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Abstract

Low bone remodeling and relatively low serum parathyroid hormone
(PTH) levels characterize adynamic bone disease (ABD). The impact
of renal transplantation (RT) on the course of ABD is unknown. We
studied prospectively 13 patients with biopsy-proven ABD after RT.
Bone histomorphometry and bone mineral density (BMD) measure-
ments were performed in the 1st and 12th months after RT. Serum
PTH, 25-hydroxyvitamin D, 1,25-dihydroxyvitamin D, and osteocal-
cin were measured regularly throughout the study. Serum PTH levels
were slightly elevated at transplantation, normalized at the end of the
third month and remained stable thereafter. Bone biopsies performed
in the first month after RT revealed low bone turnover in all patients,
with positive bone aluminum staining in 5. In the 12th month, second
biopsies were performed on 12 patients. Bone histomorphometric
dynamic parameters improved in 9 and were completely normalized
in 6, whereas no bone mineralization was detected in 3 of these 12
patients. At 12 months post-RT, no bone aluminum was detected in
any patient. We also found a decrease in lumbar BMD and an increase
in femoral BMD. Patients suffering from ABD, even those with a
reduction in PTH levels, may present partial or complete recovery of
bone turnover after successful renal transplantation. However, it is not
possible to positively identify the mechanisms responsible for the
improvement. Identifying these mechanisms should lead to a better
understanding of the physiopathology of ABD and to the development
of more effective treatments.
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Introduction

Renal transplantation (RT) typically cor-
rects most mineral metabolism abnormali-
ties that can lead to renal osteodystrophy.
However, pre-existing bone diseases may
not be completely resolved by RT, espe-
cially if the recovery of renal function is not

adequate. In addition, the immunosuppres-
sive drugs commonly used to prevent rejec-
tion have significant effects on bone remod-
eling and are also responsible for RT-related
bone loss. As a consequence, there is a sig-
nificant decrease in bone mineral density
(BMD) in the first year after RT, which has
been confirmed by various prospective stud-
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ies (1). In some cases, bone loss has been as
high as 10%. However, these studies were
not able to determine the various patterns of
renal osteodystrophy (high or low bone turn-
over) because they were based on BMD
findings. Currently, renal osteodystrophy is
differentiated solely by means of a bone
biopsy and histomorphometric analysis (2)
and few prospective studies have evaluated
this parameter (3-6). For example, mild to
moderate hyperparathyroidism is spontane-
ously reversed during the first 1 or 2 years
after a successful RT (3). We have previ-
ously demonstrated that successful kidney
transplantation clears the aluminum on the
mineralizing surface and restores normal
bone remodeling in patients with aluminum-
related osteomalacia (4). However, there are
no data regarding the outcome of adynamic
bone disease (ABD) following kidney trans-
plantation.

In the present study, we have examined
the natural course of ABD after kidney trans-
plantation and the effect of previous low
bone remodeling activity on bone mass.

Material and Methods

Patients and study design

In order to identify patients with ABD,
all patients who lacked clear signs of moder-
ate or severe hyperparathyroidism (parathy-
roid hormone (PTH) >800 pg/mL or radio-
logic features of hyperparathyroidism) at
admission for RT were considered. The study
was approved by the Hospital Ethics Com-
mittee and only those who agreed to partici-
pate in the study were enrolled. After giving
informed written consent, the patients were
submitted to a bone biopsy during the first
month after transplantation. The 13 patients
in whom ABD was confirmed remained in
the study.

The BMD of the lumbar spine (L1-L4)
and of the total femoral neck was also meas-
ured. After following the patients for 1 year,

BMD and bone biopsies were repeated. Hor-
monal and biochemical markers related to
bone metabolism were routinely measured.
Signs and symptoms related to bone disease
were investigated.

