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Executive Summary
BACKGROUND
Musculoskeletal disorders affect millions of people around the world. As greater numbers
of people live to older age and experience increasingly sedentary lifestyles and increased
levels of obesity, expectations are that demand for the replacement of damaged painful hip
and knee joints, with artificial surfaces, will escalate. It is considered that hip and knee
replacement surgery is effective in reducing pain and disability in people with severe joint
disease. Since 2003 in Australia, primary total hip replacement has increased by almost
40% and primary total knee replacement by over 70%. There is evidence that increasing
disparity exists between the public and private health care sectors in the provision of
primary hip and knee replacement, with approximately 10% fewer hip replacements, and
approximately 20% fewer knee replacements in the Australian public health sector, as
opposed to the private sector, since 2003.
Over recent years, variations in the provision of care, and rising health care costs, have
contributed to the need to ensure that the provision of joint replacement remains equitable,
efficient and safe. Increasing demand for joint replacement will require effective and
resourceful strategies to distribute limited resources, with the aim of continuing to provide
equitable provision of joint replacement as part of the Australian system of universal health
care. While direct surgical aspects dominate the treatment process for joint replacement,
the care of individuals undergoing this surgery should not begin with their hospital
admission, or end with discharge from their sub-acute care.
Subjective reports of hip and knee replacement in NSW public hospitals identify the
existence of substantial variations in care between different facilities, and between different
surgeons within the same facility. Collating the current available literature for identified
aspects of elective primary hip and knee replacement is one way of providing health care
practitioners access to information that can assist in the provision of evidence based
practice to reduce unnecessary clinical variation. The use of available evidence is also a
strategy to assist in determining the allocation of resources to provide the most benefit to
the most individuals, and to the health care system as a whole.
EVIDENCE
There are a number of guidelines for specific aspects of elective joint replacement, such as
venous thromboembolism prophylaxis, surgical blood management and antibiotic
prophylaxis. There have been best-practice consensus guidelines for primary hip
replacement and primary knee replacement published by the British Orthopaedic
Association and the US Department of Health and Human Services, and recent recognition
of a need to improve efficiency and quality of service provision has led to projects in
Canada, Denmark, the Netherlands and the United Kingdom that have reviewed the
processes around elective joint replacement. Several Australian states have reviewed the
process of their provision of elective hip and knee replacement. The majority of these
programs target the management of people waiting to access either orthopaedic
consultation or elective joint replacement surgery.
The ACI Musculoskeletal Network convened a group of clinicians and consumers in
November 2010 to identify aspects of joint replacement care for appraisal. This group
carried out a review of existing high level evidence relating to areas of care using
predetermined strategies and multiple reviewers. Studies were included if they were
specific to primary elective hip and/or knee replacement with a primary diagnosis of
osteoarthritis, rheumatoid arthritis, avascular necrosis, congenital hip dysplasia or
traumatic arthritis. Studies were excluded if they related only to revision hip or knee
replacement, joint replacement not of the hip or knee, total hip replacement for fracture or
if there was no English language translation available. Studies included in relevant
guidelines or systematic reviews were not individually appraised. In several of the
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identified topic areas, high level evidence was not available, and the search was extended
to evidence obtained from other prospective cohort studies.
The literature search was supplemented with articles identified from the reference lists of
retrieved papers and by research papers known to members of the working group that
fulfilled the inclusion criteria. The working group would only make a recommendation for
clinical care on level I or II evidence, and the evidence review would not incorporate
consensus recommendations in the absence of high levels of evidence. In the absence of
a recommendation for care, the group would provide comment on the existing body of
evidence and would consider making a recommendation for future research. The existing
published literature exhibits heterogeneity and methodological limitations that make
comparison or pooling of studies difficult. High level evidence comparing outcomes of joint
replacement with conservative care is not currently available.
FINDINGS
Access to joint replacement in NSW appears to be influenced by region, socio-economic
group and ability to access public and/or private hospital services. Future research is
required to identify factors that affect equity of access to joint replacement specific to the
Australian population (III-2 C).

At this time, there is no clear agreement on the timing or prioritisation of people waiting for
elective joint replacement surgery (IV D).

PREOPERATIVE

On average, people do not deteriorate while waiting less than six months for surgery;
however, individuals do not improve and timely provision of treatment is a reasonable
expectation of care (III-2 C).
It is recommended that function is promoted while waiting for surgery as worse
preoperative function results in poorer outcomes after surgery (III-2 C).

It is recommended a multidisciplinary team is involved in the preparation of people for joint
replacement surgery to:
• Optimise surgical outcomes (III-2 C)
• Address expectations of surgery (I B)
• Address post-discharge needs (I B)

Exercise can reduce pain and improve function in people waiting for hip or knee replacement,
but its effect on short-term postoperative outcomes is inconclusive. Future trials which specify
exercise duration, intensity and frequency, and which use consistent postoperative measures,
would enhance current knowledge (I C).

Smoking cessation via a short-term smoking cessation program should be encouraged prior
to surgery and in the acute care period (II B).

The presence of co-morbidities, particularly obesity, increases the likelihood of adverse
events and poorer functional outcome following hip or knee replacement (III-2 C).
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The use of a structured care pathway in elective joint replacement can reduce length of stay
and show a non-significant improvement in clinical outcomes (III-2 C).

To implement evidence based recommendations for surgical blood management, a
multidisciplinary blood management program is necessary in each facility (I B).

The current literature on the effect of procedure volume (surgeon and/or hospital) on
individual patient outcomes should be interpreted with caution. There is a need for well
designed studies in the Australian context to establish more definitive conclusions (III-3 D).

There is insufficient evidence to show superiority of outcomes related to particular hip or knee
prostheses. Patella resurfacing may reduce the risk of reoperation but does not show
superiority in pain or function (I C).

PERIOPERATIVE

Routine antibiotic prophylaxis is recommended in joint replacement with the choice of agent
made on the basis of individual patient needs, cost and the local availability of the agent (I A).

Decisions regarding the type of anaesthesia need to be made with consideration given to
individual patient and clinician preference, the balance of risks and benefits including available
technical skills, and the local context in which the anaesthesia is given (I B).

Tourniquet use does not appear to reduce the need for blood transfusion. Whether it is
associated with other complications is unclear. If a tourniquet is used it is recommended that
it be deflated prior to wound closure (I B).

Currently, there is insufficient evidence from randomised trials to support the routine use of
drains following elective hip or knee replacement (I C).

Decisions regarding catheterisation should be made with consideration of other perioperative
factors such as type of anaesthesia/analgesia or age (II C).

Based on randomised trials, regional anaesthesia improves postoperative pain after total hip
replacement and regional anaesthesia and/or analgesia improves postoperative pain after
total knee replacement (II B).

Multimodal prophylaxis for VTE is recommended after elective joint replacement (I A).
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PERIOPERATIVE

Currently, there is insufficient evidence from randomised trials to support the routine use of
cryotherapy following elective hip or knee replacement. In the acute postoperative period, it
reduces blood loss and improves range of motion (I B).

Early mobilisation can improve functional independence after joint replacement and reduce
clinical complications such as VTE. Optimal intensity and frequency of early mobilisation
would benefit from further investigation in trials with improved methodology and the use of
standardised outcome measures (I B).

There is evidence that CPM does not result in clinically relevant improvements in outcomes.
Currently, support for its routine use after knee replacement is not available (I A).

POSTOPERATIVE

There is currently insufficient knowledge to support or refute the use of hip precautions
(protected hip flexion, adduction and rotation) following total hip replacement (I B).

Currently, there is insufficient evidence (largely due to a lack of high-quality research) to
suggest superiority of one particular type, location, timing or duration of available rehabilitation
program after elective hip or knee replacement. The superiority of a group-based program,
inpatient program or outpatient program is unable to be determined. Further research that
specifies intensity of intervention and uses consistent measures would be beneficial (I C).

Currently, there is no high level evidence to guide the frequency or duration of follow up after
hip or knee replacement (IV D).

Long term measures of pain, functional ability and quality of life suggest continued
improvement is not guaranteed after joint replacement. Further research to improve the
understanding of the determinants of outcome after hip or knee replacement would be
beneficial (II C).

OPPORTUNITIES FOR FUTURE RESEARCH
The diverse nature of the existing research presents an opportunity to further
contribute to the knowledge base for people electing primary total hip and knee
replacement. Well designed studies for this population in the Australian context,
with common outcome measures, would be beneficial in promoting interventions
that are effective and safe. While specific aspects of care would benefit from well
designed studies, a pragmatic approach to include care across the preoperative,
perioperative and postoperative continuum would also contribute valuable
information for future service provision to those electing hip and knee replacement
in NSW.
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Background to the Guideline
Globally, musculoskeletal disorders or dysfunction affect hundreds of millions of people at
some time [1, 2] and the personal and economic costs associated with these conditions is
projected to further escalate by 2020 [3]. In Australia, nearly one in five people has
arthritis, most of whom have osteoarthritis [4]. A cost effective intervention for end-stage
musculoskeletal disorders of the hip or knee is primary joint replacement: surgery to
remove painful, damaged joint surfaces and replace them with artificial weight bearing
surfaces [5-8]. Greater numbers of people over the age of 60, increased rates of obesity
and joint injury, sedentary lifestyles and greater expectations of quality of life as people
age more actively [9] drive the increasing demand for joint replacement both internationally
and nationally [10-13].
Key Facts
• England and Wales, in 2009/2010,reported over 163,000 hip and knee
replacements, which in absolute terms was more than any previous year [12]
• Australia, in 2009, reported over 74,000 joint replacements, an increase of 3.2%
from the previous year [13]
• In Australia since 2003, primary total hip replacement has increased by 39.8% and
primary total knee replacement by 72.3% [14]
• More than 130,000 hip and knee replacements will be performed annually in
Australia by the year 2016 if the current rate of increase continues [9]
• In Australia in 2006, there were approximately 65,000 joint replacements at a cost
of over $1 billion [9]
• Prostheses costs accounted for 35% of the total spending for each procedure in
Australia in 2006 [15]
• Australian public hospitals performed approximately 37% of all joint replacement
surgeries in 2010 [14]
Over recent years, variations in the provision of care and rising health care costs have
contributed to the need to ensure that the provision of health care is effective, efficient and
safe. Increasing demand for joint replacement will require effective and efficient strategies
for the application of limited resources to provide equitable provision of care as part of the
Australian system of universal health care. There is existing evidence of disparity between
the public and private sectors in the provision of joint replacement nationally [13, 14] and
locally [16] as evidenced by the following Australian data.
Public/Private Sectors
• Hip replacement in the private sector has increased by 36.5% compared to 27% in
the public sector since 2003 [14]
• 17,244 private sector primary total hip replacements were reported in 2010, an
increase of 4.5% over 2009; in the public sector in 2010, there were 8,816 primary
total hip replacements, an increase of 4.4% over 2009 [14]
• Primary total knee replacement in the private sector has increased by 79.1%
compared to 59.9% in the public sector since 2003 [14]
• 25,198 private sector primary total knee replacements were reported in 2010, an
increase of 9.5% over 2009: in the public sector in 2010, there were 12,245 primary
total knee replacements, an increase of 9.7% over 2009 [14]
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Graph 1: Hip replacement procedures annually (per 100,000): international comparisons
Comparative Hip Replacement
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Source: NSW Bureau of Health Information,Healthcare in Focus: how NSW compares internationally
(December 2010) [17]

Graph 2: Knee replacement procedures annually (per 100,000): international comparisons
Comparative Knee Replacement
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Source: NSW Bureau of Health Information,Healthcare in Focus: how NSW compares internationally
(December 2010) [17]

While direct surgical aspects dominate the care process for joint replacement, treatment of
individuals undergoing this surgery should not begin with their hospital admission, or end
with discharge from sub-acute care [1]. Extension of care and management of the
individual electing joint replacement, to include services beyond the boundaries of the
surgical facility both preoperatively and postoperatively, is an ideal that is both realistic and
achievable. Collating the current available literature for identified aspects of elective
primary joint replacement is one way of providing health care practitioners access to
information that assists in the provision of evidence based practice. The use of available
evidence is also a strategy to assist in determining the allocation of resources to provide
the most benefit to individuals and to the system.
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International
There is a scarcity of published, international literature relating to the complete joint
replacement process, although a number of guidelines exist for specific aspects of the
process; for example, prevention of venous thromboembolism [18-21], the conservative
management of osteoarthritis [22-25], antibiotic prophylaxis [26] and surgical blood
management [27]. Our review of the literature did not identify a systematically developed
evidence based clinical practice guideline for the preoperative, perioperative and
postoperative processes of elective hip or knee replacement. Interestingly, no randomised
controlled trials were identified which compared the efficacy of hip or knee replacement
with conservative care.
In 1999, the British Orthopaedic Association (BOA) published a statement of current best
practice for primary total hip replacement and primary total knee replacement, and a
revision of the hip replacement guide was published in 2006 [28, 29]. These documents
represented a consensus of best practice from the members of the BOA, the British
Association for Surgery of the Knee and the British Hip Society.
The US Department of Health and Human Services released the National Institutes of
Health Consensus Statement on Total Knee Replacement in 2003 to provide patients,
practitioners and the public with an assessment of the available data on total knee
replacement [30].
Recent recognition of the need to improve the efficiency and quality of the elective joint
replacement process has resulted in review and redesign projects being undertaken in
some countries, such as Canada, Denmark, the Netherlands and the United Kingdom.
Implementation of early discharge or express recovery programs in Denmark, the
Netherlands and the United Kingdom have been driven by the increasing demand for joint
replacement, and recognition that improvements to safety and quality can result from
improved surgical processes, early mobilisation and discharge directly home. The
development and implementation of these programs use the available supporting evidence
[31-36].
In 2004, the Canadian government initiated support to its provinces and territories to
reduce their wait times for elective hip and knee replacement. Models of care were
developed to improve access to and care through the preoperative, surgical and
postoperative phases of surgery, and funds were made available to support the evaluation
of the models. Bone and Joint Canada coordinated the projects. They also developed
and implemented best practice models of care for people electing hip or knee replacement.
The models commenced with the referral for surgery and carried through to rehabilitation
after surgery. In 2008/2009, a Canadian national framework was developed by a
consensus process, and the project was implemented in three of nine regional health
authorities in Alberta using a pragmatic, randomised controlled study design to evaluate
the new model compared with existing care (follow the link for more information
http://www.boneandjointcanada.com/home.php?sec_id=336&msid=3) [37].
The Alberta approach is an integrated and standardised service delivery model provided
by a multidisciplinary team. It aims to ensure people receive the same type and level of
care regardless of where they are located. The project highlighted several improvements:
• reduced waiting times for consultation and subsequent surgery
• less pain after surgery
• earlier mobilisation after surgery, with approximately 90% of people mobile on the
same day of their surgery
• improvements to length of hospital stay, with reductions of almost 36 hours
• increased patient and surgeon satisfaction
• more cost effective use of health resources
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National
In Australia, over 90% of people electing hip or knee replacement are doing so for the
management of osteoarthritis. Rheumatoid arthritis is the diagnosis with the lowest risk of
revision, whereas age under 55 years is associated with four and a half times the
likelihood of revision compared with those aged over 75 years [13].
Graph 3: Primary diagnosis for total hip replacement in Australia

Primary Diagnosis for THR
Osteoarthritis 88%
Avascular necrosis 3.7%
# NOF 3.6%
Developmental dysplasia 1.3%
Rheumatoid arthritis 1.3%
Other 1.5%
Source: National Joint Replacement Registry, Supplementary Report: Demographics of Hip and Knee
Arthroplasty. 2010, Australian Orthopaedic Association: Adelaide, SA Australia [38]

Graph 4: Primary diagnosis for total knee replacement in Australia

Primary Diagnosis for TKR
Osteoarthritis 97.1%
Rheumatoid arthritis 1.8%
Avascular necrosis 0.4%
Other 0.7%

Source: National Joint Replacement Registry, Supplementary Report: Demographics of Hip and Knee
Arthroplasty. 2010, Australian Orthopaedic Association: Adelaide, SA Australia [38]

Table 1: Demographics of primary total hip and knee replacement
Female% : Male%

Age (min.)

Age (max.)

Age (median)

Age (mean)

THR

56 : 44

12

102

68

67

TKR

57 : 43

11

100

70

69

NOTE: THR and TKR more common in men of younger age and women of older age
Source: National Joint Replacement Registry, Supplementary Report: Demographics of Hip and Knee
Arthroplasty. 2010, Australian Orthopaedic Association: Adelaide, SA Australia [38]

Several Australian states have recently reviewed the process of their provision of service
for elective hip and knee replacement. The majority of these programs target the
management of people waiting to access either orthopaedic consultation or non-urgent
orthopaedic surgery.
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Western Australia
In 2009-2010, 6,240 primary total hip and knee replacements were performed in Western
Australia [39]. This is an incidence of 112 total hip replacements and 160 total knee
replacements per 100,000 people. In 2008, the Western Australian Musculoskeletal
Health Network commenced the development of a service delivery model for elective joint
replacement [40]. It was completed in 2010. This model aims to standardise and improve
the individual joint replacement pathway, improve safety, quality and efficiency in service
provision and ensure a skilled and competent workforce.
http://www.healthnetworks.health.wa.gov.au/modelsofcare/docs/Elective_Joint_Replacement.pdf

Victoria
In 2009-2010, 14,558 primary total hip and knee replacements were performed in Victoria
[39]. This is an incidence of 127 total hip replacements and 135 total knee replacements
per 100,000 people. Commencing in 2003, the Victorian Department of Human Services
funded the development of a system to prioritise and manage people waiting for
orthopaedic consultation and surgery [41]. Key components were the development of a
tool for prioritising surgery (Multi-attribute Prioritisation Tool) and comprehensive, effective
multidisciplinary care for the conservative management of individuals while they waited for
surgery. The intention of this program was to provide a preoperative service delivery
model to facilitate management of people needing lower limb joint replacement. Service
delivery in the perioperative or postoperative phases was not included in this orthopaedic
waitlist multidisciplinary model of care.
http://www.health.vic.gov.au/surgery/pubs/owlsumrep.pdf

Queensland
In 2009-2010, 11,748 primary total hip and knee replacements were performed in
Queensland [39]. This is an incidence of 93 total hip replacements and 167 total knee
replacements per 100,000 people. In 2004-2005, the Orthopaedic Physiotherapy
Screening Clinic (OPSC) commenced roll out in Queensland. It is a service model initiated
in response to wait lists for initial orthopaedic consultation and subsequent elective
orthopaedic surgery. The OPSC provides a consistent approach and multidisciplinary
management; an experienced physiotherapist provides assessment and case
management to enhance timely and appropriate conservative care. Orthopaedic
consultants support the team but do not directly intervene. The program targeted those
individuals for whom surgery was not yet indicated, or who had not yet accessed
appropriate multidisciplinary care. Organisational outcomes included the measurement of
wait list numbers and changes to waiting time.
http://www.health.qld.gov.au/metrosouth/specialty/opsc.asp
http://www.health.qld.gov.au/rbwh/services/physio.asp#opsc_mds

NSW
In 2009-2010,20,365 primary total hip and knee replacements were performed in NSW
[39]. This is an incidence of 111 total hip replacements and 171 total knee replacements
per 100,000 people. In 2011, the ACI Musculoskeletal Network developed a model of care
for the supported management of people with osteoarthritis. The model recognises the
significant impact OA has on an individual’s physical health and psychological well being,
and uses a recognised chronic disease model [42] to support the holistic management of
individuals with OA. Development of the model was in recognition of the need to provide
people with alternatives to surgical management, and to improve existing co-morbid
conditions in those people waiting for joint replacement surgery. NSW is also undertaking
a review of the provision of surgical services across the state.
http://www.health.nsw.gov.au/gmct/musculoskeletal/index.asp
http://www.archi.net.au/resources/delivery/surgery/surgery-futures
http://www.archi.net.au/resources/delivery/rural/rural-futures
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Aim, Scope and Context of this Guideline
To develop a guideline, informed by existing high level evidence, to reduce
unnecessary clinical variation, and promote care which is effective and safe, while
giving consideration to the use of health care resources through the preoperative,
perioperative and postoperative care pathways for people within NSW public
health services electing to undergo primary hip or knee replacement.

