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Summary
An unselected series of 285 patients with Paget's
disease of bone has been studied, of whom 54% were
male and 46% female. The youngest was aged 25
years at diagnosis and the oldest 95. Of the patients
109 (38-2%) had never suffered serious symptoms.
These diagnosed cases certainly represent only a
small proportion, perhaps 10-15%, of all those with
Paget's disease in the community from which they
came. Few of the undiagnosed cases are likely to be
suffering from serious symptoms or complications so
it is apparent that the majority (probably over 80 or
90%) of those with the pathological state are relatively
untroubled by their disease.
The most common complication (8.8%) was patho-

logical fracture. The fracture involved the shaft of the
femur in 62%, occurring in this section of the bone
almost seven times more frequently in the patients with
Paget's disease than in the general population.

Because of the large number of undiagnosed cases
in the community, the true incidence of pathological
fracture and of sarcoma of bone in all patients with
Paget's disease is probably only 1% and 0-1% re-
spectively.

Simultaneous estimates of the serum alkaline
phosphatase and ESR were made in 128 ofthe patients.
It was shown that the ESR is valueless as a measure of
activity or extent of the disease.

In many patients the level of the serum alkaline
phosphatase changed very little over periods of several
years.
A history of the disease in one or more close relatives

was found in three families, a lower incidence than was
expected from previously recorded studies. The ABO
blood groups were determined in 215 of the patients;
50% were of group A compared with 46% in a control
group. The difference in distribution of blood groups
in the two series of subjects is small and well within
chance limits. The secretor status of 138 patients was
investigated; 77% were secretors. This is similar to
the DroDortion in control series.

There is evidence to suggest that the degree of
severity of Paget's disease does not vary, once it has
developed in any particular individual, and that the
more severe and extensive forms may have a stronger
genetic basis.

OVER a period of 8 years an attempt has been made
to identify as many as possible of the patients
attending this District General Hospital Group in
whom Paget's disease of bone (osteitis deformans)
was diagnosed. An analysis is now reported of
various aspects of these cases and it is shown that
this disease is usually not ofmuch clinical significance
but that it may be possible to identify a group of
patients with more extensive, and more active,
symptomatic disease.

Identification of patients
The patients studied were, for the most part, seen

as out-patients or in-patients in an acute medical and
a geriatric unit of a district general hospital group.
The others were studied after referral from surgical,
orthopaedic and other specialist units in the same
group of hospitals, sometimes following the demon-
stration of the disease on X-rays taken for some
other purpose.
To ensure that the identification of the patients

with Paget's disease who were attending the hospitals
was as full as possible, the radiologists helped to
maintain a scrutiny of all X-rays taken during the
survey period. A cross-check was also made using
the in-patient diagnostic register. It is believed that
only a small number of diagnosed cases have escaped
inclusion and that these would, in the main, have
been those without prominent clinical features. In
every case the diagnosis of Paget's disease was based
on at least one of the following criteria:

(1) A firm radiological diagnosis supported by a
serum alkaline phosphatase level of 15 King Arm-
strong units (KAu) or more, in the absence of any
alternative explanation for the latter.

(2) Typical radiological changes in the opinion of
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two consultant radiologists who viewed the films
independently.

(3) Typical clinical or radiological appearances
confirmed by post-mortem examination.

(4) A combination of gross clinical and classical
radiological signs.

Clinical features
A total of 285 patients were studied, of whom 154

(54°4) were male and 131 (46%Y) were female.
Attention had been drawn to the possible diagnosis
of Paget's disease by clinical features, such as pain,
deformity or pathological fracture, in 152 (53 3%.)
and by hitherto unsuspected bony abnormalities on
X-rays carried out for other reasons in 127 patients
(44-6%). The diagnosis was made in the remaining
six patients (2-1%) following the discovery of a
raised serum alkaline phosphatase level for which
there was no other obvious explanation.
The age at which the diagnosis was first made on

the basis of clinical or radiological examination
ranged from 25 to 95 years. The distribution of the
ages on initial diagnosis, which was similar in each
sex, is illustrated in Table 1. In some patients with
prominent symptoms or deformity the age at which
the patient first became aware of these is known.
Three patients noticed the first manifestation of their
diseases before the age of 40: at 25, 32 and 39 years
respectively.