Laboratory measurements

The first blood sample obtained from
patients undergoing cadaver kidney trans-
plantation was collected immediately prior
to surgery. All other blood samples were
collected in the morning after an overnight
fast. Serum calcium (normal range = 9.0-
11.0 mg/dL), phosphorus (normal range =
2.3-4.6 mg/dL), alkaline phosphatase (nor-
mal range = 60-170 U/L), and creatinine
(normal range <1.4 mg/dL) were measured
with a Cobas-Integra autoanalyzer (Roche
Diagnostics Corporation, Indianapolis, IN,
USA). Osteocalcin (normal range = 6-37 pg/
mL) and intact PTH (normal range = 8-76
pg/mL) were measured by radioimmunoas-
say using Cis-Bio assays (CIS-BIO Interna-
tional, Gif-sur-Yvette, France). Levels of
1,25-dihydroxyvitamin D (1,25-(OH)2D3,
normal range = 16-55 pg/mL) were deter-
mined by radioimmunoassay (Nichols Insti-
tute, San Juan Capistrano, CA, USA). Ra-
dioimmunometric assay (INCSTAR, Rohm
and Haas Company, Dietzenbach, Germany)
was used to measure 25-hydroxyvitamin D
(25-(OH)D3, normal range = 16-74 ng/mL).
Blood samples were collected and kept at -
20ºC until analysis. Analysis was carried out
in duplicate.

Bone mineral densitometry

Vertebral and femoral bone density was
measured by dual-energy X-ray absorptio-
metry (Hologic QDR-4500, Waltham, MA,
USA). The results are reported as BMD (g/
cm2) and as percentage of the value for an
age- and sex-matched population. For serial
measurements, the position and the region
of interest were carefully determined. The
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coefficient of variation for a phantom spine
evaluation was 0.5%.

Bone histomorphometry

Biopsy specimens were obtained from
the anterior superior iliac crest after double
labeling with tetracycline, with a 10-day
interval between doses. The bone specimens
were fixed in 70% ethanol and processed for
histomorphometry as previously described
(7). For aluminum quantification, the mate-
rial was stained with aurin tricarboxylic acid.
Histomorphometric analysis of trabecular
bone was performed using a single-blind
manual system. Histomorphometric param-
eters in trabecular bone were measured ac-
cording to standards established by Parfitt et
al. (8). Patients with ABD were defined as
those who exhibited a bone formation rate
(BFR) lower than 0.031 µm3 (µm2)-1 day-1

(which is the lowest reported value in nor-
mal individuals) (9) along with an osteoid
volume/bone volume ratio lower than 15%,
in the presence or absence of positive alumi-
num staining. Normal static histomorpho-
metric parameters were established by post-
mortem examination of 94 disease-free indi-
viduals from the greater metropolitan area of
the city of São Paulo, SP, Brazil. The BFR
was calculated as the sum of tetracycline
double-labeled surfaces plus half of the
single-labeled surfaces times the mineral
apposition rate. Dynamic histomorphomet-
ric parameter values were considered to be
normal when within the range reported by
Melsen and Mosekilde (10).

Statistical analysis

Changes with time were evaluated by
repeated one-way ANOVA. Tukey’s test was
used to separate the group or groups of
variables that differed from the others dur-
ing ANOVA. Multiple logistic regression
analysis was performed to identify factors
that could predict a future event (such as

improvement or no improvement in BFR).
Fisher’s exact test was used to compare event
proportions. Values of P < 0.05 were consid-
ered to be statistically significant. Data are
reported as means ± SD.

Results

Patients

The group studied consisted of 4 men
and 9 women with a mean age of 42 ± 8 years
(range 27-57). There were 9 Caucasians, 2
Afro-Brazilians, and 2 Orientals. Causes of
end-stage renal disease were: chronic glo-
merulonephritis in 9 patients, chronic inter-
stitial nephritis in 1, adult dominant polycys-
tic kidney disease in 1, and unknown in 2.
Twelve patients had been submitted to di-
alysis for an average of 31 ± 24 months prior
to RT; 1 was under continuous ambulatory
peritoneal dialysis and 11 were being treated
with intermittent hemodialysis.

Before RT, 10 patients had received oral
calcitriol for a mean of 19 ± 24 months, 4
had used oral aluminum hydroxide for a
mean of 0.8 ± 1.8 months and 11 were
treated with oral calcium carbonate for a
mean of 20 ± 20 months.