It is widely acknowledged that joint replacement is effective in helping to restore joint
function, reduce joint pain and improve quality of life. Despite being used for over 40 years
to manage end-stage joint disease, a comprehensive guide that supports the provision of
care for people electing primary joint replacement, and that enhances their short and long
term outcomes, has eluded health care providers and consumers.
This document aims to synthesise the existing high level evidence on a variety of aspects
of the preoperative, perioperative and postoperative phases of elective, primary hip and
knee replacement, with the intent of informing the provision of safe, high quality and costeffective joint replacement.
The ACI Musculoskeletal Network developed the elective joint replacement guideline in
response to identified widespread variation in the provision of care during the preoperative,
perioperative and postoperative stages of elective primary hip or knee replacement in the
NSW public health care system. Clinicians, researchers, administrators and consumers
from the membership of the ACI Musculoskeletal Network collaborated to identify relevant
aspects of the joint replacement process (shown diagrammatically below), search for, and
subsequently review, the existing evidence around those identified areas.
Recommendations for clinical practice and future research were then developed. It is
anticipated the ACI Musculoskeletal Network will use this document to inform a best
practice, person-centred model of care for the provision of elective primary joint
replacement in NSW.

Pre
operative

• waiting for
surgery
• preparation
for surgery
• predictors of
outcome

Peri
operative

• surgical
process
• clinical
interventions
• pain
management

Post
operative

• rehabilitation
• surgical
follow-up
• long term
outcomes

It is important to note that this guideline does not provide a predefined set of rules for the
care of people undertaking joint replacement surgery.
It is expected all health
professionals will exercise their clinical judgment, in conjunction with this document and
other high quality evidence, when determining appropriate management in each situation.
This guideline does not take precedence over individual responsibility to make suitable
decisions in the circumstances of the individual patient, and decisions regarding treatment
ought to be undertaken in consultation with the individual and their nominated support
person.

Page 15/73

The Need for Change
Case Study 1: Jan

67-year old Jan has suffered from pain in both
her knees for many years. She has worked her
whole life in hospitality and this has involved a
great deal of bending, kneeling, walking and
carrying heavy loads. Her GP has tried her on
many different medications for her pain, but it
has been difficult to find the most effective pain
medication, especially considering her
medications for diabetes and heart disease.
Jan has recently seen an orthopaedic surgeon
to discuss a knee replacement and now she is
on the waiting list for surgery at the local public hospital. Jan is finding it very difficult to
get around and do the things she would like to do, such as watch her grandchildren play
sport, or spend a day in the shops with her daughter. When Jan took her admission form
to the hospital, no one could give her any idea of when her surgery date might be, except
‘about a year’ was the usual waiting time. There was no one to talk with to find out about
the surgery or what she might be able to do to help herself while waiting. Jan knows other
people who have had their knees replaced and they told her she should stay as active as
possible to help recover from her surgery, but she didn’t know of any exercise groups in
her local area, or what other activities she might safely be able to do. Jan thinks it would
be good to be able to use the time waiting for her surgery to help herself have the best
chance of recovering quickly, and to find out whether there were ways of reducing the
possibility of complications after her surgery. Her neighbor had a clot in her leg after her
surgery and Jan did not want that to happen to her.
Someone from the hospital rang Jan after 11 months and told her she had to go to the
hospital for all her admission tests in ten days time (her operation was in a month). This
was a problem, because Jan had promised her neighbour some time ago that she would
take him to some appointments scheduled for that day. Jan felt terrible that she had to let
her neighbour down but she had become less and less active over the past eight months
because of her knee pain and she now felt so depressed, that she couldn’t miss this
appointment and her opportunity for surgery. Jan organised someone else for her
neighbour and went to the hospital at the time she had been given. She had her tests but
there was a problem with her heart and the hospital said she would need to see a
cardiologist before her operation could go ahead. Jan was told that this would delay her
surgery because the cardiologist couldn’t fit her in for two weeks and her results would not
be available before her surgery, which was scheduled for 4 days later.
Jan was upset and angry. She had waited 11 months to have these tests done. She did
not understand why these could not have been done earlier at the hospital, or why her GP
couldn’t have organised them, which would mean her surgery could still go ahead as
planned. Jan had prepared herself, and her family, for all the support she would need
during and after her surgery, and now this would need to be re-organised to another time.
Her daughter had arranged to take holidays to help her mum, despite being busy with her
own family and work. Jan felt terrible for the inconvenience these changes would mean to
her family and friends.
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Case Study 2: Alan

Alan had waited 12 months for his knee replacement.
First he knew he had reached the top of the list was a
phone call to come to the hospital the following
Wednesday at 9.00am for his surgery. Alan went to
the hospital, the hospital staff told his family to go
home, and the people at reception sent him
somewhere to wait. After about 30 minutes, someone
else told him he was in the wrong place, re-directed
him to the ‘right’ place and told him to hurry as “they
are waiting for you”. A junior surgeon examined
Alan’s knee, and he was placed on a trolley and
wheeled into a room for his anaesthetic. The last
thing Alan remembered before he went to sleep was
the anaesthetist telling him that he was “in for the most painful experience of his entire life”.
On the second day after his operation, a nurse accompanied Alan to the shower and he
showered with supervision. He also met the physiotherapist who asked him if he could
bend his knee and walk to the doorway with a tall frame. This was the only instruction
provided to Alan on exercises to assist his recovery. The next day, the nurse told Alan he
was to shower on his own. The shower was a fair way away, and he had to go a bit further
to get himself a towel. It took Alan about 30 minutes to shower and he reckons he had
never felt so ill in all his life. He managed to get back to his bed, and there he stayed for
the rest of the day.
On the fifth day after his knee replacement, Alan asked the nurse about discharge home.
The nurse responded that it would certainly not be today, maybe tomorrow, but most likely
the day after that. Alan’s daughter had rung that morning to ask about a discharge day
and she had been given the same information. When a doctor he had not previously met
came to his room and told him he could “go home now” it took Alan by surprise. He had
no day clothes, only the pyjamas he was wearing, so the hospital staff wrapped him in a
blanket and moved him to an open room with several other people to wait to be
discharged. Alan waited for many hours and was told the delay was due to problems
contacting his family. In fact, Alan discovered later that day his family had not been
advised of the change in plans for his discharge. They arrived for their usual visit around
3pm unaware of Alan’s discharge plans. Alan went home without any assessment of his
home environment, but thankfully, his daughter had arranged for various bits and pieces,
such as a frame and shower chair, otherwise Alan would have found it difficult looking after
himself.
Alan was pleased to be able to get home but was concerned about some pain in the back
of his leg. He had been complaining for several days of the same area of pain in his
operated leg and had told several people while in hospital. The doctor had said it was
because “he was using muscles he had not previously worked”. Alan thought this strange
because at age 76 he thought he might have used those muscles at one time or another!
Alan’s GP visited him at home when his leg became so painful he could not put weight
through it and his GP immediately called an ambulance. After two days in another
hospital, Alan was diagnosed with a clot in his leg that required daily injections for over a
month. Alan now needs his other knee replaced. He has discussed this with his family
and he has decided not to go back to the same hospital. The surgeon did a good job, but
he would like a hospital that makes him feel safe, and which cares about the quality of the
care they provide. At the very least, a hospital with staff which tries to make “the most
painful experience of his life” as comfortable as it can possibly be.
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The Evidence Review
Search Strategy
Areas of the preoperative, perioperative and postoperative processes of elective hip and
knee replacement were identified for appraisal and questions developed around these
various aspects of care. Members of the working group carried out a review of the existing
literature relating to those identified areas using predetermined strategies and multiple
reviewers. The aim of the review was to source existing high level evidence on the
identified areas of care.
The databases consulted were Medline (1948 to present), Embase (1980 to present), the
Cochrane Central Register of Controlled Trials (CENTRAL) and the Cochrane Database of
Systematic Reviews to April 2011. A Medline search string for hip and knee arthroplasty
and study type was developed by two members of the working group (Appendix 1).
Individual group members created relevant search strings for each topic area (to be used
with the developed arthroplasty and study strings) and developed appropriate search
terms for Embase, CENTRAL and the Cochrane databases. These were developed in
conjunction with medical librarians or research colleagues using the Medline strategy as a
guide. Initially, existing guidelines, systematic reviews of randomised controlled trials
(RCT) and individual RCT studies were identified. Studies were included if they were
specific to primary elective hip and/or knee replacement with a primary diagnosis of
osteoarthritis, rheumatoid arthritis, avascular necrosis, congenital hip dysplasia or
traumatic arthritis. Studies were excluded if they related only to revision hip or knee
replacement, joint replacement not of the hip or knee, total hip replacement for fracture or
if there was no English language translation available. Duplicates from the separate
databases were excluded. Studies included in relevant guidelines or systematic reviews
were not individually appraised. In several of the identified topic areas, high level evidence
was not available, and the search was extended to evidence obtained from other
prospective cohort studies.
The structured literature searches were supplemented with articles identified from the
reference lists of retrieved papers and by research papers known to members of the
working group that fulfilled the inclusion criteria. Screening for relevance and possible
inclusion was initially undertaken by viewing title and abstract (Appendix 2). The full text
versions of potentially relevant articles were requested and reviewed, and the relevant
results were provided to the working group for consideration. Grading of articles was
according to the National Health and Medical Research Council [43] levels of evidence
(Appendix 3). The working group would only make a recommendation for clinical care on
level I or II evidence, and this guideline would not incorporate consensus
recommendations in the absence of high levels of evidence. In the absence of a
recommendation for care, the group would provide comment on the existing body of
evidence and would consider making a recommendation for future research.
The following documents were also considered during the development of this guideline:
• The NSW Agency for Clinical Innovation Musculoskeletal Network Osteoarthritis
Chronic Care Program Model of Care 2011 [44]
• The Western Australia Musculoskeletal Health Network Elective Joint Replacement
Service Model of Care 2010 [40]
• The Royal Australian College of General Practitioners Referral for Joint
Replacement: a management guide for health providers 2007 [45]
• The National Health Priority Action Council National Service Improvement
Framework for Osteoarthritis, Rheumatoid Arthritis and Osteoporosis 2006 [46]
• The National Health Priority Action Council National Chronic Disease Strategy
2006 [47]
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SUMMARY OF FINDINGS: PREOPERATIVE
Access
• Access to joint replacement in NSW appears to be influenced by region, socioeconomic group and ability to access public and/or private hospital services.
Future research is required to identify factors that affect equity of access to joint
replacement specific to the Australian population (III-2 C).
Surgical admission
• At this time, there is no clear agreement on the timing or prioritisation of people
waiting for elective joint replacement surgery (IV D).
Impact of waiting
• On average, people do not deteriorate while waiting less than six months for
surgery; however individuals do not improve and timely provision of treatment is a
reasonable expectation of care. It is recommended that function is promoted while
waiting for surgery as worse preoperative function results in poorer outcomes after
surgery (III-2 C).
Multidisciplinary preparation
• It is recommended a multidisciplinary team is involved in the preparation or people
for joint replacement surgery to:
1. Optimise surgical outcomes (III-2 C)
2. Address expectations of surgery (I B)
3. Address post-discharge needs (I B)
Preoperative exercise
• Exercise can reduce pain and improve function in people waiting for hip or knee
replacement, but its effect on short-term postoperative outcomes is inconclusive.
Future trials that specify exercise duration, intensity and frequency, and which use
consistent postoperative measures, would enhance current knowledge (I C).
Interventions for co-morbid conditions
• Smoking cessation via a short-term smoking cessation program should be
encouraged prior to surgery and in the acute care period (II B).
Predictors of outcome
• The presence of co-morbidities, particularly obesity, increases the likelihood of
adverse events and poorer functional outcome following hip or knee replacement
(III-2 C).
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Access

QUESTION:

Which factors influence access to elective primary total hip replacement
and total knee replacement?

Summary: Equity of access underpins universal health care. Disparities in access to
healthcare can arise from a variety of system wide or individual factors, which include
health related behaviour, existing disability levels, variable demand, unmet need, service
provision and cost, discrimination, cultural or linguistic inhibitions or poor health literacy
[48]. As musculoskeletal conditions are a leading cause of cost and disability [49],
disparities in the access to, and use of health care and health services are particularly
important, as early and effective treatment can reduce symptom severity, disability and
possibly improve individual outcome.
Few studies identifying factors that influence surgical access were specific to the
Australian population, and this limits generalisability of the available research to the
Australian context. In the Australian population, there are identified disparities between
the rate of doctor-diagnosed osteoarthritis and the uptake of hip or knee replacement
surgery. This disparity may be related to geography, socioeconomic status, gender and
country of birth [48, 50]. Males have a greater rate of both hip and knee replacement
despite carrying a lower burden of disease than females. Groups identified with lower
socioeconomic status had lower rates of hip replacement despite being more likely to
suffer from osteoarthritis. However, the rate of knee replacement was higher, and this is
consistent with the higher prevalence of osteoarthritis in this population [48].International
studies have identified differences in access to joint replacement surgery being attributable
to geography, population density, socio-demographic and socio-economic factors, disease
severity and individual willingness or preference for surgery [51-54].Other factors include
structural factors due to health policy, preferences of general practitioners and a lack of
specific criteria for specialist referral [55, 56]. The NSW CEC chart book [16] shows the
provision, or supply, of hip and knee replacements increased between 2004 and 2008, but
there was wide variation in rates across area health services. Despite these increases,
disparities exist in access to surgery between the public and private health care sectors:
41% of hip replacements and 31% of knee replacements were performed in the public
sector in 2009, with cumulative increase over 5 years (to 2009) of 17% in the public sector
and 24% in the private sector [13, 39, 57].
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Comment:
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IV

Access to joint replacement in NSW appears to be influenced by
region, socio-economic group and ability to access public and/or
private hospital services. Future research is required to identify
factors that affect equity of access to joint replacement specific to
the Australian population.
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Surgical admission

QUESTION:

Is there evidence to support prioritisation of people waiting for surgery?

Summary: To date, no strong evidence has been identified to support a specific tool for
the determination of clinical urgency or the adequacy of joint replacement in people with
degenerative or inflammatory joint disease. The use of broad, non-specific groupings for
the allocation of surgery is currently based on a system-wide category of utilisation of
service rather than accurately defined health states. A number of international and
national groups have attempted to develop acceptable tools for the clinical prioritisation of
hip or knee replacement surgery, but the validity and reliability of these tools remains
uncertain.
A working group established by OMERACT/OARSI attempted to categorise the severity of
symptomatic osteoarthritis using identified domains of pain, functional status and structural
damage to correspond with referral for joint replacement [56, 58]. They concluded there
was wide variability in surgeon’s recommendations for joint replacement, but this was an
important factor in who received surgery. While the level of symptoms were higher
amongst people the surgeons referred for surgery, there was no cut off point based on
pain or disability to allow for discrimination between those referred for joint replacement
and those who were not. A Canadian group developed the hip and knee replacement
priority criteria tool (HKPT) as part of the Western Canada Waiting List Project
http://www.wcwl.ca/tools/joint_replacement/ [59, 60]. The tool ranks individuals according to
urgency for hip or knee replacement [61]. While high and low categories of urgency were
well discriminated, there was overlap of adjacent urgency categories, suggesting further
evaluation is required to assess the clinical validity and acceptability of this tool. New
Zealand has also developed a priority criteria tool for hip and knee replacement to provide
consistency and transparency to the process of prioritising access to surgery [62, 63]. An
Australian tool has been developed to determine access to surgical consultation: the Multiattribute Prioritisation Tool (MaPT) developed by the University of Melbourne Centre for
Rheumatic Disease with support from the Victorian Department of Human Services
(http://www.health.vic.gov.au/surgery/pubs/owlsumrep.pdf), is a tool to prioritise and manage
people considering hip or knee replacement surgery. There was no published evidence
identified that reported the MaPT’s validity and reliability.
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At this time, there is no clear agreement on the timing or
prioritisation of people waiting for elective joint replacement surgery.
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Impact of waiting

QUESTION:

Does the waiting time for elective primary total hip or total knee
replacement affect individual factors before or outcomes after surgery?

Comment: In NSW, calculation of waiting time for surgery commences at formal entry to
a surgical wait list. At present, it is unclear whether the waiting time for hip or knee
replacement surgery influences individual factors before surgery, or the outcomes
following surgery. It is known that individuals with worse pain and function at the time of
surgery do not recover to the same absolute level as those who are less impaired at the
time of surgery [64-67], and a significant minority (up to 25%) do not improve after elective
joint replacement [68]. There is discussion as to whether extended waiting time results in
a relatively impaired function and quality of life (due to the progression of the disease
process), a lesser total recovery after surgery, or both.
One systematic review [69] that analysed the impact of waiting for total joint replacement
on pain and functional status, identified fifteen prospective studies (n = 788 hips and n =
858 knees) of varied quality. Two good quality studies showed strong evidence that
waiting times of less than 180 days do not result in increased levels of pain for both hip
and knee OA, or reduced self reported function in hip OA. There was conflicting evidence
regarding function in knee OA. This review was unable to identify high quality studies that
reported on pain and/or function for wait times over 180 days. When the measures of
methodological quality were relaxed, an analysis of six other studies concluded that a
waiting time of more than six months may result in increased levels of pain for people with
hip OA, but pain in knee OA, and function in both hip and knee OA, is equivocal. One
implication of these results is waiting times for surgery of less than six months require no
additional prioritisation process. This is of value given the absence of an agreed tool for
clinical prioritisation of urgency. A randomised controlled trial published after the above
review found that waiting time did not affect health related quality of life and pain at three
and twelve months after knee replacement [70].
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On average, people do not deteriorate while waiting less than six
months for surgery; however, individuals do not improve and timely
provision of treatment is a reasonable expectation of care. It is
recommended that function is promoted while waiting for surgery as
worse preoperative function results in poorer outcomes after
surgery.
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Multidisciplinary preparation

QUESTION:

What is the role of multidisciplinary preparation for people waiting for
elective primary total hip and knee replacement?

Summary: Surgical preparation of people for joint replacement in NSW public hospitals
usually occurs after allocation of a surgical date. Traditionally, people waiting for joint
replacement do not receive active intervention prior to allocation of a surgical date to
address other health conditions, despite evidence that suggests improvements to
preoperative, perioperative or postoperative outcomes can be achieved.
A systematic review of nine RCT’s (n = 782) for people undergoing hip or knee
replacement [71] found preoperative education has a beneficial effect on preoperative
anxiety, especially when targeted at individuals with more complex needs. One of these
studies (n = 133) reported a significant effect of education on reducing length of stay for
more physically disabled people undergoing hip replacement [72]. A subsequent review
[73] found that physiotherapy or occupational therapy combined with education influenced
discharge location and length of stay. Again, this was particularly evident in the most
fragile individuals undergoing hip or knee replacement. Two RCT’s subsequent to these
reviews, found intervention prior to surgery was able to influence health related quality of
life while waiting for surgery [74] and modify expectations at 12 months after surgery [75].
In addition to the management of individual expectations and discharge needs, medical
and nursing assessment can optimise surgical planning and assessment by identification
of factors which potentially complicate surgical outcome [76-78]. One study [78]
prospectively screened 1,438 people in a hospital based program who were planning to
undergo joint replacement. Previously undiagnosed conditions led to postponement (13%)
or cancellation (2.5%) of joint replacement surgery, and 21% of individuals were referred
for cardiac stress test.

Evidence Level:

I

II

III-1

III-2

Grade:

A

B

C

D

Comment:

III-3

IV

It is recommended a multidisciplinary team is involved in the
preparation of people for joint replacement surgery to:
1. Optimise surgical outcomes (III-2 C)
2. Address expectations of surgery (I B)
3. Address post-discharge needs (I B)
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Preoperative exercise

QUESTION:

Is there high level evidence to support physiotherapy or exercise prior
to total hip or knee replacement to improve postoperative outcomes?

Summary: Research findings consistently support exercise intervention for people with
osteoarthritis to improve their pain and level of function [11, 79-82]. It is unclear whether
preoperative physiotherapy or exercise has an effect on short term postoperative
outcomes, such as length of stay, after hip or knee replacement.
A systematic review of randomised controlled trials [83] found only five studies (three for
TKR and two for THR) which fulfilled the authors inclusion criteria. Immediate preoperative
intervention for people having TKR appeared to make no difference to outcomes, whereas
for THR the results were inconclusive. Aggregated conclusions were not feasible due to
the substantial variation in outcomes measured. Since this review, nine randomised
controlled trials were identified [84-92]. Again, heterogeneity in outcome measures and
aspects of study methodology necessitate caution when interpreting the results. Exercise
prior to joint replacement surgery can reduce pain and improve function preoperatively, but
there is currently insufficient evidence to determine if it is effective in improving immediate
postoperative outcomes.
Given that the current body of evidence assesses exercise programs over short durations,
predominantly within two months of surgery, there is a potential opportunity to study the
effect of programs designed to improve cardiovascular fitness and strength initiated earlier
in the preoperative period. The value of future trials that determine the effect of
physiotherapy and/or exercise on postoperative outcome would be improved if the
exercise intensity, duration and frequency is specified, and consistent outcome measures
were used.
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Exercise can reduce pain and improve function in people waiting for
hip or knee replacement, but its effect on short-term postoperative
outcomes is inconclusive. Future trials which specify exercise
duration, intensity and frequency, and which use consistent
postoperative measures, would enhance current knowledge.
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Interventions for co-morbid conditions

QUESTION:

Is there high level evidence to show that the risk of adverse events or
complications are reduced by pre-operative interventions to improve
common co-morbidities in patients waiting for total hip or knee
replacement?

