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Classic diseases revisited

Paget's disease of bone

CG Ooi, WD Fraser

Summary
Paget's disease of bone is a rela-
tively common condition in the
UK affecting up to 5% of the
population over the age of55 years
with particularly high prevalence
in the North West ofEngland. The
majority of those affected are
asymptomatic. Its precise cause
remains unknown, and until re-
cently, choice of treatment of this
sometimes painful and debilitat-
ing disease has been limited. In
this article, we review various
aspects of this disease, concen-
trating particularly on recent ad-
vances in our understanding of its
aetiology and its treatment.
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Sir James Paget (1814-1899)
* born Norfolk, England
* trained at St. Bartholomew's

Hospital, London
* past President, Royal College of

Surgeons of England, Fellow of the
Royal Society and Surgeon to the
Queen

* described Paget's disease of bone in
1877, also described Paget's disease
of the nipple and Paget's disease of
the penis
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Paget's disease of bone (osteitis deformans), named after Sir James Paget (box
1), an eminent 19th century surgeon, has been with man through the centuries.
Its characteristic bone changes have been noted in Anglo-Saxon remains from
around 950 AD' and in mediaeval remains from 15th century England.2
Paget's clinical description of the disease. as a slowly evolving, often benign,
deforming disease of bone,3 remains accurate today. More than a century later,
we perhaps understand the disease better and have the ability to diagnose and
treat it more effectively, but many questions remain unanswered.

Paget's disease is a focal disorder ofbone turnover characterised by excessive
bone resorption coupled with bone formation which, while vigorous, often
results in bone which is abnormal architecturally and is mechanically weaker. It
may be monostotic (17%), but is more frequently multi focal, with a
predilection for the axial skeleton (the spine, pelvis, femur, sacrum and skull,
in descending order of frequency) although any bone may be affected (box 2).4
Epidemiology

Patients are usually over the age of 40 and the disease is mostly confined to
Western Europe and parts of the world to which migration occurred from
Europe. There is a particularly high prevalence of the disease (up to 8% of
hospital patients over 55 years old) in the North West of England, but overall
UK prevalence is around 5% in patients over 55 years old, with a slight male
preponderance.5 Indirect evidence from mortality and primary bone tumour
statistics hints at a gradual fall in frequency over the past century. With its late
presentation and generally benign course, most patients are elderly and the
prevalence in the over 90s rises to 10%.

In up to 14% of patients there is a positive family history with the cumulative
risk of Paget's disease at its highest (around 20%) if the affected family member
has both early age of diagnosis and bone deformity.6 Pedigree studies have led
to speculation of the existence of a 'susceptibility gene' inherited in an
autosomal dominant fashion, linked to the histocompatibility locus on
chromosome 67 with reported increased prevalence of HLA-DQW1, DR1,
DR2, DRW68 and HLA-DPW49 in population surveys. Recently, two
independent groups have described evidence of a susceptibility locus on
chromosome 18q in kindreds affected by Paget's disease.58'

Histology

In the early phase of the disease, bone resorption predominates with abnormally
large osteoclasts containing multiple pleomorphic nuclei and microfilamentous
inclusion bodies.10 Following this initial osteolytic phase there is a mixed
osteolytic-osteoblastic phase with an abundance of osteoblasts forming new
matrix in the form of woven bone.l Mineralisation during these waves of
activity is ineffective, resulting in a characteristic mosaic appearance due to
persisting osteoid seams. Macroscopically, the bones are thickened and
enlarged with reduced medullary spaces and the marrow is replaced by highly
vascularised fibrous tissue.

Eventually, bone formation predominates but the osteosclerotic bone is
thickened, architecturally disorganised and less able to withstand stress. There
is a corresponding reduction in vascular fibrous tissue and haemopoietic
function returns to the marrow cavity with no abnormality seen in
haematological indices.

Radiological findings
The radiographic changes reflect the histological changes observed in many
patients. Initially, lytic lesions predominate as seen with the characteristic skull
X-ray picture of osteitis circumscripta and a progressive advancing lytic front in
affected shafts of long bones. The osteosclerotic phase produces chaotic
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Skeletal distribution of
Paget's disease (%/ ofpatients
with bone affected, from4)
· cervical spine (14%)
· femur (55%)
* humerus (31%)
· lumbar spine (58%)
· pelvis (72%)
* sacrum (43%)
* scapula (23%)
* skull (42%)
· thoracic spine (45%)
· tibia (35%)

Box 2
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Figure 1 X-ray showing Paget's disease
affecting upper femur with bowing, pseudo-
fractures on the convex margin (arrow) and
coarse trabecular pattern.