Six patients received live donor kidneys
and 7 received cadaveric kidneys. They were
all treated with the classic triple therapy of
prednisone, azathioprine and cyclosporin A.
The initial oral dose of prednisone was 1 mg
kg-1 day-1 and was progressively reduced to
0.2 mg kg-1 day-1 in the third month and to
0.15 mg kg-1 day-1 by the 12th month after
RT. The azathioprine dose was 2 mg kg-1

day-1 and was adjusted according to leuko-
cyte count and liver enzyme activity. Cyclo-
sporin A was started at 7-8 mg kg-1 day-1 and
adjusted depending on trough levels.

The patients experienced a mean of 1.3 ±
0.8 acute rejection episodes during the 1-
year follow-up period. Rejection episodes
were treated with intravenous methylpred-
nisolone, 8 or 16 mg kg-1 day-1, for 3 con-
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secutive days as part of another ongoing
study at our center. During this period, the
mean cumulative prednisone dose was 9.8 ±
2.5 g. None of the patients studied presented
steroid-resistant rejection episodes.

Renal function remained stable through-
out the first year. Serum creatinine at the end
of months 1, 3, 6, and 12 was 1.9 ± 0.9, 1.5
± 0.4, 1.5 ± 0.3, and 1.6 ± 0.5 mg/dL, respec-
tively (P = NS). None of the patients rejected
their grafts during the first year. Two pa-
tients presented progressive loss of renal
function, but ended the first year with creati-
nine clearance above 30 mL min-1 1.73 (m2)-1.

No oral calcium or phosphorus supple-
mentation, diuretic therapy or anticonvul-
sants were administered after RT. At the end
of the first year, mean body weight increased

from 61.3 ± 10.3 to 68.0 ± 15.2 kg (P < 0.05)
and mean serum albumin levels increased
from 3.7 ± 0.5 to 4.2 ± 0.6 g/dL (P < 0.05).

Hormonal and biochemical parameters

Table 1 shows the mean values of total
serum calcium, phosphorous, alkaline phos-
phatase, and serum creatinine before and
after RT. There were no changes in mean
total serum calcium levels during the study
period (P > 0.05). No patient developed
hyper- or hypocalcemia. Mean phosphorous
levels were higher before transplantation than
at any point after transplantation. However,
when mean phosphorous levels measured at
the end of the first month were analyzed and
compared with subsequent measurements,

Table 2. Serum intact PTH, osteocalcin, 25-(OH)D3, and 1,25-(OH)2D3 values at renal transplant (0) and 12 months later (12).

PTH OC 25-(OH)D3 1,25-(OH)2D3

0 12 0 12 0 12 0 12

All (N = 13)a 249 ± 163 66 ± 26* 67 ± 117 53 ± 75 22 ± 15 26 ± 12 29 ± 6 36 ± 10
Same (N = 3) 180 ± 139 58 ± 35 157 ± 253 37 ± 34 25 ± 15 28 ± 6 27 ± 5 31 ± 8
Better (N = 3) 432 ± 190 44 ± 5 58 ± 20 17 ± 14 26 ± 11 31 ± 8 30 ± 9 37 ± 12
Recovered (N = 6) 180 ± 113 77 ± 25 32 ± 24 79 ± 100 23 ± 17 32 ± 24 30 ± 6 36 ± 13

Data are reported as means ± SD. PTH = serum parathormone (normal range = 8-76 pg/dL); OC = serum osteocalcin (normal range = 6-37 pg/dL);
25-(OH)D3 = 25-hydroxyvitamin D (normal range = 16-74 ng/mL); 1,25-(OH)2D3 = 1,25-dihydroxyvitamin D (normal range = 16-74 pg/mL). For
group descriptions, see legend to Table 1.
*Values at 12 months were significantly lower than at renal transplant (P < 0.01, Student t-test). aOne patient did not take tetracycline appropriately
prior to the second biopsy; thus, analysis of improvement at 12 months was done for only 12 patients.

Table 1. Serum total calcium, phosphorus, total alkaline phosphatase, and creatinine values at renal transplant (0) and 12 months later (12).

