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SUMMARY: Serum and bone fluoride concentrations of ten
patients maintained on long-term hemodialysis with fluori-
dated water (1 ppm, i,e,, 50 uM) were correlated with dura-
tion of treatment and the occurrence of clinical, radiologi-
cal, and histological manifestations of bone disease, Two
patients had symptomatic renal osteodystrophy when accep-
ted on the program, whereas six others developed the dis-
ease within a year of fluoridated dialysis, However, in all
patients, the disease progressed despite recommended ther-
apy (including high doses of vitamin D), The mean pre-dialy-
sis serum fluoride level was 16 *+ 4 uM which rose to 28 +3
post-dialysis. The bone fluoride content ranged from 800 to
22, 500 ppm on a dry fat-free basis, Toxic effects have been
reported at these levels and could complicate underlying renal
osteodystrophy, Further studies are required to delineate
the role of fluoride in this condition,

In our experience, renal osteodystrophy has been a common and disab-
ling complication of maintenance hemodialysis. Some investigators (1,2, 3)
have reported improvement of this condition by treatment with various doses
of vitamin D, calcium supplements, and phosphorus-binding gels, However, the
bone lesions in our patients have developed or continued to progress despite
these measures,

In our hemodialysis center, opened in April 1964, fluoridated dialysis
began with the fluoridation of the city water supply in November 1965, Our
subsequent therapeutic failure was completely unexpected and a possible ex-
planation was suggested by the observation of Taves et al, (4, 5) that the ser-
um fluoride (i, e,, F~) levels in patients chronically hemodialysed with fluori-
dated water are comparable to those that cause fluorotic bone disease (6), Thus,
the study of fluoride levels in our patients became of particular interest be-
cause several of them had been on fluoridated dialysis for much longer periods
than those patients reported by Taves et al, (4, 5).
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115 Posen, et al

During hemodialysis with fluoridated water, serum fluoride uptake
comes about because fluoridated water contains about 50 uM (1,0 ppm) of fluo-
ride, whereas human serum normally contains only about 1 uM (0, 02 ppm) of
free fluoride ion (5), Thus, there can be a 50:1 gradient favoring diffusion of
fluoride ion from the dialysis water into the patient's blood, and ensuing de-
position of fluoride into bones increasing with the duration of fluoridated di-
alysis,

Materials and Methods

The study group comprised ten patients (Table 1) dialysed with fluori-
dated water for periods ranging from one to thirty-one months, Three of the
patients (G,B,, RO N,, and C,W, ) were treated for ten to twelve months with
non-fluoridated dialysate prior to fluoridation of the Ottawa water supply, The
patients ranged in age from 16 to 61 years; four were female and six were male;
eight had glomerulonephritis as their primary diagnosis and two had polycystic
disease,

TABLE 1
Patient Age Sex Diagnosis Duration Dialysis
(months)
Non F F*
1, G,B, 28 F G.N, 10 30,5
2, C.w, 50 M P,C, 10 31
3. RN, 3 M G.N, 12 30
4, L,C, 42 M G, N, 0 28
5. W.B, 25 M G.N, 0 26
6 Y.L, 17 F G.N, 0 16
7. RV, 40 F P,C, 0 12
8, D,C, 16 F G.N, 0 9
9. H.R, 48 M G, N, 0 1
10, A,D, 61 M G.N, 0 1
* = When clinical tests were made
G, N, = Glomerulonephritis
P,C, = Polycystic disease

The patients were dialysed on a single-pass Kiil system, The duration
of each dialysis varied from eight-to-ten hours, three times a week, to twelve-
to-fourteen hours twice a week, Thus, the program involved a minimum of twen-
ty-four hours of fluoridated dialysis per week, The dialysate contained 3 meq
calcium and 1, 5 meq magnesium per liter, The fluoride content of the dialysis
water was between 0,9 and 1,0 ppm, i, e,, 50 uM, after November 1965,

In September 1967, all patients began receiving phosphorus-binding gels,
800 mg of elemental calcium, and 5, 000 units of vitamin D per day, In four
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Renal Osteodys trophy 116

patients (G.B,, RON,, R,V,, and C,W,) who were becoming disabled by their
bone disease, vitamin D was increased in 50, 000-unit increments to a total of
200, 000 units daily,

The skeletal status of our patients was studied before the initiation of
dialysis and then serially by biochemical, histological and radiological methods,
Serial radiological bone surveys, including skull, clavicles, ribs, vertebrae, pel-
vis, hands, and long bones, were performed before the patients were placed on
the hemodialysis program and at 6-month intervals thereafter,