E

Figure 2 MRI scan showing spinal stenosis
in Paget's disease affecting LI (arrowhead)
and resulting in spinal cord compression
(arrows).

crisscross patterns with thickened cortical and trabecular bone sometimes
accompanied by pseudofracture lines on the convex margins of long bones
(figure 1). Plain radiographs are also useful in assessing the degree of deformity,
and in the diagnosis of secondary arthritis and bone tumour.
Bone scintiscanning is useful in assessing the distribution of Pagetic lesions

and, in addition, may reveal activity not seen on plain X-ray examination.
Increased uptake often persists even in the presence of normal biochemistry,
and differentiation from other pathology requires comparison with plain
radiographs. It is worth noting that up to 9% of plain radiographs may appear
normal despite scintigraphic evidence of Pagetic activity.4 Serial observations
do not show spread ofthe disease from bone to bone, and changes only occur in
preexisting sites.

Quantitative scintiscans are available, though not widely used, and can be
used to assess treatment response. Magnetic resonance imaging also has a role
to play in basilar invagination and spinal stenosis, allowing visualisation of soft
tissue impingement (figure 2).

Laboratory investigations

Biochemical markers of bone turnover'2 reflect increased osteoclast activity,
with an increase observed in concentrations of urinary hydroxyproline,
pyridinoline, deoxypyridinoline, amino- and carboxy-terminal nonhelical
(telopeptides) parts of type 1 collagen, all of which are produced during
skeletal collagen degradation (box 3). The coupled increase in osteoblastic
activity also results in elevated serum bone alkaline phosphatase, osteocalcin
and procollagen extension peptides. Osteoblasts produce osteocalcin which is
incorporated into the organic matrix ofbone with a small proportion detectable
in serum, and procollagen extension peptides are produced following the
cleavage of procollagen to collagen.

Urinary hydroxyproline, pyridinoline and deoxypyridinoline can be mea-
sured in both 24-hour and fasting (early morning) second voided urine
collections. 24-Hour measurements eliminate diurnal influence, and fasting
samples avoid fluctuations caused by dietary intake of collagen. A urine sample
collected after an overnight fast at a standard time, approximately two hours
after the first passage of urine that morning (second voided specimen), will
eliminate both dietary and diurnal influences. Differences in lean body mass
can be corrected by using the ratio to urinary creatinine (which is dependent on
lean body mass). In most hospital outpatient clinics, total alkaline phosphatase
remains the simplest and most sensitive marker of disease activity. In our
centre, however, urinary markers are also used as early evidence of both
response to treatment, and relapse. A total alkaline phosphatase level within the
normal range may also be misleading, as many patients continue to complain of
pain and have continuing activity on bone scintiscans. This is likely to be due to
the fact that, despite a rise in their bone alkaline phosphatase level, total alkaline
phosphatase (comprising bone, liver and gut isoenzymes) remains within the
normal population range.

Other biochemical changes include hypercalcaemia during immobilisation
and occasional secondary hyperparathyroidism which has been attributed to a
net excess in bone formation during the mixed osteolytic-osteosclerotic phase.13
The usual age range of patients with Paget's disease does, however, mean that
primary hyperparathyroidism is often detected. Haematological indices are not
disturbed and as a reflection of its focal nature, Paget's disease ofbone does not
result in increased erythrocyte sedimentation rates or C-reactive protein
concentrations.

Clinical features

Indirect evidence suggests that at least 70% of patients are asymptomatic and
diagnosis is often made on the basis of incidental radiographs or elevated
alkaline phosphatase concentrations on enzyme profiles. Paget's disease can,
however, present in a variety of ways with skeletal, neurological and
cardiovascular signs and symptoms (box 4).
A common form of presentation is local bone pain, sometimes with obvious

deformity, and local skin warmth due to increased bone microvasculature. The
latter has been shown to be as much as six times that of normal bone.'4 The
pain experienced is often continuous with increased severity on resting and at
night, but in practice may be difficult to distinguish from osteoarthritic pain.

