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Regular Reviezv

Paget's disease of bone

D J HOSKING

In Paget's disease a greatly accelerated rate of remodelling is
combined with the development of structurally abDormal bone.
The last decade has seen a revival of interest in this common
skeletal disorder as a result oftwo developments. Mithramycin,
calcitonin, and the diphosphonates have opened up the
possibility of controlling bone turnover effectively, and this
has coincided with growing interest in the complexities of the
remodelling of bone at a cellular level. Research has been
stimulated both by the requirements for information about
cellular mechanisms and by the prospect of therapeutic
advance.

Sir James Paget's original description of the disease over a
century ago under the title "osteitis deformans" incorporated
both his own aetiological preference and his view of its com-
monest manifestation.' Deformity is now recognised to be less
common than bone pain as a symptom, but inflammation is
once more returning to favour as the underlying disease
process.

Pathogenesis

Paget's disease seems likely to be primarily a disorder of
osteoclasts,2 with the other cellular mechanisms a secondary
phenomenon mediated through the well-recognised, but poorly
understood, link between bone resorption and formation.3
The osteoblasts are more active than normal in producing bone
matrix, much of which may be woven rather than lamellar, but
neither they nor the osteocytes show any morphological
abnormalities.4 In contrast, the osteoclasts show several
characteristic changes, some of which are specific to Paget's
disease.4 5 These cells are very active metabolically as shown
by the presence of numerous mitochondria, an abundant
endoplasmic reticulum, and a well-developed Golgi apparatus.
The cytoplasmic membrane is usually appreciably indented,
particularly in the region of the ruffled border opposed to
bone; and this appearance, together with the presence of
collagen fragments, apatite crystals, and occasional whole bone
particles within the cytoplasms suggests that the cells' re-
sorbing activity and surface mobility are greatly increased.
A unique feature of osteoclasts in Paget's disease is the

presence of spherical or ovoid cytoplasmic and nuclear
inclusion bodies, which have a paracrystalline structure com-
posed of microtubules about 15 nm in cross-section.4 6 The
intranuclear and intracytoplasmic inclusion bodies seem
similar; some may be in physical continuity across the nuclear
membrane. The similarity between these inclusion bodies and
the nucleocapsids of the paramyxovirus of the measles group
found in subacute sclerosing panencephalitis7 raises the
possibility that Paget's disease, too, might be due to a slow
virus infection.

There is no conclusive proof that Paget's disease is due to a
virus, but the data go some way to satisfying Koch's postulates.
Firstly, inclusion bodies are found almost invariably in
osteoclasts from Paget's disease, though they are not present in
every nucleus of every cell; they are absent in other cell lines
such as osteoblasts and marrow cells. They have never been
seen in osteoclasts from other high turnover diseases such as
hyperparathyroidism, though they have been reported' in
osteoclasts from a few giant cell tumours of bone.8 Secondly,
when bone cells from Paget's disease have been maintained in
tissue culture they retain their inclusion bodies through
several passages.9 The third and critical postulate, the ability
to reproduce the disease in susceptible animals, has been
difficult because of the lack of a model for Paget's disease.
Further supportive evidence has therefore been indirect.
Immunofluorescence studies using high titre measles antibody
or serum from a patient with subacute sclerosing panence-
phalitis have shown that osteoclasts from Paget's disease
contain antigenic material belonging to or cross-reacting with
antibodies against this viral group.5 Though the presence of
measles virus has not been an invariable finding, similar
studies have shown immunofluorescence to other RNA viruses
bearing similarities to respiratory syncytial virus.9
Many of the general features of a slow virus infection-long

latent period, absence of acute inflammation or fever, localisa-
tion in a single organ-would be consistent with the clinical
course of Paget's disease. Furthermore, an early cytopatho-
genic effect of measles virus is the development of giant
multinucleated cells by the fusion of infected with non-
infected cells. Possibly a similar mechanism might lead to the
development of the typical multinucleated osteoclasts of
Paget's disease.4 Certainly infection seems the leading aetio-
logical contender at present.