Serum and dialysate calcium was measured by atomic absorption spectro-
photometry, serum phosphorus by a standard photocolorimetric procedure, and
serum alkaline phosphatase by the Bessy-Lowry method,

Serum ionic fluoride was measured by Taves' diffusion method (7, 8)
modified by releasing fluoride directly from serum by means of hexamethyldi-
siloxane in HC1 (9), The fluoride was trapped in sodium bicarbonate, and mea-
sured by a decrease in fluorescence of a morin-thorium complex, Serum fluo-
ride levels were determined before and after dialysis treatments, The approxi-
mate uptake of fluoride during a dialysis was determined by averaging the change
in serum fluoride levels entering and leaving the dialyser, and multiplying this by
the blood-flow and the length of time of the dialysis, The approximate value
multiplied by 0, 8 gives the fluoride uptake, The value of 0, 8 is the correction
found necessary when applying this method to patient D, M, (5), where a more
accurate graphical integration method could be applied, A correction is needed
because the arterio-venous difference is a non-linear function with time,

Trephine biopsies of the iliac crest were obtained under local anesthe-
sia in 7 patients and prepared for histological examination in the undecalcified
state by the method of Bohatirchuk (10),

Bone fluoride levels were estimated by the Marier and Rose Zx-SPADNS
method (11), but with the volumes scaled-down to permit determination of fluo-
ride in the range of 0 to 4 ug per test, This modification was necessary because
of the small size of the bone-biopsy samples (1,0 to 3, 5 mg), and involved the
use of a 2,0 ml aliquot of test solution along with 0, 4 ml additions of the two
reagents; in all other respects, the procedure was as previously described (11),
The procedure involves drying and defatting of the tissue, ashing in the pre-
sence of 200 mg of MgO fixative (containing 0.003% F), microdistillation, then
colorimetric estimation, With each group of samples, known fluoride standards
containing the MgO fixative were processed simultaneously through all phases of
the procedure, so as to correct for any variation in the "baseline" fluoride cor-
rection substracted from the total result, Preliminary studies had indicated
an accuracy ranging between 87 and 123%, averaging 99%, Although the small
size of the bone samples precluded duplicate ashings etc,, the 15 ml volume of
distillate was large enough to allow replicate colorimetric determinations, and
each value reported in this paper represents an average of (at least) triplicate
determinations,
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Results
The patients' serum calcium, phosphorus, alkaline phosphatase, and

Ca x P products, obtained before and after the initiation of the dialysis pro-
gram, are shown in Table 2,

TABLE 2
Patient Calcium(Mg%) Phosphorus (Mg%) Alk, Phos,(Bl) Post-treatment
B A B A B A Ca x P Product
1. G,B, 8.4 9.1 6,3 6,8 2.5 2.4 61,9
2. C. W, 7.0 10,1 5.7 5,0 1,2 3.5 60,6
3., RN, 7.2 8.6 12,7 9.0 2.5 2,4 77. 4
4 L.C, 8.9 10,0 9.0 6.6 1.2 2.7 66,0
5. W,B, 6.7 9.5 7.0 5.0 1.8 3.6 47,5
6. Y.L, 3.5 9.5 13,5 7.9 1.6 3.1 75.1
7. RV, 7.6 9.4 7.5 4.5 5.6 4,5 42,3
8, D.C, 7.2 8,9 8.5 7.9 1.9 2,7 70,3
9. H.R, 9.8 9.5 3.8 4,9 3.5 2,8 46,6
0. AD, 9.0 9.6 5.6 5.5 2.6 2.3 52,8

-

B = Before dialysis program
A = After dialysis program and treatment with Ca, Vit, D,

and P-binding gels
Normal values: Ca 8,9 to 10.3 mg%; P 2.8 to 4,5 mg%; alkaline
phosphatase 0,8 to 2,3 BU (Bessy-Lowry Units); Ca x P Product =
24,9 to 46,3,

Prior to dialysis treatment, the serum calcium concentrations were
subnormal in all except two patients (A, D, and H,R,), These levels became
normal within six months after starting treatment, except for R, N, whose
calcium level, although increased, was below the lower limit of normal, The
serum phosphorus levels, which were elevated prior to treatment in all except
patient H, R,, fell after starting the dialysis therapy: however, only in R, V,
did it reach the normal range, The alkaline phosphatase values were normal
in five of the ten cases at the beginning of the dialysis program; but after one
year of treatment all except one were above the upper limit of the normal range,
Similarly, all but one of the Ca x P products remained higher than normal after
dialysis therapy,

On radiological examination (Table 3), eight of the ten patients showed
varying degrees of hypomineralization, seven had looser zones, two had subperi-
osteal reabsorption, and one had osteosclerosis, These radiological changes were
associated with bone pains, arthralgias and fractures in seven of the patients,
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TABLE 3