Skeletal complications include osteoarthritis, deafness, fractures and
sarcomatous change. Osteoarthritis of weight-bearing joints (especially knees,
hips and spine) is extremely common but it is difficult to delineate the role of
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Paget's disease of bone 71

Biochemical markers ofbone
turnover

Osteoclastlbone resorption
* hydroxyproline (urine)
* pyridinoline (urine)
* deoxypyridinoline (urine)
* terminal collagen telopeptides

(urine)

Osteoblastlbone formation
* bone alkaline phosphatase (serum)
* osteocalcin (plasma)
* procollagen extension peptides

(serum)

Box 3

Summary of major clinical
features

Skeletal
* bone pain
* deformity
* fracture
* secondary osteoarthritis
* dental complications
* primary bone tumours

Skeletal/neurological
* deafness

Neurological
* cranial nerve palsies
* spinal stenosis
* hydrocephalus

Others
* vascular steal syndromes
* high output cardiac failure
* immobilisation hypercalcaemia
* cardiac valvular calcification

Box 4

Figure 3 Pre- (A) and post- (B) treatment
bone scintiscans in a patient treated with
intravenous bisphosphonate

abnormal load bearing due to Pagetic deformity relative to the contribution of
age-related degenerative changes. Fractures are estimated to occur in between
6-7% of patients,15 mostly affecting weight-bearing limb bones. An estimated
13% of patients suffer deafness,16 caused by ossicular involvement,17 auditory
nerve and direct cochlea compression'8 and possible changes in bone density
and hence in the acoustic properties of bone.19 Not surprisingly, some also
present with tinnitus and vertigo. Dental complications such as malocclusion,
loosening and hypercementosis are common in patients with involvement of the
mandible and maxilla.

Sarcomatous change fortunately occurs in less than 1% of patients,20 the
most common type being osteosarcoma, followed by fibrous histiocytoma,
fibrosarcoma, chondrosarcoma, giant cell sarcoma and other rarer histological
types. Commonest sites are the pelvis, humerus, femur, and skull, with tumours
often presenting as pathological fractures and increasing bone pain unrelieved
by treatment and with rising levels of alkaline phosphatase. The prognosis is
poor with no effective treatment available.

Neurological complications include cranial nerve compression, noncommu-
nicating hydrocephalus due to skull platybasia, spinal stenosis (figure 3) and
vascular steal syndromes effecting spinal cord and cerebral blood supply.

Vascular steal from calf muscles is also blamed for intermittent claudication
and a higher frequency of cardiac aortic valve calcification has been reported.21
In active and extensive Paget's disease the increased bone vascularity may rarely
precipitate high output cardiac failure.

Aetiology

The description of viral-like inclusions in Pagetic osteoclasts by Rebel and
coworkers in 197460 and the similarity of these inclusions to those found in cells
infected with paramyxoviruses, has led to much work to isolate a causative
virus. This is based on the theory that Paget's disease is caused by a slow viral
infection with similarities to subacute sclerosing panencephalitis. In this
progressive, dementing, ultimately fatal condition, measles virus (a paramyx-
ovirus) is linked with multinucleated brain cells with similar microcylindrical
inclusions which correspond to the viral nucleocapsid. In Pagetic osteoclasts the
inclusions appear as tight nuclear aggregations of microcylindrical structures
about 16-20 nm in diameter, and are degraded by trypsin, protease and
RNase.22 An important feature ofparamyxoviral infection is cell fusion which is
in keeping with the abnormally large multinucleated osteoclasts in Paget's
disease, some containing more than 100 nuclei.
An environmental agent would help explain the geographical distribution of

the disease and the influence of emigration from the UK on lifetime risk, which
decreases following migration and subsequently matches the incidence of the
native population in the next generation. The hypothesis is not incompatible
with evidence for genetic susceptibility either, as the HLA loci play a major role
in the recognition of, and reaction to, infection.
Which virus then ? As yet, no one has isolated a complete virus and a number

of candidates are available. Evidence for the presence of measles virus and
respiratory syncytial virus has been found in Pagetic osteoclasts and multi-
nucleated cells in marrow cultures from patients with Paget's disease. These
cells express measles virus and respiratory syncytial virus antigens, as detected
by polyclonal antisera23 and monoclonal antibodies.24 Measles virus RNA has
also been detected by in situ hybridisation in Pagetic bone25 but recent work
attempting to sequence viral RNA with the sensitive reverse transcriptase/
polymerase chain reaction have failed to detect paramyxoviral RNA.26'27

Other workers have published evidence pointing to canine distemper virus as
a possible candidate, and have localised canine distemper virus RNA in Pagetic
osteoclasts by in situ hybridisation with labelled riboprobes. They have also
sequenced canine distemper virus RNA from affected osteoclasts and noted a
number of base pair changes, concluding that the persistent nature of the virus
is due to viral mutation,28 perhaps explaining why some workers have failed to
detect canine distemper virus RNA by polymerase chain reaction.26'27 A
number of studies have shown an association between previous pet ownership
and Paget's disease29 although this is not supported by all reports and there is
no evidence that there is a higher prevalence of Paget's disease in older
veterinary surgeons. Parainfluenza type 3 and simian virus 5 antigens have been
localised in Pagetic osteoclasts with mononuclear antibodies but this has not
been confirmed by more recent and sensitive methods.26

