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ABSTRACT
O b j e t ive : In view of the fact that
Paget’s disease of bone (PD) tends to
appear in so-called ‘foci’, a case-con -
trol study was undertaken with the dual
aim of: 1) identifying areas having a
higher likelihood of constituting PD
‘foci’; and 2) detecting the geographic
origin of ‘PD-carrier’ families
M e t h o d s : Two data sets we re analysed,
one covering the place of birth of 231
cases and 436 controls, and the other
covering the place of birth of cases,
c o n t rols and their parents. A n a ly s i s
was re s t ricted to six Au t o n o m o u s
Regions accounting for 60% of Spain’s
towns and cities. To identify geographi -
cal areas of high prevalence we used
the scan statistic
Results: In the first analysis, 6 possible
clusters were detected, corresponding
to the districts of Avila (Avila), Lozoya-
Somosierra (Madrid), Tierra de Cam -
pos(Palencia), the Guadalajara Range,
South-west Madrid and Cuenca Hills.
The second analysis confirmed the 6
groupings identified by the above pro -
cedure and, in addition, detected a fur -
ther 8 possible clusters. Geographical
proximity suggests that in some cases,
rather than individual groupings, these
may instead constitute larger foci.
Conclusion: The results point to the
possible existence of different PD foci,
some coinciding with clusters that have
already been reported, and others indi -
cating familial origin in areas that had
never previously received PD-specific
attention.

Introduction
As described in the literature, Paget’s
disease of bone (PD) tends to plot an
i rregular ge ographical distri bu t i o n ,
with rep o rts of cl u s t e rs in some enclaves
showing a prevalence exceeding 7% in
persons over the age of 55 years (1, 2).
The best known of these ‘foci’ is that
detected in Lancashire (3). To date, two
foci of a similar nat u re have been
reported in Spain, one in the Madrid
R a n ge (S i e rra de Madri d) (4) and
another in the Province of Salamanca
(5). Both were initially brought to light
by clinical observation of an excess fre-
q u e n cy of cases coming from these
a reas and a trend towa rds fa m i l i a l

aggregation. As a result, specific popu-
lation-based studies were conducted to
confirm these findings (4, 5). The trend
towards several cases of PD affecting a
single family (6,7) would seem to point
to factors of a genetic origin and is gen-
erating the search for specific markers
of susceptibility (8,9). There is no rea-
son to rule out the possibility of there
being other enclaves with high preva-
lence of this disease, nor are the physi-
cal limits of previously identified foci
k n own. Detection of such possible cl u s-
ters may prove very useful for a better
u n d e rstanding of the env i ro n m e n t a l
and genetic mechanisms (and the inter-
action between the two) underly i n g
PD. 
The diffe rent methods for detecting
clusters can be divided into two cate-
gories: 1) tests for overall clustering;
and 2) tests for the detection of clus-
ters. Perhaps the best known in the lat-
ter group are Openshaw’s Geographi-
cal Analysis Machine (10) and Besag
and Newell’s test (11). A test based on
t h at of Tu rn bull (12) has re c e n t ly
become popular; though similar to the
above-mentioned tests, it not only cor-
rects for the problem of multiple com-
p a risons (Ku l l d o r ff 1995) but also
offers other advantages (13) and there-
fore has been chosen for this study.
In order to further explore the fact that
PD tends to appear in these so-called
‘ fo c i ’ , we designed a case-contro l
study with the dual aim of: 1) identify-
ing areas having a higher likelihood of
constituting PD ‘foci’, and 2) detecting
the geographic origin of ‘PD-carrier’
families. This design enables case-clus-
tering to be studied while controlling
for spatial variation in the origin of the
p o p u l ation attending the out-pat i e n t
clinics from wh i ch the cases come,
with the latter information being pro-
vided by the geographic origin of con-
trols and their parents.

Materials and methods
Case definition
“Cases” comprised all 231 PD patients
registered at our Unit (a facility spe-
cialised in PD) over the period January
1992 to June 2001. Approximately half
were referred to our Unit by their gen-
eral practitioners, after detection of an
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otherwise unexplained rise in alkaline
phosphatase and, less frequently, on the
grounds of clinical suspicion. Roughly
25% came from other specialists in our
hospital, usually detected by chance for
reasons unconnected with PD pro b-
lems. The remaining 25% were incor-
porated into our PD stock through sam-
pling perfo rmed to conduct prev i o u s
studies (4,14). Throughout the study
p e ri o d, d i agnosis was based on the
same ra d i o l ogical cri t e ria (15). A l l
patients were followed up on a regular
basis, using the same methods of clini-
cal eva l u ation. Nine patients (3.9%)
diagnosed for the purpose of familial
studies were excluded from the analy-
sis when index cases alone had to be
taken into account. 

