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Abstract
AIM
To determine the functional outcomes, complications 
and revision rates following total knee arthroplasty 
(TKA) in patients with Paget’s disease of bone (PDB). 

METHODS
A systematic review of the literature was performed. 
Four studies with a total of 54 TKAs were included for 
analysis. Functional outcomes, pain scores, complica
tions and revision rates were assessed. The mean age 
was 72.0 years and the mean follow-up was 7.5 years.

RESULTS 
All studies reported significant improvement in knee 
function and pain scores following TKA. There were 2 
cases of aseptic loosening, with one patient requiring 
revision of the femoral component 10 years after the 
index procedure. Malalignment, bone loss, soft tissue 
contractures were the most commonly reported intra-
operative challenges. There were five cases (9%) that 
were complicated by intra-operative patellar tendon 
avulsion.

CONCLUSION 
The findings support the use of TKA in patients with 
PDB. The post-operative functional outcomes are largely 
similar to other patients, however there are specific 
perioperative challenges that have been highlighted, in 
particular the high risk for patellar tendon avulsion. 
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Core tip: Patients with Paget’s disease of the bone 
commonly develop significant mal-alignment, structural 
bone deformities and soft tissue contractures, making 
total knee arthroplasty (TKA) in this patient group 
challenging. In addition, exposure of the knee joint can 
prove particularly difficult, with this review demons
trating a high incidence of patella tendon avulsion. This 
systematic review has demonstrated that TKA improves 
pain and functional outcomes in patients with Paget’s 
disease of the bone. The rate of loosening and revision 
in this patient group appears comparable to other 
patients undergoing TKA.

Popat R, Tsitskaris K, Millington S, Dawson-Bowling S, Hanna 
SA. Total knee arthroplasty in patients with Paget’s disease of 
bone: A systematic review. World J Orthop 2018; 9(10): 229-234  
Available from: URL: http://www.wjgnet.com/2218-5836/full/
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INTRODUCTION
Sir James Paget first described Paget’s disease of bone 
(PDB) as “osteitis deformans” in 1877[1]. PDB is a bone 
disorder that typically manifests in middle-aged patients 
and affects approximately 2%-4% of people older 
than 40 years. It is a chronic affliction of adult bone, 
which undergoes aggressive osteoclast-mediated bone 
resorption, followed by abnormal osteoblast-mediated 
bone repair[2].

Although the exact etiology is still unknown, PDB 
is thought to result from a viral infection in genetically 
predisposed individuals[3]. The disease process evolves 
through three distinct phases. Initially, there is an 
osteolytic phase with a collection of destructive osteo
clasts spreading to encompass the entire bone. This is 
followed by a mixed osteolytic and osteoblastic phase, 
and finally by the osteoblastic or sclerotic phase[4]. This 
process results in bone that is mechanically weaker, 
larger, less compact, more vascular and more susceptible 
to fracture than normal adult lamellar bone[3]. 

PDB is slightly more common in men and more pre
valent in Europe, North America and Australasia[5,6]. It 
can affect any bone but is most commonly found in the 
pelvis, skull, lumbosacral spine, femur or tibia, and is 
polyostotic in 75% of cases[7].

PDB is usually asymptomatic and only 5%-10% of 
patients with the disease experience any symptoms, 
most commonly poorly localized bone pain. Patients 
may also present with bone deformity, fracture, skin 
temperature changes, or neurological complications[8]. 
Concurrent symptomatic osteoarthritis of the knee 
affects 10%-12% of individuals with PDB[8]. Differ
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entiating the pain of PDB from osteoarthritis of the 
knee joint can be challenging as both can give a dull 
ache that may worsen with weight bearing[2]. An intra-
articular injection with local anaesthetic can help solve 
the diagnostic conundrum, as relief of the symptoms 
would suggest osteoarthritis as the source of pain. 
Similarly, pain due to PDB can be improved with medi
cation, such as bisphosphonates and calcitonin, further 
assisting in clarifying the diagnosis.

The non-operative management of osteoarthritis 
in patients with PDB involves activity and lifestyle modi
fications, physical therapy, analgesics, functional bracing 
and anti-Paget’s medication. If these fail to alleviate 
the pain, surgical intervention in the form of total knee 
arthroplasty (TKA) is indicated. The disease process 
characterized by bone expansion, softening, cortical 
thickening and hypervascularity can lead to sclerotic 
bone, deformity and soft tissue contractures around the 
knee joint[9]. Marked bone loss and large bone cysts have 
also been described. These morphological changes can 
present specific technical challenges when performing 
TKA in patients with PDB. 