Radiological Disease Clinical Features

—
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Patients 28 33 34 & & ¥ 4
1. G,B, + ++ = - 4+ 4+ ++
2, C.w, ++ 4 - - 4+ e
3, RN, ++ ++4 = = 4+ 4+ 44
4, L,C, ++ + - = ++ 4+
5. W.R, ++ + = = ++ 4+
6. Y.L, ++ ++ - - +++ + 4+
7. RV, ++ ++ + - +++ + v
8, D.C, - - ++ & @ -
9, H.R, - v - - ~ a =
10, A,D, & i = " - -

- Absent: + mild; ++ moderate: +++ severe

Fig. 1

Frequency of Bone Lesions in the Dialysis Program
General Hospital, Ottawa,-Canada

15-1

No disease
Clinical or
Radiological

disease

NUMBER OF PATIENTS

0O 6 12 18 24 30
MONTHS ON DIALYSIS
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The frequency of clinical and radiological evidence of bone disease at vari-
ous times after starting dialysis is depicted in Figure 1, There was a progres-
sive increase in the frequency of bone disease with the passage of time until, af-
ter eighteen months of dialysis, evidence of bone disease was present in all pa-

tents,

Figures 2 and 3 show the radiological progression of the bone disease in
patient R, N,, who was on dialysis since November 1964, The patient was dialyzed
for approximately two years before he developed signs of bone disease (Fig, 2).

Fig. 3

Same Patient (Maxch '68), Pr -
sion of the Osteodystrophy with Looser
Zones in Numerous Ribs, Including Lt,
6th, 8th (2 lesions), 9th and 10th Ribs,

Early looser zone in 9th 1t, rib, but

no loss of alignment, no periosteal
reaction at site of the radiolucent

band Several ribs show slight displacement,
indicating true fracture through the
looser zone, but no evidence of healing
with periosteal new bone although granu-
lar calcification is present adjacent to
bone lesion, Calcification in the right
rotator cuff,
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Renal Osteodystrophy 120

However, Ottawa water was not fluoridated until November 1965, so that pa-
tient R, N, was dialyzed with fluoridated water for only one year, Significantly,
unlike our other patients who developed bone disease after only one year of di-
alysis, he did not show signs of disease for two years, The patient was placed
on vitamin D 50, 000 units per day, 800 mg of elemental calcium per day, and
phosphorus-binding gels, In November 1967, because of progression of the dis-
ease, vitamin D was increased to 100, 000 units daily, but with no benefit (Fig, 3).
Liac crest biopsy taken in November 1967 (Fig, 4) demonstrated wide uncalcified
osteoid seams and areas of bone resorption,

Fig, 4

Undecalcified lliac Crest Bone Histology of Patient R, N,
(Nov, '67)

The radiological features of patient D,C, are shown in Fig, 5, When
the patient started treatment, her serum calcium was 7,2 mg per 100 ml and
the lateral ends of her clavicles showed resorption, a sign of secondary hyper-
parathyroidism, After six months of dialysis, vitamin D and calcium supple-
ments, and phosphorus-binding gels, her serum calcium rose to the lower li-
mit of normal and her clavicles had undergone remineralization, After continu-
ing the same therapy for an additional three months, she again showed resorp-
tion of the lateral end of her clavicles,

The increasing severity of histological bone changes with the duration
of fluoridated dialysis is shown in Fig, 6, Vitamin D and calcium therapy had
no apparent effect on the bone disease,
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Fig, §

Localized Shoulder View of Patient D,C, in Sept, '67, Outer End
of the Clavicle is Cupped and Irregularly Mineralized Due to Sub-
periosteal Bone Resorption

9-67 3-68 M 6-68

March '68: Following therapy, the mineralization of outer end of the
clavicle has returned to normal,

June '68: Irregularity of mineralization again apparent, not as marked
as in initial film,

Fig, 6

Severity of Bone Lesions After Maintenance on Fluori-
dated Hemodialysis
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MONTHS ON FLUORIDATED DIALYSATE

0 = No radiological or histological disease, no clinical symptoms,

1 = Mild radiological and histological disease, but no clinical symptoms,
2 = Moderate radiological and histological disease, with mild bone pains,
3 = Severe radiological and histological disease, with severe bone pains.
4 = Incapacitating disease, with multiple fractures,
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The characteristic appearance of an undecalcified section of iliac crest
sample is shown in Fig, 7, It was obtained from patient G, B, after six months
of vitamin D in daily doses of 100,000 units, Large amounts of uncalcified os-
teoid and areas of bone resorption are representative of bone biopsies from our
patients maintained on fluoridated hemodialysis, and the bones appeared most
affected in those dialysed for the longest periods.

