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Abstract

Paget’s disease of the bone remains the second commonest metabolic bone disease in 
adults. Early diagnosis and appropriate management is essential to reduce the risk of potentially 
debilitating consequences. Diagnosis can be challenging; with many patients initially asymptomatic. 
In the majority of cases it is a diagnosis made incidentally with either an unexplained alkaline 
phosphatase or radiographic abnormalities. In this review we focus on providing a clear 
understanding of the current concepts and theories regarding aetiology, pathophysiology, 
diagnosis and treatment of Paget’s disease.

INTRODUCTION
Paget’s disease (PD) of the bone was first described by Sir 

James Paget in 1877. Initially known as osteitis deformans, it 
was thought to be a consequence of chronic inflammation [1]. 
Further research later revealed that it is in fact a benign disorder 
of bone remodelling which is the second commonest metabolic 
bone disease in adults. Both genders are affected equally with 
the prevalence increasing with age. Approximately two percent 
over the age of 50 are affected. This rises to ten percent by 
90 years [2,3]. Although PD has been described globally, it is 
predominantly a disease affecting those of white ancestry. The 
highest prevalence is observed in the UK, North America and 
Australasia; in comparison to Asia where it is rare [4-6].

There are two main subtypes of PD: monostotic, affecting 
a single bone, and polystotic where several skeletal sites are 
affected. The diagnosis is often made incidentally, either on 
plain radiographs or by an unexplained raised serum alkaline 
phosphatase (ALP). Most patients are asymptomatic at diagnosis. 
Those that do have symptoms usually complain of bone pain. 
Other presentations can include limb deformity, pathological 
fractures, and compressive symptoms as a sequelae of bone 
overgrowth. To date medical management remains the mainstay 
of treatment.

AETIOLOGY
Despite being first described in the late 1800s the aetiology 

of the disease remains poorly understood. Arguments exist 
for a combination of environmental and genetic factors. This 
is supported by epidemiological observations of familial 
aggregation, geographical variation, and decreasing incidence of 
the disease in the presence of external factors.

Genetics

The familial incidence of disease was first noted in 1883, with 

greatest risk, up to seven fold, in those with a first degree relative 
[7]. Studies have reported that in patients newly diagnosed 
there is a positive family history in approximately 15-40% [8,9]. 
Currently several susceptibility loci have been identified in 
patients suffering from classical Paget’s disease.

Unfortunately there is n unifying single mutation present in 
all patients [10]. The most prevalent mutation is the SQSTM1 
on chromosome 5. However this gene is still only mutated in 
approximately 40% of familial cases and 10% of sporadic cases 
[11-13]. Identification of a key gene may allow future disease 
prevention or a reduction in complications through prophylactic 
measures. A large trial, the ZiPP study, is currently underway to 
assess the merit of prophylactic treatment in preventing PD in 
SQSTM1 positive patients.

Environmental factors

Although there is a strong argument for genetics as the 
principle risk factor the variable penetrance supports the 
view of a potential environmental trigger. Many authors have 
hypothesised that persistent viral infection by the paramyxovirus 
infection triggers variations in osteoclast development and 
activity seen in PD [14]. This theory is based on the identification 
of microfilaments within the cytoplasm of osteoclasts, with 
the appearance of viral nucleocapsids [15,16]. In support of 
this, several authors have also demonstrated that through 
transfecting osteoclast precursors with canine distemper virus 
or measles virus they are able to trigger osteoclastogenesis with 
the creation of multinucleate osteoclast-like cells akin to those in 
PD [17-20]. Recent multi- centre studies performed by Helfirch 
et al and Ralston et al. have however failed to identify any trace 
of viral paramyxovirus RNA even in bone specimens of patients 
with active disease. This has cast doubt on this theory of a virus 
as a causative agent [21,22].
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PATHOPHYSIOLOGY
In affected bones focal areas of abnormal excessive 

accelerated bone remodelling are seen. This produces sites of 
poor quality expanded bone with a disorganised trabecular 
pattern. In the majority of patients, 70-80%, PD is a polyostoic 
asymmetrical pattern [23]. The spine, proximal femur and pelvis 
are the sites most commonly affected in 60-75% of patients. The 
tibia and skull are affected to a lesser degree, however any bone 
can be affected by the disease [4,24].