Summary: Co-morbid conditions and other risk factors for cardiovascular disease are
common among people electing total joint replacement. In people with anaemia, or
haemoglobin levels on the lower limit of normal, there is a high risk for donor blood
transfusion perioperatively or postoperatively [93, 94]. A history of smoking is also a
known predictor of complications after surgery [95-97]. High level evidence exists that
demonstrates the positive effects of interventions, such as diet and exercise, on chronic
conditions like diabetes [98-100], cardiovascular disease [101-103], obesity [104, 105] and
hyperlipidaemia [106-108]. A search for similar, high level evidence was undertaken to
assess the efficacy of preoperative interventions in reducing the risk of post-operative
complications after hip or knee replacement. No RCTs or systematic reviews were found
for this population relating to the co-morbid conditions of hypertension, diabetes, heart
disease (heart failure, arrhythmias, ischaemic heart disease), respiratory disease, obesity
and hyperlipidaemia.
One RCT (n = 81) was found that demonstrated the benefit of providing pre-operative oral
iron supplements at least four weeks prior to surgery [94], with the authors concluding that
iron stores were improved, therefore buffering the drop in postoperative haemoglobin.
Results were inconclusive for reduction of blood transfusion after joint replacement
surgery. Given the potential for gastrointestinal side effects, routine prescription of oral
iron supplements may not be advisable. Another RCT (n = 108, 3 related publications)
evaluated the effects of preoperative smoking cessation programs on complications
following hip or knee replacement surgery [97, 109, 110]. Postoperative complications
were significantly less in patients assigned to a 6-8 week smoking cessation program
consisting of weekly meetings and nicotine substitutes (18% vs 52%, p < 0.001). The
greatest improvement was in wound related complications. Further analysis revealed that
men, and patients with a good social network, were more likely to successfully quit
smoking [110], and long term follow up of the participants indicated that the intervention
group had a significantly higher quit rate one year after the preoperative program [109]. A
subsequent systematic review of 11 RCT’s (n = 1194) of smoking cessation interventions
across a range of surgical conditions found the smoking cessation interventions
significantly reduced the risk of complications after surgery [111].
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Smoking cessation via a short-term smoking cessation program
should be encouraged prior to surgery and in the acute care period.
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Predictors of outcome

QUESTION:

What are the possible predictors of adverse events and functional
recovery after surgery for primary hip or knee replacement?

Comment: An individual’s decision to undergo elective joint replacement surgery is
predicated on a balance between the potential risks and potential benefits of surgery. An
understanding of factors that preoperatively predict an increased risk of operative adverse
events, or adverse functional outcome, would assist individuals and providers with their
decisions. Though the findings among studies are not uniform [112, 113], several
prospective [112, 114-116] and retrospective [117-129] studies indicate that cardiovascular
disease, obesity, diabetes and hyperglycaemia are risk factors for complications, including
death and deep infection. There is evidence that obesity [114, 115], other joint disease
[130], mental health status [131-133] and metabolic syndrome [121] undermine functional
outcomes or quality of life after total hip or knee replacement. There is an increased risk of
revision surgery in younger persons and amongst males [134].
Two recent Australian studies prospectively followed people electing primary total joint
replacement to determine the effect of obesity on outcomes in the 12 months after surgery.
For people electing hip replacement (n = 471) [115], all patients demonstrated
improvement in function and quality of life scores at 12 months. Compared with nonobese people, the obese and morbidly obese had significantly improved mental health
scores but a significantly higher risk of a postoperative complication. In the study of
outcome after knee replacement (n = 529) [114], obese and morbidly obese people had a
significantly higher rate of adverse events despite improvements in function and quality of
life.
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The presence of co-morbidities, particularly obesity, increases the
likelihood of adverse events and poorer functional outcome following
hip or knee replacement.
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Perioperative Elective Primary Hip and Knee Replacement
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SUMMARY OF FINDINGS: PERIOPERATIVE
Clinical pathways
• The use of a structured care pathway in elective joint replacement can reduce
length of stay and show a non-significant trend towards improved clinical outcomes
(III-2 C).
Blood management
• To implement evidence based recommendations for surgical blood management, a
multidisciplinary blood management program is necessary in each facility (I B).
Surgeon and hospital volume
• The current literature on the effect of procedure volume (surgeon and/or hospital)
on individual patient outcomes should be interpreted with caution. There is a need
for well designed studies in the Australian context to establish more definitive
conclusions (III-3 D).
Prostheses
• There is insufficient evidence to show superiority of outcomes related to particular
hip or knee prostheses. Patella resurfacing may reduce the risk of reoperation but
does not show superiority in pain or function (I C).
Prophylactic antibiotics
• Routine antibiotic prophylaxis is recommended in joint replacement with the choice
of agent made on the basis of individual patient needs, cost and local availability of
the agent (I A).
Anaesthesia
• Decisions regarding the type of anaesthesia need to be made with consideration
given to individual patient and clinician preference, the balance of risks and
benefits including available technical skills, and the local context in which the
anaesthesia is given (I B).
Tourniquet use in total knee replacement
• Tourniquet use does not appear to reduce the need for blood transfusion. Whether
it is associated with other complications is unclear. If a tourniquet is used it is
recommended it be deflated prior to wound closure (I B).
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Wound drains
• Currently, there is insufficient evidence from randomised trials to support the
routine use of drains following elective hip or knee replacement (I C).
Urinary catheters
• Decisions regarding catheterisation should be made with consideration of other
perioperative factors such as type of anaesthesia/analgesia or age (II C).
Pain management
• Based on randomised trials, regional anaesthesia improves postoperative pain
after total hip replacement, and regional anaesthesia and/or analgesia improves
postoperative pain after total knee replacement (II B).
Prophylaxis for venous thromboembolism (VTE)
• Multimodal prophylaxis for VTE is recommended after elective joint replacement.
The development of a decision analysis tool to assist with the balance of risk and
benefit may be an area of future research (I A).
Cold therapy
• Currently, there is insufficient evidence from randomised trials to support the
routine use of cryotherapy following elective hip or knee replacement. In the acute
postoperative period it reduces blood loss and improves range of motion (I B).
Mobilisation
• Early mobilisation can improve functional independence after joint replacement and
reduce clinical complications such as VTE. Optimal intensity and frequency of
early mobilisation would benefit from further investigation in trials with improved
methodology and the use of standardised outcome measures (I B).
Continuous passive motion in total knee replacement
• There is evidence that CPM does not result in clinically relevant improvements in
outcome. Currently, support for its routine use after knee replacement is not
available (I A).
Hip precautions
• There is currently insufficient knowledge to support or refute the use of hip
precautions (protected hip flexion, adduction and rotation) following total hip
replacement (I B).
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Clinical pathways

QUESTION:

Is there high level evidence to support the use of clinical pathways in
elective primary hip or knee replacement?

Summary: Clinical pathways are structured, multidisciplinary processes for the
organisation and coordination of care decisions for a well defined group of patients. Their
aim is to enhance the delivery and quality of care. These pathways have been found to be
associated with improved documentation and reduced in-hospital complications, without
negatively affecting length of stay and hospital costs [135]. Despite being used in a
number of settings since the mid 1990’s [136], there is still debate about their effect on
financial costs and specific postoperative outcomes in elective joint replacement within an
Australian context.
Methodological limitations within the existing literature, such as the lack of randomisation
and the use of historical controls, provoke a high risk of bias when determining the effect of
clinical pathways. A recent systematic review and a subsequent meta-analysis [137, 138]
found significant positive effects of clinical pathways on financial and process outcomes.
The meta-analysis [137] found clinical pathways reduced postoperative complications after
joint replacement, although the previous systematic review [138] found the effect of
pathways on clinical outcomes was mixed. Only one study included in the meta-analysis
was a randomised controlled trial [139]. This trial, undertaken within an Australian context,
found significant reductions in length of stay and non-significant improvements in other
clinical outcomes. Further information on clinical workflows and advanced knowledge
management technologies for healthcare, such as point-of-care decision support systems,
can be found at http://www.openclinical.org/clinicalpathways.
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The use of a structured care pathway in elective joint replacement
can reduce length of stay and show a non-significant improvement in
clinical outcomes.
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Blood management

QUESTION:

What is the optimal management to reduce the need for blood
transfusion in people electing primary hip or knee replacement?

Summary: Blood products are limited in supply, and allogeneic (donor) transfusion is
associated with increased risk of morbidity, mortality, ICU and hospital length of stay. The
avoidance of unnecessary transfusion in some patients may be as important as the need
to provide transfusion in others. For these reasons, the use of blood products during or
following surgery is a major concern for surgical facilities, and for the individual electing
joint replacement [40, 140]. The West Australian Musculoskeletal Health Network included
blood management guidelines as part of their model of care for elective joint replacement
[40] and the review and update of the 2001 Clinical Practice Guidelines for the use of
Blood Components [27, 141], steered by the NHMRC, Australian and New Zealand
Society of Blood Transfusion (ANZSBT) and the National Blood Authority (NBA), has
recently been completed. The focus of these guidelines is on the clinical management of
individuals rather than on the blood products. This update has several recommendations
relevant to elective joint replacement:
•
Pre operative anaemia should be identified, evaluated and managed to reduce
red cell transfusion (III C)
•
Evaluate elective surgery patients using the pre-operative haemoglobin
assessment and optimisation template, as early as possible to allow assessment
and management (II B)
•
Patients with, or at risk of iron deficiency, should be treated with iron (II B)
•
Routine use of preoperative autologous donation is not recommended (waiting for
level, C)
•
If substantial blood loss is anticipated with surgery, consideration should be given
to the use of intra-operative blood salvage (I and II C), acute normovolaemic
haemodilution (I and II C) and antifibrinolytics (I B)
•
In adult patients undergoing total knee replacement, in whom significant
postoperative blood loss is anticipated, post-operative cell salvage should be
considered (I and II C). In the absence of acute myocardial or cerebrovascular
ischaemia, post operative transfusion may be inappropriate for patients with a
haemoglobin level of >80g/L unless associated with signs and symptoms
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To implement evidence based recommendations for surgical blood
management, a multidisciplinary blood management program is
necessary in each facility.
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Surgeon and hospital volume

QUESTION:

Does the procedure volume of the facility or the surgeon influence
individual patient outcomes after primary total hip or total knee
replacement?

Summary: There has been minimal focus on the influence of procedure volume in
orthopaedic surgery, despite a positive correlation existing between increased surgeon
and facility volumes, and enhanced outcomes, in other surgical procedures, such as
coronary bypass graft, carotid endarterectomy and cancer surgery [142]. Based on large
retrospective data reviews, it is postulated that a similar correlation exists for primary hip
and knee replacement surgery [143, 144]. These reports suggest that higher volumes may
be associated with fewer adverse events, reduced mortality and reduced length of stay.
However, other studies of similar methodology, suggest that the effect of volume on patient
outcomes has not yet been well established [145-149]. To date, a clear delineation of the
number of cases which characterise low or high volume has not been well defined [144],
and it is still unclear as to whether hospital or surgeon volumes have the greatest influence
on outcome [149]. A multi-centre study in the United Kingdom [150] prospectively followed
a cohort of people undergoing elective hip replacement (n = 1501) to investigate whether
there was an association between patient outcomes and the level of experience of the
operating surgeon. Five year follow up with the Oxford Hip Score, and measurement of
dislocation and revision rates, showed no statistically significant differences between
patient outcomes and surgeon experience.
Currently, no studies have reported prospective comparisons of the effect of hospital or
surgeon volume on individual patient outcomes in the Australian context. One
international jurisdiction has used the existing literature to inform its national policy on
minimum facility numbers for providing joint replacement [151]. Another recent review
[152], which assessed the efficacy of centralisation for TKR surgery, has suggested
caution when using the current evidence to determine surgical services for knee
replacement, as the type of joint replacement (revision or primary surgery) has the
potential to influence outcomes.
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The current literature on the effect of procedure volume (surgeon
and/or hospital) on individual patient outcomes should be interpreted
with caution. There is a need for well designed studies in the
Australian context to establish more definitive conclusions.

Page 31/73

Prostheses

QUESTION:

Do particular implant characteristics provide superior patient
outcomes among people undergoing elective primary hip or knee
replacement?

Summary: Advances in technology and a desire to improve prosthesis survival and
individual outcome in joint replacement contribute to continuous development of new
implant materials and designs. Avoiding revision of the primary prosthesis is a significant
contributor to satisfaction of outcome in people electing joint replacement. The
development of national joint replacement registries in many countries over the past forty
years was in response to the introduction of new technologies without documentation from
clinical trials (http://www.dmac.adelaide.edu.au/aoanjrr/ http://www.efort.org/education/registers.aspx).
The registries provide an objective surveillance role and evaluate implant performance by
measuring time to implant revision. These large data repositories have shown some
characteristics of the prosthesis, such as exchangeable femoral necks, some metal on
metal hip prostheses and some tibial bearing surfaces in knee replacement, to have an
increased risk of revision [14]. The National Institute for Clinical Excellence (NICE)
regards the best prostheses as those that demonstrate a revision rate of 10% or less at 10
years [153]. For newer implants, NICE accepts a minimum of 3 year data which shows the
prostheses is performing at levels consistent with its 10 year benchmark. It would be
prudent for both clinicians and consumers to be informed by the large population based
data available through the national and international joint replacement registries when
determining the most appropriate prosthesis for each individual
(http://www.dmac.adelaide.edu.au/aoanjrr/publications.jsp).
Currently, there is insufficient high level evidence to show superiority of patient outcomes
(pain and function) due to the specific characteristics of the prosthesis used [154-161].
Patella resurfacing at the time of primary knee replacement is likely to reduce the risk of
reoperation, but there is no difference in pain and function outcomes after primary surgery
[156, 162-164].
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There is insufficient evidence to show superiority of outcomes
related to particular hip or knee prostheses. Patella resurfacing may
reduce the risk of reoperation but does not show superiority in pain
or function.
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Prophylactic antibiotics

QUESTION:

Is there high-level evidence supporting the use of prophylactic
antibiotics in elective primary total hip or total knee replacement?

Summary: Surgical site infection following joint replacement can have overwhelming
consequences such as further surgery for prosthetic revision or excision, prolonged or
recurrent hospital stays and increased health care costs. The administration of routine,
prophylactic antibiotics is thought to reduce the likelihood of infection as a surgical
complication [165, 166]. Current practice is to provide a broad range of antibiotic coverage
for all people undergoing joint replacement, but there is variation in protocols to address
the use of special antibiotics in patient groups with high infection risks [167].
One systematic review of antibiotic prophylaxis in total joint replacement identified 26
RCT’s (n = 11 343) which met the authors inclusion criteria [168]. These studies included
comparisons of any prophylaxis with none, systemic antibiotics with that of those in
cement, cephalosporins with glycopeptides, cephalosporins with penicillin-derivative, and
second-generation with first generation cephalosporins. Methodological quality of the
included studies was variable, and follow-up time frames ranged from ten days to ten
years. In a meta-analysis of seven of these studies (n = 3065), antibiotic administration
reduced the relative risk of wound infection by 81% and the absolute risk by 8% compared
with no prophylaxis (p < 0.00001). This means the prevention of one wound infection for
every 13 people treated with antibiotics.
Analysis of other studies in this review showed no significant difference in clinical effect
when comparing different antibiotic agents (a finding supported by a recent RCT [169]), or
when comparing systemic antibiotics with antibiotic impregnated cement, which is
consistent with another large review [170]. A separate meta-analysis of randomised
controlled trials within this review, comparative trials and non-comparative cohort studies
of antibiotic loaded versus non-antibiotic cement, found the use of antibiotic loaded cement
in cemented hip replacement delivered a reduced postoperative infection rate compared
with non-impregnated cement [170].
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Routine antibiotic prophylaxis is recommended in joint replacement
with the choice of agent made on the basis of individual patient
needs, cost and the local availability of the agent.
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Anaesthesia

QUESTION:

Is there high level evidence to support the use of a particular type of
anaesthesia for people electing primary total hip or knee replacement?

Summary: Joint replacement is amenable to regional anaesthetic techniques that can
improve patient outcomes. There is debate as to whether regional anaesthesia decreases
mortality, cardiovascular morbidity, deep venous thrombosis and pulmonary embolism,
blood loss, duration of surgery, pain, opioid related adverse effects, cognitive defects or
length of stay. Several meta-analyses suggest patients undergoing elective total hip or
knee replacement under regional anaesthesia have better outcomes (reduced operating
time, need for transfusion and incidence of thromboembolic disease) than those under
general anaesthesia [171-173].
A systematic review of RCT’s that compared general anaesthesia and/or systemic
analgesia with regional anaesthesia and/or regional analgesia for total knee replacement
included 28 studies involving 1538 patients [174]. This review found no difference in
perioperative blood loss or duration of surgery in patients who received general
anaesthesia against regional anaesthesia. Compared with general anaesthesia and/or
systemic analgesia, regional anaesthesia and/or systemic analgesia reduced
postoperative pain, morphine consumption, and opioid related adverse effects. Three of
twelve studies found evidence of reduced length of stay for people undergoing regional
anaesthesia and analgesia, and six of fourteen studies reported facilitated rehabilitation
milestones for total knee replacement, but not for total hip replacement, with regional
anaesthesia and analgesia.
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Decisions regarding the type of anaesthesia need to be made with
consideration given to individual patient and clinician preference, the
balance of risks and benefits including available technical skills, and
the local context in which the anaesthesia is given.
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Tourniquet use in total knee replacement

QUESTION:

Does the use of a tourniquet in total knee replacement affect patient
outcomes?

Summary: Tourniquet use in total knee replacement is common practice and is used to
provide a bloodless field to improve surgical visualisation [175] and to minimise bloodcement mixing during cement fixation and setting of the prosthesis [176, 177].
Complications associated with tourniquet use include wound dehiscence, haematoma
formation requiring drainage, knee stiffness, deep vein thrombosis (DVT), thigh pain and
infection [175, 178]. Review of the evidence in support of tourniquet in terms of pain relief,
functional recovery, health-related quality of life, blood loss (blood transfusion) and other
complications was completed. Two systematic reviews and four subsequent RCT’s [175,
178-182] were identified that examined short term outcomes, but none of these included
long term patient function.
One systematic review and meta-analysis [178] reviewed studies up to 2008 that
compared the use of tourniquet with no use of tourniquet in patients undergoing total knee
replacement. The authors concluded there was no advantage in using a tourniquet in
knee replacement surgery for reducing blood transfusions and total blood loss. Due to
significant heterogeneity, there were no firm conclusions regarding complications. Since
this review, Li et al [179] conducted an RCT that reported increased total blood loss in the
group where a tourniquet was used. Another study [180] showed no difference in total
blood loss or resultant complications between the two groups.
There is also considerable debate on whether the timing of tourniquet release influences
patient outcomes. Proponents of tourniquet release prior to wound closure argue that it
allows better haemostasis. A meta-analysis of RCT’s up to 2005 [175] compared the use
of tourniquet release before and after wound closure in patients undergoing total knee
replacement. The authors concluded that tourniquet release prior to wound closure
increased total blood loss, while tourniquet release after wound closure increased the risk
of early postoperative complications needing another operation. These complications
included wound dehiscence, haematoma, infections and knee stiffness requiring
manipulation under anaesthetic. Since this review, two RCTs [181, 182] showed no
difference in total blood loss or blood transfusion rates between the two groups. There are
currently no reports of patient related outcomes for the effect of duration of tourniquet
inflation.
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Tourniquet use does not appear to reduce the need for blood
tranfusion. Whether it is associated with other complications is
unclear. If a tourniquet is used it is recommended that it be deflated
prior to wound closure.
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Wound drains

QUESTION:

Is there high level evidence to support the routine use of drains after
elective total hip or total knee replacement?