Attention has turned to the regulators of cell activity within the Pagetic
osteoclast. Hoyland and co-workers have detected increased expression of
interleukin-6 (IL-6)31 and c-fos oncogene32 directly in Pagetic bone by in-situ
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Calcitonin

* recommended regimes: 50 units
three times weekly, increasing to 100
units five out of seven days, and to
100 units daily in single or divided
doses

* intramuscular or subcutaneous
* three- to six-month course
* test dose of 25 units useful -

occasional severe reaction with
hypotension, flushing and sweating

* may need community nursing
support

* expensive

Box 5

Etidronate

* 200 - 400 mg po daily for up to six
months

* requires at least two-hour fast before
ingestion (overnight preferable) and
no food, drugs or drink except water
for 2 hours after ingestion

* higher doses sometimes needed in
shorter courses

Box 6

Pamidronate

* 30 mg iv weekly for six weeks or 60
mg iv fortnightly for three weeks

* repeatable every six months
* requires day patient facilities

Box 7

hybridisation. Roodman et al have previously shown increased concentrations
of IL-6 in conditioned media from long-term Pagetic bone marrow culture
compared with conditioned media from normal bone marrow cultures.33
Addition of Pagetic conditioned media to normal marrow cultures is also
reported to stimulate the formation of 'osteoclast-like' multinucleated cells.
However, reverse transcriptase/polymerase chain reaction analysis for cytokines
and growth factor mRNA in bone biopsies34 and in cultured bone cells35 have
shown no difference in expression of IL-6 and other cytokines between Pagetic
and normal bone tissue.
An attractive hypothesis is that a paramyxoviral infection of bone leads to

overproduction of cytokines, resulting in the clinical syndrome of Paget's
disease. Inherited abnormalities in immune response or in genes regulating
bone activity would increase the susceptibility of the individual to developing
the disease.

Treatment

While the cause of Paget's disease remains unknown, no definitive cure is
possible, although there are a number of available therapies which have been
successfully used to suppress the abnormal osteoclast activity. In doing so these
treatments alleviate the pain experienced and allow bone formation and
mineralisation to proceed at a more normal pace, with the development of
relatively normal new bone. Auditory symptoms are reported to improve with
calcitonin36 and bisphosphonate treatment,37 although more extensive studies
are required.

Calcitonin (box 5) acts via specific receptors on osteoclasts which results in
suppression of bone resorption, and on pain-relieving central neural pathways.
Efficacy is quick, with pain improving within weeks and with a detectable
decrease in bone resorption markers in three hours. There is a more gradual
reduction in alkaline phosphatase concentrations over weeks but the response is
usually only sustained while the treatment continues, with relapse occurring
within a few weeks of cessation of therapy. Human, eel, and salmon calcitonins
are available and all require daily or alternate day subcutaneous injections.
Flushing, nausea and diarrhoea are side-effects common to all calcitonins, with
the development of neutralising antibodies to the non-human preparations
sometimes resulting in a fall in efficacy.38 More acceptable forms of
administration of calcitonin and its analogues, ie, oral, intranasal and rectal
routes, are currently under development. The results are promising and early
data on nasal calcitonin show good efficacy and a better side-effect profile than
injected calcitonin.39
The bisphosphonate class ofdrugs is now the mainstay of treatment in Paget's

disease and offers sustained response and greater acceptability than calcitonin.
Etidronate is the oldest licensed preparation in the UK and intravenous
pamidronate and oral tiludronate have recently received their licences for use in
Paget's disease. Other bisphosphonates, such as clodronate and alendronate,
have completed clinical trials and will hopefully receive licences in the near
future.

Etidronate (box 6) has a relatively low therapeutic threshold on prolonged
use, with the danger of mineralisation defects. Fracture rates seem increased in
high-dose regimes40 but are normal with lower doses.15 Etidronate should be
used in doses of between 5-10 mg/kg daily (400 mg daily recommended) and in
cycles of six months. Gastrointestinal absorption is poor and is in the order of 1-
6%, further reduced in the presence of food. Disease remission can be in the
order of years, with longer periods of remission seen with lower initial alkaline
phosphatase levels and with greater responses (percentage reduction in alkaline
phosphatase) early in the treatment course.41