Clinicalfeatures and indicationsfor treatment

Most patients with Paget's disease have no symptoms, and
since the disorder is usually associated with little morbidity or
mortality treatment is not required. Bone pain unresponsive
to simple analgesics is the usual indication for active inter-
vention; much less common symptoms are due to syndromes of
neurological compression, to immobilisation hypercalciuria
and hypercalcaemia, and perhaps high output cardiac failure.
Patients being prepared for orthopaedic surgery may also need
treatment.2 There is no evidence that treatment improves or
prevents the development of deformity, long bone fractures, or
the exceedingly rare complication ofsarcomatous change.

Evaluation of the effects of treatment is usually subjective
and attended by a high placebo response.10 For example, pain
may arise either from an area of Paget's disease within a bone
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or from osteoarthritic change in adjacent joints. Clinical trials
must therefore take both variables into account as well as
allowing for a placebo effect; few such studies have been
reported."' 11 Because of these difficulties, most studies have
relied heavily upon changes in urinary hydroxyproline
excretion and serum alkaline phosphatase activity as an
indication of the osteoclastic and osteoblastic responses to
treatment. The problem of assessing benefit is becoming more
pressing with the recent development of more effective forms
of treatment which offer the potential for long-term
control.12 16 Current drugs may tempt the clinician to treat
younger patients with milder symptoms in the expectation of
preventing extension of the disease and the development of
long-term complications. At present there is no evidence to
show that such an approach is either safe or desirable.

Treatment

Calcitonin has been available for just over a decade. It will
improve many of the clinical features of the disease but does
not effect a cure. For the reasons outlined above it is not
surprising that the proportion of patients reported as respond-
ing in different series has varied from 30" 0 to 80o .17 -19
Porcine, salmon, and human calcitonins probably have few
qualitative differences but the greater potency on a weight-for-
weight basis and its more prolonged action makes salmon
calcitonin the preparation of choice.

Individuals vary considerably in their sensitivity to cal-
citonin, but maximal reductions in turnover are usually
achieved with doses of 350 to 700 Medical Research Council
units a week. Less than 150 units provides a submaximal
degree of control. In most cases alkaline phosphatase activity
and hydroxyproline excretion will be reduced by about half
with the nadir reached in the first six months of treatment.' 7-20
Patients with more than a twofold to threefold increase in
bone turnover will therefore be left with residual activity
which cannot be reduced by an increase in the dose or
duration of treatment.'7 21 Though the histological evidence
shows that bone remodelling shifts to a more lamellar pattern
during treatment with calcitonin,22 23 the abnormalities are
only partially corrected. Once calcitonin is withdrawn bone
turnover usually increases towards pretreatment levels,2' 24
but symptoms may remain controlled, perhaps as a conse-
quence of the bone remodelling produced by calcitonin.
Clearly the hormone has a transient suppressive rather than
curative effect on bone.

Porcine calcitonin and salmon calcitonin are antigenic in
man because of the difference between their amino-acid
sequence and that of the human hormone. Nevertheless, while
antibodies develop in one-third to two-thirds of patients given
exogenous calcitonins,17 19) 20 25 26 there is no evidence that the
general failure of the hormone to control bone turnover has an
immune basis. True resistance is unusual20 but may become
more common with prolonged treatment, because antibody
titres usually, but not invariably, increase with time. The
presence of resistance can be confirmed by showing that the
control of bone turnover is restored by the use of a calcitonin
to which antibodies are absent.2' 25 26 If treatment needs to be
continued in a patient with resistant disease (and there may
be few indications for this) then use of the non-antigenic
human hormone is preferable to that ofan exogenous calcitonin.
Unfortunately human calcitonin is not commercially available
and supplies are limited.
Some patients without antibodies or treated with human

calcitonin show a pattern of change of bone turnover similar to
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that seen in patients with resistant disease.20 27 This puzzling
phenomenon and the failure of calcitonin to return bone
turnover to normal raise the whole question of the mechanism
of the cellular action of calcitonin-does it act primarily on
osteoclast activity or on the activation ofnew bone remodelling
units ? Until these questions are answered the use of calcitonin
will be restricted to providing relatively short-term sympto-
matic relief from a condition whose underlying mechanism
remains unchecked.
The introduction of the diphosphonates into clinical