Ca P TAP Cr

0 12 0 12 0 12 0 12

All (N = 13)a 8.8 ± 0.9 9.5 ± 0.5 6.3 ± 1.6 3.8 ± 0.7* 183 ± 150 134 ± 70* 10.0 ± 3.6 1.5 ± 0.5*
Same (N = 3) 10.0 ± 0.2 9.6 ± 0.6 5.7 ± 1.3 4.1 ± 0.5 131 ± 30 115 ± 16 6.6 ± 2.7 1.4 ± 0.2
Better (N = 3) 9.0 ± 0.5 9.5 ± 0.5 7.2 ± 2.4 3.7 ± 1.0 247 ± 216 92 ± 32 11.5 ± 4 1.6 ± 0.2
Recovered (N = 6) 8.1 ± 0.5 9.4 ± 0.5 6.3 ± 1.5 3.9 ± 0.9 117 ± 44 128 ± 53 10.4 ± 4 1.7 ± 0.8

The patients were divided into three groups: those who presented no improvement in bone formation rate (same), those who presented partial
reversal of adynamic bone disease (ABD; better), and those in whom ABD was cured (recovered). Data are reported as means ± SD. Ca = total
serum calcium (normal range = 9-11 mg/dL); P = serum phosphorus (normal range = 2.3-4.6 mg/dL); TAP = total alkaline phosphatase (normal
range = 60-170 U/L); Cr = serum creatinine (normal range <1.4 mg/dL).
*Values at 12 months were significantly lower than at renal transplant (P < 0.01, Student t-test). aOne patient did not take tetracycline appropriately
prior to the second biopsy; thus, analysis of improvement at 12 months was done for only 12 patients.
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no changes were seen over the first year.
Four of the 13 patients (30%) presented
hypophosphatemia in the first month. How-
ever, mean phosphorous levels for the entire
group remained within the normal range.
Throughout the first year, there were no
significant changes in total serum alkaline
phosphatase.

Table 2 shows the mean values for PTH
and osteocalcin, as well as 1,25-(OH)2D3

and 25-(OH)D3, during the study period.
Immediately prior to RT, PTH levels were
elevated in 10 patients (77%) and normal in
only 3 (23%). Soon thereafter, the patients
with elevated PTH presented decreases in
these levels. At the end of the 3rd month, and
through the end of the study, only 3 patients
had increased PTH levels, and those in-
creases were slight. Although not statisti-
cally significant, mean osteocalcin remained
elevated throughout the first month and then
normalized by the 6th month. At the end of
the first year, mean osteocalcin levels had
again increased, but not to statistically sig-
nificant levels. Serum calcitriol and 25-
(OH)D3 levels remained within the normal
range throughout the 12-month study pe-
riod.

Bone mineral densitometry

BMD was performed, on average, 1.9 ±
1.7 and 12.8 ± 1.2 months after RT. The
mean interval between the two BMD studies
was 10.9 ± 0.9 months.

Table 3 and Figure 1 show the BMD data
during the first month and at 1 year after
transplantation. BMD was decreased in the
lumbar vertebrae, but was significantly in-
creased in the total femoral neck.

Histomorphometric analysis of the bone
biopsies

Bone biopsies were obtained approxi-
mately 1.4 ± 0.7 and 13.4 ± 1.2 months after
RT. The mean interval between the two bone

biopsies was 11.9 ± 1.4 months. There were
no severe biopsy complications or any docu-
mented cases of osteonecrosis or bone frac-
tures during the follow-up period. Table 4
shows the static and dynamic parameters of
the bone biopsies obtained at RT and after 1
year. One year after transplantation, there
was an increase of near-significance in bone
volume. However, both before and after RT,
mean values remained within the normal
range. After 1 year, the minimal fibrosis
observed in the first biopsy had almost en-
tirely disappeared. Similarly, the osteoclas-

Table 3. Bone densitometry at the first month (first measurement) and 1 year after
transplantation (second measurement).

Bone densitometry sites First measurement Second measurement

L1-L4 (g/cm2) 0.935 ± 0.109 0.902 ± 0.099*
(92.3 ± 13.7%) (89.6 ± 11.8%)

Total femoral neck (g/cm2) 0.817 ± 0.065 0.853 ± 0.070*
(86.6 ± 8.7%) (91.1 ± 10.7%)*

Data are reported as means ± SD for N = 13 patients in each group and percentage of
the age and sex-matched population.
*P < 0.05 compared to first measurement (Student t-test).