Three phases of disease have been described: (i) the osteolytic 
phase, (ii) mixed phase, (iii) quiescent phase. In polystotic PD 
although all affected sites are present from the outset of the 
disease the rate of progression can differ between skeletal areas 
[2].

Osteolytic phase

The initial lytic phase of disease sees recruitment of atypical 
osteoclasts, which are both larger and more highly nucleated 
than normal, resorb the bone. As cortical and trabecular bone is 
resorbed there is infiltration of vascular fibrocellular tissue to 
fill the void [25]. At the peak of disease, the rate of turnover can 
reach 20 times that of normal bone [26]. This focus of osteoclastic 
activity results in classic lytic, radiolucent, areas seen on plain 
radiographs, Figure 1. Patients may present at this stage either 
with symptoms of pain relating to enhanced turnover or with 
limb warmth and temperature gradients due to the increased 
vascularity.

Mixed phase

As part of this reparative phase osteoclastic activity 
starts to decline and there is a compensatory response from 
osteoblasts. Both lamellar and woven bone is deposited, often in 
a disorganised fashion. Histology of mature lesions in this stage 
reveal a mosaic, jigsaw type pattern which is pathognomonic of 
PD [27]. In comparison to normal bone turnover in which new 
bone forms around Haversian canals in PD the abnormal vascular 
channels disrupt formation. This results in sclerotic areas of new 
irregular thickened trabecular bone, which is characteristically 
denser than normal bone (Figure 2).

Quiescent phase

In the final phase of disease the process ‘burns out’ with 
osteoblastic activity diminishing. During this phase biochemical 
markers are often within normal limits [28-30].

DIAGNOSIS
At the time of diagnosis the majority of patients, 70%, are 

asymptomatic [31]. Diagnosis is commonly incidental during 
routine radiological or serological investigations. Radiographs 
taken for other reasons may reveal typical appearances or blood 
tests may show an unexplained elevated serum ALP in the absence 
liver disease. Calcium and phosphate are typically normal. Serum 
ALP can however lie within normal limits during the quiescent 
phase of disease. Typical radiographic findings of PD correspond 
with the histological stage. These typical appearances at several 
sites are described using specific terminology. These include: 
“osteoporosis circumscripta”, “cotton wool appearance” and 

“Tam o’Shanter sign” in the skull; the “picture frame sign” in the 
spine and “candle flame sign” in long bones [32]. It is important 
not to confuse the normal linea aspera-pilaster complex, or “track 
sign”, on femoral radiographs with the “candle flame sign” found 
in PD [33].

Once the diagnosis has been made patients routinely 
undergo skeletal surveying to identify all asymptomatic sites 

Figure 1 Lateral radiograph of the proximal tibia during the lytic 
phase. There is a large lucent area which begins in the subchondral 
bone and extends to a sharp inferior margin (arrows). (Image 
reproduced with permission from Smith et al, RadioGraphics, 2002, 
Vol. 22, No. 5:1191-1216, copyright RSNA, 2002) [50].

Figure 2 Plain radiograph of the pelvis showing areas of lucent and 
sclerosis during the mixed phase.Radiographic evidence of Increased 
bone formation is seen as trabecular (white arrows) and cortical 
(black arrows) thickenings.
(Image reproduced with permission from Smith et al, RadioGraphics, 
2002, Vol. 22, No.5:1191-1216, copyright RSNA, 2002) [50].
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of disease to guide management [20]. UK guidelines have 
previously recommended using bone scintigraphy to perform 
the skeletal survey in all patients with PD [34]. Bone scintigraphy 
is favoured over plain radiographs due to increased sensitivity. 
This was described as 95% versus 74% by one author [35]. 
This however carries implications not only in terms of cost and 
resource availability but also increased radiation exposure over 
conventional plain radiographs [36].

CLINICAL PRESENTATION AND COMPLICATIONS
Pain is the predominant feature in the cohort of patients 

presenting with symptoms. This usually originates from the 
pagetic lesion itself, however may result from local tissue 
destruction or compression, (Table 1). In late disease patients 
may present with limb deformity; most commonly bowing of the 
tibia (anteriorly), femur (laterally) or skull enlargement. When 
either the skull or vertebra are involved nerve compression is a 
major concern. Hearing loss has been reported in as great as 50% 
of patients with skull involvement [37]. Aside from local effects 
PD can present with systemic compromise. High output heart 
failure is a rare but serious complication. This can occur when 
disease is particularly widespread and active (>15% skeletal 
involvement) due to hypervascularization of the bone [38,39].

