
EXTENDED REPORTS

Changes in bone mineral density in patients with
Paget’s disease treated with risedronate

Sanjeev Patel, Derek Pearson, Ahmed Bhallah, Wendy Maslanka, David A White,
David J Hosking

Abstract
Objectives—To study changes in bone
mineral density (BMD) in patients with
Paget’s disease of bone treated with
risedronate.
Methods—Whole body dual energy x ray
absorptiometry (DXA) scans were carried
out on 20 patients with Paget’s disease
treated with oral risedronate. DXA
scanning was carried out at baseline and
11 months.Whole body bone mineral con-
tent (BMC) was measured. In addition,
regions of interest were drawn around the
skull, individual lumbar vertebrae, hemi-
pelvis, femora, and tibiae to obtain BMD
for these sites. An uncoupling index was
also calculated as the area under the curve
for serum alkaline phosphatase (ALP)
divided by the area under the curve for
hydroxyproline excretion (HYPRO) for
the period of treatment.
Results—Median whole body BMC in-
creased from 3057 g to 3156 g (p < 0.001)
resulting from an increase in pagetic and
non-pagetic BMD. From the analysis of
regions of interest it was found that
pagetic trabecular bone showed the
largest increase in BMD. The pretreat-
ment HYPRO and the uncoupling index
were significantly related to the change in
BMD for all pagetic sites for a patient (r =
0.65 , p < 0.01 and r = 0.57, p < 0.05 respec-
tively).
Conclusion—Bisphosphonate treatment
of Paget’s disease results in an increase in
BMD of pagetic bone without redistribu-
tion of mineral from non-pagetic bone.
The remodelling space and extent of
uncoupling are significantly related to
increases in BMD at pagetic sites.

(Ann Rheum Dis 1997;56:405–409)

Bisphosphonates are now widely used in the
treatment of a variety of bone diseases.1–3 Cur-
rent evidence suggests a dual mode of action,
with a direct inhibitory eVect on osteoclasts4 5

as well as an indirect inhibitory eVect via osteo-
blasts.6 7 As a result of inhibition of osteoclastic
activity, both the temporal relation between

bone resorption and formation, as well as the
volume of the remodelling space, are
transiently shifted in favour of formation.
These eVects would be expected to increase
bone mineral density (BMD), the magnitude
of the increase in BMD being related to the
change in bone turnover. These mechanisms
are the basis of the use of bisphosphonates in
the treatment of osteoporosis.8–10

Paget’s disease of bone is characterised by
increased bone turnover, often at multiple
skeletal sites. The primary abnormality is
believed to be that of increased osteoclastic
resorption with a secondary eVect on bone for-
mation.11 Despite this increased rate of remod-
elling the normal coupling between bone
resorption and formation remains intact,12 13

although the remodelling space is increased. It
would be predicted that bisphosphonate treat-
ment of Paget’s disease would increase bone
mass by decreasing bone resorption and the
resorption space,13 although there is a
surprising lack of data. In this paper we report
our measurements of bone density using dual
energy x ray absorptiometry (DXA), before
and after treatment with risedronate, a new
cyclic bisphosphonate.

Methods
PATIENTS AND STUDY DESIGN

Twenty patients with Paget’s disease of bone
(12 males and eight females, median age 75.6
years; range 62–89) were treated with oral rise-
dronate 30 mg/day for three months, which
was repeated after a four month period of
observation if serum alkaline phosphatase
(ALP) activity had not returned to normal val-
ues. The patients were followed up at monthly
intervals and at each visit a clinical assessment
was carried out and samples were taken for
serum ALPmeasurement (normal range 80–280
IU/l), and urinary hydroxyproline (HYPRO:
normal range <12–20 µmol /mmol of creatinine).
Whole body bone mineral content (BMC)

was measured at baseline and 11 months after
the start of treatment, by DXA using a Lunar
DPXL densitometer (Lunar Radiation Corpo-
ration, Madison, WI). The patients were
placed supine on the examination couch with
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their arms pronated. Their legs were strapped
together at the knees and ankles as described in
the operators manual. Whole body images
were acquired using the automated method:
using the manual analysis software, regions of
interest were drawn around individual lumbar
vertebrae, hemipelvis, femora, and tibiae to
obtain BMD for these sites (fig 1). BMD for
the skull was obtained from the automated
analysis. Not only did this allow these various
skeletal sites to be examined independently,
but also enabled calculation of the sum of the
change in BMD for each pagetic site
(expressed in g/cm2) for an individual patient.
One patient withdrew from the study after