Selection of controls
The controls we re 436 consecutive
ambulatory patients over 45 years of
age, attending our clinic for ro u t i n e
periodic evaluation of diverse muscu-
loskeletal complaints, excluding PD. 

Variables analysed
The place of birth of cases and controls
was registered and coded to 5 digits
using the standard codes supplied by
the National Statistics Institute (Institu -
to Nacional de Estadística). Th e
fat h e r ’s and mother’s place of birt h
were likewise coded for both cases and
controls. Analysis was restricted to the
4800 Spanish towns and cities that
make up the Autonomous Regions of
C a s t i l e - L e o n , Castile-La Manch a ,
E x t re m a d u ra , G a l i c i a , Andalusia and
Madrid, using the Universal Transverse
Mercator (UTM) coordinates of their
respective population centroids. 
Analysis was performed using two data
sets, one corresponding to the place of
b i rth of cases and contro l s , and the
other to the place of birth of cases, con-
trols and their parents, thus multiplying
the subjects by three in each group. The
R egions included in the analy s i s
account for 91% birthplaces of cases
and controls and parents. 

Statistical analysis
To identify geographical areas of high
prevalence, we used the scan statistic
proposed by Kulldorff and Nagarwalla

(14), which allows for possible clusters
in a population having a non-homoge-
neous spatial density to be located and
the statistical significance of the same
ascertained. Since this was a case-con-
trol study, a binomial distribution was
used. To assess the size and location of
clusters, this test defines circles centred
on every municipal population centroid
across the entire surface area of Spain.
In each centroid, the size of the respec-
tive circle varies from zero to a maxi-
mum radius, specified a priori without
the size of the possible clusters in the
data sets being known. For study pur-
poses, this radius was defined as being
equal to 1% of the total risk population
(represented in our design by the con-
trols). For each circle, the procedure
calculates the number of cases situated
in its interior and the number of expect-
ed cases based on the distribution of the
c o n t rols. Taking these values as the
point of departure, the likelihood ratio
associated with each circle is then com-
puted. The likelihood function is max-
imised over all windows and the win-
dow constituting the most likely cluster
duly identified. The likelihood ratio for

this window is noted and constitutes
the maximum likelihood ratio test sta-
tistic. To ascertain the distribution of
the statistical test, the program gener-
ates 999 replications from the data set
under the null hypothesis, with the test
then being calculated for each replica-
tion. The result is significant at the 0.05
level if the value of the test statistic
from the real data set ranks among the
highest 5% of all 1000 values, includ-
ing those calculated from the 999 repli-
c ations. The SaTScan 2.1 computer
software program developed and dis-
tributed by the National Cancer Insti-
tute (USA) was used for the purpose.

Results
Statistically significant clusters detect-
ed in the two analyses are shown in
Table I and marked on the map of
Spain depicted in Figures 1 and 2. In
the analysis based exclusively on the
place of birth of cases and contro l s
(610 towns), 6 possible clusters were
detected, corresponding – in descend-
ing order of importance – to the dis-
tricts of Avila (Avila), Lozoya-Somo-
sierra (Madrid), the Tierra de Campos

Table I. Statistically significant clusters detected. (A) Analysis of the place of birth of cases
and controls. (B) A n a lysis of the place of birth of cases, c o n t rols and their parents. 