Summary: The aim of using surgical drains in orthopaedic surgery is to reduce
haematoma formation and its associated pain, assist with drainage of blood and other
fluids, reduce the chance of infection and improve wound healing. There is considerable
variation in the use of drains, and in the type of drain used.
A systematic review in 2007 [183], compared the use of closed suction drains to no drains
following orthopaedic surgery. Twenty of the thirty six studies included for review related
to hip and or knee replacement, and found no statistically significant difference between
the drained or undrained groups for wound infections, wound haematoma, wound
dehiscence or reoperations for wound healing complications. Blood transfusion was
required more frequently in people who had received a closed suction drain, while those
without a drain were more likely to exhibit bruising and require reinforcement of the wound
dressings. The reviewers advised that caution be taken in interpreting the study results
due to small study sizes and short follow up time for the included studies. The findings of
four subsequent RCT’s (n = 470) [184-187] support the conclusions of the 2007 review,
despite similar limitations of small study numbers and short follow up. One study [187] did
follow their cohort to 12 months and found no difference in outcomes between groups.
Another study [184] compared autologous drain, suction drain and no drain after total hip
replacement and found no statistical difference in the need for transfusion, postoperative
haemoglobin, length of stay or wound infection between the group with no drain and the
group with the autologous drain.
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Currently, there is insufficient evidence from randomised trials to
support the routine use of drains following elective hip or knee
replacement.
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Urinary catheters

QUESTION:

Is there high level evidence to inform the optimal use of urinary
catheters in people undergoing total hip or total knee replacement?

Summary: Urinary retention and other voiding problems are potential causes of morbidity
in people electing joint replacement surgery and an optimal method for their management
has not been well documented. In current practice, wide variation exists between the use
of an in-dwelling catheter and intermittent catheterisation for symptoms of urinary retention
when present. The most effective method continues to be debated with the existing body
of evidence (specific to joint replacement) consisting of small trials of variable
methodological quality [188-194].
A systematic review attempted to determine the advantages or disadvantages of
alternative approaches to short term bladder drainage in adults [195]. It included two
studies specific to joint replacement that found there is limited evidence to suggest that the
use of intermittent catheterisation is associated with a lower risk of bacteriuria than indwelling urethral catheterisation. Another general review [196] reported conflicting
outcomes in efficacy of the two methods. These reviews, and three prospective
randomised controlled studies [188-190], report conflicting outcomes with respect to
infection and urinary retention. Therefore, the ability to draw conclusions to inform current
best practice is limited. The decision to use a particular catheterisation method may be
based on other perioperative factors, such as type of anaesthetic and patient age. This
aspect of joint replacement surgery would benefit from a well designed study in the
Australian context.
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Decisions regarding catheterisation should be made with
consideration of other perioperative factors such as type of
anaesthesia/analgesia or age.
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Pain management

QUESTION:

Is there high-level evidence for optimal pain management
perioperatively for elective primary total hip or knee replacement?

Summary: Although both hip and knee replacements are commonly performed
operations, there is no consensus about the most appropriate anaesthetic and analgesic
techniques to use for each procedure. A recent systematic review [173] compared
regional anaesthesia and general anaesthesia for hip replacement. 18 randomised trials
(n = 1239) fulfilled the search criteria and the benefits of regional anaesthesia were limited
to improved pain scores, less blood loss and fewer opioid related adverse events (for
example, nausea and vomiting). Another systematic review [174] of 28 randomised trials
(n = 1538) found regional anaesthesia and/or analgesia reduced postoperative pain,
morphine consumption and opioid-related adverse effects following knee replacement.
Prospect (www.postoppain.org) reviewed general anaesthesia, systemic opioids, central
neuraxial block and peripheral nerve block for hip and knee replacement, and have
published their consensus recommendations supporting the use of spinal anaesthesia and
lumbar plexus block techniques [197, 198]. Two other studies [171, 199] support the use
of both spinal and lumbar plexus block for hip replacement. For hip and knee
replacement, conventional NSAID/COX-2-selective inhibitors together with opioids titrated
to effect, and paracetamol, are recommended for postoperative pain of moderate to high
intensity [197, 198, 200].
Local infiltration analgesia is a new analgesic technique currently undergoing formal
investigation after initial clinical experience suggested it might have some benefit in lower
limb joint replacement [201-203]. Later studies suggest there is little evidence to support
the use of the technique in hip replacement either intraoperatively, or with a post-operative
wound infusion catheter technique, provided that multimodal, oral, non-opioid analgesia is
given. In knee replacement, the data supports the intra-operative use of the local
infiltration technique but not the post-operative use of wound catheter administration. In
knee replacement, a compression bandage prolongs the analgesic effect [204]. There is
limited evidence to support the use of NSAIDs or epinephrine in the infiltration solution and
the data on post-operative hospitalisation and recovery are conflicting. Shorter lengths of
stay have been achieved by oral multimodal, non-opioid analgesia together with
organisational optimisation of care [35, 204, 205].
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Based on randomised trials, regional anaesthesia improves
postoperative pain after total hip replacement and regional
anaesthesia and/or analgesiaimproves postoperative pain after total
knee replacement.
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Prophylaxis for venous thromboembolism (VTE)

QUESTION:

Is there evidence to guide prophylaxis in people undergoing elective
primary hip or knee replacement to prevent morbidity and mortality
associated with VTE?

Comment: VTE is a complication which can affect people after surgery for hip or knee
replacement. Sudden pulmonary embolism (PE) can result in almost immediate death with
survivors of PE experiencing a protracted course of recovery. Deep vein thrombosis
(DVT), while often asymptomatic, can also cause significant long term morbidity with
symptoms such as chronic limb swelling and ulceration adding to the burden of VTE [206].
The American College of Chest Physicians [18] report the incidence of DVT without
prophylaxis after major orthopaedic surgery as 40-60%. With thromboprophylaxis, the
proportion of people who develop symptomatic VTE decreases to 1-10% [18].
Several guidelines have been developed to provide recommendations for VTE prophylaxis
[18-21, 207, 208] and there have been several systematic reviews of the different
modalities used in prevention of VTE [209-211]. In 2009, a systematic review of published
international guidelines was undertaken [212]. The authors concluded that based on the
same available literature, different guidelines recommend different regimens. This is likely
to be a result of disagreement on the relevance of different endpoints. Different bodies,
such as the American College of Chest Physicians [18] and the American Academy of
Orthopaedic Surgeons [19], disagree on the use of asymptomatic DVT or clinically
important VTE as end points for intervention.
Another review undertaken in 2008 [213], focused on three different, but commonly used,
thromboprophylaxis regimens and attempted to determine the incidence of all-cause
mortality and symptomatic, non-fatal PE after elective primary total hip and knee
replacement. Twenty publications (618 identified) met the authors’ criteria for inclusion.
Studies were required to include documentation of six week and three month mortality, the
type of prophylaxis used and be published in English between 1998 and 2007. Only
consecutive case series with documented follow up and randomised trials were included.
Results are summarised below (Table 2).
Table 2: All cause mortality and symptomatic non-fatal PE with three different prophylaxis
regimes (6 week and 3 month mortality)
Potent anticoagulants±
(12 studies) n=14,750

Multi modal with aspirin
(6 studies) n=7,193

Warfarin
(5 studies) n=5,006

All cause
mortality*

0.41% (0.0-0.62%)

0.19% (0.0-0.29%)

0.40% (0.1-0.67%)

Symptomatic,
non-fatal PE*

0.60% (0.0-1.2%)

0.35% (0.0-0.62%)

0.35% (0.1-0.8%)

*Source: Sharrock et al (2008), Potent anticoagulants are associated with a higher all-cause mortality rate after
hip and knee arthroplasty. Clinical Orthopaedics and Related Research [213]
± Potent anticoagulants include low-molecular weight heparin, ximelagatran, fondaparinux or rivaroxaban.

Recently, newer agents have become available for thromboprophylaxis after joint
replacement [214-217]. These agents have been developed as oral alternatives without a
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need for monitoring due to a predictable anticoagulant response. Results from
randomised controlled trials that compared enoxaparin and rivaroxaban, suggest that
rivaroxaban is more effective than enoxaparin for prevention of VTE without an increase in
bleeding events [218-221], although a subsequent pooled analysis found rivaroxaban was
associated with significantly higher clinically relevant non-major bleeding [222].
Randomised controlled trials for dabigatran etexilate [223-225], another oral anticoagulant,
show it is as effective as enoxaparin in reducing the risk of venous thromboembolism with
a similar safety profile. These oral agents were approved for use in Australia following hip
or knee replacement in 2008, although there is currently insufficient data to comment on
rare or long-term adverse effects.
Existing guidelines support a multimodal prophylaxis as a key component of modern
surgical practice. There is a need for continuing research in this area as surgical
techniques and perioperative and postoperative management continues to change. When
using the existing guidelines to inform practice, an approach incorporating the following
strategies is advised:
•
•
•
•
•
•
•

Preoperative risk assessment for VTE and bleeding
Education and knowledge transfer re: VTE risk associated with joint replacement
surgery, the signs and symptoms of VTE, the effectiveness of the prophylaxis
measures available and the risks and benefits of prophylactic options
Decision regarding regional anaesthesia made in consultation with the anaesthetic
team
Mechanical prophylaxis in all patients unless contraindicated, and used as per
manufacturers recommendations
Chemical prophylaxis in all patients unless contraindicated, and administered as
per safety and usage recommendations
Early mobilisation as routine care
Use of a temporary IVC filter in exceptional circumstances only

Evidence Level:

I

II

III-1

III-2

Grade:

A

B

C

D

Comment:

III-3

IV

Multimodal prophylaxis for VTE is recommended after elective joint
replacement. The development of a decision analysis tool to assist
with the balance of risk and benefit may be an area of future
research.
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Cold therapy

QUESTION:

Is there high-level evidence to support the routine use of cryotherapy in
the acute postoperative period for people who have undergone total
knee replacement?

Summary: The use of ice or other cooling mechanisms following total knee replacement
is based on theories that local cooling may affect neural and vascular function and
subsequently reduce pain and swelling. There is substantial variation in the use of cold
therapy after total knee replacement in current Australian practice [226]. A recent
systematic review and meta-analysis of eleven randomised controlled trials (n = 793)
assessed the efficacy of cryotherapy on blood loss, transfusion rate, pain, analgesia use,
range of motion and length of hospital stay after primary knee replacement. Despite
significant differences between the studies, meta-analysis found benefits of cryotherapy for
blood loss and early ROM but no significant benefit on the other short term outcome
measures [227]. There would be benefit in well designed studies to evaluate the effect of
cryotherapy on rates of blood transfusion in the immediate postoperative period.
Studies which assess the efficacy of cold therapy on individually reported function and
quality of life outcomes, as well as preference and satisfaction, are currently underinvestigated and reported. Measures of individual satisfaction and the use of ice are an
area that would benefit from future research, especially if there is an emphasis placed on
the measurement of person specific outcomes. Based on the existing literature, cold
therapy may form part of the postoperative pain management protocol, but its routine use
following knee replacement surgery is not currently supported.
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Currently, there is insufficient evidence from randomised trials to
support the routine use of cryotherapy following elective hip or knee
replacement. In the acute postoperative period, it reduces blood loss
and improves range of motion.
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Mobilisation

QUESTION:

Is there high level evidence to support early mobilisation
postoperatively following total primary hip or knee replacement?

Summary: There has been a steady decline over the past 20 years in the time to initial
mobilisation after hip or knee replacement as surgical techniques have changed, demand
for resources has increased and the recognition of benefits associated with early functional
activity. Early mobilisation and accelerated post-operative physical activity to achieve
functional mobility are common features of current perioperative protocols [228-231]. In
part, the drive to commence mobilisation in the early postoperative period has been a
result of the need to reduce individual length of stay, and agreement that it reduces certain
complications such as venous thromboembolism.
A systematic review identified two trials (n = 261) commencing early activity in inpatient
settings. Despite methodological limitations, early commencement of rehabilitation led to
more rapid attainment of functional milestones, shorter hospital stay, fewer post-operative
complications and reduced costs in the first three to four months after surgery [231]. A
subsequent RCT (n = 87) included standardised requirements for mobilisation which
commenced on the day of surgery and targeted four hours out of bed on the first
postoperative day [232]. This study found significant decreases in length of stay and
improvements in quality of life when measured at three months. Early mobilisation is part
of an optimisation-of-care process, although there is insufficient evidence to guide optimal
timing of mobilisation and duration and intensity of this early activity.

Evidence Level:

I

II

III-1

III-2

Grade:

A

B

C

D

Comment:

III-3

IV

Early mobilisation can improve functional independence after joint
replacement and reduce clinical complications such as VTE. Optimal
intensity and frequency of early mobilisation would benefit from
further investigation in trials with improved methodology and the use
of standardised outcome measures.
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Continuous passive motion (CPM) after knee replacement

QUESTION:

Is there high level evidence to support the routine use of continuous
passive motion (CPM) on people after total knee replacement?

Summary: Continuous passive motion is a way of providing motion to the knee joint using
a specifically designed machine. The time, velocity and arc of motion parameters of the
CPM device can be adjusted to an individual’s requirements. CPM has been used since
the 1960’s as an adjunct to other therapies to address joint stiffness, pain and range of
joint motion during hospital stay following total knee replacement. One systematic review
of RCT’s to January 2009 was identified from the Cochrane Database of Systematic
Reviews, and there were no subsequent RCT’s identified [233]. Studies were included in
the systematic review if the experimental group received CPM and otherwise similar
postoperative care following total knee replacement for arthritis. Twenty RCT’s with 1335
participants met the criteria for inclusion, although all studies showed vulnerability to bias
related to method of allocation, randomisation and/or reporting of results.
The review found there was high level evidence that CPM increased both passive and
active knee flexion in the short term but the degree of increase (2° and 3° respectively)
was not clinically meaningful. There were unclear effects on knee range in the medium to
long term. Low quality evidence was available that CPM reduced the need for subsequent
joint manipulation under anaesthesia, and that CPM had no effect on hospital length of
stay. Its effects on function, pain, swelling and quadriceps muscle strength were unclear.
There is little available evidence to identify the optimal parameters for use (time, velocity or
motion arc); however, this review showed response is not dose related.
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There is evidence that CPM does not result in clinically relevant
improvements in outcomes. Currently, support for its routine use
after knee replacement is not available.
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Hip precautions

QUESTION:

Is there high level evidence to support the use of hip precautions to
prevent dislocation after elective primary total hip replacement?

Summary: Activity restrictions following hip replacement are currently a routine aspect of
postoperative care designed to minimise the risk of dislocation and reduce instability of a
new hip. Reported rates of dislocation are between 2 and 4%, with the first few months
after surgery carrying the greatest risk. The use of protocols aimed at reducing the
likelihood of prostheses dislocation are variable, although precautions consisting of limited
hip flexion, adduction and rotation are advocated. Perioperative factors, such as surgical
approach, component positioning and size, and wound closure techniques, are also
important factors in relation to risk of dislocation.
Studies identified that reviewed the role of precautions in reducing prosthetic hip
dislocation included one systematic review and subsequent RCT and two prospective
cohort studies [234-237]. All participants in the identified studies underwent an anterior or
antero-lateral approach, making extrapolation of conclusions to other surgical approaches
inappropriate. All studies included movement restrictions for both control and intervention
groups, but in the intervention group additional requirements such as abduction pillows
and high seats for toileting were removed. Studies had methodological susceptibilities
related to participation, allocation and length of follow-up, which make recommendations
regarding the use of hip precautions in the prevention of hip dislocation uncertain.
Future research could investigate variables that possibly influence hip dislocation, such as
provision of preoperative information, prosthetic selection, surgical technique and specific
individual factors. Measures of patient satisfaction, with or without dislocation precautions,
are another area of required knowledge.
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There is currently insufficient knowledge to support or refute the use
of hip precautions (protected hip flexion, adduction and rotation)
following total hip replacement.

Page 44/73

Postoperative Elective Primary Hip and Knee Replacement

Pre
operative

• waiting for
surgery
• preparation
for surgery
• predictors of
outcome

Peri
operative

• surgical
process
• clinical
interventions
• pain
management

Post
operative

• rehabilitation
• surgical
follow-up
• long term
outcomes

SUMMARY OF FINDINGS: POSTOPERATIVE
Rehabilitation and discharge
• Currently, there is insufficient evidence (largely due to a lack of high-quality
research) to suggest superiority of one particular type, location, timing or duration
of available rehabilitation program after elective hip or knee replacement. The
superiority of a group-based program, inpatient program or outpatient program is
unable to be determined. Further research that specifies intensity of intervention
and uses consistent outcome measures would be beneficial (I C).
•

Rehabilitation is defined by the World Health Organisation as “…appropriate
measures, including…peer support, to enable persons…to attain and maintain their
maximum independence, full physical, mental, social and vocational ability, and full
inclusion and participation in all aspects of life” [238]. In all cases, the provision of
rehabilitation should help to empower the person and their family. Greater clarity of
the purpose of postoperative care after hip or knee replacement in NSW public
hospitals is required.

Surgical follow-up
• Currently, there is no high level evidence to guide the frequency or duration of
follow up after hip or knee replacement (IV D).
Long term outcomes
• Long term measures of pain, functional ability and quality of life suggest continued
improvement is not guaranteed after joint replacement. Further research to
improve the understanding of the determinants of outcome after hip or knee
replacement would be beneficial (II C).
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Rehabilitation

QUESTION:

Is there high-level evidence that demonstrates whether a particular
rehabilitation setting, rehabilitation intervention, timing or duration will
provide superior results after total hip or total knee replacement?

Summary: Following total hip or knee replacement, it is common in NSW to provide
continued rehabilitative care after hospital discharge. Existing published literature reports
variation in the timing, type of intervention, location, intensity and duration of this care [226,
239-242]. Possible explanations for this variation include alternative definitions of
rehabilitation, a lack of high quality trials to guide practices to achieve optimal outcomes, or
competing demands for limited resources. This results in both the clinician and the
individual setting their expectations of recovery at the low end of the scale. Drawing
conclusions from the existing evidence on the most effective care after discharge is difficult
as there is substantial variation in outcome measures. Two recent systematic reviews
assessed the effectiveness of post-acute rehabilitation following total hip or total knee
replacement [243, 244]. Most of the included RCT’s had design or methodological issues
putting them at risk of bias. The reviews identified aspects relating to rehabilitation setting,
type of rehabilitation (such as land based treatment versus water-based or functional
training compared with traditional) and the timing of commencement of rehabilitation. No
studies were identified that gave clear guidance on the optimal intensity of intervention to
attain maximum function after surgery. There is consistent low quality evidence that
delayed outpatient physiotherapy of either 8 or 15 weeks duration has a favourable impact
on physical function after hip replacement. Studies reviewing participation in postoperative
rehabilitation after five or six months, or rehabilitation initiated after the sub-acute period,
were not identified. Tele-rehabilitation via web based communication following knee
replacement (comparable to one to one treatment without the provision of a “hands on”
component) may be an option for people located remotely [245].
Research in the area of provider or consumer preferences for rehabilitation has been
minimal. There is evidence from observational and qualitative studies that considerable
variation in preferences for treatment after total joint replacement exists. Future trials
would benefit from large numbers of participants, comparable outcome measures and
reports on level of intensity of exercise intervention.

Evidence Level:

I

II

III-1

III-2

Grade:

A

B

C

D

Comment:

III-3

IV

Currently, there is insufficient evidence (largely due to a lack of highquality research) to suggest superiority of one particular type,
location, timing or duration of available rehabilitation program after
elective hip or knee replacement. The superiority of a group-based
program, inpatient program or outpatient program is unable to be
determined. Further research that specifies intensity of intervention
and uses consistent measures would be beneficial.
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Surgical follow-up

QUESTION:

Is there high-level evidence that demonstrates optimal surgical follow
up (how long and how often) after elective primary total hip and total
knee replacement?

Summary: Complications after joint replacement can have an overwhelming effect on an
individual’s quality of life and daily function. These complications include loosening of the
prosthesis, joint instability or dislocation, deep or superficial joint infection, peri-prosthetic
fracture and component wear. While some complications are obvious or painful, others
present without apparent symptoms and may only be evident on radiographs.
Recommendations for periodic clinical and radiographic evaluation are common, yet
efficacy of follow up protocols for the prevention or identification of complications have not
been well evaluated. The AOA position statement on minimum long term follow up after
joint replacement
(http://www.aoa.org.au/Libraries/eCM_Files/ArthPosFollow_pdf_1.sflb.ashx) reflects
current practice trends only, rather than recommendations based on an existing evidence
base. Anecdotally, variation exists in both the duration of follow-up and the frequency of
surgical follow-up.
A review of the literature found that overall, study quality is poor and the majority of studies
have methodologies which retrospectively evaluate surgeon or patient adherence to post
operative review after total hip or knee replacement [246-252]. Based on existing low
quality evidence, it is reported that the current practice of routine, face to face follow-up of
asymptomatic total joint replacement may be excessively costly and unnecessary, but the
level of the existing evidence does not allow determination of a recommendation for followup.

