. 
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