With the number of TKAs performed each year 
growing rapidly, there is a high likelihood that arthro
plasty surgeons will increasingly need to perform TKA 
in patients with PDB. Understanding the challenges 
associated with this group of patients is, hence, very 
important. We have, therefore, performed a systematic 
review of the literature to determine the functional 
outcomes, failure rates and complication rates of TKA in 
patients with PDB of the knee.

MATERIALS AND METHODS
Search strategy
A search of Medline and EMBASE was performed on 
01/03/2018. The keywords used for the searches were 
“total knee arthroplasty” or “total knee replacement” 
and “Paget’s disease”. All relevant studies in the English 
literature describing the results of TKA in patients 
with PDB, between 1986 and 2017, were identified 
in accordance with the PRISMA statement. We also 
identified relevant studies or reviews by assessing the 
bibliographies of all papers that were included.

Eligibility criteria
All papers that described the results of TKA in patients 
with PDB published in the English language were in
cluded. All the articles adhered to the PICO Criteria for 
systematic reviews (Population, Intervention, Comparison 
and Outcomes).

Data extraction
One reviewer (Ravi Popat) scrutinised the articles and 
collected the data using a standardised data collection 
form. All information relating to the number of patients, 
their demographics, follow-up period, complications, revi
sion rates and functional outcomes were entered in a 
spreadsheet. Another reviewer (KT) checked the accuracy 
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of the data collection. There were no inconsistent results. 

Statistical analysis
The results were summarized using descriptive statistics 
for continuous variables, and frequencies and percen
tages for categorical variables. Microsoft Excel, 2016 
version (Microsoft Corporation, Redmond, Washington) 
was used for data analysis.

RESULTS
Search results
The literature search identified 18 articles. The full 
text of each article was reviewed. A total of 4 studies 
satisfied the eligibility criteria. Figure 1 outlines the 
search strategy. 

Quality assessment
All studies were small to medium retrospective case 
series (n = 7-21 patients) describing the outcome of 
TKA in patients with PDB. The range of follow-up in 
these studies was from 2 to 20 years.

Cohort characteristics
The studies included 54 TKAs performed in patients with 

231WJO|www.wjgnet.com

PDB. These patients had a mean age of 72 years (range, 
57-86 years) with an average follow-up of 7.5 years 
(range, 2-20 years). Table 1 summarises the patient 
demographics.

Outcome analysis
Functional outcome: All the studies reported imp
rovement in knee function following TKA. Two studies 
reported a pre and post-operative comparison of the 
Knee Society Score (KSS) and demonstrated an average 
improvement of 42 points post-operatively[8,10]. Schai et 
al[11] provided post-operative functional scores only, with 
a mean of 62. 

Pain outcome: All the studies reported an impro
vement in pain scores post-operatively. Two studies 
demonstrated an average improvement of 46 points 
post-operatively[8,10]. The average pain score for patients 
in Schai et al[11] was 83. Five out of 7 patients in the 
cohort from Broberg et al[12] reported no post-operative 
pain. The remaining patients reported mild pain.

Aseptic loosening and revision
There were 2 cases of aseptic loosening out of a total 
of 54 cases. There was one revision of the femoral 
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Figure 1  PRISMA flowchart illustrating the search strategy and number of records screened and included.
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component, 10 years after the index procedure.

Patellar tendon avulsion
Difficulties during the surgical approach, soft tissue con
tractures and thickening of the patellar tendon were 
described in all studies. A total of 5 out of 54 patients 
(9.3%) had patellar tendon avulsion intra-operatively.

DISCUSSION
TKA has been shown to be a generally successful proce
dure in patients with PDB. All the studies that were 
included in this systematic review reported a post-
operative improvement in knee function and pain scores. 
Furthermore, the overall rate of aseptic loosening was 
3.7% in 7.5 years, and the revision rate was 1.85%, 
with one revision of the femoral component 10 years 
after the index procedure. This failure rate is comparable 
to other patients undergoing TKA. According to the most 
up to date report of the National Joint Registry, a revision 
rate of 1.85% at 7.5 years is considered reasonable[13]. 

The overall reported incidence of patellar tendon 
avulsion was 9.3%. This is an extraordinarily high inciden
ce for this complication and surgeons undertaking TKA 
in the context of PDB should be aware of interventions 
that can help prevent it. We are discussing such interven
tions in a dedicated paragraph later in this review. 
Conversely, although the incidence of heterotopic bone 
(HO) formation has been reported to be as high as 46% 
following total hip arthroplasty for PDB, HO does not 
appear to be a concern following TKA[14].