Figure 1. Bone mineral density
(BMD) in the lumbar vertebrae
(A) and femoral neck (B) meas-
ured at the time of renal trans-
plantation (RT) and 1 year later
(post-RT). RT and post-RT
groups consisted of 13 patients
each.
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time of the first biopsy. None of the patients
presented detectable aluminum staining in
the second biopsy.

The bone biopsies obtained at the time of
transplantation demonstrated a marked re-
duction of bone remodeling, with no tetracy-
cline labeling in twelve cases (92%). One
patient had a very low, but measurable, BFR
(0.01 µm3 (µm2)-1 day-1) in the first biopsy.
Coincidentally, this was the same patient
who had not been taking tetracycline appro-
priately prior to the second biopsy, a fact that
interfered with his BFR measurement.

Of the 12 patients who took the appropri-
ate tetracycline doses before the second bi-
opsy, 9 showed a significantly lower surface
mineralization. Of these 9, 6 presented a
BFR higher than 0.031 µm3 (µm2)-1 day-1 and
were therefore considered to have normal
bone remodeling at the end of the first post-
transplant year, and 3 showed a low, but
measurable, BFR (0.02 ± 0.006 µm3 (µm2)-1

day-1). The remaining 3 patients had no de-
tectable tetracycline labeling. Figure 2 shows
the BFR values obtained from the first and
second bone biopsies.

Neither osteoid volume nor osteoid sur-
face changed after 1 year. However, osteoid
thickness increased significantly (P = 0.02).

Of the 12 patients who took tetracycline,
6 had normal biopsies at the end of the first
year. Although the other 6 patients still pre-
sented features of ABD at that time, 3 of
them showed much better dynamic param-
eters. Therefore, there was an overall im-
provement of BFR in 9 of the 12 patients.

There were no differences in BFR nor-
malization between patients who had posi-
tive aluminum staining in the first biopsy
and those who did not. After RT, bone re-
modeling improved in 3 of the five alumi-
num-positive patients. Five of the 7 alumi-
num-negative patients showed similar im-
provement (P = NS).

We compared patients whose BFR nor-
malized with those in whom it did not and
found no differences between the two groups

Figure 2. Role of bone formation
rate (BFR) measured by histo-
morphometry of the bone biopsy
obtained at the time of renal
transplantation (RT) and 1 year
later (post-RT). The 12 patients
are indicated by different sym-
bols.

Table 4. Histomorphometric analysis of the bone biopsy performed at the time of renal
transplantation (first biopsy) and 1 year later (second biopsy).

First biopsy Second biopsy Normal
(N = 13) (N = 12) range

Bone volume (%) 23.9 ± 4.7 28.3 ± 5.8 24.6 ± 7.1
Osteoid volume (%) 4.1 ± 2.7 3.4 ± 2.7 2.3 ± 2.4
Osteoid thickness (µm) 8 ± 2 13.8 ± 6.2* 11.2 ± 3.4
Osteoid surface (%) 27.4 ± 11.3 21.0 ± 14.8 13.3 ± 11.1
Eroded surface (%) 5.7 ± 2.4 5.6 ± 2.2 2.1 ± 1.8
Osteoblast surface (%) 4.0 ± 3.3 3.1 ± 2.6 1.6 ± 3.3
Fibrosis (%) 0.2 ± 0.2  0* 0
Osteoclast surface (%) 0.8 ± 0.8 0.5 ± 0.4 0.03 ± 0.09
Aluminum surface (%) 30.9 ± 15.6  0* 0
Mineral apposition rate (µ/day) nd 0.5. ± 0.2 0.68-1.19
Mineralization surface (%) nd 8.3 ± 4.1 13.8 ± 6.0
Bone formation rate (µm3 (µm2)-1 day-1) nd 0.04 ± 0.03 0.1 ± 0.03
Adjusted apposition rate (µ/day) nd 0.2 ± 0.03 0.5 ± 0.2
Mineralization lag time (days) nd 60 ± 29.9 23.0 ± 2.4

Data are reported as means ± SD. nd = not detected.
*P < 0.05 compared to first biopsy (Student t-test).

tic surface had decreased, with the differ-
ence almost reaching statistical significance
(P = 0.08).