Evidence Level:

I

II

III-1

III-2

Grade:

A

B

C

D

Comment:

III-3

IV

Currently, there is no high level evidence to guide the frequency or
duration of follow up after hip or knee replacement.
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Long term outcomes

QUESTION:

What is the long term effectiveness of total hip or total knee
replacement with respect to quality of life, pain and function?

Summary: Short term measures of outcome after hip or knee replacement indicate
improvements in pain and return of function for the majority of people electing this surgery
[253-255], but a large proportion of people are neutral or dissatisfied with their outcomes
[68, 256-258]. Given the large minority of people (up to 25%) in which joint replacement
does not achieve its goal, and evidence that existing physical therapy programs used
during the sub-acute phase of recovery do not effectively restore individual physical and
functional performance [259], identification of factors which determine optimal recovery of
function and ability after lower limb joint replacement would be beneficial. A large body of
evidence shows that people with a total hip or knee replacement have higher levels of
disability in mobility and self-care when compared to their age-matched peers in the
general population at one year [260-266].
A number of studies [256, 267, 268] report benefit of joint replacement surgery is not
guaranteed, and over longer time-frames, maintenance of early improvement cannot be
assumed. A large population based study [265] found that activity limitations were greater,
and self reported health worse, amongst those who had had hip or knee replacement than
those who had not, even after adjusting for gender, age and co-morbidities. High quality
studies which prospectively quantify the effect of joint replacement surgery on pain,
function and quality of life at time points longer than 1-2 years would be beneficial.
Despite more than 63,000 primary total hip and knee replacements being undertaken in
Australia in 2010 [14], randomised controlled trials of the efficacy of total joint replacement
compared to non-operative alternatives do not exist. Long term measures of patient
relevant health and function outcomes, included as part of the surveillance process
provided by the national joint replacement registry, would provide substantial population
level data on the efficacy of hip or knee replacement from an individual’s perspective.
Some international registries have recently commenced the collection of patient relevant
outcomes and have recommended determination of a well defined purpose when making
decisions around what to evaluate.

Evidence Level:

I

II

III-1

III-2

Grade:

A

B

C

D

Comment:

III-3

IV

Long term measures of pain, functional ability and quality of life
suggest continued improvement is not guaranteed after joint
replacement. Further research to improve understanding of the
determinants of outcome after hip or knee replacement would be
beneficial.
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Ideal Experience
Case Study 3: Marina

Marina had experienced a difficult and painful
couple of years with progressively increasing hip
pain despite her careful management of her
osteoarthritis. Marina’s GP had referred her
several years ago to a local osteoarthritis
management program run through the local
hospital and this program had been primarily
responsible for delaying her hip replacement
surgery. At that time, a multidisciplinary team led
by a physiotherapist had assessed her ability to do
various daily tasks. They took baseline measures
of her quality of life and functional ability and with Marina had developed a management
plan to use conservative, evidence based treatments to reduce her symptoms. As part of
this program, Marina had reviewed her medications with her GP and pharmacist to achieve
an effective pain relief strategy. She had commenced a twice weekly water based
exercise program with the local branch of Arthritis NSW and she had arranged several
visits to a local dietitian through the chronic disease items available through Medicare.
This had stopped the steady “kilo creep” that had been happening over the previous ten
years as her joints had become more painful and her activity level had diminished. She
had been able to improve her high blood pressure through her regular exercise program.
Now, though, Marina could no longer manage the many stairs at home and the pain and
resulting sleeplessness had become a big issue. Her orthopaedic surgeon had advised
there were few options left besides a joint replacement, as her hip joint was now ‘bone on
bone’. Marina was reluctant to embark on another major surgical procedure. She had had
a number of surgeries over the years for her osteoarthritis, with the last one on her
shoulder about 12 months ago.
Marina had heard many stories about long waits and cancellations of joint replacement
surgery at the local public hospital, so she was very surprised when contacted by the
hospital musculoskeletal case coordinator a couple of days after submitting her admission
form. The coordinator arranged a convenient time to speak with Marina about her general
health and medical history, and the coordinator arranged blood tests and other
investigations via her GP. Marina was able to arrange attendance at an information
session which helped her understand what to expect from her upcoming surgery and the
subsequent recovery. There was opportunity to discuss the planned procedure, practice
with the equipment she might use postoperatively and discuss her fears about coping after
the surgery given her hands, elbows and shoulders were also severely affected by arthritis.
The tests arranged found that Marina’s haemoglobin was low and that she was struggling
to resolve a persistent urinary tract infection. Marina, her GP and the Musculoskeletal
Coordinator worked together to resolve these issues in the time she was waiting for
surgery. The coordinator also arranged the Occupational Therapist to review her home as
Marina lived on a hill and had 29 steps to her front door and another 12 inside. This early
review meant there was plenty of time for installation of handrails and for the supply of
equipment to allow Marina to be safe after surgery. This meant Marina would be
discharged directly home with extra services provided from community programs.
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When Marina commenced her surgical planning in the month prior to surgery, she felt well
prepared and confident for her hip replacement. Her haemoglobin levels and tests for
infection were normal, and her surgery went ahead as scheduled. She was confident (with
her daughter’s support) advocating against particular types of pain medication during her
postoperative recovery. She well knew which drugs made her feel disturbed and anxious,
so this time she would not be placated by the doctors. Documentation of her personal
knowledge and medication preferences occurred as part of the surgical planning process.
As Marina had continued her regular water exercise as close to surgery as possible, she
felt ready to get out of bed the same day as her operation! She was able to walk (with a
walking frame) about 100 metres and started her muscle strengthening exercises the
same day. The next day she increased her activity level by doing several laps of the ward,
many repetitions of the hip exercises she had been given and she managed to shower
herself with only indirect supervision from the hospital staff. Marina was actively involved
in all discussions about her care, and determined that she was ready for discharge home
the following day as the necessary planning to go home had been completed prior to
admission.
Marina was pleased to be home – she felt tired and a bit sore but it was good to be among
familiar things. The community nurse visited in the first week, which allowed Marina to ask
questions that had arisen since discharge. The physiotherapist had called to provide an
opportunity for Marina to talk about her physical recovery and to confirm her attendance at
a group rehabilitation session about a month after her surgery. She was looking forward to
sharing her experiences with others who were in the same situation. This seems to make
it easier to recover rather than struggle along at home alone. At this group session, all the
participants were given the opportunity to plan their ongoing rehabilitation. Marina elected
to return to her twice weekly Arthritis NSW pool exercise group with telephone support
from the Musculoskeletal Coordinator. Others chose to go on their own way with no
support at all, and still others chose the supported hospital group program.
Marina was amazed at the quality of her experience. Being able to be prepared well in
advance, and to have access to the knowledge of the hospital clinicians, gave her a good
understanding of what to expect. The best thing about her hip replacement is that her
knee has stopped being painful. She can now manage all her stairs and get to the
letterbox without either her hip or knee hurting!
Marina was pleased to be able to tell her friends of the positive experience of her hip
replacement at the local public hospital.
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Abbreviations
ACI
ANZSBT
BOA
CEC
CENTRAL
CPM
DVT
EJR
GP
HKPT
ICU
LOS
MaPT
MSK
NBA
NHMRC
NICE
NJRR
NSAID’s
NSW
OA
OARSI
OMERACT
OPSC
PE
RCT
ROM
SR
THA
TJA
TKA
THR
TJR
TKR
VTE
WHO
WOMAC

Agency for Clinical Innovation
Australian and New Zealand Society of Blood Transfusion
British Orthopaedic Association
Clinical Excellence Commission
Cochrane Central Register of Controlled Trials
Continuous Passive Motion
Deep Vein Thrombosis
Elective Joint Replacement
General Practitioner
Hip and Knee Prioritisation Tool
Intensive Care Unit
Length of Stay
Multi-attribute Prioritisation Tool
Musculoskeletal
National Blood Authority
National Health and Medical Research Council
National Institute of Clinical Excellence
National Joint Replacement Registry
Non-steroidal Anti-inflammatory Drugs
New South Wales
Osteoarthritis
Osteoarthritis Research Society International
Outcome Measures in Rheumatology
Orthopaedic Physiotherapy Screening Clinic
Pulmonary Embolus
Randomised Controlled Trial
Range of Motion
Systematic Review
Total Hip Arthroplasty
Total Joint Arthroplasty
Total Knee Arthroplasty
Total Hip Replacement
Total Joint Replacement
Total Knee Replacement
Venous Thromboembolism
World Health Organisation
Western Ontario and McMaster Universities Arthritis Index

Page 51/73

References
1.

2.

3.
4.

5.

6.

7.
8.
9.
10.

11.

12.
13.

14.

15.

16.

17.

18.

World Health Organization. Innovative care for chronic conditions: building blocks
for action: global report. 2002; Available from:
http://www.who.int/chp/knowledge/publications/icccreport/en/index.html Accessed
12 April 2011.
Åkesson, K., Karsten, E. and Woolf, A.D. (2003), Improved education in
musculoskeletal conditions is necessary for all doctors. Bulletin of the World Health
Organisation. 81(9): p. 677-683.
Weinstein, S.L. (2000), Editorial: 2000 - 2010: The Bone and Joint Decade. Journal
of Bone and Joint Surgery American Volume. 82(1): p. 1-3.
Australian Institute for Health and Welfare (2011), Key indicators of progress for
chronic diseases and associated determinants: data report. AIHW: Canberra. Cat.
no. PHE142.
Lavernia, C.J., Guzman, J.F. and Gachupin-Garcia, A. (1997), Cost effectiveness
and quality of life in knee arthroplasty. Clinical Orthopaedics and Related
Research. 1(345): p. 134-139.
Rasanen, P., Paavolainen, P., Sintonen, H., Koivisto, A-M., Blom, M., Ryynanen,
O-P. and Roine, R.P. (2007), Effectiveness of hip or knee replacement surgery in
terms of quality-adjusted life years and costs. Acta Orthopaedica. 78(1): p. 108115.
Segal, L., Day, S.E., Chapman, A.B. and Osbourne, R.H. (2004), Can we reduce
disease burden from osteoarthritis? Medical Journal of Australia. 180: p. S11-7.
O'Shea, K., Bale, E. and Murray, P. (2002), Cost analysis of primary total hip
replacement. Irish Medical Journal. 95(6): p. 177-180.
March, L.M., and Bagga, H. (2004), Epidemiology of osteoarthritis in Australia.
Medical Journal of Australia. 180(5 Suppl): p. S6-S10.
Wilson, N.A., Schneller, E.S., Montgomery, K. and Bozic, K. (2008), Hip and knee
implants: current trends and policy considerations. Health Affairs. 27(6): p. 15871598.
(2009), Hip and Knee Replacements in Canada - Canadian Joint Replacement
Registry (CJRR) 2008-2009 Annual Report. Canadian Institute for Health
Information: Ottawa, Ontario.
National Joint Registry (2010 ), National Joint Registry for England and Wales 7th
Annual Report. www.njrcentre.org.uk(Accessed 6 June 2011).
Australian Orthopaedic Association (2010), National Joint Replacement Registry
Annual Report: Adelaide, SA Australia
http://www.dmac.adelaide.edu.au/aoanjrr/documents/aoanjrrreport_2010.pdf.
Australian Orthopaedic Association (2011), National Joint Replacement Registry
Annual Report: Adelaide, SA Australia. Available at
http://www.dmac.adelaide.edu.au/aoanjrr/documents/AnnualReports2011/AnnualR
eport_2011_WebVersion.pdf.
Graves, S., and Wells, V. A review of joint replacement surgery and its outcomes:
appropriateness of prostheses and patient selection. 2006 Australian Centre for
Health Research; Available from: http://www.achr.com.au/pdfs/Graves.pdf
Accessed 28 March 2011.
Clinical Excellence Commission (CEC). Safety and Quality of Healthcare in NSW Chartbook 2009. 2010. Sydney. CEC (Information Management Series no. 07)
Accessed at
http://www.cec.health.nsw.gov.au/__data/assets/pdf_file/0006/135690/cecchartbook-2009.pdf.
Bureau of Health Information. Healthcare in focus: how NSW compares
internationally. December 2010; Available from:
http://www.bhi.nsw.gov.au/publications/health_in_focus.
Geerts, W.H., Bergqvist, D., Pineo, G.F., Heit, J.A., Samama, C.M., Lassen, M.R.
and Colwell, C.W. (2008), Prevention of venous thromboembolism: American

Page 52/73

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

College of Chest Physicians Evidence-Based Clinical Practice Guidelines (8th
Edition). Chest. 133: p. 381S-453S.
Johanson, N.A., Lachiewicz, P.F., Lieberman, J.R., Lotke, P.A., Parvizi, J.,
Pellegrini, V., Stringer, T.A., Tornetta, P., Haralson III, R.H. and Watters,W.C.
(2009), AAOS Clinical Practice Guideline Summary: Prevention of Symptomatic
Pulmonary Embolism in Patients Undergoing Total Hip or Knee Arthroplasty.
Journal of the American Academy of Orthopaedic Surgeons. 17(3): p. 183-196.
National Health and Medical Research Council (2009), Clinical Practice Guideline
for the Prevention of Venous Thromboembolism in Patients Admitted to Australian
Hospitals: Melbourne, www.nhmrc.gov.au Accessed 24 January 2011.
National Clinical Guideline Centre (2010), Venous thromboembolism: reducing the
risk of venous thromboembolism (deep vein thrombosis and pulmonary embolism)
in patients admitted to hospital: London.
Anonymous (1993), Guidelines for the diagnosis, investigation and management of
osteoarthritis of the hip and knee. Report of a Joint Working Group of the British
Society for Rheumatology and the Research Unit of the Royal College of
Physicians. Journal of the Royal College of Physicians of London. 27(4): p. 391-6.
Zhang, W., et al. (2005), EULAR evidence based recommendations for the
management of hip osteoarthritis: report of a task force of the EULAR Standing
Committee for International Clinical Studies Including Therapeutics (ESCISIT).
Annals of the Rheumatic Diseases. 64(5): p. 669-681.
Zhang, W., Moskowitz, R.W., Nuki, G., Abramson, S., Altman, R.D., Arden, N.,
Bierma-Zeinstra, S., Brandt, K.D., Croft, P., Doherty, M., Dougados, M., Hochberg,
M., Hunter, D.J., Kwoh, K., Lohmander, L.S. and Tugwell, P. (2008), OARSI
recommendations for the management of hip and knee osteoarthritis, Part II:
OARSI evidence-based, expert consensus guidelines. Osteoarthritis and Cartilage.
16(2): p. 137-162.
Zhang, W., Nuki, G., Moskowitz, R.W., Abramson, S., Altman, R.D., Arden, N.K.,
Bierma-Zeinstra, S., Brandt, K.D., Croft, P., Doherty, M., Dougados, M., Hochberg,
M., Hunter, D.J., Kwoh, K., Lohmander, L.S. and Tugwell, P. (2010), OARSI
recommendations for the management of hip and knee osteoarthritis: part III:
Changes in evidence following systematic cumulative update of research published
through January 2009. Osteoarthritis and Cartilage. 18(4): p. 476-499.
Scottish Intercollegiate Guidelines Network (SIGN) (2008), Antibiotic prophylaxis in
surgery: a national clinical guideline: Edinburgh, www.sign.ac.uk Accessed 15 June
2011.
National Health and Medical Research Council and the Australasian Society of
Blood Transfusion (2002), Clinical Practice Guidelines on the Use of Blood
Components 2001: Commonwealth of Australia, www.nhmrc.health.gov.au
Accessed 28 July 2011.
British Orthopaedic Association (2006), Primary Total Hip Repacement: a guide to
good practice: United Kingdom,
http://www.boa.ac.uk/site/showpublications.aspx?id=59 Accessed 12 March 2011.
British Orthopaedic Association (1999), Knee Repacement: a guide to good
practice: United Kingdom, http://www.boa.ac.uk/site/showpublications.aspx?id=59
Accessed 12 March 2011.
Anonymous (2003), NIH Consensus Statement on total knee replacement, in NIH
Consensus and State-of-the-Science Statements, Vol 20(1),. p. 1-34. Available at
http://consensus.nih.gov/historical.htm. Accessed 13 May 2011.
Brunenberg, D.E., van Steyn, M.J., Sluimer, J.C., Bekebrede, L.L., Bulstra, S.K.
and Joore, M.A. (2005), Joint recovery programme versus usual care: an economic
evaluation of a clinical pathway for joint replacement surgery. Medical Care. 43(10):
p. 1018-1026.
Husted, H., Hansen, H.C., Holm, G., Bach-Dal, C., Rud, K., Andersen, K. L. and
Kehlet, H. (2006), Accelerated versus conventional hospital stay in total hip and

Page 53/73

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

44.
45.
46.

47.
48.

knee arthroplasty III: patient satisfaction. Ugeskrift for Laeger. 168(22): p. 21482151.
Husted, H., Solgaard, S., Hansen, T.B., Soballe, K. and Kehlet, H. (2010), Care
principles at four fast-track arthroplasty departments in Denmark. Danish Medical
Bulletin. 57(7): p. A4166.
Husted, H., Hansen, H.C., Holm, G., Bach-Dal, C., Rud, K., Andersen, K.L. and
Kehlet, H. (2010), What determines length of stay after total hip and knee
arthroplasty? A nationwide study in Denmark. Archives of Orthopaedic and Trauma
Surgery. 130(2): p. 263-268.
White, P., Kehlet, H., Neal, J., Schricker, T. and Carr, D. (2007), The Role of the
Anesthesiologist in Fast-Track Surgery: From Multimodal Analgesia to
Perioperative Medical Care. Anaesthesia and Analgesia. 104: p. 1380-1396.
Schneider, M., Kawahara, I., Ballantyne, G., McAuley, C., MacGregor, K., Garvie,
R., McKenzie, A., MacDonald, D. and Breusch, S.J. (2009), Predictive factors
influencing fast track rehabilitation following primary total hip and knee arthroplasty.
Archives of Orthopaedic and Trauma Surgery. 129(12): p. 1585-1591.
Gooch, K.L., Smith, D., Wasylak, T., Faris, P.D., Marshall, D.A., Khong, H., Hibbert,
J.E., Parker, R.D., Zernicke, R.F., Beaupre, L., Pearce, T., Johnston, D.W. and
Frank, C.B. (2009), The Alberta Hip and Knee Replacement Project: a model for
health technology assessment based on comparative effectiveness of clinical
pathways. International Journal of Technology Assessment in Health Care. 25(2):
p. 113-23.
National Joint Replacement Registry (2010), Supplementary Report: Demographics
of Hip and Knee Arthroplasty. Australian Orthopaedic Association: Adelaide, SA
Australia.
National Joint Replacement Registry (2010), Supplementary Report: Analysis of
State and Territory Health Data All Arthroplasty. Australian Orthopaedic
Association: Adelaide, SA Australia.
Department of Health Western Australia (2010), Elective Joint Replacement
Service Model of Care. Perth: Health Networks Branch Department of Health,
Western Australia
Statewide Elective Surgery Program (2006), Request for Expression of Interest:
Implementation of the Orthopaedic Waiting List Multi-attribute Arthritis Prioritisation
Tool and Service Delivery Model. Available from
http://www.health.vic.gov.au/surgery/pubs/owleoi.pdf.
The McColl Institute for Innovation. The Chronic Care Model. 2009; Available from:
http://www.improvingchroniccare.org/index.php?p=The_Chronic_Care_Model&s=2.
National Health and Medical Research Council (1999), A guide to the development,
implementation and evaluation of clinical practice guidelines. Commonwealth of
Australia, Canberra. Available at
http://www.nhmrc.gov.au/_files_nhmrc/file/publications/synopses/cp30.pdf
Accessed 19 May 2011.
ACI Musculoskeletal Network (2011), NSW Osteoarthritis Chronic Care Program
Model of Care. Agency for Clinical Innovation: Sydney.
(2007), Referral for Joint Replacement: a management guide for health providers.
Royal Australian College of General Practitioners.
National Health Priority Action Council (NHPAC) (2006), National service
improvement framework for osteoarthritis, rheumatoid arthritis and osteoporosis.
Department of Health and Ageing: Canberra.
National Health Priority Action Council (NHPAC) (2006), National Chronic Disease
Strategy. Australian Government Department of Health: Canberra.
Australian Institute of Health and Welfare (2011) Population differences in healthcare use for arthritis and osteoporosis in Australia. Arthritis Series No. 17. AIHW
Canberra, Cat. no. PHE 147.