the first course because of an inability to main-
tain follow up and one patient only received the
first three month course of risedronate because
of the need to undergo total hip replacement.
Two patients did not have DXA at 11 months
because of logistical reasons. Cross sectional
baseline data are reported for all 20 patients
and longitudinal data for the 16 who
satisfactorily completed the study. We were
unable to measure BMD of the lumbar
vertebrae in one patient because of scoliosis,
and the femora and hemipelvis in two patients
because of hip prosthesis. Previous bone scinti-
grams and plain x rays were used to identify
areas of pagetic involvement and the regions
divided into aVected and unaVected bones
(table 1). Upper limb data were not acquired
because this is a comparatively rare site for
Paget’s disease14 and the bones around the tho-
racic cage are not amenable to DXA.
A Hologic spine phantom (Hologic Corp,

Waltham, MA) showed a 1.9 (0.4)% (mean
(SD)) increase in BMD (n=10) at four months
and 0.7 (1.4)% increase in BMD (n = 9) at 11
months. The long term coeYcient of variation

from daily phantom measurements over three
years was 0.42%. The reproducibility of analy-
sis of BMD in each of the regions measured
five times in one patient was 1.3–3% for
individual vertebrae, 0.8% for the hemipelvis,
0.5% for femora, and 0.8% for tibiae.
ALP and HYPRO were used to explore the

influence of remodelling space and uncoupling
on BMD. We hypothesised that the
pretreatment bone turnover would indirectly
reflect remodelling space on the assumption
that the higher the bone turnover the greater
the number of bone remodelling units.15 In
addition we assessed uncoupling by plotting
ALP and HYPRO as a percentage of pretreat-
ment values with time from 0 to 11 months as
shown in figure 2 for one patient. The area
under the curves (AUC) for ALP and HYPRO
were calculated. The ratio ALP AUC/ HYPRO
AUCwas obtained for each patient and termed
the uncoupling index.
A value greater than 1 would imply that bone

formation was in excess of resorption and a
value less than 1, the converse. The Fig P
graphics program (Fig P Software Corp, Dur-
ham, NC) was used to plot ALP and HYPRO
with time. In this program the AUCs are deter-
mined automatically using the trapezoidal rule
and are part of the statistical output for a line
graph.
Data were log transformed where appropri-

ate and Pearson’s correlation coeYcient used
to assess relations between variables. The Wil-
coxon matched paired signed rank test was
used to assess diVerences between variables.
All tests were two tailed and a p value of < 0.05
was considered statistically significant. The
SPSS for Windows program (SPSS Inc,
Chicago, IL) was used for these statistical
analyses.

Results
BASELINE BMD (N = 20)
The median whole body BMC at baseline was
2862 g (interquartile range 2351–3475):
pagetic bone in the lumbar spine, hemipelvis,
and femora had a greater BMD compared with
unaVected bone before treatment (table 1).
The tibiae were not analysed because of the
small numbers of aVected bones at this site.

CHANGE IN BMD WITH TREATMENT (N = 16)
Median whole body BMC increased from
3057 g (interquartile range 2510–3568) to
3156 g (interquartile range 2592–3793), which
was statistically significant (p < 0.001). Table 2
shows the changes in BMD with treatment.
Both pagetic and non-pagetic sites showed a

Figure 1 Whole body DXA image showing regions of interest apart from the skull.
Regions were drawn and numbered as indicated. The pagetic area in the patient shown was
the left hemipelvis (region 7), which was more dense than the contralateral normal
hemipelvis (region 6).

Table 1 Baseline BMD (g/cm2) for skeletal regions of interest for all patients (n=20). Values are median (interquartile
range) with the exception of the three patients with Paget’s disease of the tibiae. Significance testing for the pagetic tibiae
were not performed given the small numbers

Region Total Pagetic Non-pagetic p Value

Skull 1.98 (1.75 to 2.16) 1.94 (1.74 to 2.11) 2.01 (1.79 to 2.13) Not significant
Lumbar vertebrae 1.34 (1.05 to 1.62) 1.66 (1.36 to 1.89) 1.27 (1.03 to 1.47) 0.006
Hemipelvis 1.31 (1.13 to 1.53) 1.39 (1.23 to 1.57) 1.05 (0.92 to 1.15) Not significant
Femora 1.37 (1.13 to 1.58) 1.48 (1.21 to 1.70) 1.23 (1.08 to 1.50) 0.035
Tibiae 1.12 (0.94 to 1.34) 1.45 (not calculated) Not calculated
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statistically significant increase in BMD,
though the increases in pagetic sites were of a
greater magnitude and achieved a higher
degree of significance.