In rare cases a Paget’s lesion can undergo malignant 
transformation to various types of sarcoma. This occurs in less 
than 1 % of patients and is more common in elderly patients. 
Sarcomatous change typically yields an osteosarcoma with the 
femur most commonly affected. Prognosis is poor, often fatal, 
with a mean survival of one year [6,40,41].

MANAGEMENT
The management of PD has three aims. The primary objective 

is to reduce bone pain which is caused by increased remodelling 
[42]. The secondary objective is to reduce osseous vascularity 
associated with hypercalcaemia, particularly in the preoperative 
setting. The final and most controversial treatment objective is to 

decrease the likelihood of complications that could impact quality 
of life in asymptomatic patients, though there is no evidence to 
support this practice [43]. It is worth noting that a byproduct 
of the treatment of PD is normalisation of bone remodelling 
markers which can act as a surrogate for the monitoring of 
disease progression.

Calcitonin

Historically, calcitonin was the treatment of choice in PD. It 
is a hormone produced in the parafollicular cells of the thyroid 
gland. Its primary physiological role is to inhibit the effects of 
osteoclasts, by reducing their resorptive capacity and size, and 
consequently their action on bone. Secondary effects include 
increased excretion of phosphate and calcium in the urine. Due 
to acquired resistance, the effectiveness of calcitonin is short-
lived [44]. Furthermore, it is only available as intramuscular or 
subcutaneous injection. For these reasons, calcitonin is now used 
as a second-line treatment.

Biophosphonates

Bisphosphonates are the primary treatment for PD. They 
are synthetic analogues of inorganic pyrophosphate [45]. Their 
chief mechanism of action is inhibition of osteoclast activity and 
therefore of bone resorption. They can be broadly sub divided 
into non-nitrogen-containing and nitrogen-containing types 
Nitrogen-containing bisphosphonates such as alendronate and 
zoledronic acid are more effective in reducing bone turnover [46]. 
They suppress protein prenylation by interfering with farnesyl 
diphosphate synthase [47]. This impairs osteoclast function. 
Non-nitrogen-containing bisphosphonates such as etidronate 
are taken up by osteoclasts during bone resorption and lead to 
the accumulation of toxic ATP analogues that are cytotoxic [44].

The main side-effects of oral bisphosphonate use are 
gastrointestinal upset whereas use of intravenous agents 
pamidronate and zoledronic acid is known to result in flu-like 
symptoms [43]. The main contraindication to bisphosphonate 
use is renal impairment, in which case oral preparations are 
preferred to intravenous [46].

Denosumab

This agent is a RANK ligand inhibitor. It has the potential 
to emerge as an alternative treatment for patients for whom 
bisphosphonates are contraindicated [48]. It has been shown to 
be an effective inhibitor of bone resorption [44].

Managing the consequences of PD

Analgesia is used as an adjunct to bisphosphonate treatment 
in managing bone pain. Furthermore, the consequences of 
PD (primarily osteoarthritis and secondary fractures) often 
require surgical intervention. As previously discussed, this can 
be complicated by the increased osseous vascularity. In case of 
cement less total hip arthroplasty one author found an average of 
744ml blood loss in patients with PD compared to a institutional 
average of 200-450ml. In addition 28% of PD patients had losses 
of greater than 2000ml [49]. Vigilant preoperative planning 
should therefore be undertaken prior to surgical intervention, 
elective or emergency, in order to mitigate these complications. 
Current accepted measures include bisphosphonate therapy, 

Table 1: Clinical manifestations of Paget's disease by site.

                 All sites Bone pain
Warmth

                    Skull

Headaches
Hearing loss
Cranial nerve lesions
Skull deformity (enlargement with frontal 
bossing) Hydrocephalus
Poor fitting dentures

                   Spine
Vertebral collapse
Spinal curvature
Cord or nerve root compression

                    Limbs

Pathological fracture (including stress frac-
tures) Deformity
Degenerative changes (secondary osteoar-
thritis) Peripheral neuropathies

                Micellaneous High output cardiac failure

    Neoplastic (<1%) Sarcoma
Giant cell tumour
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adequate cross match and cell salvage where possible. The use 
of preoperative embolisation may be considered when operating 
for malignant transformation.