Fig, 7
U, ifi jac C Bone Histol Patient G, B, ).
After Six Months of Vitamin D Supplementation, 100, 000
Units Daily

The pre-dialysis fluoride levels were elevated in all patients (Table 4),
compared to the 1 uM found in humans not unduly exposed to fluoride (13), The
levels rose as blood passed through the dialyser and, at the end of dialysis, the
serum levels of arterial blood had increased markedly above their pre-dialysis
levels, The estimated uptake of fluoride during a single dialysis ranged from
10 to 29 mg, Fig, 8 shows that the patients' serum fluoride levels increased
as a function of time on fluoridated dialysis; the Rochester levels (5) are in-
cluded for comparison,

The concentration of fluoride in the iliac crest biopsies of individual pa-
tients ranged from 800 to 22,700 ppm (Table 4), and were related to the length
of time the patients had been maintained on fluoridated hemodialysis ( Fig, 9).
The two lowest values were found in patients just starting on the program; the
lower value was in H, R, who, prior to treatment, had resided in a non-fluori-
dated community, whereas the higher value was obtained in A, D, who had re-
sided in a fluoridated community for three years prior to treatment,
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TABLE 4
Patient Serum Fluoride Fluoride Uptake* Fluoride lliac Crest
(Micromoles/Litre) (mg) ppm
Pre-Dialysis Post-Dialysis dry fat free
A \'/ A v

1. G,B, 19 33 32 37 17 22,700

2, C,LW, 18 34 29 36 23 19, 700

3, RN, 22 32 29.5 33 10 -

4 L.,C, 19,5 33 28 35 12 -

5. W,B, 23 36,5 30 37.5 14 -

6. Y.L, 16 24,5 28 30 12 13, 300

7. RV, 11,5 25,5 23 33 29 20,900

8, D,C, 10.5 20 22,5 28 17 15,900

9, H,R, 8,9 - 30 - - 800

0, AD, 14 27 30 34 16 9, 500

A = Blood entering dialyzer; V = Blood leaving dialyzer
*on a "per dialysis" basis, and excluding fluoride uptake from foods
and beverages, i, e,, ingestion of 2 to 5 mg F per day (11,12),

Fig, 8
Serum fluoride (F~) Levels as Related to Time on
Fluoridated Dialysis
”1 o OTTAWA
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MONTHS ON FLUORIDATED DIALYSIS

Each point represents a value in a different case,
Dotted line indicates trend obtained by calculating

a coefficient of variability (Rz). According to ani-
mal experiments pathological changes in bone appear
when serum F~ approaches 15 uM (5,19).
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Pig 9

Dry Fat-Free Iliac Crest Fluoride Levels as Related
to Time on Fluoridated Dialysis,
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Months on Fluoridated Hemodialysis

Each point represents a value in a different patient,
Dotted line indicates trend obtnnod by calculating a

coefficient of variability (R ). A fluoride content of
1% is equivalent to 10, 000 ppm,

The effect of fluoridated hemodialysis on the observed bone and serum
fluoride levels in the Ottawa pat:ents was statistically evaluated by calculating
a coefficient of determination (R?) for the data shown in Fig, 8 and 9, This
calculation of "best £it" accounted for 65% of the variability in the bone fluo-
ride data and 70% of that in serum fluoride results, and indicated that fluori-
dated hemodialysis has a comparable effect on bone and serum fluoride incre-
ments (Table 5),

TABLE 5
Months of Bone Fluoride Serum Fluoride
Fluoridated ppm cumulative uM cumulative
Hemodialygis (estimated) increment (estimated) increment
dry fat-free factor factor
0 8,260 see 7,09 i
10 14, 550 1.8 12, 54 1.8
20 18, 730 2.3 16,84 2.4
30 21, 500 2,6 20,23 2.8
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Comment

Clinically, radiologically, and histologically, the disease seen in these
patients was indistinguishable from uremic osteodystrophy, although the mani-
festations of bone disease tended to appear sooner and in more severe form in
our patients maintained on fluoridated dialysis. Uremic osteodystrophy is cha-
racterized by two well-recognized defects: the first is osteitis fibrosa (in-
creased areas of bone resorption and marrow fibrosis) ascribed to secondary hy-
perparathyroidism; the second is osteomalacia (increased amounts of non-min-
eralized osteoid) ascribed to the acquired resistance to the action of vitamin D,
These two features may be found in various amounts and combinations in individ-
ual cases, Stanbury (14,15) states that when osteomalacia is predominant, ure-
mic osteodystrophy should respond to vitamin D in the appropriate dose, Kay
(1) has found histological osteodystrophy in practically all of his patients main-
tained on non-fluoridated hemodialysis, but prevented them from reaching the
symptomatic stage by maintaining a calcium concentration of 3 meq per liter in
the dialysis fluid, supplementary dietary calcium, proper usage of phosphate
binders, and small doses of vitamin D, Our patients were treated in the same
manner and given increasing doses of vitamin D as they became symptomatic,
but without improvement,