The studies included in this review reported on a 
variety of TKA implants with variable levels of cons
traint. Some of these implants are also historical. Due 
to the small number of cases and the wide variation of 
implant type and constraint, further analysis of poten
tial subgroups, such as cruciate retaining vs posterior 
stabilised, or cemented vs uncemented, was not feasible.

The main challenges when performing TKA in the 
context of PDB are malalignment (more commonly 
varus), extensive bone loss, soft tissue contractures and 
thickening of the patellar tendon. With the steadily 
increasing number of TKAs performed annually, it is 
reasonable to expect that there will be a proportional 
increase in the burden of PDB cases. It is, therefore, 
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important to employ a systematic approach in order to 
ensure optimal outcomes. 

Per-operative considerations
Initially, it is very important to isolate articular pain from 
the deep and aching pain that is associated with the 
later stages of Paget’s disease. The use of intra-articular 
injections can help to identify and delineate whether the 
patient’s pain is from an intra-articular source, providing 
greater certainty that an arthroplasty procedure will 
alleviate the patient’s symptoms.

Good quality, full-length radiographs are recommen
ded to establish the type of alignment of the affected 
limb and to assist in pre-operative planning. Long 
leg views can also identify potential deformity in the 
femur, which needs to be considered when using intra-
medullary cutting guides. The use of CT scans has grown 
in popularity in the last two decades and can display 
information related to bony morphology that is not 
available on plain radiographs.

Pre-operative assessment and optimisation of hae
moglobin and cardiac function is recommended. The 
hypervascularity of pagetoid bone means that these 
patients are in a high cardiac output state, which can 
have implications for the anaesthetic intervention. The 
use of bisphosphonates or calcitonin can reduce the 
disease activity and theoretically reduce blood loss, 
however, this has not been established. Pre-operative 
autologous blood donations may also be considered.

Intra-operative considerations
The morphological changes that occur in bones affected 
by PDB may require intra-operative adaptations and 
pre-emptive precautionary measures. PDB around the 
knee is characterised by enlarged bones and correspond
ingly larger joint surfaces. A size mismatch between the 
femoral and tibial components is often encountered, 
especially in cases where there is isolated involvement 
of either the tibia or the femur. Additionally, the arthritic 
changes may be more pronounced, with extensive bone 
loss, large bone cysts and tight collateral ligaments[8,11].

Exposure of the knee joint can prove particularly 
challenging because of joint stiffness, particularly in case 
of thickening of the patellar tendon. Patellar eversion 
can result in avulsion of the patellar tendon and this 
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Table 1  Demographics of the patients included in the studies and a summary of the results

Ref. No. of knees Age (yr) Follow up (yr) Complications Revision rate Functional outcomes

Lee et al[10], 2005, 
United States

21 71 (57-85)    9 (2-20) Patellar tendon avulsion (3/21) 1 (4.8%) Knee Society Pain Score 41 to 87

Gabel et al[8], 1991, 
United States

15 72 (61-85)    7 (2-15) Aseptic loosening (1/15) 
Patella tendon avulsion (1/16) 

Femoral notching (2/21)

0 Knee Society Pain Score 42 to 88 
Knee Society Functional Score 33 to 86

Schai et al[11], 1999, 
United States

11 75 (59-86) 5.7 (2-16) Patellar tendon avulsion (1/11) 
Necrosis of patella (1/11)

0 Knee Society Pain Score 83 (post-op only)
Knee Society Functional Score 62 

(post-op only)
Broberg et al[12], 1986, 
United States

  7 71 (66-85) 6.6 (3-12) Partial patellar tendon 
avulsion (1/7)

0 No pain - 5
Mild Pain - 2 (post-operatively)

Popat R et al . TKA in Paget’s disease



was described as a complication in 5 out of 54 patients. 
Schai et al[11] recommended that the patellar prepara
tion should be performed early during the procedure to 
allow for improved exposure. Vail and Callaghan[14] also 
advised for early patellar preparation, but also performed 
lateral releases to help achieve adequate exposure. Pre-
emptive measures to protect the patellar tendon insertion 
are essential, especially in cases where there is pagetoid 
involvement of the tibial tuberosity.

Significant varus or valgus malalignment in this pati
ent group presents challenges both due to the respective 
bone loss and in achieving optimal soft tissue balancing. 
Extensive medial or lateral releases may be required in 
order to achieve adequate exposure as well as to help 
balance the joint, although the latter may not be feasible 
with low-constraint implants.