DIFFERENCES BETWEEN PAGETIC AND

NON-PAGETIC BONE (N = 16)
Table 2 shows the change in BMD for pagetic
and non-pagetic sites. The greatest change in
BMD occurred in pagetic lumbar vertebrae
with a median increase of 0.25 g/cm2

(interquartile range 0.03–0.44), which was sig-
nificantly greater than non-pagetic vertebrae
(median increase 0.05 g/cm2 interquartile
range (−0.06 to 0.20), p < 0.05. Pagetic bone
in the skull and hemipelvis tended to show a
greater increase compared with non-pagetic
but this did not reach statistical significance at
either site, possibly because of the small num-
bers, while changes in BMD at the femora were
unaVected by pagetic involvement.

RELATION BETWEEN BONE TURNOVER AND

CHANGE IN BMD

Median pretreatment ALP was 1387 IU/l
(interquartile range 1145–1923), which

decreased to 240 IU/l (interquartile range
180–387) after treatment. Median pretreat-
ment HYPRO was 110 mmol/µmol of
creatinine (interquartile range 57–145), which
decreased to 13 mmol/µmol of creatinine
(interquartile range 10–22). There was no
relation between pretreatment markers of bone
turnover or uncoupling index and changes in
whole body BMC. The sum of the change in
BMD, however, for each pagetic site within a
patient was significantly related to the
uncoupling index, r = 0.57, p< 0.05 (fig 3) and
pretreatment HYPRO, r = 0.65, p < 0.01, but
not to pretreatment ALP, r = 0.12, p = 0.69.

Discussion
DXA is now an accepted method for
assessment and monitoring the treatment of
diseases such as osteoporosis.16 17 DXA permits
BMDmeasurement at sites in the skeleton vul-
nerable to fractures, such as the lumbar spine,
femoral neck, and wrist as well as providing a
whole body measurements. It also allows
regions of interest to be defined, so that the
BMD of focal areas within the skeleton can be
assessed.18 We have used this capability to
study patients with Paget’s disease before and
after treatment with the cyclic bisphosphonate,
risedronate, to investigate changes in focal
BMD.
Baseline pagetic areas of the skeleton tended

to be more dense than non-pagetic (table 2).
Whole body BMC and BMD for pagetic and
non-pagetic sites increased significantly with

Figure 3 Relation between uncoupling index and sum of
change in BMD for all pagetic sites within a patient
(n = 16). Pearson’s coeYcient r = 0.57, p < 0.05.
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Figure 2 Changes in ALP and HYPRO with time. Shaded bars represent duration of
risedronate treatment. The area under the curves for ALP and HYPRO were calculated
and expressed as an uncoupling index (see text for details).
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Table 2 Pretreatment, post-treatment, and change in BMD (g/cm2) (n=16). The values are median (interquartile range).
The numbers in italics refer to the total number of pagetic and non-pagetic sites for these patients. Significance testing for the
pagetic tibiae were not performed given the small numbers