Five patients (38%) presented mean alu-
minum bone-surface coverage of 30.9 ± 15%
(20.9, 51.2, 20.5, 44.2, and 17.6%) at the
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relating to age, presence of diabetes, dura-
tion of dialysis, cumulative doses of steroid
and cyclosporine (as well as cyclosporine
through levels), basal and 12-month serum
levels of creatinine, PTH, total serum cal-
cium, phosphorus, serum 25-(OH)D3 or cal-
citriol. In multiple logistic regression analy-
sis, none of the preceding variables pre-
dicted bone remodeling improvement 1 year
after RT. Using the same logistic model,
none of the static parameters predicted the
improvement in BFR. We also divided pa-
tients into three groups: those who presented
no improvement in BFR (same), those who
presented partial reversal of ABD (better)
and those in whom ABD was cured (recov-
ered). There were also no differences among
these three groups (part of these data are
presented in Tables 1 and 2). Finally, of the
patients who presented an improvement in
BFR, we analyzed those 5 who did not have
aluminum intoxication and found no differ-
ence between them and the remaining pa-
tients in relation to the previously desig-
nated variables.

Discussion

It has been demonstrated that patients
with secondary hyperparathyroidism expe-
rience bone loss after RT (3). However, little
is known about the effect of transplantation
on ABD. One study that evaluated low bone
turnover patients after kidney transplanta-
tion (using bone histology) was performed
in patients with severe aluminum intoxica-
tion and showed an improvement in bone
remodeling 6 months after reversal of ure-
mia (4). Patients with ABD are usually
asymptomatic and convincing transplant
patients to agree to participate in a study
where clear advantages to them are few and
two bone biopsies are required is, of course,
problematic. These factors contributed to a
low enrollment and may account for the
under-reporting of the impact of RT on ABD
bone remodeling, despite the fact that ABD

is now commonly seen in uremic patients.
In the present study, the first bone biopsy

was performed as early as possible after
transplantation, taking into consideration the
time required for recovery from surgery and
for tetracycline labeling. This policy resulted
in a mean exposure to oral glucocorticoids
of 1.4 ± 0.7 months before the first biopsy
could be obtained. Long periods of exposure
to steroids may reduce BFR. One could ar-
gue that this short period of exposure inter-
fered with the initial diagnosis. However,
the experience at our bone metabolism labo-
ratory, as well as data in the literature, sug-
gest that it takes more than a few weeks of
steroids to reduce BFR (4,11). In addition,
another recently performed prospective study
evaluated patients with high and low bone
turnover before and 6 months after RT (12).
Patients were submitted to bone biopsies
before RT and, therefore, before starting
steroid therapy. These investigators observed
that of the 12 ABD patients, 6 showed sig-
nificant improvement in BFR in the second
bone biopsy. Since their results were similar
to ours and there was no possibility of ste-
roid interference, we can assume that this
drug had little or no influence on our BFR
findings.

The present study could provide new
insights into the pathogenesis of ABD. The
most important finding of our study was that
ABD can be a reversible metabolic bone
disorder after recuperation of normal renal
function. Nine of the 12 patients showed an
improvement in bone formation rate in the
second biopsy. This implies that ABD is a
disease or, at least, a metabolic bone disor-
der partially related to the uremic environ-
ment. Bone formation returned to normal 1
year after RT. This was indicated in all pa-
tients by complete clearance of aluminum
from the bone mineralizing surface, improve-
ment of bone formation rate and unchanged
osteoid volume, as well as by improvement
in bone histology in 75% of patients. These
improvements were achieved through RT
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alone. Moreover, none of the 13 patients
presented bone fractures, osteonecrosis or
symptoms of osteoarticular disease during
the 1-year study period.

Post-transplantation metabolic changes,
such as hypercalcemia or hypophosphatemia,
have been reported in other forms of renal
osteodystrophy such as hyperparathyroid-
ism (13). In the present study, we also ob-
served hypophosphatemia in a few cases,
but no hypercalcemia. We were unable to
detect differences in the recovery of BFR in
patients who presented normal phosphorous
levels in comparison to those who did not.
Nevertheless, it would be interesting to ex-
amine the assumption that complete normal-
ization of phosphorous levels could help
patients to achieve even greater improve-
ment in bone remodeling. However, the size
of the population evaluated in this study was
too small to permit such analysis.