Number1 Location District2 Likelihood Cases Expected p-value
ratio cases

A)
1 Avila Avila 31.47 15 1.90 0.001
2 North Madrid Lozoya-Somosierra 19.610 12 1.78 0.001
3 Palencia Tierra de Campos 16.091 11 1.78 0.001
4 Soria-Guadalajara Guadalajara Range 12.401 9 1.52 0.001
5 South-west Madrid South-west Madrid 11.966 10 1.90 0.001
6 Cuenca Cuenca Hills 8.844 7 1.27 0.050

B)
1 South Avila Gredos-Valle Bajo Alberche 18.845 17 5.67 0.001
2 South Leon El Páramo-Esla Campos 18.845 17 5.67 0.001
3 North Madrid Lozoya-Somosierra 17.727 16 5.33 0.001
4 Salamanca Ciudad Rodrigo 13.267 12 4.00 0.002
5 Soria-Guadalajara Guadalajara Range 13.267 12 4.00 0.002
6 South Avila -Madrid South-west Madrid 13.267 15 5.33 0.003
7 Avila Avila 13.267 15 5.33 0.003
8 Segovia Segovia 12.218 14 5.00 0.016
9 Cuenca Cuenca Hills 11.044 10 3.33 0.016
10 West Madrid Metropolitan area 11.044 10 3.33 0.041
11 Huelva Sierra-Andévalo 9.935 9 3.00 0.041
12 North Toledo Torrijos 9.935 9 3.00 0.041
13 North Madrid Lozoya-Somosierra 9.287 13 5.00 0.046

1Code corresponding to cluster site on map; 2Name of historical country districts.
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( Pa l e n c i a ) , the Guadalajara Range,
S o u t h - west Madrid and the Cuenca
Hills (Serranía de Cuenca). The sec-
ond analysis, which took into account
the birthplace of cases, c o n t rols and
their parents (1811 towns), detected 13
clusters corresponding to the districts
of Avila, Leon, Madrid-Segovia, Sala-
manca, Soria-Guadalajara, Cuenca and
Huelva. The size of the clusters detect-
ed was smaller, the reason being that,
as the number of birthplaces was high-
er, the imposed constraint of a maxi-
mum radius confined the 1% to a
smaller surface area. Owing to their
proximity, the 4 clusters detected in the
Avila and Toledo districts could well
constitute a single encl ave, as could
those corresponding to the Segov i a n
and Madrid sides of the range of moun-
tains that lies just outside Madrid. In
c o n t ra s t , the foci corresponding to
Salamanca (Ciudad-Rodri go distri c t ) ,
Leon (El Páramo and Esla-Campos dis-

t ri c t s ) , Cuenca (Hill districts) and
Huelva (Andévalo districts) were well-
differentiated. Detection of this type of
cluster points to the families’ place of
origin. Furthermore, use of the parents’
place of birth allowed for the identifi-
cation of new foci not detected in the
first analysis performed on the basis of
the cases and controls’ place of birth.

Discussion
This study explores: 1) the existence of
possible areas of high PD prevalence in
Spain using a case-control design, and
2) the geographic origin of the patients’
families. Notwithstanding the fact that
the trend towards case clustering (exis-
tence of foci) is a phenomenon reported
in PD and that the study is exploratory
in nature, the validity of the method
used to detect the same neve rt h e l e s s
calls for in-depth discussion. The justi-
fication for undertaking an exploratory
study such as this, limited to a single

Public Health district, lies in its being a
first approach to the problem. 
Over half of all PD cases are asympto-
matic and the series of cases that was
used ex p l i c i t ly ex cluded all fa m i ly
members identified in specific studies:
had this not been done, any possible
cl u s t e rs might mere ly have indicat e d
areas in which cases had been actively
‘searched’ for. In our study, the control
group was designed to show the spatial
heterogeneity of the geographic origin
of patients attending the out-pat i e n t
clinics from wh i ch the cases we re select-
e d. Selection of controls took place
over a shorter time period than, and
subsequent to, that of the cases. While
the existence of hospital ‘ c at ch m e n t
areas’and possible modifications to the
same could arguably have had an influ-
ence on the patterns encountered, no
administrative and health care-related
changes have taken place in the last ten
years which would lead one to suspect
this type of effect. Thus we have not
a ny reason to think that the re s u l t s
merely reflect a pattern of patient refer-
ral. 
The reasons for having included par-
ents’place of birth in one of the analy-
ses were: 1) to enhance the power of
the study, since it amounted to multi-
plying the number of observations by
three; and 2) to detect the ‘geographic
origin’ of the disease. PD is a process
with a strong here d i t a ry factor (8, 9 ,
16), with at least 40% of familial cases
(7) and a pattern of dominant autosom-
ic transmission (16), implying a more
than 50% likelihood of presenting with
PD across all ge n e rations and both
sexes. It is therefore reasonable to con-
clude that, in many cases, the disease
may have been transmitted by one of
the two fa m i ly bra n ch e s , with some
member of the parents’ generation or
even the parents themselves being affect-
e d. Given that both pare n t s ’ t ow n s /
cities of origin were the same in 56% of
cases in our series (or were situated rel-
atively near to each other, since 80%
had the same province of origin), such
parent-based information can thus be
assumed to be a fairly reliable pointer
to the ultimate geographic origin of the
disease. Indeed, it is this etiopathogen-
ic inference and not the patient’s cur-