Pamidronate (box 7) has recently been licensed for intravenous use in Paget's
disease of bone at a recommended total dose of 180 mg administered in six
weekly 30-mg doses or three 60-mg doses at two-week intervals. This regime
may be repeated at six-monthly intervals. Pamidronate therapy can normalise
alkaline phosphatase levels in up to 90% of patients with subsequent remissions
lasting at least two years in 50%.42 Pamidronate is more effective in patients
with lower pretreatment alkaline phosphatase concentrations and normal levels
are not always achieved in those with initial values above 240 U/l, despite
additional treatment (although significant symptomatic improvement is still
reported).43 A transient reaction with pyrexia, myalgia and mild lymphopenia is
seen in 10-20% of first infusions with pamidronate44 and there have been a
number of reports of pamidronate-associated uveitis.45 Mineralisation defects46
of debatable significance47 and without clinical effect have been described in
patients receiving intravenous pamidronate. Some physicians advocate the
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Tiludronate

* 400 mg orally for 3 months
* repeatable every 6 months
* requires 1-h fast before and after

ingestion
* gastrointestinal side-effects may

limit acceptability

Box 8

concurrent use of vitamin D supplements with bisphosphonates to prevent
possible osteomalacia, but there is little consensus on this point. In our clinic,
all patients have their calcium balance assessed, as they are normally in the age
range in which prevention of osteoporosis is also an important consideration.
The new oral formulation of tiludronate (box 8) is efficient in reducing

Pagetic activity with up to 58% reduction of pretreatment alkaline phosphatase
levels at six months, on a daily dose of 400 mg for six months.48 A recent dose-
ranging study has established that a three-month course of tiludronate 400 mg
daily results in the best therapeutic/side-effect profile.49 About 30% of4atients
experience adverse events which are mostly gastrointestinal in nature.
Good results are seen with oral and intravenous clodronate therapy with

maximum suppression of alkaline phosphatase of up to 80% at six months, and
remissions lasting for up to 12 months.50 An oral course of 1600 mg daily for
three months can induce remissions of up to 12 months in 69% of patients.51
Some studies have used five daily doses of 300 mg intravenously with good
reductions in alkaline phosphatase after three months, and we are currently
evaluating a course of four intravenous infusions, each of 1200 mg, at three-
monthly intervals. Clodronate does not seem to interfere with bone
mineralisation and its side-effect profile is excellent. Reported side-effects
include gastrointestinal disturbances (in up to 10% with oral clodronate)
transient asymptomatic hypocalcaemia, mild proteinuria and raised creatinine
concentrations.50

Intravenous alendronate is effective in reducing alkaline phosphatase
concentrations to 35% of pretreatment values with maximum suppression
after three months.52 Five consecutive infusions of alendronate (5-10 mg daily)
can induce remissions of more than 12 months,52 the main side-effects being
transient fever and athromyalgia, with a transient fall in white cell count. Oral
alendronate is also effective but can cause significant gastrointestinal
discomfort.53

Plicamycin is an antimitotic which inhibits RNA synthesis with selectivity for
osteoclasts but is rarely used due to its toxicity, although there is good
biochemical and symptomatic response.54 Gallium nitrate also has anti-
osteoclast activity although the effect is not cytotoxic. A recent randomised,
dose-ranging trial of low-dose subcutaneous gallium nitrate has shown good
efficacy at the higher doses tested.55 The main side-effect of note was a mild
reduction in haemoglobin concentrations.
Due attention should also be paid to simple analgesia and nonsteroidal anti-

inflammatory drugs for symptom relief. Physiotherapy and simple aids and
adjustments are useful adjuncts for some, and those with marked degenerative
joint disease may benefit from surgical correction of deformities and
arthroplasty.
Not all patients require treatment. Asymptomatic patients probably do not

need much more than regular review appointments unless there is active disease
at sites which may lead to complications. Lytic lesions at weight-bearing sites
such as the vertebrae and lower limb bones require treatment to avoid fracture
and/or deformity, and active disease adjacent to joints should also be treated in
an attempt to prevent the development of secondary osteoarthritis. Asympto-
matic patients may be safely reviewed at six-monthly or yearly intervals with
serum total alkaline phosphatase and urinary pyridinolines as biochemical
markers. The risk of sarcomatous transformation increases with disease length
and, in theory, follow-up should be for life.
As in any other disease, the aim of treatment is to relieve symptoms already

present and to prevent the development of future complications. It is often
difficult to distinguish Pagetic pain from osteoarthritic pain and symptoms are
often attributed wholly to Paget's disease. Expectations are hence often too
high, and some effort must be made to distinguish the various sources of
symptoms and to tailor patients' expectations accordingly. Biochemical and
radiographic improvement may well be seen without symptomatic improve-
ment and patients should be encouraged by the fact that future complications
may be avoided.