SUMMARY
Paget’s disease is a chronic benign disorder of bone 

remodelling. Despite the aetiology of the disease still remaining 
unresolved, it is clear that there is no single causative factor. 
Instead disease activation is a more likely a multifactorial 
progress that involves genetic susceptibility with environmental 
triggers. As we further understand the genetics involved in PD 
we may be able to focus treatment further improving outcomes.

Diagnosis in the early stages is difficult with many patients 
remaining asymptomatic or presenting with non-specific 
symptoms. Clinicians must therefore have a high index of 
suspicion of PD in all patients over 50 years with unexplained 
deranged alkaline phosphatase, abnormal radiographs or 
bone pain. Early accurate diagnosis provides an opportunity 
to quantify disease and plan treatment. Excluding neoplastic 
transformation in PD; neurological compression poses the most 
serious and irreversible complication. In view of this, accurate 
assessment of affected regions is essential to counsel patients and 
guide treatment. In our opinion we believe that where possible, 
bone scintigraphy should be performed to assess for extent 
of disease as this offers the greatest sensitivity. In particular 
to identify skull involvement that may be not appear on plain 
radiographs. Medical management can then be discussed with 
the patient, either symptomatic or asymptomatic, to manage 
symptoms, stem progression or prevent complications. The use 
of prophylactic treatment still remains highly controversial with 
limited supporting evidence. It is however worth considering 
when disease is active at sites where disease progression 
would be have detrimental effects. This concept requires more 
high quality research before it can universally adopted. In the 
interim pharmacological advancements with the advent of third 
generation bisphosphonates have been fundamental effective in 
managing pain, preventing deterioration and complications. This 
has improved the quality of life we can achieve for those suffering 
from PD.

REFERENCES
1. Paget J. On a Form of Chronic Inflammation of Bones (Osteitis 

Deformans). Med Chir Trans. 1877; 60: 37-64.9.

2. Colina M. Paget’s disease of bone: a review. Rheumatol Int. 2008; 28: 
1069-1075.

3. Singer F. Paget’s Disease of Bone, ed. L. DeGroot. 2016; Endotext 
[Internet]: MDText.com.

4. Davies, M. Paget Disease, ed. A. Baert. 2008; Encyclopedia of Diagnostic 
Imaging: Springer Berlin Heidelberg.

5. Selby P.  Paget’s disease. Medicine, 2009; 37: 481-482.

6. Luiz Griz, Daniele Fontan1, Patricia Mesquita1, Marise Lazaretti-
Castra, Victoria Zeghbi Cochenski Borba, João Lindolfo Cunha Borges, 
et al. Diagnosis and management of Paget’s disease of bone. Arq Bras 
Endocrinol Metabol. 2014; 58: 587-599.

7. Pick  A. Osteitis deformans. Lancet, 1883; 2: 1125-1126.

8. Morales-Piga AA, Rey-Rey JS, Corres-González J, García-Sagredo JM, 
López-Abente G. Frequency and characteristics of familial aggregation 

of Paget’s disease of bone. J Bone Miner Res. 1995; 10: 663-670.

9. Siris E, G Roodman. Paget’s disease of bone, in Primer on the Metabolic 
Bone Diseases and Disorders of Mineral Metabolism, C. Rosen, Editor. 
2008, American Society for Bone and Mineral Research: Washington 
DC.

10. Lucas GJ, Riches PL, Hocking LJ, Cundy T, Nicholson GC, Walsh, et al. 
Identification of a major locus for Paget’s disease on chromosome 
10p13 in families of British decent. Bone and Mineral Research. 2008; 
23: 58-63.

11. Hocking LJ, Lucas GJ, Daroszewska A, Mangion J, Olavesen M, Cundy T, 
et al. Domain-specific mutations in sequestosome 1 (SQSTM1) cause 
familial and sporadic Paget’s disease. Hum Mol Genet. 2002; 11: 2735-
2739.

12. Nancy Laurin, Jacques P Brown, Jean Morissette and Vincent Raymond. 
Recurrent mutation of the gene encoding sequestosome 1 (SQSTM1/
p62) in Paget disease of bone. Am J Hum Genet. 2002; 70: 1582-1588.