TABLE 1. Distribution of ages at initial diagnosis of 285
patients with Paget's disease of bone

Age Male Female Total
(years) Number (%) Number (%) Number (%°)

<40 2 (1 2) 1 (0 7) 3 (1-0)
40-49 5 (3 2) 7 (5 3) 12 (4-2)
50-59 17(11-0) 11 (8 3) 28 (9 8)
60-69 39(25 3) 28(21-3) 67(23-5)
70-79 40(25 9) 37(28 2) 77(27 0)
80-89 44(28 6) 41(31-3) 85(29 8)
90-99 7 (4 5) 6 (4 6) 13 (4 6)
Totals 154 (100) 131 (100) 285 (100)

The case records of each patient were studied to
discover whether he or she had at any time suffered
symptoms which could have been related to the bone
disease (Table 2). Pain related to bones involved in
the disease occurred in eighty-four. Of the seventeen
who presented with a pathological fracture, eleven
appeared to have had no deformity or pain due to the
Paget's disease beforehand. A further thirty-eight
patients had described discomforts apparently
arising from degenerative changes affecting joints
adjacent to bones affected by Paget's disease, but not
pain in the affected bones themselves. Obvious
skeletal deformity without any other prominent local
symptoms was present in twenty-two patients. There

TABLE 2. Incidence of symptoms of the disease in 285
patients with Paget's disease of bone

Percentage
of all

Symptoms Male Female Total patients

Local pain* 41 43 84 29-5
Related arthritic pains

only 15 23 38 13 3
Obvious deformity alone 13 9 22 7-7
Indeterminatet 13 19 32 11 3
None 72 37 109 38-2

* Including seventeen with pathological fractures.
t Symptoms possibly but not certainly attributable to

Paget's disease, e.g. deafness.

were thirty-two patients who had symptoms which
were possibly but not definitely due to the Paget's
disease. These symptoms included deafness, wide-
spread discomforts in sufferers from polyarthritis,
and impaired mobility. It appeared that 109 (38 2%)
of the 285 patients had never suffered symptoms
related to their Paget's disease which were serious
enough to be recorded in their notes and were also
free of clinical deformity (Table 3).

TABLE 3. Distribution of ages of patients with apparently
symptomless Paget's disease

Symptomless patients
Age All patients
(years) Total number Number Percentage of

age group

<50 3 0 0
40-49 12 2 16 6
50-59 28 8 28*6
60-69 67 27 40 3
70-79 77 35 45*4
80-89 85 32 37-6
90-99 13 5 38*5

Complications
One patient whose widespread Paget's disease had

apparently been previously symptomless presented
with bone sarcoma and another such patient pre-
sented with high output cardiac failure. The latter
patient, a woman of 78, was the only subject in the
whole series affected by this complication, for which
no other cause was apparent. Deafness of some
degree is a very common occurrence in people of the
elderly age groups particularly affected by Paget's
disease and it is not possible to say how many had
developed this disability as a result of bone disease.
Involvement of the bone of the skull was recognized
in thirty (10-5%y) of the patients, eight of whom were
noted to be deaf.

Twenty-five patients (8 8%) suffered from patho-
logical fractures of bones affected by Paget's disease.
Incomplete fissure fractures have not been included.
Four of these patients (all women) had pathological
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Paget's disease of bone 35

fractures on two separate occasions so that there was
a total of twenty-nine fractures (Table 4).

TABLE 4. Frequency and distribution of the pathological
fractures occurring in 285 patients with Paget's disease of

bone

Site Total Male Female

All sites 29 9 20
Femur 23
Neck 5 0 5
Shaft 18 6 12

Pelvis 3 2 1
Tibia 3 1 2

The twenty-nine fractures occurred in twenty-five patients,
four women having had repeated fractures.

As in the larger series of eighty-four cases of
pathological fracture in Paget's disease reported by
Grundy (1970), the femur was the bone most
commonly affected. The shaft or the subtrochanteric
region was the site involved in 78% of the femoral
fractures both in the series of Grundy (1970) and in
this one. Similarly in the ninety cases of femoral
fractures in Paget's disease described by Barry (1969)
the shaft or subtrochanteric area was affected in
seventy-one (79%4). In contrast, in an unselected
population over the age of 35, fractures of the shaft
formed only 11 5y/ of all femoral fractures (Know-
elden, Buhr and Dunbar, 1964).

In seventeen patients of the present study it was the
pathological fracture which led to the diagnosis of
Paget's disease. The risk of fracture appeared greater
in the women but this increased risk may in part be
accounted for by the known predilection of women
to fractures of the neck of the femur. Excluding
fractures of this area there were eleven female and
nine male patients who suffered pathological frac-
tures.