Conclusions

While its incidence is probably decreasing, Paget's disease continues to afflict a
large number of the UK's elderly population and presents considerable
management problems in those effected by pain and its other complications.
Bisphosphonate drugs have revolutionised the treatment of Paget's disease but
an effective cure is unlikely to be found until the questions regarding its cause
are answered. Some patients continue to be resistant to bisphosphonates and
further work on newer anti-resorptive agents continues.
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The absence of canine distemper, measles and respiratory syncytial virus
RNA in recent reverse transcriptase/polymerase chain reaction studies, and the
observation that similar inclusion bodies have been found in cells from giant cell
tumours, primary oxalosis, osteopetrosis and other bone diseases,56'57 does not
allow us to draw firm conclusions on the role of viral infection in the
pathogenesis of Paget's disease. Studies of abnormal cytokine expression are
similarly inconclusive. Current research should clarify the picture and provide
further information on the basic physiology and biology of bone.

1 Wells C, Woodhouse N. Paget's disease in an
Anglo-Saxon. Med Hist 1975; 19: 396-400.

2 Aaron JE, Rogers J, Kanis JA. Paleohistology of
Paget's disease in two medieval skeletons. Am J
Phys Anthropol 1992; 89: 25 - 31.

3 Paget J. On a form of chronic inflammation of
bones (osteitis deformans). Medico-Chirurg Trans
1877; 60: 37-63.

4 Meunier PJ, Salson C, Mathieu L, et al. Skeletal
distribution and biochemical parameters of
Paget's disease. Clin Orthop 1987; 217: 37-44.

5 Barker DJP. The epidemiology of Paget's disease
of bone. Br Med Bull 1984; 40: 396-400.

6 Siris ES, Ottman R, Flaster E, Kelsey JL.
Familial aggregation of Paget's disease of bone.
J Bone Miner Res 1991; 6: 495 - 500.

7 Tilyard MW, Gardner RJM, Milligan L, Cleary
TA, Stewart RDH. A probable linkage between
familial Paget's disease and the HLA loci. Aust
NZJ Med 1982; 12: 498-500.

8 Singer FR, Mills BG, Park MS, Takemura S,
Terasaki PI. Increased HLA-DQW1 antigen
frequency in Paget's disease of bone. Clin Res
1985; 33: 547A.

9 Gordon MT, Cartwright EJ, Mercer S, et al.
HLA polymorphisms in Paget's disease of bone.
Semin Arthritis Rheum 1994; 23: 229.

10 Rebel A, Malkani K, Basle M, Bregeon CH.
Osteoclast ultrastructure in Paget's disease. Clin
Orthop 1987; 217: 4-8.

11 Meunier PJ, Coindre JM, Edouard CM, Arlot
ME. Bone histomorphometry in Paget's disease.
Quantitative and dynamic analysis of pagetic and
non-pagetic tissue. Arthritis Rheum 1980; 23:
1095- 103.

12 Alvarez 1, Guanabens N, Peris P, et al. Dis-
criminative value of biochemical markers of
bone turnover in assessing the activity of Paget's
disease. J Bone Miner Res 1995; 10: 458-65.

13 Siris ES, Clemens TP, McMahon D, Gordon A,
Jacobs TP, Canfield RE. Parathyroid function in
Paget's disease of bone. J Bone Miner Res 1989;
4: 75-9.

14 Rongstad KM, Wheeler DL, Enneking WF. A
comparison of the amount of vascularity in
Pagetic and normal human bone. Clin Orthop
1994; 306: 247-9.

15 Johnston CC, Altman RD, Canfield RE, Finer-
man GAM, Taulbee JD, Ebert ML. Review of
fracture experience during treatment of Paget's
disease of bone with etidronate disodium
(EHDP). Clin Orthop 1983; 172:186-94.

16 Rosenkrantz JA, Wolf J, Kaicher JJ. Paget's
disease (osteitis deformans) review of 111 cases.
Arch Intern Med 1952; 90: 610-33.

17 Waltner JG. Stapedectomy in Paget's disease -

histological and clinical studies. Arch Otolarnygol
1965; 82: 355-8.

18 Ramsay HAW, Linthicum FH. Cochlea histo-
pathology in Paget's disease. Am J Otolaryngol
1993; 14: 60-1.

19 Khertepal U, Schuknacht HF. In search of
pathologic correlates for hearing loss and vertigo
in Paget's disease. A clinical and histopatholo-
gical study of 26 temporal bones. Ann Otol
Rhinol Laryngol 1990 ; 145 (suppl): 1- 16.