13. Alonso N, Calero-Paniagua, and Del Pino-Montes J. Clinical and Genetic 
Advances inPaget’s Disease of Bone: a Review. Clin Rev Bone Miner 
Metab. 2017; 15: 37-48.

14. Alikhan M. paget disease. 2016.

15. Mills BG. and Singer FR. Nuclear inclusions in Paget’s disease of bone. 
Science.1976; 194: 201-202.

16. Mii Y, Miyauchi Y, Honoki K, Morishita T, Miura S, Aoki, et al. Electron 
microscopic evidence of a viral nature for osteoclast inclusions in 
Paget’s disease of bone. Virchows Arch.1994; 424: 99-104.

17. Mee AP, Dixon JA, Hoyland JA, Davies M, Selby PL, Mawer EB. Detection 
of canine distemper virus in 100% of Paget’s disease samples by in 
situ-reverse transcriptase-polymerase chain reaction. Bone. 1998; 23: 
171-175.

18. Kurihara N, Reddy SV, Menaa C, Anderson D, Roodman GD. Osteoclasts 
expressing the measles virus nucleocapsid gene display a pagetic 
phenotype. J Clin Invest. 2000; 105: 607-614.

19. Kurihara N, Zhou H, Reddy SV, Garcia Palacios V, Subler MA, Dempster 
DW, et al. Experimental models of Paget’s disease. J Bone Miner Res. 
2006; 21: 55-57.

20. Selby P L. Guidelines for the diagnosis and management of Paget’s 
disease: a UK perspective. J Bone Miner Res. 2006; 21: 92-93.

21. Helfrich MH, Hobson RP, Grabowski PS, Zurbriggen A, Cosby SL, 
Dickson GR, et al. A negative search for a paramyxoviral etiology of 
Paget’s disease of bone: molecular, immunological, and ultrastructural 
studies in UK patients. J Bone Miner Res. 2000; 15: 2315-2329.

22. Ralston SH, Afzal MA, Helfrich MH, Fraser WD, Gallagher JA, Mee 
A. Multicenter blinded analysis of RT-PCR detection methods for 
paramyxoviruses in relation to Paget’s disease of bone. J Bone Miner 
Res. 2007; 22: 569-577.

23. Monfort J, Sala DR, Romero AB, Duró JC, Maymó J, Carbonell J. 
Epidemiological, clinical, biochemical, and imaging characteristics of 
monostotic and polyostotic Paget’s disease. Bone. 1999; 24: 13-14.

24. Davie M, Davies M, Francis R, Fraser W, Hosking D, Tansley R..Paget’s 
disease of bone: a review of 889 patients. Bone. 1999; 24: 11-12.

25. Rubinstein MA, Smelin A, and Freedman AL. Osteoblasts and 
osteoclasts in bone marrow aspiration; previously undescribed cell 
findings in Paget’s disease (osteitis deformans). AMA Arch Intern Med. 
1953; 92: 684-696.