Page 54/73

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Access Economics for Arthritis Australia. Painful Realities: the economic impact of
arthritis in Australia. 2007; Available from:
http://www.accesseconomics.com.au/publicationsreports/showreport.php?id=136.
Wang, Y., Simpson, J.A., Wluka, A.E., Urquhart, D.M., English, D.R., Giles, G.G.,
Graves, S. and Cicuttini, F.M. (2009), Reduced rates of primary joint replacement
for osteoarthritis in Italian and Greek migrants to Australia: the Melbourne
Collaborative Cohort Study. Arthritis Research & Therapy. 11(3): p. R86.
Judge, A., Welton, N., Sandhu, J. and Ben-Shlomo, Y. (2010), Equity in access to
total joint replacement of the hip and knee in England: cross sectional study. British
Medical Journal. 341(c4092): p. 1-10.
Gandhi, R., Razak, F., Davey, J.R., Rampersaud, Y.R. and Mahomed, N.N. (2010),
Effect of sex and living arrangement on the timing and outcome of joint
replacement surgery. Canadian Journal of Surgery. 53(1): p. 37-41.
Hawker, G.A., Guan, J., Croxford, R., Coyte, P.C., Glazier, R.H., Harvey, B.J.,
Wright, J.G., Williams, J.I. and Badley, E.M. (2006), A prospective populationbased study of the predictors of undergoing total joint arthroplasty. Arthritis and
Rheumatism. 54(10): p. 3212-3220.
Altman, R.D., Abadie, E,. Avouac, B., Bouvenot, G., Branco J., Bruyere, O., Calvo,
G., Devogelaer, J-P., Dreiser, R.L., Herrero-Beaumant, G., Kahan, A., Kreutz, G.,
Laslop, A., Lemmel, E.M., Menkes, C.J., Pavelka, K., Van De Putte, L., Vanhaelst,
L. and Reginster, J-Y. (2005), Total joint replacement of hip or knee as an outcome
measure for structure modifying trials in osteoarthritis. Osteoarthritis and Cartilage.
13: p. 13-19.
Juni, P., Dieppe, P., Donovan, J., Peters, T., Eachus, J., Pearson, N., Greenwood,
R. and Frankel, S. (2003), Population requirement for primary knee replacement
surgery: a cross-sectional study. Rheumatology. 45: p. 516-521.
Gossec, L., Paternotte, S., Maillefert, J.F., Combescure, C., Conaghan, P.G.,
Davis, A.M., Gunther, K.P., Hawker, G., Hochberg, M., Katz, J.N., Kloppenburg, M.,
Lim, K., Lohmander, L.S., Mahomed, N.N., March, L., Pavelka, K., Punzi, L., Roos,
E.M., Sanchez-Riera, L., Singh, J.A., Suarez-Almazor, M.E., Dougados, M. and
Oarsi-Omeract Task Force (2011), The role of pain and functional impairment in
the decision to recommend total joint replacement in hip and knee osteoarthritis: an
international cross-sectional study of 1909 patients. Report of the OARSIOMERACT Task Force on total joint replacement. Osteoarthritis and Cartilage.
19(2): p. 147-154.
Lingard, E.A., Berven, S., Katz, J.N. and the Kinemax Outcomes Group (2000),
Management and care of patients undergoing total knee arthroplasty: variations
across different health care settings. Arthritis Care and Research. 13(3): p. 129136.
Gossec, L., Hawker, G., Davis, A.M., Maillefert, J.F., Lohmander, L.S., Altman, R.,
Cibere, J., Conaghan, P.G., Hochberg, M.C., Jordan, J.M., Katz, J.N., March, L.,
Mahomed, N., Pavelka, K., Roos, E., Suarez-Almazor, M.E., Zanoli, G. and
Dougados, M. (2007), OMERACT/OARSI Initiative to Define States of Severity and
Indication for Joint Replacement in Hip and Knee Osteoarthritis. Journal of
Rheumatology. 34(6): p. 1432-1435.
Noseworthy, T.W., McGurran, J.J., Hadorn, D.C. and the Steering Committee of
the Western Canada Waiting List Project (2003), Waiting for scheduled services in
Canada: development of priority-setting scoring systems. Journal of Evaluation in
Clinical Practice. 9(1): p. 23-31.
Arnett, G., Hadorn, D.C. and the Steering Committee of the Western Canada
Waiting List Project (2003), Developing priority criteria for hip and knee
replacement: results from the Western Canada Waiting List Project. Canadian
Journal of Surgery. 46(4): p. 290-296.
Conner-Spady, B.L., Arnett, G., McGurran, J.J., Noseworthy, T.W. and the Steering
Committee of the Western Canada Waiting List Project (2004), Prioritisation of

Page 55/73

62.
63.

64.

65.

66.

67.

68.
69.

70.

71.

72.
73.

74.

75.

76.

77.

patients on scheduled waiting lists: validation of a scoring system for hip and knee
arthroplasty. Canadian Journal of Surgery. 47(1): p. 39-46.
Hadorn, D.C., and Holmes, A.C. (1997), The New Zealand priority criteria project.
Part 1: Overview. British Medical Journal. 314: p. 131-134.
Toye, F., Barlow, J., Wright, C. and Lamb, S.E. (2007), A validation study of the
New Zealand score for hip and knee surgery. Clinical Orthopaedics and Related
Research. 464: p. 190-195.
Fortin, P.R., Penrod, J.R., Clarke, A.E., St-Pierre, Y., Joseph, L., Belisle, P., Liang,
M.H., Ferland, D., Phillips, C.B., Mahomed, N., Tanzer, M., Sledge, C., Fossel,
A.H. and Katz, J.N. (2002), Timing of total joint replacement affects clinical
outcome among patients with osteoarthritis of the hip or knee. Arthritis and
Rheumatism. 46(12): p. 3327-3330.
Holtzman, J., Saleh, K. and Kane, R. (2002), Effect of baseline functional status
and pain on outcomes of total hip arthroplasty. Journal of Bone and Joint Surgery.
84A(11): p. 1942-1948.
Lingard, E.A., Katz, J.N., Wright, E.A., Sledge, C.B. and Kinemax Outcomes Group
(2004), Predicting the outcome of total knee arthroplasty. Journal of Bone and Joint
Surgery American Volume. 86-A(10): p. 2179-2186.
Montin, L., Leino-Kilpi, H., Suominen, T. and Lepisto, J. (2008), A systematic
review of empirical studies between 1966 and 2005 of patient outcomes of total hip
arthroplasty and related factors. Journal of Clinical Nursing. 17: p. 40-45.
Wylde, V., Dieppe, P., Hewlett, S. and Learmonth, I.D. (2007), Total knee
replacement: is it really an effective procedure for all? Knee. 14(6): p. 417-423.
Hoogeboom, T.J., van den Ende, C.H., van der Sluis, G., Elings, J., Dronkers, J.J.,
Aiken, A.B., van Meeteren, N.L., van den Ende, C.H.M. and van Meeteren, N.L.U.
(2009), The impact of waiting for total joint replacement on pain and functional
status: a systematic review. Osteoarthritis and Cartilage. 17(11): p. 1420-1427.
Tuominen, U., Sintonen, H., Hirvonen, J., Seitsalo, S., Paavolainen, P., Lehto, M.,
Hietaniemi, K. and Blom, M. (2010), Is longer waiting time for total knee
replacement associated with health outcomes and medication costs? Randomised
clinical trial. Value in Health. 13(8): p. 998-1004.
McDonald, S., Hetrick, S. and Green, S. (2004), Pre-operative education for hip or
knee replacement. Cochrane Database of Systematic Reviews. Issue 1
(CD003526).
Crowe, J., and Henderson, J. (2003), Pre-arthroplasty rehabilitation is effective in
reducing hospital stay. Canadian Journal of Occupational Therapy. 70(2): p. 88-96.
Coudeyre, E., Jardin, C., Givron, P., Ribinik, P., Revel, M. and Rannou, F. (2007),
Could preoperative rehabilitation modify postoperative outcomes after total hip and
knee arthroplasty? Elaboration of French clinical practice guidelines. Annales de
Readaptation et de Medecine Physique. 50(3): p. 189-197.
Nuñez, M., Nuñez, E., Segur, J.M. and Macule, F. (2006), The effect of an
educational program to improve health-related quality of life in patients with
osteoarthritis on waiting list for total knee replacement: a randomized study.
Osteoarthritis and Cartilage. 14(3): p. 279-285.
Mancuso, C.A., Graziano, S., Briskie, L.M., Peterson, M.G., Pellicci, P.M., Salvati,
E.A. and Sculco, T.P. (2008), Randomised trials to modify patients' preoperative
expectations of hip and knee arthroplasties. Clinical Orthopaedics and Related
Research. 466(2): p. 424-431.
Shetty, V.D., Nazare, S.P., Shitole, B.R., Jain, S.K. and Kumar, A.V. (2011), Silent
cardiac comorbidity in arthroplasty patients: an unusual suspect? Journal of
Arthroplasty. 26(3): p. 375-378.
Schwarzkopf, R., Katz, G., Walsh, M., Lafferty, P.M. and Slover, J.D. (2011),
Medical Clearance Risk Rating as a Predictor of Perioperative Complications After
Total Hip Arthroplasty. Journal of Arthroplasty. 26(1): p. 36-40.

Page 56/73

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

Meding, J.B., Klay, M., Healy, A., Ritter, M.A., Keating, E.M. and Berend, M.E.
(2007), The pre-screening history and physical in elective total joint arthroplasty.
Journal of Arthroplasty. 22(6: Suppl. 2): p. 21-23.
Fransen, M., and McConnell, S. (2008), Exercise for osteoarthritis of the knee.
Cochrane Database of Systematic Reviews. Issue 4 (Art. No.: CD004376. DOI:
10.1002/14651858.CD004376.pub2).
Fransen, M., Nairn, L., Winstanley, J., Lam, P. and Edmonds, J. (2007), Physical
activity for osteoarthritis management: a randomised controlled clinical trial
evaluating hydrotherapy or Tai Chi classes. Arthritis and Rheumatism. 57(3): p.
407-414.
Bennell, K.L., Hunt, M.A., Wrigley, T.V., Hunter, D.J., McManus, F.J., Hodges,
P.W., Li, L. and Hinman, R.S. (2010), Hip strengthening reduces symptoms but not
knee load in people with medial knee osteoarthritis and varus malalignment: a
randomised controlled trial. Osteoarthritis and Cartilage. 18(5): p. 621-628.
Pisters, M.F., Veenhof, C., Schellevis, F.G., de Bakker, D.H. and Dekker, J. (2010),
Long-term effectiveness of exercise therapy in patients with osteoarthritis of the hip
or knee: a randomized controlled trial comparing two different physical therapy
interventions. Osteoarthritis and Cartilage. 18(8): p. 1019-1026.
Ackerman, I.N., and Bennell, K.L. (2004), Does pre-operative physiotherapy
improve outcomes from lower limb joint replacement surgery? A systematic review.
Australian Journal of Physiotherapy. 50(1): p. 25-30.
Beaupre, L.A., Lier, D., Davies, D.M. and Johnston, D.B. (2004), The effect of a
preoperative exercise and education program on functional recovery, health related
quality of life, and health service utilisation following primary total knee arthroplasty.
Journal of Rheumatology. 31(6): p. 1166-1173.
Williamson, L., Wyatt, M.R., Yein, K., Melton, J.T. and Melton, J.T.K. (2007),
Severe knee osteoarthritis: a randomised controlled trial of acupuncture,
physiotherapy (supervised exercise) and standard management for patients
awaiting knee replacement. Rheumatology. 46(9): p. 1445-1449.
Evgeniadis, G., Beneka, A., Malliou, P., Mavromoustakos, S. and Godolias, G.
(2008), Effects of pre or postoperative therapeutic exercise on the quality of life,
before and after total knee arthroplasty for osteoarthritis. Journal of Back and
Musculoskeletal Rehabilitation. 21: p. 161-169.
Ferrara, P.E., Rabini, A., Maggi, L., Piazzini, D.B., Logroscino, G., Magliocchetti,
G., Amabile, E., Tancredi, G., Aulisa, A.G., Padua, L., Aprile, I. and Bertolini, C.
(2008), Effect of pre-operative physiotherapy in patients with end-stage
osteoarthritis undergoing hip arthroplasty. Clinical Rehabilitation. 22: p. 977-986.
Gill, S.D., McBurney, H. and Schulz, D.L. (2009), Land-based versus pool-based
exercise for people awaiting joint replacement surgery of the hip or knee: results of
a randomised controlled trial. Archives of Physical Medicine and Rehabilitation.
90(3): p. 388-394.
Mitchell, C., Walker, J., Walters, S., Morgan, A.B., Binns, T. and Mathers, N.
(2005), Costs and effectiveness of pre- and post-operative home physiotherapy for
total knee replacement: randomised controlled trial. Journal of Evaluation in Clinical
Practice. 11(3): p. 283-292.
Gocen, Z., Sen, A., Unver, B., Karatosun, V. and Gunal, I. (2004), The effect of
preoperative physiotherapy and education on the outcome of total hip replacement:
a prospective randomised controlled trial. Clinical Rehabilitation. 18(4): p. 353-358.
Topp, R., Swank, A.M., Quesada, P.M., Nyland, J. and Malkani, A. (2009), The
effect of prehabilitation exercise on strength and functioning after total knee
arthroplasty. Physical Medicine and Rehabilitation. 1(8): p. 729-735.
Rooks, D.S., Huang, J., Bierbaum, B.E., Bolus, S.A., Rubano, J., Connolly, C.E.,
Alpert, S., Iversen, M.D. and Katz, J.N. (2006), Effect of preoperative exercise on
measures of functional status in men and women undergoing total hip and knee
arthroplasty. Arthritis and Rheumatism. 55(5): p. 700-708.

Page 57/73

93.

94.
95.

96.

97.

98.

99.
100.

101.
102.

103.

104.

105.

106.

107.

108.

109.

110.

Fotland, S.S., Reikvam, H., Hervig, T. and Seghatchian, J. (2009), Does the
preoperative iron status predict transfusion requirement of orthopedic patients?
Transfusion and Apheresis Science 40(3): p. 213-217.
Andrews, C.M., Lane, D.W. and Bradley, J.G. (1997), Iron pre-load for major joint
replacement. Transfusion Medicine. 7(4): p. 281-286.
Lindstrom, D., Sadr Azodi, O., Wladis, A., Tonnesen, H., Linder, S., Nasell, H.,
Ponzer, S. and Adami, J. (2008), Effects of a perioperative smoking cessation
intervention on postoperative complications: a randomised trial. Annals of Surgery.
248(5): p. 739-745.
Sadr Azodi, O., Lindstrom, D., Adami, J., Tonnesen, H., Nasell, H., Gilljam, H. and
Wladis, A. (2009), The efficacy of a smoking cessation programme inpatients
undergoing elective surgery - a randomised clinical trial. Anaesthesia. 64(3): p.
259-265.
Moller, A.M., Villebro, N., Pedersen, T. and Tonnesen, H. (2002), Effect of
preoperative smoking intervention on postoperative complications: a randomised
clinical trial. Lancet. 359(9301): p. 114-117.
Norris, S.L., Engelgau, M.M. and Narayan, K.M. (2001), Effectiveness of selfmanagement training in type 2 diabetes: a systematic review of randomised
controlled trials. Diabetes Care. 24(3): p. 561-587.
Thomas, D.E., Elliott, E.J. and Naughton, G.A. (2006), Exercise for type 2 diabetes
mellitus. Cochrane Database of Systematic Reviews. 3: p. CD002968.
Nield, L., Moore, H., Cruickshank, K., Vyas, A., Whittaker, V. and Summerbell, C.D.
(2007), Dietary advice for treatment of type 2 diabetes mellitus in adults. Cochrane
Database of Systematic Reviews(Issue 3): p. Art. No.: CD004097.
Fagard, R.H., and Cornelissen, V.A. (2007), Effect of exercise on blood pressure
control in hypertensive patients. Journal of Cardiovascular Risk. 14(1): p. 12-17.
Jolliffe, J.A., Rees, K., Taylor, R.S., Thompson, D., Oldridge, N. and Ebrahim, S.
(2001), Exercise-based rehabilitation for coronary heart disease. Cochrane
Database of Systematic Reviews. Issue 1(Art. No.: CD001800).
Davies, E.J., Moxham, T., Rees, K., Singh, S., Coats, A.J., Ebrahim, S., Lough, F.
and Taylor, R.S. (2010), Exercise based rehabilitation for heart failure. Cochrane
Database of Systematic Reviews. Issue 4(Art no.: CD003331).
Shaw, K.A., Gennat, H.C., O'Rourke, P. and Del Mar, C. (2006), Exercise for
overweight or obesity. Cochrane Database of Systematic Reviews. Issue 4(Art.
No.: CD003817).
Hession, M., Rolland, C., Kulkarni, U., Wise, A. and Broom, J. (2009), Systematic
review of randomised controlled trials of low-carbohydrate vs. low-fat/low-calorie
diets in the managment of obesity and its comorbidities. Obesity Reviews. 10: p.
36-50.
Madden, K.M., Lockhart, C., Cuff, D., Potter, T.F. and Meneilly, G.S. (2009), ShortTerm Aerobic Exercise Reduces Arterial Stiffness in Older Adults With Type 2
Diabetes, Hypertension, and Hypercholesterolemia. Diabetes Care. 32(8): p. 15311535.
Nishijima, H., Satake, K., Igarashi, K., Morita, N., Kanazawa, N. and Okita, K.
(2007), Effects of Exercise in Overweight Japanese with Multiple Cardiovascular
Risk Factors. Medicine and Science in Sports and Exercise. 39(6): p. 926-933.
Banz, W.J., Maher, M.A., Thompson, W.G., Bassett, D.R., Moore, W., Ashraf, M.,
Keefer, D.J. and Zemel, M.B. (2003), Effects of Resistance versus Aerobic Training
on Coronary Artery Disease Risk Factors. Experimental Biology and Medicine.
228(4): p. 434-440.
Villebro, N.M., Pedersen, T., Møller, A.M. and Tønnesen, H. (2008), Long-term
effects of a preoperative smoking cessation programme. The Clinical Respiratory
Journal. 2: p. 175-182.
Moller, A.M., Pedersen, T., Villebro, N. and Norgaard, P. (2003), Impact of lifestyle
on perioperative smoking cessation and postoperative complication rate.
Preventive Medicine. 36(6): p. 704-709.