20 Hadjipavlou A, Lander P, Srolovitz H, Enker IP.
Malignant transformation in Paget's disease of
bone. Cancer 1992; 70: 2802-8.

21 Strickberger SA, Schulman SP, Hutchins GM.
Association of Paget's disease of bone with
calcific aortic valve disease. Am J Med 1987;
82: 953-6.

22 Mii Y, Miyauchi Y, Honoki K, et al. Electron
microscopic evidence of a viral nature for
osteoclast inclusions in Paget's disease of bone.
Virchows Arch 1994; 424: 99- 104.

23 Mills BG, Singer FR, Weiner LP, Suffin SC,
Stabile E, Hoist P. Evidence for both respiratory
synctitial virus and measles virus antigens in the
osteoclasts of patients with Paget's disease of
bone. Clin Orthop 1984; 183: 303-11.

24 Mills BG, Frausto A, Singer FR, Ohsaki Y,
Demulder A, Roodman GD. Multinucleated
cells formed in vitro from Paget's bone marrow
express viral antigens. Bone 1994; 15: 443-8.

25 Basle MF, Fournier JG, Rozenblatt S, Rebel A,
Bouteille M. Measles virus RNA detected in
Paget's disease bone tissue by in situ hybridiza-
tion. J Gen Virol 1986; 67: 907-13.

26 Ralston SH, Digiovine FS, Gallacher SJ, Boyle
IA, Duff GW. Failure to detect paramyxovirus
sequences in Paget's disease of bone using the
polymerase chain reaction. J Bone Miner Res
1991; 6: 1243-8.

27 Birch MA, Taylor W, Fraser WD, Ralston SH,
Hart CA, Gallagher JA. Absence of paramyx-
ovirus RNA in cultures of Pagetic bone cells and
in Pagetic bone. J Bone Miner Res 1994; 9: 11 -
16.

28 Gordon MT, Mee AP, Anderson DC, Sharpe
PT. Canine distemper virus transcripts se-
quenced from pagetic bone. Bone Miner 1992;
19: 159-74.

29 O'Driscoll JB, Buckler HM, Jeacock J, Anderson
DC. Dogs, distemper and osteitis deformans: a
further epidemiological study. Bone Miner 1990;
11: 209-16.

30 Barker DJP, Detheridge FM. Dogs and Paget's
disease. Lancet 1985; ii: 1245.

31 Hoyland JA, Freemont AJ, Sharpe PT. Inter-
leukin-6, IL-6 receptor, and IL-6 nuclear factor
gene expression in Paget's disease. J Bone Miner
Res 1994; 9: 75-80.

32 Hoyland J, Sharpe PT. Upregulation of c-Fos
proto-oncogene expression in pagetic osteo-
clasts. J Bone Miner Res 1994; 8: 1191-4.

33 Roodman GD, Kurihara N, Ohsaki Y, et al.
Interleukin-6 a potential autocrine/paracrine
factor in Paget's disease of bone. J Clin Invest
1992; 89: 46- 52.

34 Ralston SH, Hoey SA, Gallacher SJ, Adamson
BB, Boyle IT. Cytokine and growth factor
expression in Paget's disease: analysis by re-
verse-transcription/polymerase chain reaction.
BrJ Rheumatol 1994; 33: 620-5.

35 Birch MA, Ginty AF, Walsh CA, Fraser WD,
Gallagher JA, Bilbe G. PCR detection of
cytokines in normal human and pagetic osteo-
blast-like cells. J Bone Miner Res 1993; 8:1155 -
62.

36 Solomon LR, Evanson JM, Canty DP, Gill NW.
Effect of calcitonin treatment on deafness due to
Paget's disease of bone. BMJ 1977; 2: 485-7.

37 Gennari C, Sensini I. Diphosphonate therapy in
deafness associated with Paget's disease. BMJ
1975; 1: 331.

38 Singer FR, Fredericks RS, Minkin C. Salmon
calcitonin therapy for Paget's disease of bone:
the problem of acquired clinical resistance.
Arthritis Rheum 1980; 23: 1148-54.

39 Reginster JY, Jeugmans-Huynen AM, Wouters
M, et al. The effect of nasal hCT on bone
turnover in Paget's disease ofbone - implications
for the treatment of other metabolic bone
diseases. BrJRRheumatol 1992; 31: 35-9.