medicine has been one of the most interesting developments in
the last decade.28 Most of the studies in Paget's disease have
used disodium etidronate: disodium ethane 1-hydroxy-1-
diphosphonate,'0 29-33 a synthetic analogue of pyrophosphate
in which the P-O-P bond is replaced by P-C-P, making the
diphosphonates more resistant to hydrolysis. These com-
pounds have a high affinity for calcium phosphate crystals, so
that they are rapidly cleared from the blood and their bio-
logical effects are largely confined to bone. The highest con-
centrations are to be expected at sites of mineralisation and
resorption, but the diphosphonates may also enter osteoclasts
absorbed to bone fragments during resorption. The di-
phosphonates are powerful inhibitors of crystal formation and
dissolution, but inhibition of bone resorption is certainly more
complex and may depend on intracellular mechanisms.28
Disodium etidronate is given by mouth, though less than

10, of the dose is absorbed; that fraction not taken up by bone
is excreted unchanged in the urine. The drug is well tolerated
apart from occasional mild abdominal symptoms which do not
appear dose dependent. Pain is relieved in about 60'/ of
patients; relief shows a roughly linear relationship to ad-
ministered dose, and is usually maximal within six months,
though it may persist for several months once the drug is
withdrawn.29 31
The greatest effect on bone turnover is usually achieved

within the first six months of treatment, by which time a
reduction of about half will have been achieved.'0 31 33 Though
higher doses of disodium etidronate produced a slightly
better fall in hydroxyproline excretion the effect on alkaline
phosphatase activity varies little within the range 5-20 mg/kg
(400-1600 mg/day).'0 29-32 As with calcitonin the initial
disease activity is the major factor determining whether
bone turnover will return to normal with treatment. With
moderate disease activity (roughly threefold increase in
turnover) normal values are often achieved using 5 mg/kg
for six months, and this response may persist for as long as
two to three years once disodium etidronate is withdrawn.10 30-32
Patients with more active disease show a less complete re-
sponse and a greater tendency to relapse once treatment is
withdrawn,'0 30 32 but they seem to respond better to disodium
etidronate than to calcitonin. Biochemical relapse can be
prevented by sequential use of disodium etidronate with
either 5 mg 'kg given for six months of every year or 20 mg/kg
given for one month out of every four.32 Since retreatment on
clinical relapse seems just as effective as the initial course of
disodium etidronate,l0 31 33 the benefit to be obtained from
drug-induced suppression-even though it seems free from
important side effects-is uncertain and this approach
remains experimental.32
At a cellular level disodium etidronate causes a dose-

dependent suppression of the numbers of osteoclasts and
resorbing activity. The rate of calcification is reduced to
within the normal range by 5 mg/kg but at higher doses
osteoid thickness increases significantly.10 31 These changes
are most noticeable in the areas affected by Paget's disease
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but are also seen to a less extent in bone elsewhere. Defective
mineralisation is the main problem associated with treatment
with high doses of disodium etidronate and may be ac-
companied by a recrudescence of bone pain or non-traumatic
fractures.'0 30 33 Since these histological and clinical problems
are not seen with 5 mg/kg, at which dose the degree of sup-
pression of bone turnover is almost optimal, there seems
little indication for the use of higher doses except for short
periods of a few weeks.32
A combination of calcitonin (50 to 100 units daily) with

disodium etidronate in doses low enough to avoid the develop-
ment of complications may have substantial advantages over
the use of either drug alone. Preliminary data suggest that
most patients achieve normal or near normal bone turnover
irrespective of the initial disease activity, with alkaline phos-
phatase activity and hydroxyproline excretion declining with
a half time of about six weeks.'2 13 Defective mineralisation
has not been seen at this dose of disodium etidronate (7-5 mg/
kg) even though the excessive osteoclastic activity was con-
trolled. Provided that the histological appearance ofthe bone is
monitored regularly there seems no reason why treatment
should not continue so long as bone turnover continues to
decline. The same studies also suggested that three patients
out of four stay in remission for at least six months after
stopping treatment, and in some this may last up to two years.
Nevertheless, more data are required-particularly relating to
the degree of control and maintenance of remission in very
active Paget's disease-before this combination can be
established as a standard form of treatment.
The same reservations probably apply to two of the second
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