Page 58/73

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

Thomsen, T., Tonnesen, H. and Moller, A.M. (2009), Effect of preoperative
smoking cessation interventions on postoperative complications and smoking
cessation. British Journal of Surgery. 96: p. 451-461.
Gaston, M.S., Amin, A.K., Clayton, R.A.E. and Brenkel, I.J. (2007), Does a history
of cardiac disease or hypertension increase mortality following primary elective
total hip arthroplasty? Surgeon. 5(5): p. 260-265.
Chan, P.K., Brenkel, I.J. and Aderinto, J. (2005), The outcome of total hip
arthroplasty in diabetes mellitus. British Journal of Diabetes and Vascular Disease
5(3): p. 146-149.
Dowsey, M.M., Liew, D., Stoney, J.D. and Choong, P.F. (2010), The impact of preoperative obesity on weight change and outcome in total knee replacement: A
prospective study of 529 consecutive patients. Journal of Bone and Joint Surgery Series B 92(4): p. 513-520.
Dowsey, M.M., Liew, D., Stoney, J.D. and Choong, P.F.M (2010), The impact of
obesity on weight change and outcomes at 12 months in patients undergoing total
hip arthroplasty. Medical Journal of Australia. 193(1): p. 17-21.
Mortazavi, S.M., Kakli, H., Bican, O., Moussouttas, M., Parvizi, J. and Rothman,
R.H. (2010), Perioperative stroke after total joint arthroplasty: prevalence,
predictors, and outcome. The Journal of Bone and Joint Surgery - American
volume. 92(11): p. 2095-2101.
Jain, N.B., Guller, U., Pietrobon, R., Bond, T.K. and Higgins, L.D. (2005),
Comorbidities increase complication rates in patients having arthroplasty. Clinical
Orthopaedics and Related Research 435: p. 232-238.
Meding, J.B., Reddleman, K., Keating, M.E., Klay, A., Ritter, M.A., Faris, P.M. and
Berend, M.E. (2003), Knee Replacement in Patients with Diabetes Mellitus. Clinical
Orthopaedics and Related Research 416: p. 208-216.
Basilico, F.C., Sweeney, G., Losina, E., Gaydos, J., Skoniecki, D., Wright, E.A. and
Katz, J.N. (2008), Risk factors for cardiovascular complications following total joint
replacement surgery. Arthritis and Rheumatism. 58(7): p. 1915-1920.
Bolognesi, M.P., Marchant Jr, M.H., Viens, N.A., Cook, C., Pietrobon, R. and Vail,
T.P. (2008), The Impact of Diabetes on Perioperative Patient Outcomes After Total
Hip and Total Knee Arthroplasty in the United States. Journal of Arthroplasty.
23(Suppl 6): p. 92-98.
Gandhi, R., Razak, F., Davey, J.R. and Mahomed, N.N. (2010), Metabolic
syndrome and the functional outcomes of hip and knee arthroplasty. Journal of
Rheumatology. 37(9): p. 1917-1922.
Fisher, D.A., Dierckman, B., Watts, M.R. and Davis, K. (2007), "Looks Good But
Feels Bad: Factors That Contribute to Poor Results After Total Knee Arthroplasty".
Journal of Arthroplasty. 22(6 Suppl.): p. 39-42.
Gandhi, R., Petruccelli, D., Devereaux, P.J., Adili, A., Hubmann, M. and de Beer, J.
(2006), Incidence and timing of myocardial infarction after total joint arthroplasty.
Journal of Arthroplasty. 21(6): p. 874-877.
Gandhi, R., Razak, F., Tso, P., Davey, J.R. and Mahomed, N.N. (2009), Metabolic
syndrome and the incidence of symptomatic deep vein thrombosis following total
knee arthroplasty. Journal of Rheumatology. 36(10): p. 2298-2301.
Gill, G.S., Mills, D. and Joshi, A.B. (2003), Mortality following primary total knee
arthroplasty. Journal of Bone and Joint Surgery American Volume. 85A(3): p. 432435.
Jamsen, E., Nevalainen, P., Kalliovalkama, J. and Moilanen, T. (2010),
Preoperative hyperglycemia predicts infected total knee replacement. European
Journal of Internal Medicine. 21(3): p. 196-201.
Malinzak, R.A., Ritter, M.A., Berend, M.E., Meding, J.B., Olberding, E.M. and
Davis, K.E. (2009), Morbidly obese, diabetic, younger, and unilateral joint
arthroplasty patients have elevated total joint arthroplasty infection rates. Journal of
Arthroplasty. 24(6 Suppl): p. 84-88.

Page 59/73

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

Lai, K., Bohm, E.R., Burnell, C. and Hedden, D.R. (2007), Presence of medical
comorbidities in patients with infected primary hip or knee arthroplasties. Journal of
Arthroplasty. 22(5): p. 651-656.
Marchant, M.H., Jr., Viens, N.A., Cook, C., Vail, T.P. and Bolognesi, M.P. (2009),
The impact of glycemic control and diabetes mellitus on perioperative outcomes
after total joint arthroplasty. Journal of Bone and Joint Surgery American Volume.
91(7): p. 1621-1629.
Naylor, J.M., Harmer, A.R. and Heard, R.C. (2008), Severe other joint disease and
obesity independently influence recovery after joint replacement: an observational
study. Australian Journal of Physiotherapy. 54: p. 57-64.
Brander, V., Gondek, S., Martin, E. and Stulberg, S.D. (2007), Pain and depression
influence outcome 5 years after knee replacement surgery. Clinical Orthopaedics
and Related Research. 464: p. 21-26.
Quintana, J.M., Escobar, A., Aguirre, U., Lafuente, I. and Arenaza, J.C. (2009),
Predictors of health-related quality-of-life change after total hip arthroplasty. Clinical
Orthopaedics & Related Research. 467(11): p. 2886-94.
Rolfson, O., Dahlberg, L.E., Nilsson, J-A., Malchau, H. and Garellick, G. (2009),
Variables determining outcome in total hip replacement surgery. Journal of Bone
and Joint Surgery British Volume. 91B(2): p. 157-161.
Santaguida, P.L., Hawker, G.A., Hudak, P.L., Glazier, R., Mahomed, N.N., Kreder,
H.J., Coyte, P.C. and Wright, J.G. (2008), Patient characteristics affecting the
prognosis of total hip and knee joint arthroplasty: a systematic review. Canadian
Journal of Surgery. 51(6): p. 428-436.
Rotter, T., Kinsman, L., James, E.L., Machotta, A., Gothe, H., Willis, J., Snow, P.
and Kugler, J. (2010), Clinical pathways: effects on professional practice, patient
outcomes, length of stay and hospital costs. Cochrane Database of Systematic
Reviews. Issue 3 (Art.No.:CD006632. DOI: 10.1002/14651858.CD006632.pub2.).
Kim, S., Losina, E., Solomon, D.H., Wright, J. and Katz, J.N. (2003), Effectiveness
of clinical pathways for total knee and total hip arthroplasty: literature review.
Journal of Arthroplasty. 18(1): p. 69-74.
Barbieri A, V.K., Van Herck P, Sermeus W, Faggiano F, Marchisio S and Panella M
(2009), Effects of clinical pathways in the joint replacement: a meta-analysis. BMC
Medicine. 7(32).
Van Herck, P., Vanhaecht, K., Deneckere, S., Bellemans, J., Panella, M., Barbieri,
A. and Sermeus, W. (2010), Key interventions and outcomes in joint arthroplasty
clinical pathways: a systematic review. Journal of Evaluation in Clinical Practice.
16(1): p. 39-49.
Dowsey, M.M., Kilgour, M.L., Santamaria, N.M. and Choong, P.F. (1999), Clinical
pathways in hip and knee arthroplasty: a prospective randomised controlled study.
Medical Journal of Australia. 170(2): p. 59-62.
Naylor, J.M., Adie, S., Fransen, M., Dietsch, S. and Harris, I. (2010), Endorsing
single unit transfusion combined with a restrictive haemoglobin transfusion
threshold after knee arthroplasty. Quality and Safety in Health Care. 19(3): p. 239243.
National Blood Authority Australia (2012), Patient Blood Management guidelines:
Module 2 Perioperative,. National Blood Authority, Canberra, available at
http://www.nba.gov.au/guidelines/review.html.
Battaglia, T.C., Mulhall, K.J., Brown, T.E. and Saleh, K.J. (2006), Increased
surgical volume is associated with lower THA dislocation rates. Clinical
Orthopaedics and Related Research. 447: p. 28-33.
Makela, K.T., Hakkinen, U., Petola, M., Linna, M., Kroger, H. and Remes, V.
(2010), The effect of hospital volume on length of stay, readmissions and
complications of total hip arthroplasty: a population based register analysis of 72
hospitals and 30,266 replacements. Acta Orthopaedica. 81(6): p. 20-26.

Page 60/73

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.
159.

Shervin, N., Rubash, H.E. and Katz, J.N. (2007), Orthopaedic procedure volume
and patient outcomes: a systematic literature review. Clinical Orthopaedics and
Related Research. 457: p. 35-41.
Paterson, J.M., Williams, J.I., Kreder, H.J., Mahomed, N.N., Gunraj, N., Wang, X.
and Laupacis, A. (2010), Provider volumes and early outcomes of primary total joint
replacement in Ontario. Canadian Journal of Surgery. 53(3): p. 175-183.
Katz, J.N., Phillips, C.B., Baron, J.A., Fossel, A.H., Mahomed, N.N., Barrett, J.,
Lingard, E.A., Harris, W.H., Poss, R., Lew, R.A., Guadagnoli, E., Wright, E.A. and
Losina, E. (2003), Association of hospital and surgeon volume of total hip
replacement with functional status and satisfaction three years following surgery.
Arthritis and Rheumatism. 48(2): p. 560-568.
Katz, J.N., Mahomed, N.N., Baron, J.A., Barrett, J.A., Fossel, A.H., Creel, A.H.,
Wright, J., Wright, E.A. and Losina, E. (2007), Association of hospital and surgeon
procedure volume with patient-centered outcomes of total knee replacement in a
population-based cohort of patients age 65 years and older. Arthritis and
Rheumatism. 56(2): p. 568-574.
Judge, A., Chard, J., Learmonth, I. and Dieppe, P. (2006), The effects of surgical
volumes and training centre status on outcomes following total joint replacement:
analysis of the Hospital Episode Statistics for England. Journal of Public Health.
28(2): p. 116-124.
Bozic, K.J., Maselli, J., Pekow, P.S., Lindenauer, P.K., Vail, T.P. and Auerbach,
A.D. (2010), The influence of procedure volumes and standardisation of care on
quality and efficiency in total joint replacement surgery. Journal of Bone and Joint
Surgery American Volume. 92(16): p. 2643-2652.
Palan, J., Gulati, A., Andrew, J.G., Murray, D.W. and Beard, D.J. (2009), The
trainer, the trainee and the surgeon’s assistant: clinical outcomes following total hip
replacement. Journal of Bone and Joint Surgery British Volume. 91(7): p. 928-934.
Ohmann, C., Verde, P.E., Blum, K., Fischer, B., de Cruppe, W. and Geraedts, M.
(2010), Two short term outcomes after instituting a national regulation regarding
minimum procedural volumes for total knee replacement. Journal of Bone and Joint
Surgery American Volume. 92: p. 629-638.
Marlow, N.E., Barraclough, B., Collier, N.A., Dickinson, I.C., Fawcett, J., Graham,
J.C. and Maddern, G.J. (2010), Centralisation and the relationship between volume
and outcome in knee arthroplasty procedures. ANZ Journal of Surgery. 80(4): p.
234-241.
National Institute for Clinical Excellence (2000), Guidance on the selection of
prostheses for primary total hip replacement: London, England. Available at
www.nice.org.uk Accessed 25 March 2011.
Jacobs, W.C., Clement, D.J. and Wymenga, A.B. (2005), Retention versus removal
of the posterior cruciate ligament in total knee replacement: a systematic literature
review within the Cochrane framework. Acta Orthopaedica. 76(6): p. 757-768.
Morshed, S., Bozic, K.J., Ries, M.D., Malchau, H. and Colford Jr., J.M. (2007),
Comparison of cemented and uncemented fixation in total hip replacement: a metaanalysis. Acta Orthopaedica. 78(3): p. 315-326.
Li, S., Chen, Y., Su, W., Zhao, J., He, S. and Luo, X. (2011), Systematic review of
patellar resurfacing in total knee arthroplasty. International Orthopaedics. 35(3): p.
305-316.
Van der Bracht, H., Van Maele, G., Verdonk, P., Almqvist, K.F., Verdonk, R. and
Freeman, M. (2010), Is there any superiority in the clinical outcome of mobilebearing knee prosthesis designs compared to fixed-bearing total knee prosthesis
designs in the treatment of osteoarthritis of the knee joint? A review of the
literature. Knee Surgery, Sports Traumatology, Arthroscopy. 18(3): p. 367-374.
Murphy, M., Journeaux, S. and Russell, T. (2009), High-flexion total knee
arthroplasty: a systematic review. International Orthopaedics. 33: p. 887-893.
Gandhi, R., Tsvetkov, D., Davey, J.R. and Mahomed, N.N. (2009), Survival and
clinical function of cemented and uncemented prostheses in total knee

Page 61/73

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

replacement: a meta-analysis. Journal of Bone and Joint Surgery British Volume.
91(7): p. 889-895.
Jacobs, W., Anderson, P.G., van Limbeek, J. and Wymenga, A.A.B. (2001), Mobile
bearing versus fixed bearing prostheses for total knee arthroplasty for postoperative functional status in patients with osteoarthritis and rheumatoid arthritis.
Cochrane Database of Systematic Reviews. Issue 2. (Art. No.: CD003130).
Ni, G.X., Lu, W.W., Chiu, K.Y. and Fong, D.Y.T. (2005), Cemented or uncemented
femoral component in primary total hip replacement? A review from a clinical and
radiological perspective. Journal of Orthopaedic Surgery. 13(1): p. 96-105.
Swan, J.D., Stoney, J.D., Lim, K., Dowsey, M.M. and Choong, P.F. (2010), The
need for patellar resurfacing in total knee arthroplasty: a literature review. ANZ
Journal of Surgery. 80(4): p. 223-233.
Clements, W.J., Miller, L., Whitehouse, S.L. Graves, S.E. Ryan, P. and Crawford,
R.W. (2010), Early outcomes of patella resurfacing in total knee arthroplasty: a
report from the Australian Orthopaedic Association national joint replacement
registry. Acta Orthopaedica. 81(1): p. 108-113.
Lygre, S.H.L., Espehaug, B., Havelin, L.I., Vollset, S.E. and Furnes, O. (2010),
Does patella resurfacing really matter? Pain and function in 972 patients after
primary total knee arthroplasty: an observational study from the Norwegian
Arthroplasty Register. Acta Orthopaedica. 81(1): p. 99-107.
Bhattacharyya, T., and Hooper, D.C. (2007), Antibiotic Dosing Before Primary Hip
and Knee Replacement as a Pay-for-Performance Measure. Journal of Bone and
Joint Surgery American Volume. 89: p. 287-291.
Lewis, K. (1998), Audit of timing of antibiotic prophylaxis in hip and knee
arthroplasty. Journal of the Royal College of Surgeons Edinburgh. 43(5): p. 339340.
Meehan, J., Amir, A.J. and Nguyen, H. (2009), Prophylactic antibiotics in hip and
knee arthroplasty. Journal of Bone and Joint Surgery American Volume. 91: p.
2480-2490.
AlBuhairan, B., Hind, D. and Hutchinson, A. (2008), Antibiotic prophylaxis for
wound infections in total joint arthroplasty: a systematic review. Journal of Bone
and Joint Surgery British Volume. 90B: p. 915-919.
Tyllianakis, M.E., Karageorgos, A.C., Marangos, M.N., Saridis, A.G. and Lambiris,
E.E. (2010), Antibiotic prophylaxis in primary hip and knee arthroplasty: comparison
between cefuroxime and two specific antistaphylococcal agents. Journal of
Arthroplasty. 25(7): p. 1078-1082.
Block, J.E., and Stubbs, H.A. (2005), Reducing the risk of deep wound infection in
primary joint arthroplasty with antibiotic bone cement. Orthopedics. 28(11): p. 13341345.
Mauermann, W.J., Shilling, A.M. and Zuo, Z. (2006), A comparison of neuraxial
block versus general anesthesia for elective total hip replacement: a meta-analysis.
Anaesthesia and Analgesia. 103(4): p. 1018-1025.
Hu, S., Zhang, Z-Y., Hua, Y-Q., Li, J. and Cai, Z-D. (2009), A comparison of
regional and general anaesthesia for total replacement of the hip or knee: a metaanalysis. Journal of Bone and Joint Surgery British Volume. 91B: p. 935-942.
Macfarlane, A.J., Prasad, G.A., Chan, V.W. and Brull, R. (2009), Does regional
anaesthesia improve outcome after total hip arthroplasty? A systematic review.
British Journal of Anaesthesia. 103(3): p. 335-345.
Macfarlane, A.J., Prasad, G.A., Chan, V.W. and Brull, R. (2009), Does regional
anesthesia improve outcome after total knee arthroplasty? Clinical Orthopaedics
and Related Research. 467(9): p. 2379-2402.
Rama, K.R.B.S., Apsingi, S., Poovali, S. and Jetti, A. (2007), Timing of tourniquet
release in knee arthroplasty: Meta-analysis of randomised controlled trials. Journal
of Bone and Joint Surgery - American Volume. 89(4): p. 699-705.

Page 62/73

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.
190.

191.

192.

Bannister, G.C., Auchincloss, J.M., Johnson, D.P. and Newman, J.H. (1988), The
timing of tourniquet application in relation to prophylactic antibiotic administration.
Journal of Bone and Joint Surgery - British Volume. 70(2): p. 322-324.
Lee, A.J.C., Ling, R.S.M. and Vangala, S.S. (1978), Some clinically relevant
variables affecting the mechanical behaviour of bone cement. Archives of
Orthopaedic and Trauma Surgery. 92(1): p. 1-18.
Smith, T.O., and Hing, C.B. (2010), Is a tourniquet beneficial in total knee
replacement surgery? A meta-analysis and systematic review. Knee. 17(2): p. 141147.
Li, B., Wen, Y., Wu, H., Qian, Q., Lin, X. and Zhao, H. (2009), The effect of
tourniquet use on hidden blood loss in total knee arthroplasty. International
Orthopaedics. 33(5): p. 1263-1268.
Zhang, F.J., Xiao, Y., Liu, Y.B., Xu, T. and Gao, Z.G. (2010), Clinical effects of
applying a tourniquet in total knee arthroplasty on blood loss. Chinese Medical
Journal. 123(21): p. 3030-3033.
Hernandez-Castanos, D.M., Ponce, V.V. and Gil, F. (2008), Release of ischaemia
prior to wound closure in total knee arthroplasty: A better method? International
Orthopaedics. 32(5): p. 635-638.
Steffin, B., Green-Riviere, E. and Giori, N.J. (2009), Timing of tourniquet release in
total knee arthroplasty when using a postoperative blood salvage drain. Journal of
Arthroplasty. 24(4): p. 539-542.
Parker, M.J., Livingstone, V., Clifton, R. and McKee, A. (2007), Closed suction
surgical wound drainage after orthopaedic surgery. Cochrane Database of
Systematic Reviews(3): p. CD001825.
Cheung, G., Carmont, M.R., Bing, A.J.F., Kuiper, J.H., Alcock, R.J. and Graham,
N.M. (2010), No drain, autologous transfusion drain or suction drain? A randomised
prospective study in total hip replacement surgery of 168 patients. Acta
Orthopaedica Belgica. 76 (5): p. 619-627.
Omonbude, D., El Masry, M.A., O'Connor, P.J., Grainger, A.J., Allgar, V.L. and
Calder, S.J. (2010), Measurement of joint effusion and haematoma formation by
ultrasound in assessing the effectiveness of drains after total knee replacement: A
prospective randomised study. Journal of Bone and Joint Surgery - Series B. 92
(1): p. 51-55.
Strahovnik, A., Fokter, S.K. and Kotnik, M. (2010), Comparison of drainage
techniques on prolonged serous drainage after total hip arthroplasty. Journal of
Arthroplasty. 25(2): p. 244-8.
Dora, C., von Campe, A., Mengiardi, B., Koch, P. and Vienne, P. (2007), Simplified
wound care and earlier wound recovery without closed suction drainage in elective
total hip arthroplasty. A prospective randomized trial in 100 operations. Archives of
Orthopaedic and Trauma Surgery. 127 (10): p. 919-923.
Michelson, J.D., Lotke, P.A. and Steinberg, M.E. (1988), Urinary-bladder
management after total joint-replacement surgery. New England Journal of
Medicine. 319(6): p. 321-326.
Knight, R.M., and Pellegrini, V.D. (1996), Bladder management after total joint
arthroplasty. Journal of Arthroplasty. 11(8): p. 882-888.
Van Den Brand, I.C.J.B., and Castelein, R.M. (2001), Total joint arthroplasty and
incidence of postoperative bacteriuria with an indwelling catheter or intermittent
catheterisation with one-dose antibiotic prophylaxis: a prospective randomised trial.
Journal of Arthroplasty. 16(7): p. 850-855.
Wald, H.L., Ma, A., Bratzler, D.W. and Kramer, A.M. (2008), Indwelling urinary
catheter use in the postoperative period: analysis of the national surgical infection
prevention project data. Archives of Surgery. 143(6): p. 551-557.
Kumar, P., Mannan, K., Chowdhury, A.M., Kong, K.C. and Pati, J. (2006), Urinary
retention and the role of indwelling catheterisation following total knee arthroplasty.
International Brazilian Journal of Urology. 32(1): p. 31-34.

Page 63/73

193.

194.

195.

196.
197.

198.

199.

200.

201.

202.

203.

204.

205.
206.
207.

208.

209.