In no instance was the fracture followed by a
sarcoma. Recent writers (Barry, 1969; McKenna
et al., 1964) have discounted earlier suggestions that a
pathological fracture in Paget's disease predisposed
to the development of sarcoma at the same site and,
as Price and Goldie (1969) have said, 'fracture only
serves to focus attention upon a bone already
tumorous'.
Sarcoma occurred in only two patients in this

series (0-7%). A man aged 77 presented with sar-
comatous change in many bones. A woman aged 48
with leontiasis ossea due to Paget's disease developed
pain, ocular disturbance, and eventually local
swelling in the temporo-mandibular region, due to a
sarcoma, 15 years after the first appearance of facial
deformity.
One patient, a woman aged 81, suffered from

multiple myeloma. It has been suggested in the past
that the association between Paget's disease and

myelomatosis is a significant one (Reich and
Brodsky, 1948). The prevalence of both these con-
ditions is much greater than was once thought and
their coincidence is most likely to be due to chance.
Patients in whom the diagnosis of either condition
has been made are likely to have X-rays taken of
several bones. If, therefore, the second condition is
also present, it will probably be discovered.

Associated conditions
No examples were seen of other diseases which

have been described in association with Paget's
disease such as Hashimoto's disease (Luxton, 1957),
malabsorption (Somayaji, 1968) and neurological
states. Details of the results of examination of the
fundi by an ophthalmologist or another clinician had
been recorded in 133 patients of this series but there
were no cases of retinal angioid streaks despite the
relationship between the two conditions reported by
Batten (1931) and others. Similarly, no case of
pseudoxanthoma elasticum, which may provide the
link between Paget's disease and angioid streaks, was
identified.

Sedimentation rate and serum alkaline phosphatase
It has been said that the erythrocyte sedimentation

rate (ESR) is usually raised in active Paget's disease
(Hartung, 1955; Harris and Krane, 1968; Any
Questions, 1958). Grainger and Laws (1957) found
that the average Westergren ESR was significantly
higher in a group of patients with active Paget's
disease than in a group of quiescent cases. Since the
demonstration by Kay (1929) of an association
between a raised plasma phosphatase and Paget's
disease of bone, general experience has shown that
the serum alkaline phosphatase level is a reasonably
reliable measure of the extent and of the activity of
the bone changes in Paget's disease (de Deuxchaisnes
and Krane, 1964).

Simultaneous estimations, often on more than one
occasion separated by months or years, of the serum
alkaline phosphatase by the King-Armstrong tech-
nique and of the ESR by the method of Westergren
were carried out in 128 of the patients. Patients with
other obvious disease of a type likely to influence the
sedimentation rate were excluded. ESR readings of
10 mm or less were found simultaneously with serum
alkaline phosphatase levels of over 14 KAu (range
15-103) in thirty-one patients. In those patients in
whom repeated simultaneous estimates were carried
out, no consistent relationship between the levels of
alkaline phosphatase and ESR could be recognized.
Among patients whose disease involved three bones
or more there were nine in whom the ESR never
exceeded 10 mm. Figure 1 shows that there is no clear
correlation between the serum alkaline phosphatase
and the Westergren ESR.
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FIG. 1. Simultaneous measurements of serum alkaline
phosphatase and ESR in 128 patients with Paget's disease.

It is clear, therefore, that the ESR is valueless as an
indication of the activity or extent of Paget's disease
of bone either in the group or in the individual case.

Serial serum alkaline phosphatase studies
Records of serial estimations of the serum alkaline

phosphatase, extending over a period of at least 1
year, were available for fifty-one patients. A clear
pattern emerged of a group of patients (a small
majority of the total) who had slightly, or moderately,
raised phosphatase levels which varied little over the
period of study. Figure 2a shows the individual serial
phosphatase levels of all patients whose first recorded
level was below 36 KAu. In only four of these thirty-
six patients were values higher than 36 KAu ever
recorded subsequently. Figure 2b refers to the fifteen
patients whose initial phosphatase values were over
36 KAu. Their serial figures were much more erratic,
many never showed a fall below their initial levels,
and only a few showed a consistent fall. Apart from
one patient (who did not have a radiological survey
of the skeleton), all of these fifteen patients with high
phosphatase levels had clinically manifest, multi-
focal, and usually very extensive, disease of the bones.
Pathological fractures were more than twice as
common among the patients in this second group
(five of fifteen) as in the first (five of thirty-six). If
not the initial, but all of the recorded phosphatase
levels of each of the fifty-one patients are studied, the
clearest separation into two groups of subjects occurs
at a level of 28 and 29 KAu. Twenty-seven (53%4) had
never shown a serum alkaline phosphatase level of
over 28 KAu and ten (20%) had never shown a level
below 29 KAu.