Disease-involvement of the femur, especially in the 
context of increased varus angulation of the distal femur 
can present a challenge when intra-medullary guides 
are used to plan the distal femoral cuts[15]. It has been 
previously reported that intramedullary guidance may 
lead to mal-positioning of the femoral components. It 
has been recommended that extra-medullary guides 
are preferable for the preparation of both the femur and 
tibia[8].

On the tibial side, there can be significant anterior 
tibial bowing and the use of an extra-medullar tibial 
cutting guide may lead to excessive bone loss. In order 
to preserve tibial bone, Gabel et al[8] have recommended 
utilising a tibial cutting guide with 10 degrees of posterior 
slope and then using a flat tibial component. 

Hard sclerotic bone can often be found in the proximal 
tibia and the use of a tibial punch during preparation of 
the bone may lead to fractures. It has been recommen
ded that a high-speed burr should be utilised for the 
preparation of the proximal tibia, instead of a tibial 
punch[16]. Additionally, the presence of sclerotic bone and 
its tendency to bleed, may have a bearing on cement 
interdigitation.

Due to bone hypervascularity and the high cardiac 
output state present in many of these patients, the use 
of tranexamic acid and blood salvage techniques should 
be considered.

Post-operative considerations
Bisphosphonate therapy should continue if disease 
activity is high (as measured using ALP levels). The 
main limitation of this review is that it included largely 
historical studies. Three of the papers were published in 
the 20th century and the fourth more than a decade ago. 
Nevertheless, the overall results were still favourable. 
With the number of arthroplasty procedures perform
ed each year increasing rapidly, and with PDB being 
relatively common, we feel that this review is relevant 
to current and future clinical practice.

The findings of this review support the use of TKA 
to alleviate the functional limitation and pain due to 
osteoarthritis in patients with PDB. Post-operative pain 
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relief and functional improvement appear to be signi
ficant and comparable to other patients. Surgeons that 
treat this unique group of patients need to be aware 
of the particular challenges and interventions that are 
essential for optimal outcomes.

ARTICLE HIGHLIGHTS
Research background
Paget’s disease of bone (PDB) affects approximately 2%-4% of people older 
than 40 years. With an ageing population and the number of TKAs performed 
each year growing rapidly, there is a high likelihood that arthroplasty surgeons 
will need to perform total knee arthroplasty (TKA) in patients with PDB. 

Research motivation
Patients with PDB can develop significant mal-alignment, structural bone 
deformities and soft tissue contractures. Understanding the problems and 
challenges associated with performing TKA in patient with PDB is key to 
achieving successful outcomes.

Research objectives
To aid appropriate consenting of patients and to assist surgeons in achieving 
the best outcomes for their patients, it is important to understand the outcomes 
that have previously been achieved following TKA in patients with PDB. 

Research methods
A systematic review of the literature was performed. A total of 54 TKAs were 
included for analysis. Functional outcomes, pain scores, complications and 
revision rates were assessed. 

Research results
All studies demonstrated a substantial improvement in function and pain 
following TKA in patients with PDB. The mean follow-up was 7.5 years. There 
were two cases of aseptic loosening, with one patient requiring a revision TKA 
at 10 years. Five cases (9%) of intra-operative patellar tendon avulsion were 
reported, suggesting that exposure of the knee joint in patient with PDB can be 
particularly challenging.

Research conclusions
This systematic review supports the use of TKA to improve function and 
alleviate pain in patients with Paget’s disease around their knee joints. The 
post-operative functional outcomes appear to be similar to those experienced 
by patients that do not have PDB. At an average of 7.5 years follow-up, implant 
survival appears comparable with patients that receive TKA for primary OA. 
Pain scores also improve substantially in this patient group. Morphological 
changes that occur secondary to PDB, may require intra-operative adaptations 
and a high rate of patella tendon avulsion (9%) suggests additional care needs 
to be taken when gaining access to the knee joint, especially in case where 
there is Pagetoid involvement of the patella/tibial tuberosity. 

Research perspectives
Surgeons treating patients with PDB need to be aware of the particular challenges 
posed by this patient group, with intra-operative adaptations potentially required 
to avoid complications. Further studies that compare functional, pain and revision 
outcomes in patient with PDB around the knee, against a matched control 
group, with the use of modern TKA implants, will provide further information 
about the results that can be expected in this patient group.
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