40 Khairi MR, Altman RD, DeRosa GP, Zimmer-
mann J, Schenk RK, Johnston CC. Sodium
etidronate in the treatment of Paget's disease of
bone. A study of long-term results. Ann Intern
Med 1977; 87: 656-63.

41 Altman RD. Long term follow-up of therapy
with intermittent etidronate sodium in Paget's
disease of bone. Am J Med 1985; 79: 583-9.

42 Harinck HIJ, Bijvoet OLM, Blanksma HJ,
Dahlinghaus-Nienhuys PJ. Efficacious manage-
ment with aminobisphosphonate (APD) in
Paget's disease of bone. Clin Orthop 1987; 217:
79-98.

43 Bombassei GJ, Yocono M, Raisz LG. Effects of
intravenous pamidronate therapy on Paget's
disease of bone. Am J Med Sci 1994; 308:
226-33.

44 Fitton A, McTavish D. Pamidronate - a review
of its pharmacological properties and therapeutic
efficacy in resorptive bone disease. Drugs 1991;
41: 289-318.

45 Macarol V, Fraunfelder FT. Pamidronate dis-
odium and possible ocular adverse drug reac-
tions. Am J Ophthalmol 1994; 118: 220 - 4.

46 Adamson BB, Gallacher SJ, Byars J, Ralston SH,
Boyle IT, Boyce BF. Mineralisation defects with
pamidronate therapy for Paget's disease. Lancet
1993; 342: 1459-60.

47 Reid IR, Cundy T, Ibbertson HK, King AR.
Osteomalacia after pamidronate for Paget's
disease. Lancet 1994; 343: 855.

48 Reginster JY,Treves R, Renier JC, et al. Efficacy
and tolerability of a new formulation of oral
tiludronate (tablet) in the treatment of Paget's
disease of bone. J Bone Miner Res 1994; 9: 615 -
9.

49 Fraser WD, Stamp TC, Creek RA, Sawyer JP,
Picot C. A double-blind, multicentre, compara-
tive study of tiludronate and placebo in Paget's
disease of bone. Postgrad Med J (in press).

50 Plosker GL, Goa KL. Clodronate - a review of
its pharmacological properties and therapeutic
efficacy in resorptive bone disease. Drugs 1994;
47: 945-82.

51 Khan S, McCloskey EV, Eyres KS, Fern ED,
Kanis JA. Assessment of optimum duration of
therapy with oral dichloromethylene diphospho-
nate (clodronate) in the treatment of Paget's
disease. Semin Arthritis Rheum 1994; 23: 271.

52 O'Doherty DP, McCloskey EV, Vasikaran S,
Khan S, Kanis JA. The effects of intravenous
alendronate in Paget's disease of bone. J Bone
Miner Res 1995; 10: 1094-100.

53 Adami S, Mian M, Gatti P, et al. Effects of two
oral doses of alendronate in the treatment of
Paget's disease of bone. Bone 1994; 15: 415-7.

54 Ryan WG, Schwartz TB. Mithramycin treat-
ment of Paget's disease of bone. Arthritis Rheum
1980; 23: 1155-61.

55 Bockman RS, Wilhelm F, Siris E, et al. A
multicenter trial of low dose gallium nitrate in
patients with advanced Paget's disease of bone. J
Clin Endocrinol Metab 1995; 80: 595 - 602.

56 Basle MF, Rebel A, Fournier JG, Russell WC,
Malkani K. On the trail of paramyxoviruses in
Paget's disease of bone. Clin Orthop 1987; 217:
9-15.

57 Bianco P, Silvestrini G, Ballanti P, Bonucci E.
Paramyxovirus-like nuclear inclusions identical
to those of Paget's disease of bone detected in
giant cells of primary oxalosis. Virchows Arch A
PatholAnat Histopathol 1992; 421: 427-33.

58 Haslam SI, Haites NE, Thompson JMG, Ral-
ston SH. Paget's disease of bone: evidence of
linkage to chromosome 18q21-22. J Bone Miner
Res 1996; 11: 02.

59 Leach RJ, Singer FR, Cody JD, et al. Evidence
for a locus for Paget's disease of bone on
chromosome 18q. J Bone Miner Res 1996; 11
(suppl 1): S98.

60 Rebel A, Malkani K, Basle J. Anomalies nucle-
aires des osteoclasts de la maladie osseuse de
Paget. Nouv Presse Med 1974; 3: 1299-1301.

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://pm

j.bm
j.com

/
P

ostgrad M
ed J: first published as 10.1136/pgm

j.73.856.69 on 1 F
ebruary 1997. D

ow
nloaded from

 

http://pmj.bmj.com/