26. Roodman GD. Paget’s diseas and osteoclast biology. Bone. 1996; 19: 
209-212.

27. Rogers J, Jeffrey DR, and Watt I. Paget’s disease in an archeological 

https://www.ncbi.nlm.nih.gov/pubmed/20896492
https://www.ncbi.nlm.nih.gov/pubmed/20896492
https://www.ncbi.nlm.nih.gov/books/NBK279033/
https://www.ncbi.nlm.nih.gov/books/NBK279033/
http://www.scielo.br/pdf/abem/v58n6/0004-2730-abem-58-6-0587.pdf
http://www.scielo.br/pdf/abem/v58n6/0004-2730-abem-58-6-0587.pdf
http://www.scielo.br/pdf/abem/v58n6/0004-2730-abem-58-6-0587.pdf
http://www.scielo.br/pdf/abem/v58n6/0004-2730-abem-58-6-0587.pdf
https://www.ncbi.nlm.nih.gov/pubmed/7610939
https://www.ncbi.nlm.nih.gov/pubmed/7610939
https://www.ncbi.nlm.nih.gov/pubmed/7610939
https://www.ncbi.nlm.nih.gov/pubmed/17907922
https://www.ncbi.nlm.nih.gov/pubmed/17907922
https://www.ncbi.nlm.nih.gov/pubmed/17907922
https://www.ncbi.nlm.nih.gov/pubmed/17907922
https://www.ncbi.nlm.nih.gov/pubmed/12374763
https://www.ncbi.nlm.nih.gov/pubmed/12374763
https://www.ncbi.nlm.nih.gov/pubmed/12374763
https://www.ncbi.nlm.nih.gov/pubmed/12374763
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC379146/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC379146/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC379146/
https://www.ncbi.nlm.nih.gov/pubmed/28255281
https://www.ncbi.nlm.nih.gov/pubmed/28255281
https://www.ncbi.nlm.nih.gov/pubmed/28255281
http://emedicine.medscape.com/article/334607-overview
https://www.ncbi.nlm.nih.gov/pubmed/959849
https://www.ncbi.nlm.nih.gov/pubmed/959849
https://www.ncbi.nlm.nih.gov/pubmed/7981909
https://www.ncbi.nlm.nih.gov/pubmed/7981909
https://www.ncbi.nlm.nih.gov/pubmed/7981909
https://www.ncbi.nlm.nih.gov/pubmed/9701477
https://www.ncbi.nlm.nih.gov/pubmed/9701477
https://www.ncbi.nlm.nih.gov/pubmed/9701477
https://www.ncbi.nlm.nih.gov/pubmed/9701477
https://www.ncbi.nlm.nih.gov/pubmed/10712432
https://www.ncbi.nlm.nih.gov/pubmed/10712432
https://www.ncbi.nlm.nih.gov/pubmed/10712432
https://www.ncbi.nlm.nih.gov/pubmed/17229020
https://www.ncbi.nlm.nih.gov/pubmed/17229020
https://www.ncbi.nlm.nih.gov/pubmed/17229020
https://www.ncbi.nlm.nih.gov/pubmed/17229017
https://www.ncbi.nlm.nih.gov/pubmed/17229017
https://www.ncbi.nlm.nih.gov/pubmed/11127197
https://www.ncbi.nlm.nih.gov/pubmed/11127197
https://www.ncbi.nlm.nih.gov/pubmed/11127197
https://www.ncbi.nlm.nih.gov/pubmed/11127197
https://www.ncbi.nlm.nih.gov/pubmed/17227218
https://www.ncbi.nlm.nih.gov/pubmed/17227218
https://www.ncbi.nlm.nih.gov/pubmed/17227218
https://www.ncbi.nlm.nih.gov/pubmed/17227218
https://www.ncbi.nlm.nih.gov/pubmed/10321919
https://www.ncbi.nlm.nih.gov/pubmed/10321919
https://www.ncbi.nlm.nih.gov/pubmed/10321919
https://www.ncbi.nlm.nih.gov/pubmed/10321918
https://www.ncbi.nlm.nih.gov/pubmed/10321918
https://www.ncbi.nlm.nih.gov/pubmed/13091485
https://www.ncbi.nlm.nih.gov/pubmed/13091485
https://www.ncbi.nlm.nih.gov/pubmed/13091485
https://www.ncbi.nlm.nih.gov/pubmed/13091485
https://www.ncbi.nlm.nih.gov/pubmed/8873960
https://www.ncbi.nlm.nih.gov/pubmed/8873960
https://www.ncbi.nlm.nih.gov/pubmed/12054169


Central
Bringing Excellence in Open Access





Knapper et al. (2017)
Email: 

Ann Orthop Rheumatol 5(2): 1082 (2017) 5/5

Knapper T, Logan K, Gheorghiu D (2017) Paget’s Disease - Current Concepts. Ann Orthop Rheumatol 5(2): 1082.

Cite this article

population. J Bone Miner Res. 2002; 17: 1127-1234.

28. Mirra JM, Brien EW, Tehranzadeh J. Paget’s disease of bone: review 
with emphasis on radiologic features - part 1. Skeletal Radiol. 1995; 
24: 163-171.

29. Theodorou DJ, Theodorou SJ, and Kakitsubata Y. Imaging of Paget 
disease of bone and its musculoskeletal complications: review. AJR 
Am J Roentgenol. 2011; 196:  S64-75.

30. Winn HR. Youmans and Winn neurological surgery.7th ed. Philadelphia: 
Elsevier. 2017.

31. Tiegs RD, Lohse CM, Wollan PC, Melton LJ. Long-term trends in the 
incidence of Paget’s disease of bone. Bone.

32. 2000; 27: 423-427.