The second important finding of our study
was that the BFR of patients with ABD, even
those with normal PTH levels, returned to
normal after reversal of the uremic state.
PTH levels were only slightly to moderately
increased at transplantation and, in the ma-
jority of patients, returned to normal at the
end of the third month. At 1 year, bone
remodeling had been recovered in 75% of
the patients. This finding is consistent with
data reported by Bianchi et al. (14), who
studied patients with mild chronic renal in-
sufficiency (creatinine clearance of 36-64
mL/min). Their patients did not develop ABD
despite presenting significantly lower PTH
levels (30-99 pg/mL) than ours (23-710 pg/
mL). It is known that high PTH levels are
necessary for sustaining bone remodeling
during the dialysis period. However, these
findings suggest that such high levels may
not be required in cases of mild renal insuf-
ficiency or normal renal allograft function
such as those described here. Since it has
been shown that elevated serum phosphorus
levels may contribute to bone resistance to
PTH, the post-transplant decrease in phos-

phorus could help normalize the bone re-
sponse to this hormone (15).

Also of note is the fact that, during the
process of bone remodeling that occurred
throughout the study period, no increase was
observed in any other bone remodeling
marker, such as total serum alkaline phos-
phatase or osteocalcin. A putative explana-
tion could be the fact that there were only
minor changes in histomorphometric bone
parameters during recovery. An increase in
bone volume and osteoid thickness, as well
as a decrease in fibrosis and in the osteoclast
covering of the bone surface, were observed.
However, these changes, although statisti-
cally significant, occurred within the normal
range of bone remodeling and might not
have been sufficiently pronounced to pro-
mote changes in plasma levels of these bone
metabolism markers. Regarding 25-(OH)D3

and 1,25-(OH)2D3, we can conclude that
their post-transplant serum concentrations
were appropriate, since there was an im-
provement in BFR.

Another point which merits consideration
is that 1 year after transplantation, ABD
patients in this study presented less than the
expected degree of bone mass loss. Our
results differ from those of previous studies,
which showed a much more pronounced
bone mass loss after RT (1,3). However,
judging by the PTH levels reported, it is
likely that those studies included patients
with high-turnover bone disease. Therefore,
our results cannot be compared to theirs. In
general, it seems that ABD patients experi-
ence significantly less RT bone loss than do
secondary hyperparathyroidism patients. In
contrast, Casez et al. (16) reported an in-
crease in bone mass loss in patients with low
serum PTH levels. The low PTH levels sug-
gest that those patients suffered from ABD.
Based on this finding, one could argue that
patients with ABD experience greater BMD
decreases than do ADB-free patients. How-
ever, the PTH values reported by these in-
vestigators were lower than those observed
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in our patients (140 ± 24 vs 249 ± 163 pg/
mL) and were measured 1 week after RT
(when, typically, renal function has only
partially recovered). Therefore, no direct
comparison is possible, since we measured
PTH levels immediately before RT. Finally,
these authors did not perform bone biopsies
(16), which could have confirmed whether
their patients actually suffered from low-
turnover bone disease.

Few studies have described the histology
of the bone changes occurring after RT (3-
6). Most investigators have employed bone
densitometry in the evaluation of post-trans-
plant bone disease, but it is well known that
bone biopsy provides the only reliable infor-
mation about bone remodeling. In our anal-
ysis, the comparison between the subgroup
of patients whose remodeling indices nor-
malized and the subgroup whose indices did
not, provides no information related to dif-
ferences in age, time in dialysis, drug dos-
age, or biochemical markers. With a larger
cohort of subjects, we might have found
sufficient differences to allow speculation
regarding improved treatment techniques.
In addition, it is possible that some patients
might never recover from their ABD in the
years following transplantation. Cueto-Man-
zano et al. (5) studied 55 RT patients at 10
years post-transplant and found that 23.2%
had ABD.