The failure of our therapeutic efforts suggested that there may have
been other factors complicating the disease, The possibility that fluoride was
involved was raised by the observations of Taves et al, (4, 5) that the serum
fluoride (i,e,, F~) levels in patients regularly hemodialysed with fluoridated
water are elevated and comparable to those producing fluorotic bone disease
in various mammalian species (6). Our study has confirmed these observations
and,in addition, has demonstrated that the basal serum fluoride levels (i, e.,
arterial values at the beginning of each dialysis) are related to the duration of
exposure to fluoridated hemodialysis. An increase in the basal serum levels
would be expected as the more reactive bones become increasingly saturated
with fluoride, and thus, less able to clear fluoride from the serum (5).

The "zero time" values estimated for bone and serum fluoride (Table 5)
are much higher than those normally observed in adult humans who have not been
unduly exposed to fluoride (6,13), However, Taves et al, (5) have reported a
sexrum F~ value of 5,1 uM in a patient not previously dialyzed, but residing in
a community with fluoridated water, In the present study, one of the patients
had a bone fluoride level of 9, 500 ppm (dry fat-free) after only one month of
dialysis; this patient also resided in a fluoridated community, The fact that
these patients had little-or-no kidney function should be borne in mind, expecial-
ly as Call et al, (16) have demonstrated that humans with certain types of bila-
teral kidney disease accumulate more bone fluoride than do humans who do not
have these kidney ailments.

Our bone fluoride concentrations, however, must be interpreted with
caution for three reasons, First, they are higher than any previously-reporsed
values by as much as 50% (17), Second, the samples were too small to permit du-
plicate ashings, even though replicate analyses were done on the single distillates,
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Third, subsequent analysis (with larger samples) on three of these patients at au-
topsy, and in patients biopsied four months after defluoridation of the dialysis
water, showed only a fraction as much fluoride, (Note: This data will be repor-
ted in detail when the effects of defluoridated dialysis, introduced in our center
in the fall of 1968, are known), The uptake (and presumably, the loss) of fluo-
ride is less than 30 mg per dialysis (Table 4), so that only a small fraction of the
skeleton could have changed as much as indicated in the present study, We have
not, however, been able to find a reasonable technical basis to question the ana-
lytical procedures; therefore, we tentatively postulate that the fluoride content
of these patients' bones may vary markedly with time and with sampling site in

a particular bone (18),

Another point that needs to be resolved is why these patients showed no
histological or radiographic evidence of increased bone production, as often seen
in endemic fluorosis, The sexrum fluoride concentration may have been too high
for this in some patients; but, presumably, earlier in the course of their dialy-
sis, their serum fluoride content was in the range expected to produce osteo-
sclerotic fluorosis (19), Several explanations may be advanced, First, the ac-
cumulation of fluoride may have been too rapid (6), Second, since these patients
usually have histological osteodystrophy when accepted on the dialysis program,
and since osteodystrophy is characterized by a very slow bone-turnover rate (20),
their bones could not respond to fluoride levels stimulating bone formation,

The third possible explanation is the synergistic effect noted in senile osteo-
porotics treated with both vitamin D and fluoride (21), In those patients, vi-
tamin D was used to correct the fluoride-induced increase in osteoid seams;
but, instead of helping, vitamin D appeared to contribute to the widening of
osteoid seams, Our findings of worsening bone disease after combined vitamin
D and fluoride exposure may thus be the same phenomenon noted in the study of
senile osteoporosis,

Histologically and radiographically, these patients showed features of
uremic osteodystrophy instead of the fluorosis characterized by exostoses and
osteosclerosis, Nevertheless, the observed changes (osteomalacia, osteitis fi-
brosa and osteoporosis) were similar to those induced by high doses of fluoride
in humans and experimental animals, in which widened osteoid seams have been
observed (6,22-27), and where increased areas of resorption due to secondary
hyperparathyroidism may be seen (28), Therefore, it seems likely that fluo-
ride was aggravating the underlying renal osteodystrophy in our patients, and
that this effect was enhanced by concomitant administration of high doses of
vitamin D,
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