Familial occurrence
The causes of Paget's disease of bone (osteitis

deformans) are unknown. It is sometimes familial
and has been reported in four generations (Dickson,
Camp and Ghormley, 1945), in five siblings (Gal-
braith, 1954), and in identical twins (Martin, 1947).
Da Costa et al. (1915), reviewing all cases of Paget's
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FIG. 2. Serial estimation of serum alkaline phosphatase
over periods of 1 year or more in fifty-one patients with
Paget's disease. (a) Patients with initial levels below
36 KA units (b) patients with initial levels above 36 KA
units.

disease reported up to 1915, found that a family
history had been noticed in 7/. More recently, in
series recorded by Rosenkrantz, Wolf and Kaicher
(1952) and by Galbraith (1954) a family history of the
disease was obtained in 64% and 7 7% respectively
The records of all 285 patients in the present study

were carefully scrutinized for any history of the
disease in close relatives and approximately 50% of
the patients were also cross questioned on this matter
Three examples of families with more than one first
degree relative definitely affected by the disease were
found. These instances were of a brother and sister,
two brothers, and a brother, sister and the latter's son
respectively.

This frequency of familial occurrence of just over
1% is at first surprising in view of the figure of
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approximately 7%4 mentioned earlier. One reason
may be that series which include several apparent
instances of familial predisposition are more likely to
be reported. Two other possible factors are that in
some studies the degree of relationship between
affected subjects is not defined, and that the numeri-
cal size of the families being examined may vary
widely.
The explanation could alternatively lie in the type

of case included in the present study. Because this
study has been concerned with a relatively unselected
group this series has a very high proportion of symp-
tomless and elderly patients, very many ofwhom have
been diagnosed from X-rays carried out for other
purposes. Most previous studies, on the other hand,
were made at times when radiology was not so widely
employed, and in places where comparatively few of
the elderly were seen. Such studies, therefore, in-
cluded a higher proportion of those with gross
deformities, pain and other complications.

All of the six patients with familial Paget's disease
of bone ofwhom the details are to hand had sympto-
matic and very widespread Paget's disease, three of
them having serum alkaline phosphatase levels
> 29 KAu (30, 69 and 132 KAu). It could be that the
form of Paget's disease in which the genetic pre-
disposition to the condition is strong tends to be
more severe and more extensive, and that symptom-
less cases in which the disease is limited to one or two
bones may have only a weak hereditary background.
The possible genetic basis of the disease has been

investigated by analysing the distributions in patients
with osteitis deformans of the marker genes of ABO
blood grouping and secretor status. Selection of the
patients for study of their blood groups and secretor
status depended solely upon their availability for the
necessary blood and saliva tests.

ABO blood groups
ABO blood grouping was carried out by the

standard tube method in 215 of the patients. Of these
114 (53%°) were male and 101 (47°/) were female.
The distribution ofABO blood groups found in these
215 patients is compared in Table 5 with the distri-
bution in the local population. The control figures
are based upon the blood group of voluntary blood

TABLE 5. Distribution ofABO blood groups in patients with
Paget's disease of bone compared with a control group

Blood group Paget's Controls

0 94 43 *7% 533 43*1%
A 107 49*8% 568 45*9%
B 12 5*6% 98 799%
AB 2 09%0 37 3 0%

Total number 215 1236

(X2 (3 d.f.) 4-819, P > 0-1).

donors (totalling 1236) in the five local postal areas
from which the majority of the patients in the series
were drawn. These data have been extracted from the
comprehensive national survey carried out during the
years 1952-1969 and reported by Kopec (1970).
While there is an excess of blood group A among

the present patients with Paget's disease of bone
compared with controls from the same area, this
difference is small and is not statistically significant.
Murray (1961) studying 633 persons over 64 years of
age in Newcastle found that, while there was fairly
close agreement between the distribution of blood
groups in these elderly subjects as a whole and in
controls, there was a significant increase in group A
subjects in the apparently healthy elderly males. This
might provide one explanation for the apparent
excess of group A subjects in the present series, as
53%4 of the patients were male and over 33%4 of the
total number were free of symptoms which could
have been related to the bone disorder. It seems very
unlikely that, even with numerically much larger
series, an association between Paget's disease of
bone and group A will be established. Each of the
seven patients examined who has a first degree
relative also affected by the disease was of blood
group A and the present studies do not exclude a
linkage between the gene responsible for the ABO
blood group and a gene bearing a predisposition to
Paget's disease. However this also seems unlikely.