Site Pretreatment Post-treatment Change p Value

Skull
Pagetic (10) 1.94 (1.71 to 2.09) 2.09 (1.90 to 2.31) 0.15 (0.06 to 0.30) 0.005
Non-pagetic (6) 2.01 (1.74 to 2.12) 2.13 (1.95 to 2.24) 0.05 (0.04 to 0.31) 0.050
Lumbar vertebrae
Pagetic (22) 1.73 (1.39 to 1.91) 1.98 (1.58 to 2.37) 0.25 (0.03 to 0.44) < 0.001
Non-pagetic (53) 1.29 (1.09 to 1.47) 1.38 (1.14 to 1.57) 0.05 (−0.06 to 0.22) 0.036
Hemipelvis
Pagetic (25) 1.47 (1.26 to 1.59) 1.48 (1.27 to 1.66) 0.07 (0.02 to 0.12) 0.002
Non-pagetic (5) 1.00 (0.99 to 2.25) 1.09 (1.01 to 1.22) 0.00 (−0.03 to 0.05) 0.500
Femora
Pagetic (14) 1.57 (1.24 to 1.72) 1.55 (1.30 to 1.75) 0.05 (0.02 to 0.07) 0.005
Non-pagetic (16) 1.28 (1.10 to 1.49) 1.49 (1.18 to 1.62) 0.05 (0.02 to 0.10) 0.001
Tibiae
Pagetic (3) 1.45 1.38
Non-pagetic (29) 1.10 (0.94 to 1.29) 1.15 (1.00 to 1.33)
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risedronate treatment showing that reduction
of bone turnover has a generalised eVect on the
skeleton. The greatest increases in BMD
occurred at pagetic sites, however, particularly
those with the largest proportion of trabecular
bone (vertebrae), whereas areas of predomi-
nantly cortical bone (femora) tended to show
the smallest increase with little diVerence
between those with and without pagetic
involvement. This diVerence probably reflects
the larger volume of the remodelling space in
trabecular compared with cortical bone15 and is
consistent with the direct relation between bio-
chemical markers of bone turnover and
changes in BMD. It is intriguing that the
increase in BMD at all pagetic sites for a
patient shows a significant positive correlation
with pre-treatment HYPRO (a marker of bone
resorption) but not with ALP (a marker of
bone formation). This possibly reflects the
importance of bone resorption as the primary
abnormality in the pagetic process while
changes in bone formation are a secondary
phenomenon. In addition it should be noted
that the magnitude of the change in BMD may
have been an underestimate in some patients
who did not have normal bone turnover at the
end of the study. Thus further bisphosphonate
treatment could potentially lead to further
increases in BMD in these patients. Lastly,
although there was a drift in the phantom
measurements over the study period, this alone
would not be responsible for the diVerence in
increase in BMD between pagetic and
non-pagetic sites, because both would have
been equally aVected.
The other determinant of the gain in bone

with bisphosphonate treatment is the degree of
uncoupling between bone resorption and
formation resulting from bisphosphonate
treatment and shown by the positive relation
between the uncoupling index and the increase
in BMD. Whole body BMC increased, but the
changes were not related to either pretreatment
HYPRO or the uncoupling index, probably
reflecting the focal nature of the pagetic
process, which is ‘diluted’ by normal bone.
Furthermore, the increase in whole body BMC
suggests that the increase in pagetic BMD was
not caused by redistribution from normal sites,
although the lack of a coeYcient of variation
for this measurement should be considered in
the interpretation of this observation.
There are few previous studies of BMD in

Paget’s disease. In a cross sectional study using
dual photon absorptiometry in a group of 66
patients the BMD of pagetic areas was signifi-
cantly greater than normal contralateral sites.19

Divergent eVects have been found with
bisphosphonate treatment on axial and appen-
dicular bone density.20 21 Both these studies
assessed BMD only at the lumbar spine and
radius. Measurement of BMD at the lumbar
spine using dual photon absorptiometry and
the proximal radius using single photon
absorptiometry, during etidronate and pami-
dronate treatment, showed a non-significant
increase in BMD at the lumbar spine but a sig-
nificant decrease at the proximal radius.20 This
study was limited both in patient numbers as

well as by the fact that no attempt was made to
diVerentiate pagetic from non-pagetic bone. In
a more detailed study of pamidronate
treatment,21 BMD was measured at the lumbar
spine using DXA and the forearm using single
photon absorptiometry. As in this study,
pagetic vertebrae showed the greatest increase
in BMD but there was also a decrease at the
midshaft and ultradistal radius of both pagetic
and non-pagetic bone (confined to the highest
dose group) confirming the findings of
Guesens et al.20 These authors also showed an
inverse relation between change in ultradistal
forearm BMD and increase in intact
parathyroid hormone concentrations, suggest-
ing that the mechanism of bone loss at the
ultradistal radius was related to secondary
hyperparathyroidism and raising the possibility
of increased fracture risk.
In conclusion we have shown, using DXA,

that pagetic bone is more dense than
non-pagetic bone before treatment. With
bisphosphonate treatment, whole body BMC
increases because of increases at pagetic and
non-pagetic sites. The greatest increases in
BMD occur at trabecular sites aVected with
Paget’s disease and reflect the pretreatment
remodelling space and the extent of
bisphosphosphonate induced uncoupling of
remodelling. Whether these changes influence
the risk of fractures, both in pagetic and
non-pagetic bone is still unclear.
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Figure 1 Morbus coxae senilis. (A) Marked enlargement of the acetabulum,(B) deformity
of the femoral head and of the femoral neck, (C) joint capsule.
Comment
The term ‘morbus coxae senilis’ (synovium: deforming osteoarthritis) was
frequently used in the past to define late stages of hip osteoarthritis).

Kirmission. Malattie degli arti. In: Duplay S, Reclus P, eds. Trattato di chirur-
gia. Turin: Unionne Tipografico Editrice, 1895.
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