33. Henry K, Gaillard F. Paget Disease (bone). Gheorghiu, D and 
Leinenkugel A. The linea aspera-pilaster complex as a possible causeof 
confusion with the ‘flame sign’: a case report. Acta Orthop Traumatol 
Turc, 2010; 44: 254-256.

34. Selby PL, Davie MW, Ralston SH, Stone MD, Bone, and Tooth Society of 
Great Britain, et al. Guidelines on the management of Paget’s disease 
of bone. Bone. 2002; 31: 366-373.

35. Fogelman I and Carr D. A comparison of bone scanning and radiology 
in the assessment of patients with symptomatic Paget’s disease. Eur J 
Nucl Med. 1980; 5: 417- 421.

36. Scarsbrook A, Brown M and Wilson D. UK guidelines on management 
of Paget’s disease of bone. Rheumatology (Oxford). 2004; 43: 399-400.

37. Nager GT. Paget’s disease of the temporal bone. Ann Otol Rhinol 
Laryngol. 1975; 84: 1-32.

38. Henley JW. Croxson RS, Ibbertson HK. The Cardiovascular system in 
Paget’s disease of boneand the response to therapy with calcitonin 
and diphosphonate. Aust N Z J Med. 1979; 9: 390-397.

39. Arnalich F, Plaza I, Sobrino JA, Oliver J, Barbado J, Peña JM, Vazquez 

JJ. Cardiac size and function in Paget’s disease of bone. Int J Cardiol. 
1984; 5: 491-505.

40. Yochum T.R. Paget’s sarcoma of bone. Radiologe. 1984; 24: 428-433.

41. Wermers RA, Tiegs RD, Atkinson EJ, Achenbach SJ, Melton LJ. 
Morbidity and mortality associated with Paget’s disease of bone: a 
population-based study. J Bone Miner Res. 2008; 23: 819-825.

42. Vallet M and Ralston SH. Biology and Treatment of Paget’s Disease of 
Bone. J Cell Biochem. 2016; 117: 289-299.

43. Ferraz-de-Souza B, Correa PH. Diagnosis and treatment of Paget’s 
disease of bone:a mini-review. Arq Bras Endocrinol Metabol. 2013; 
57: 577-582.

44. Michou L, Brown JP. Emerging strategies and therapies for treatment 
of Paget’s disease of bone. Drug Des Devel Ther, 2011; 5: 225-
239. 

45. Oliveira L and Eslava A. Treatment of Paget’s disease of bone. 
Rheumatol Clin. 2012; 8: 220-224.

46. Singer FR, Bone HG, Hosking DJ, Lyles KW, Murad MH, Reid IR, et 
al. Paget’s disease of bone: an endocrine society clinical practice 
guideline. J Clin Endocrinol Metab. 2014; 99: 4408-4422.

47. Rogers M.J. New insights into the molecular mechanisms of action of 
bisphosphonates. Curr Pharm Des. 2003; 32: 2643-2658.

48. Reid IR, Sharma S, Kalluru R, Eagleton C. Treatment of Paget’s Disease 
of Bone with Denosumab: Case Report and Literature Review. Calcif 
Tissue Int. 2016; 99: 322-325.

49. Wegrzyn J, Pibarot V, Chapurlat R, Carret JP, Béjui-Hugues J, Guyen 
O. Cementless total hip arthroplasty in Pget’s disease of bone: a 
retrospective review. Int Orthop. 2010; 34: 1103-1109.

50. Smith SE, et al. Radiologic spectrum of Paget disease of bone and its 
complications with pathologic correlation. RadioGraphics.2002; 22: 
1191-1216.