Secretor status
Saliva for examination for secretor capacity was

boiled in a water bath at once for 15 min, cooled and
then transferred to plastic tubes which were stop-
pered and stored at - 200C until testing. Secretor
status was determined by the isohaemagglutination
inhibition technique, using anti-H substance prepared
from the seeds of Ulex europaeus (Race and Sanger,
1968). The secretor status was investigated in 138
cases (Table 6). The control data are those of Doll,
Drane and Newell (1961), derived from a study
of 610 inhabitants of London, to which the area of
Chelmsford is closely adjacent. Control series from
various other centres show similar figures.

TABLE 6. Distribution of secretor status in
patients with Paget's disease of bone compared

with a control group

Paget's Controls

Total 138 610
Secretor 106 (77%) 481 (79%)
Non Secretor 32 129

(X2 (1 d.f.) 0-276, P > 08).

The ability to secrete ABO blood group substances
in the mucous secretions is inherited as a Mendelian
dominant. A higher incidence of non-secretors than
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in the normal population has been found in alcoholics
(Camps and Dodd, 1967) and in cases of duodenal
ulcer (Clarke et al., 1956), rheumatic fever (Glynn
Glynn and Holborow, 1959) and breast carcinoma
(Bremner, 1961). This possible association between
possession of the recessive (non-secretor) gene and a
particular disease has been adduced as evidence
favouring a genetic factor in the aetiology of the
disease. The present studies provide no such evi-
dence in the case of Paget's disease of bone, the
incidence of secretor ability in 138 patients with the
disease (77°/) not being statistically different from
that in the normal population (79%4).

Discussion
This series of patients with Paget's disease of bone

differs somewhat from most similar series previously
reported. Firstly, it probably includes more patients
whose disease only came to light as a consequence of
the investigation of other conditions. Secondly, the
series is drawn from a group of hospitals providing
all services for the whole of a community. For
geographical, administrative and traditional reasons,
the great majority of patients living in this (Chelms-
ford) area who require specialist care or radiological
or laboratory investigation are seen in the hospitals
of this group. Thirdly, with the increasing concern of
the medical services for the elderly members of the
community, a larger proportion of patients in the
later age groups are investigated nowadays in
district general hospitals than has been the practice
in earlier years and in more specialized hospital
centres.
The population served by this group of hospitals

during the period of the investigation was approxi-
mately 200,000 and the distribution of ages within
this population is known. Using this distribution
pattern and the figures of prevalence of the disease
suggested by Collins (1956) and Schmorl (1932) it is
possible to calculate that there are about 2,900
people with Paget's disease in the area. This study
therefore concerns only about 10%° of these. How-
ever, it is likely, for the reasons which have been
explained, that most patients in this area who were
severely troubled by symptoms, or who suffered
from the complications of the disease, were examined
in these hospitals and were thus included in the
present series. The true incidence of symptoms and
complications in those with radiological or patho-
logical evidence of Paget's disease is therefore very
much lower than is usually stated. Pathological
fractures thus perhaps affect only 1 00%, and sar-
coma of bone only 0I1%, of patients with the disease.

Similarly, the true frequency of virtually symptom-
less Paget's disease must be very much greater than
the 38% which the present authors' figures at first
suggest. Furthermore, the majority of the as yet

undiagnosed cases are probably among the older
members of the population (because even now they
are least likely to be investigated in any detail) and it
has been found that the incidence of symptomless
cases tends to increase as the age at diagnosis rises
(Table 3). It seems, therefore, that the proportion of
patients with Paget's disease (diagnosed or un-
diagnosed) who are relatively untroubled by their
condition exceeds 80 or even 90%/.
The records of the serum alkaline phosphatase

levels of individual patients extending over many
months or years suggest that there may be a more
active and more extensive form of Paget's disease.
Progression from limited and relatively inactive
disease to the more widespread and highly active
form appears to occur rarely. There is some evidence
from the familial cases that the more serious form of
the disease may have a stronger hereditary basis.
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