Aluminum intoxication can prevent re-
covery from ABD. Since only 4 patients
received oral aluminum and received it for
only a short period, the dialysis water is the
probable source of the aluminum intoxica-
tion observed in our patients. When first
described, ABD was associated with alumi-
num intoxication (17). Later, it was demon-
strated that ABD could also occur in the
absence of aluminum intoxication (2). This
indicates that, although aluminum plays a
major role in ABD development, there are
other, equally important factors. Both as-
pects are documented in the present study.
Only 38% of the first biopsies stained posi-

tively for aluminum. Aluminum was com-
pletely cleared from the bone by the end of
the first year. Neither presence nor absence
of aluminum in the first biopsy was a factor
in BFR improvement by 1 year after RT and
absence of aluminum at that time did not
ensure recovery from ABD.

In a previous study on the course of
aluminum-related osteomalacia, we demon-
strated that aluminum is cleared from the
bone after RT and does not jeopardize BFR
improvement or recovery of osteoid thick-
ness (4). These findings confirm those of the
present study, demonstrating that, even in
the presence of low bone activity or total
recovery of bone remodeling, aluminum is
partially or totally cleared from the bone
after successful RT.

Our patients (unlike patients with alumi-
num-induced osteomalacia or a long-lasting
graft) did not experience fractures or os-
teonecrosis episodes after transplantation,
despite weight gain and the use of large
doses of steroids, a fact that confirms our
bone histomorphometric findings. Since it is
known that patients with high-turnover bone
disease may experience significant side ef-
fects from the use of steroids, our results
may lead to speculation as to whether low
bone remodeling activity protects against
steroid-induced osteoporosis (18). In these
high-turnover bone disease patients, ster-
oids may worsen the result of PTH-induced
hyperabsorption by inhibiting osteoblasto-
genesis and thus canceling PTH-induced
osteoblastogenesis (19). In ABD patients,
even cyclosporine could be beneficial due to
its stimulating effect on bone remodeling
(20).

An interesting question is whether most
ABD patients present BFR recovery after
RT and, if so, why so many studies have
found a high incidence of ABD in long-term,
post-RT patients. For example, Faugere et
al. (21) reported a high prevalence of low
bone turnover and osteomalacia after RT.
Similarly, Parker et al. (22) described a pro-
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gressive reduction in bone turnover which
could promote or prolong the adynamic state.
However, these were cross-sectional studies
performed in mostly symptomatic patients,
with various follow-up times. Under the con-
ditions described in the study of Parker et al.
(22), it would not be possible to determine
the pre-RT pattern of bone turnover. There-
fore, our findings cannot be compared to
those from these studies. We analyzed the
short-term (one-year) course of biopsy-
proven ABD after RT. It is well known that
the most significant loss of bone mass oc-
curs in the first 2 years post-RT. However,
there have been no studies evaluating post-
RT patient progress for longer periods of
time.

In order to preserve bone integrity, many
recent studies have used various drug regi-
mens, such as hormone replacement, calci-
tonin, calcium, or vitamin D (18). Some RT
studies have also employed bisphosphonates
to prevent post-transplant bone loss, but only
one study involved bone biopsies, which
were performed in order to evaluate the pos-
sible effects of prophylactic administration
of pamidronate on bone histology (23). Coco
et al. (23) analyzed the effects of pamidronate
plus oral calcium and vitamin D (versus
those of calcium and vitamin D) on BMD

and bone histology. Despite the fact that
patients receiving pamidronate presented less
BMD loss than that observed in the control
group, these investigators reported a signifi-
cant decrease in cellular elements and sup-
pression of bone turnover in the pamidronate
group. According to the authors (23), all
patients presented ABD after pamidronate
administration. One question that arises is if
we could use this drug in those patients who
already have ABD.

Due to the small number of patients stud-
ied, it was not possible to identify the poten-
tial factors related to BFR recovery. In light
of these findings, we conclude that bisphos-
phonate-based treatment of patients suffer-
ing from low-turnover bone disease should
be considered with some caution. Perhaps
these patients should not receive any kind of
special treatment in order to regenerate bone
remodeling, at least in the first year after RT.
However, further studies are needed in order
to confirm these hypotheses.
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