Fig. 1. Detection of pos-
s i ble cl u s t e rs of birt h-
places of Paget’s disease
of bone patients. Provin-
ces included on the study
are those are in the areas
marked by a thick line.

Fig. 2. Detection of pos-
sible clusters of birthpla-
ces of Paget’s disease of
bone cases and their par-
ents.
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rent place of residence that was this
study’s stated goal. 
The detection pro c e d u re employe d
yields a principal and secondary clus-
t e rs , with all stat i s t i c a l ly signifi c a n t
clusters then being plotted on the maps.
In the second analysis more possible
clusters were detected in the environs
of Madrid. This is probably due to the
design and to the fact that Madrid was
the hospital catchment area. Similarly,
the ex clusion of many Au t o n o m o u s
Regions in the analysis was imposed by
the geographically limited nature of the
study. Nevertheless, when the analysis
was rep e ated without ex cluding any
Autonomous Regi o n , the results prove d
very similar. All province boundaries
have been retained in the maps to facil-
itate the location of possible foci.
Available data shows a great variation
in the occurrence of PD within and
among diffe rent racial and ethnic gro u p s
( 1 7 , 18). In our country, m a i n ly in
familial cases observed in the regions
of central and western Spain, there are
some previous indications of associa-
tion between certain “ n o rt h e rn - t y p e ”
phenotypic traits and PD (7). An inher-
ited factor could be in agreement with a
gre ater susceptibility to develop the
disease in populations having some dis-
tinctive ethnic origins. 
The geographical regions identified by
s p atial cluster analysis as possibl e
areas of origin of PD patients/families,
are located in some delineated territo-
ries of central and western Spain (Fig.
1 and 2). In other analyses of the same
i n d ividuals re c ruited for the pre s e n t
s t u dy, consanguinity ap p e a red to be
strongly linked to the disease (OR 4.1,
95% confidence interval 2.1-8.1), and
certain phenotypic characteristics such
as clear eye colour also showed a statis-
tically significant relationship (OR 1.5,
95% confidence interval 1.1-2.1) that
requires further explanation. In Spain
t h e re is ge n e ra l ly a high degree of
intermixing among populations of dif-
ferent racial origins. However, in cer-
tain rural parts of “Castilla”, areas of
Spain where, historically speaking, the
i n fluence of invasions by Germ a n i c
tribes proved most intense (19), natural

and sociologic barriers served to keep
the inhabitants fairly isolated until rela-
t ive ly recent times. These conditions
may give rise to the speculation that
such populations could still be strongly
influenced by the genetic background
of these ancient peoples and that some
ethnic predisposition to PD could
hence exist. In this regard, the differ-
ence in prevalence observed between
n at ive A m e rican Indians and Cau-
casians further supports the influence
of racial factors (17). Similar conclu-
sions have been reached in studies con-
ducted in other ge ographical are a s ,
such as Ireland (1) and New Zealand
(20). Howeve r, i n fe rences rega rd i n g
racial susceptibility based on preva-
lence studies conducted in diffe re n t
geographical areas must be cautiously
considered. First, it must be outlined
t h at env i ronmental fa c t o rs could
explain part of the differences in the
prevalence rates among different geo-
graphical areas. 
The dual-analysis procedure conducted
points to the possible existence of dif-
ferent PD foci, some coinciding with
those that have already been reported
( 4 , 5 ) , and others indicating fa m i l i a l
origins in areas (Huelva, Palencia and
Cuenca) that had never prev i o u s ly
received PD-specific attention. Strictly
s p e a k i n g, the pro c e d u re detects the place
of birt h / fa m i ly ori gin of PD pat i e n t s
and we do not know whether these in
fact correspond to areas of gre at e r
p reva l e n c e. This is something that
could be confirmed either by upgrading
the scope of the study to a multicentre
level or by other procedures.
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