https://www.ncbi.nlm.nih.gov/pubmed/12054169
https://www.ncbi.nlm.nih.gov/pubmed/7610408
https://www.ncbi.nlm.nih.gov/pubmed/7610408
https://www.ncbi.nlm.nih.gov/pubmed/7610408
https://www.ncbi.nlm.nih.gov/pubmed/21606236
https://www.ncbi.nlm.nih.gov/pubmed/21606236
https://www.ncbi.nlm.nih.gov/pubmed/21606236
https://www.elsevier.com/books/youmans-and-winn-neurological-surgery-4-volume-set/winn/978-0-323-28782-1
https://www.elsevier.com/books/youmans-and-winn-neurological-surgery-4-volume-set/winn/978-0-323-28782-1
https://www.ncbi.nlm.nih.gov/pubmed/10962355
https://www.ncbi.nlm.nih.gov/pubmed/10962355
https://www.ncbi.nlm.nih.gov/pubmed/10962355
https://radiopaedia.org/articles/paget-disease-bone
https://www.ncbi.nlm.nih.gov/pubmed/21088469
https://www.ncbi.nlm.nih.gov/pubmed/21088469
https://www.ncbi.nlm.nih.gov/pubmed/21088469
https://www.ncbi.nlm.nih.gov/pubmed/21088469
https://www.ncbi.nlm.nih.gov/pubmed/12231408
https://www.ncbi.nlm.nih.gov/pubmed/12231408
https://www.ncbi.nlm.nih.gov/pubmed/12231408
https://www.ncbi.nlm.nih.gov/pubmed/7215363
https://www.ncbi.nlm.nih.gov/pubmed/7215363
https://www.ncbi.nlm.nih.gov/pubmed/7215363
https://www.ncbi.nlm.nih.gov/nlmcatalog/100883501
https://www.ncbi.nlm.nih.gov/nlmcatalog/100883501
https://www.ncbi.nlm.nih.gov/pubmed/1080381
https://www.ncbi.nlm.nih.gov/pubmed/1080381
http://onlinelibrary.wiley.com/doi/10.1111/j.1445-5994.1979.tb04165.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1445-5994.1979.tb04165.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1445-5994.1979.tb04165.x/abstract
https://www.ncbi.nlm.nih.gov/pubmed/6233229
https://www.ncbi.nlm.nih.gov/pubmed/6233229
https://www.ncbi.nlm.nih.gov/pubmed/6233229
https://www.ncbi.nlm.nih.gov/pubmed/6593768
https://www.ncbi.nlm.nih.gov/pubmed/18269308
https://www.ncbi.nlm.nih.gov/pubmed/18269308
https://www.ncbi.nlm.nih.gov/pubmed/18269308
https://www.ncbi.nlm.nih.gov/pubmed/26212817
https://www.ncbi.nlm.nih.gov/pubmed/26212817
https://www.ncbi.nlm.nih.gov/pubmed/24343625
https://www.ncbi.nlm.nih.gov/pubmed/24343625
https://www.ncbi.nlm.nih.gov/pubmed/24343625
https://www.ncbi.nlm.nih.gov/pubmed/21607019
https://www.ncbi.nlm.nih.gov/pubmed/21607019
https://www.ncbi.nlm.nih.gov/pubmed/21607019
https://www.ncbi.nlm.nih.gov/pubmed/25406796
https://www.ncbi.nlm.nih.gov/pubmed/25406796
https://www.ncbi.nlm.nih.gov/pubmed/25406796
https://www.ncbi.nlm.nih.gov/pubmed/14529538
https://www.ncbi.nlm.nih.gov/pubmed/14529538
https://www.ncbi.nlm.nih.gov/pubmed/27193832
https://www.ncbi.nlm.nih.gov/pubmed/27193832
https://www.ncbi.nlm.nih.gov/pubmed/27193832
https://www.ncbi.nlm.nih.gov/pubmed/19669762
https://www.ncbi.nlm.nih.gov/pubmed/19669762
https://www.ncbi.nlm.nih.gov/pubmed/19669762
https://www.researchgate.net/publication/11156026_From_the_archives_of_the_AFIP_-_Radiologic_spectrum_of_Paget_disease_of_bone_and_its_complications_with_pathologic_correlation
https://www.researchgate.net/publication/11156026_From_the_archives_of_the_AFIP_-_Radiologic_spectrum_of_Paget_disease_of_bone_and_its_complications_with_pathologic_correlation
https://www.researchgate.net/publication/11156026_From_the_archives_of_the_AFIP_-_Radiologic_spectrum_of_Paget_disease_of_bone_and_its_complications_with_pathologic_correlation

	Abstract
	Introduction
	Aetiology
	Genetics
	Environmental factors 

	Pathophysiology
	Osteolytic phase 
	Mixed phase 
	Quiescent phase 

	Diagnosis
	Clinical presentation and complications 
	Management
	Calcitonin
	Biophosphonates
	Denosumab
	Managing the consequences of PD 

	Summary
	References
	Figure 1
	Figure 2
	Table 1