Bigsby, E., and Madhusudana, K. (2009), To catheterise or not to catheterise:
study in hip and knee primary arthroplasty. Journal of Perioperative Practice. 19(3):
p. 114-116.
Iorio, R., Whang, W., Healy, W.L., Patch, D.A., Najibi, S. and Appleby, D. (2005),
The utility of bladder catheterisation in total hip arthroplasty. Clinical Orthopaedics
and Related Research. 432: p. 148-152.
Niël-Weise, B.S., and van den Broek, P.J. (2005), Urinary catheter policies for
short-term bladder drainage in adults. Cochrane Database of Systematic Reviews.
Issue 3 (Art. No.: CD004203. DOI: 10.1002/14651858.CD004203.pub2.).
Balderi, T., and Carli, F. (2010), Urinary retention after total hip and knee
arthroplasty. Minerva Anestesiologica. 76(2): p. 120-130.
Fischer, H.B.J., and Simanski, C.J.P. (2005), A procedure-specific systematic
review and consensus recommendations for analgesia after total hip replacement.
Anaesthesia. 60(12): p. 1189-1202.
Fischer, H.B., Simanski, C. J., Sharp, C., Bonnet, F., Camu, F., Neugebauer, E. A.,
Rawal, N., Joshi, G. P., Schug, S. A., Kehlet, H. and the Prospect Working Group
(2008), A procedure-specific systematic review and consensus recommendations
for postoperative analgesia following total knee arthroplasty. Anaesthesia. 63(10):
p. 1105-1123.
Maurer, S.G., Chen, A.L., Hiebert, R., Pereira, G.C. and Di Cesare, P.E. (2007),
Comparison of outcomes of using spinal versus general anesthesia in total hip
arthroplasty. American Journal of Orthopaedics. 36(7): p. E101-106.
Rømsing, J., and Møiniche, S. (2004), A systematic review of COX-2 inhibitors
compared with traditional NSAIDs, or different COX-2 inhibitors for post-operative
pain. Acta Anaesthesiologica Scandinavica. 48(5): p. 525-546.
Andersen, K.V., Pfeiffer-Jensen, M., Haraldsted, V. and Soballe, K. (2007),
Reduced hospital stay and narcotic consumption, and improved mobilisation with
local and intra-articular infiltration after hip arthroplasty: a randomised, clinical trial
of an intra-articular technique versus epidural infusion in 80 patients. Acta
Orthopaedica. 78(2): p. 180-186.
Toftdahl, K., Nikolajsen, L., Haraldsted, V., Madsen, F., Tonnesen, E.K. and
Soballe, K. (2007), Comparison of peri- and intra-articular analgesia with femoral
nerve block after total knee arthroplasty: a randomised clinical trial. Acta
Orthopaedica. 78(2): p. 172-179.
Parvataneni, H.K., Shah, V.P., Howard, H., Cole, N., Ranawat, A.S. and Ranawat,
C.S. (2007), Controlling pain after total hip and knee arthroplasty using a
multimodal protocol with local peri-articular injections: a prospective randomised
study. Journal of Arthroplasty. 22(6 Suppl. 2): p. 33-38.
Kehlet, H., and Andersen, L.Ø. (2011), Local infiltration analgesia in joint
replacement: the evidence and recommendations for clinical practice. Acta
Anaesthesiologica Scandinavica. 55: p. 1399.
Kehlet, H. (2009), Multimodal approach to postoperative recovery. Current
Opinions in Critical Care. 15: p. 355-358.
Haines, S.T. (2003), Venous thromboembolism: pathophysiology and clinical
presentation. American Journal of Health-System Pharmacy. 60(suppl 7): p. S3-S5.
Scottish Intercollegiate Guidelines Network (SIGN) (2010), Prevention and
management of venous thromboembolism: a national clinical guideline, NHS
Quality Improvement Scotland, Editor: Edinburgh, www.sign.ac.uk Accessed 14
June 2011.
Eikelboom, J.W., Karthikeyan, G., Fagel, N. and Hirsh, J. (2009), American
Association of Orthopedic Surgeons and American College of Chest Physicians
guidelines for venous thromboembolism prevention in hip and knee arthroplasty
differ: what are the implications for clinicians and patients? Chest. 135(2): p. 513520.
Salazar, C.A., Malaga, G. and Malasquez, G. (2010), Direct thrombin inhibitors
versus vitamin K antagonists or low molecular weight heparins for prevention of

Page 64/73

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

venous thromboembolism following total hip or knee replacement. Cochrane
Database of Systematic Reviews. Issue 4 (Art. No.: CD005981. DOI:
10.1002/14651858.CD005981.pub2).
Kakkos, S.K., Caprini, J.A., Geroulakos, G., Nicolaides, A.N., Stansby, G., Reddy,
D.J. (2008), Combined intermittent pneumatic leg compression and
pharmacological prophylaxis for prevention of venous thromboembolism in highrisk patients. Cochrane Database of Systematic Reviews. Issue 4 (Art. No.:
CD005258. DOI:10.1002/14651858.CD005258.pub2).
Sachdeva, A., Dalton, M., Amaragiri, S.V. and Lees, T. (2010), Elastic compression
stockings for prevention of deep vein thrombosis. Cochrane Database of
Systematic Reviews. Issue 7 (Art. No.: CD001484. DOI:
10.1002/14651858.CD001484.pub2).
Struijk-Mulder, M.C., Ettema, H.B., Verheyen, C.C. and Buller, H.R. (2010),
Comparing consensus guidelines on thromboprophylaxis in orthopedic surgery.
Journal of Thrombosis and Haemostasis. 8(4): p. 678-683.
Sharrock, N.E., Gonzalez Della Valle, A., Go, G., Lyman, S. and Salvati, E.A.
(2008), Potent anticoagulants are associated with a higher all-cause mortality rate
after hip and knee arthroplasty. Clinical Orthopaedics and Related Research.
466(3): p. 714-721.
Trkulja, V., and Kolundzic, R. (2010), Rivaroxaban vs dabigatran for
thromboprophylaxis after joint-replacement surgery: exploratory indirect
comparison based on meta-analysis of pivotal clinical trials. Croatian Medical
Journal. 51(2): p. 113-123.
National Institute for Health and Clinical Excellence (2009), Rivaroxaban for the
prevention of venous thromboembolism after total hip or knee replacement surgery
in adults: appraisal guidance 170: London, England. Available from
www.nice.org.au. Accessed 29 April 2011.
National Institute for Health and Clinical Excellence (2008), Dabigatran etexilate for
the prevention of venous thromboembolism after hip or knee replacement surgery
in adults: appraisal guidance 157: London, England. Available from
www.nice.org.au. Accessed 15 June 2011.
Eikelboom, J.W., and Weitz, J.I. (2011), New oral anticoagulants for
thromboprophylaxis in patients having hip or knee arthroplasty. BMJ. 342(c7270):
p. 224-229.
Turpie, A.G., Lassen, M.R., Davidson, B.L., Bauer, K.A., Gent, M., Kwong, L.M.,
Cushner, F.D., Lotke, P.A., Berkowitz, S.D., Bandel, T.J., Benson, A., Misselwitz,
F., Fisher, W.D. and Record Investigators (2009), Rivaroxaban versus enoxaparin
for thromboprophylaxis after total knee arthroplasty (RECORD4): a randomised
trial. Lancet. 373(9676): p. 1673-1680.
Lassen, M.R., Ageno, W., Borris, L.C., Lieberman, J.R., Rosencher, N., Bandel,
T.J., Misselwitz, F., Turpie, A.G. and Record Investigators (2008), Rivaroxaban
versus enoxaparin for thromboprophylaxis after total knee arthroplasty. New
England Journal of Medicine. 358(26): p. 2776-2786.
Eriksson, B.I., Borris, L.C., Friedman, R.J., Haas, S., Huisman, M.V., Kakkar, A.K.,
Bandel, T.J., Beckmann, H., Muehlhofer, E., Misselwitz, F., Geerts, W. and Record
Study Group (2008), Rivaroxaban versus enoxaparin for thromboprophylaxis after
hip arthroplasty. New England Journal of Medicine. 358(26): p. 2765-2775.
Kakkar, A.K., Brenner, B., Dahl, O.E., Eriksson, B.I., Mouret, P., Muntz, J., Soglian,
A.G., Pap, Á.F., Misselwitz, F. and Haas, S. (2008), Extended duration rivaroxaban
versus short-term enoxaparin for the prevention of venous thromboembolism after
total hip arthroplasty: a double-blind, randomised controlled trial. The Lancet.
372(9632): p. 31-39.
Huisman, M.V., Quinlan, D.J., Dahl, O.E. and Schulman, S. (2010), Enoxaparin
versus dabigatran or rivaroxaban for thromboprophylaxis after hip or knee
arthroplasty: Results of separate pooled analyses of phase III multicenter

Page 65/73

223.

224.

225.

226.

227.

228.
229.

230.

231.

232.

233.

234.

235.

236.

randomised trials. Circulation Cardiovascular Quality and Outcomes. 3(6): p. 652660.
Re-Mobilise Writing Committee, G., J.S., Davidson, B.L., Comp, P.C., Francis,
C.W., Friedman, R.J., Huo, M.H., Lieberman, J.R., Muntz, J.E., Raskob, G.E.,
Clements, M.L., Hantel, S., Schnee, J.M. and Caprini, J.A. (2009), Oral thrombin
inhibitor dabigatran etexilate vs North American enoxaparin regimen for prevention
of venous thromboembolism after knee arthroplasty surgery. Journal of
Arthroplasty. 24(1): p. 1-9.
Eriksson, B.I., Dahl, O.E., Rosencher, N., Kurth, A.A., van Dijk, C.N., Frostick, S.P.,
Kalebo, P., Christiansen, A.V., Hantel, S., Hettiarachchi, R., Schnee, J., Buller,
H.R. and Re-Model Study Group (2007), Oral dabigatran etexilate versus
subcutaneous enoxaparin for the prevention of venous thromboembolism after total
knee replacement: the RE-MODEL randomised trial. Journal of Thrombosis and
Haemostasis. 5(11): p. 2178-2185.
Eriksson, B.I., Dahl, O.E., Rosencher, N., Kurth, A.A., van Dijk, C.N., Frostick, S.P.,
Prins, M.H., Hettiarachchi, R., Hantel, S., Schnee, J., Buller, H.R. and Re-Novate
Study Group (2007), Dabigatran etexilate versus enoxaparin for prevention of
venous thromboembolism after total hip replacement: a randomised, double-blind,
non-inferiority trial. Lancet. 370(9591): p. 949-956.
Naylor, J., Harmer, A., Fransen, M., Crosbie, J. and Innes, L. (2006), Status of
physiotherapy rehabilitation after total knee replacement in Australia.
Physiotherapy Research International. 11(1): p. 35-47.
Adie, S., Naylor, J. M. and Harris, I. A. (2010), Cryotherapy after total knee
arthroplasty a systematic review and meta-analysis of randomised controlled trials.
Journal of Arthroplasty. 25(5): p. 709-715.
Roos, E.M. (2003), Effectiveness and practice variation of rehabilitation after joint
replacement. Current Opinion in Rheumatology. 15: p. 160-162.
Di Monaco, M., Vallero, F., Tappero, R. and Cavanna, A. (2009), Rehabilitation
after total hip arthroplasty: a systematic review of controlled trials on physical
exercise programs. European Journal of Physical and Rehabilitation Medicine.
45(3): p. 303-317.
Larsen, K., Sorensen, O. G., Hansen, T. B., Thomsen, P. B. & Soballe, K. (2008),
Accelerated perioperative care and rehabilitation intervention for hip and knee
replacement is effective: A randomised clinical trial involving 87 patients with 3
months of follow-up. Acta Orthopaedica. 79(2): p. 149-159.
Khan, F., Ng, L., Gonzalez, S., Hale, T. and Turner-Stokes, L. (2008),
Multidisciplinary rehabilitation programmes following joint replacement at the hip
and knee in chronic arthropathy. Cochrane Database of Systematic Reviews. Issue
2. (Art. No.: CD004957. DOI: 10.1002/14651858.CD004957.pub3).
Larsen, K., Hansen, T.B., Thomsen, P.B., Christiansen, T. and Soballe, K. (2009),
Cost-effectiveness of accelerated perioperative care and rehabilitation after total
hip and knee arthroplasty. Journal of Bone and Joint Surgery American Volume.
91(4): p. 761-772.
Harvey, L.A., Brosseau, L. and Herbert, R.D. (2010. Issue 3. Art. No.: CD004260.
DOI: 10.1002/14651858.CD004260.pub2.), Continuous passive motion following
total knee arthroplasty in people with arthritis. Cochrane Database of Systematic
Reviews.
Sharma, V., Morgan, P.M. and Cheng, E.Y. (2009), Factors influencing early
rehabilitation after THA: a systematic review. Clinical Orthopaedics and Related
Research. 467(6): p. 1400-1411.
Ververeli, P.A., Lebby, E.B., Tyler, C. and Fouad, C. (2009), Evaluation of reducing
postoperative hip precautions in total hip replacement: a randomised prospective
study. Orthopaedics. 32(12): p. 889-893.
Restrepo, C., Mortazavi, S.M., Brothers, J., Parvizi, J. and Rothman, R.H. (2011),
Hip dislocation: are hip precautions necessary in anterior approaches? Clinical
Orthopaedics & Related Research. 469(2): p. 417-22.

Page 66/73

237.

238.

239.

240.

241.

242.

243.

244.

245.

246.

247.

248.

249.

250.

251.

Lubbeke, A., Suva, D., Perneger, T. and Hoffmeyer, P. (2009), Influence of
preoperative patient education on the risk of dislocation after primary total hip
arthroplasty. Arthritis and Rheumatism. 61(4): p. 552-558.
World Health Organisation (2011), World report on disability: WHO, Geneva.
Available at http://whqlibdoc.who.int/publications/2011/9789240685215_eng.pdf
Accessed 2 September 2011.
Westby, M.D., and Backman, C.L. (2010), Patient and health professional views on
rehabilitation practices and outcomes following total hip and knee arthroplasty for
osteoarthritis: a focus group study. BMC Health Services Research. 10: p. 119.
The Medical Advisory Secretariat (2005), Physiotherapy Rehabilitation After Total
Knee or Hip Replacement, in Health Technology Literature Review: Ministry of
Health and Long-Term Care, Ontario.
Tian, W., DeJong, G., Brown, M., Hsieh, C. H., Zamfirov, Z. P. and Horn, S.D.
(2009), Looking Upstream: Factors Shaping the Demand for Postacute Joint
Replacement Rehabilitation. Archives of Physical Medicine and Rehabilitation.
90(8): p. 1260-1268.
NSW Health. Rehabilitation Redesign Project: Final Report - Model of Care. 2011;
Available from:
http://www.archi.net.au/documents/resources/models/rehab_redesign/rehabilitation
-moc.pdf.
Westby, M.D., Carr, S., Kennedy, D., Brander, V., Bell, M., Doyle-Waters, M. M.
and Backman, C. (2009), Post-acute physiotherapy for primary total hip
arthroplasty: A cochrane systematic review. Conference: American College of
Rheumatology/Association of Rheumatology Health Professionals Annual Scientific
Meeting, ACR/ARHP 09 Atlanta, GA United States. Conference Start: 20101106
Conference End: 20101111. Conference Publication: (var.pagings). p. 1135.
Westby, M.D., Kennedy, D., Jones, D. L., Jones, A., Doyle-Waters, M. M. and
Backman, C. L. (2009), Post-acute physiotherapy for primary total knee
arthroplasty: A cochrane systematic review. Conference: American College of
Rheumatology/Association of Rheumatology Health Professionals Annual Scientific
Meeting, ACR/ARHP 09 Atlanta, GA United States. Conference Start: 20101106
Conference End: 20101111. Conference Publication: (var.pagings). p. 1136.
Russell, T.G., Buttrum, P., Wootton, R., Jull, G.A. (2011), Internet-based outpatient
telerehabilitation for patients following total knee arthroplasty: a randomized
controlled trial. Journal of Bone & Joint Surgery - American Volume. 93(2): p. 11320.
Clohisy, J.C., Kamath, G.V., Byrd, G.D., Steger-May, K. and Wright, R.W. (2008),
Patient compliance with clinical follow-up after total joint arthroplasty. Journal of
Bone and Joint Surgery American Volume. 90(9): p. 1848-1854.
Hacking, C., Weinrauch, P., Whitehouse, S.L., Crawford, R.W. and Donnelly, W.J.
(2010), Is there a need for routine follow-up after primary total hip arthroplasty?
ANZ Journal of Surgery. 80(10): p. 737-740.
Bolz, K.M.D., Crawford, R.W., Donnelly, B., Whitehouse, S.L. and Graves, N.
(2010), The cost-effectiveness of routine follow-up after primary total hip
arthroplasty. Journal of Arthroplasty. 25(2): p. 191-196.
Roder, C., Eggli, S., Munger, P., Melloh, M. and Busato, A. (2008), Patient
characteristics differently affect early cup and stem loosening in THA: a casecontrol study on 7,535 patients. International Orthopaedics. 32(1): p. 33-8.
Bremander, A.B., Dunbar, M., Knutson, K., Petersson, I. F., Robertsson, O. (2005),
Revision in previously satisfied knee arthroplasty patients is the result of their call
on the physician, not on pre-planned follow-up: a retrospective study of 181
patients who underwent revision within 2 years. Acta Orthopaedica. 76(6): p. 78590.
Sethuraman, V., McGuigan, J., Hozack, W.J., Sharkey, P.F. and Rothman, R.H.
(2000), Routine follow-up office visits after total joint replacement: do asymptomatic
patients wish to comply? Journal of Arthroplasty. 15(2): p. 183-186.

Page 67/73

252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

Bhatia, M., and Obadare, Z. (2003), An audit of the outpatient follow-up of hip and
knee replacements. Annals of the Royal College of Surgeons of England. 85: p. 3235.
Naylor, J.M., Harmer, A.R., Heard, R.C. and Harris, I.A. (2009), Patterns of
recovery following knee and hip replacement in an Australian cohort. Australian
Health Review. 33(1): p. 124-135.
Kane, R.L., Saleh, K.J., Wilt, T.J. and Bershadsky, B. (2005), The functional
outcomes of total knee arthroplasty. Journal of Bone and Joint Surgery, American
Volume. 87(8): p. 1719-1724.
Nilsdotter, A.K., Toksvig-Larsen, S. and Roos, E.M. (2009), A 5 year prospective
study of patient-relevant outcomes after total knee replacement. Osteoarthritis and
Cartilage. 17(5): p. 601-606.
Judge, A., Cooper, C., Williams, S., Dreinhoefer, K. and Dieppe, P. (2010), Patientreported outcomes one year after primary hip replacement in a European
Collaborative Cohort. Arthritis Care and Research. 62(4): p. 480-488.
Williams, O., Fitzpatrick, R., Hajat, S., Reeves, B.C., Stimpson, A., Morris, R.W.,
Murray, D.W., Rigge, M., Gregg, P.J. and the National Total Hip Replacement
Outcome Study Steering Committee (2002), Mortality, morbidity, and 1-year
outcomes of primary elective total hip arthroplasty. Journal of Arthroplasty. 17(2): p.
165-171.
Bourne, R.B., Davis, A. and Charron, K. (2010), Comparing patient outcomes after
THA and TKA: is there a difference? Clinical Orthopaedics and Related Research.
468: p. 542-546.
Visser, M.M., Bussmann, J.B., Verhaar, J.A.N., Arends, L.R., Furlan, A.D. and
Reijman, M. (2011), Recovery of Physical Functioning after Total Hip Arthroplasty:
Systematic Review and Meta-analysis of the Literature. Physical
Therapy(published ahead of print March 10, 2011 at ptjournal.apta.org.).
Linsell, L., Dawson, J., Zondervan, K., Rose, P., Carr, A., Randall, T. and
Fitzpatrick, R. (2006), Pain and overall health status in older people with hip and
knee replacement: a population perspective. Journal of Public Health. 28(3): p.
267-273.
Foucher, K.C., Hurwitz, D.E. and Wimmer, M.A. (2007), Preoperative gait
adaptations persist one year after surgery in clinically well-functioning total hip
replacement patients. Journal of Biomechanics. 40(15): p. 3432-3437.
Sicard-Rosenbaum, L., Light, K.E., and Behrman, A.L. (2002), Gait, Lower
Extremity Strength, and Self-Assessed Mobility After Hip Arthroplasty. The Journals
of Gerontology Series A: Biological Sciences and Medical Sciences. 57(1): p. M47M51.
Trudelle-Jackson, E., Emerson, R. and Smith, S. (2002), Outcomes of total hip
arthroplasty: a study of patients one year post surgery. Journal of Orthopaedic and
Sports Physical Therapy. 32(6): p. 260-267.
Chang, A., Hayes, K., Dunlop, D., Song, J., Hurwitz, D., Cahue, S. and Sharma, L.
(2005), Hip abduction moment and protection against medial tibiofemoral
osteoarthritis progression. Arthritis and Rheumatism. 52(11): p. 3515-3519.
Boutron, I., Poiraudeau, S., Ravaud, J.F., Baron, G., Revel, M., Nizard, R.,
Dougados, M. and Ravaud, P. (2003), Disability in adults with hip and knee
arthroplasty: a French national community based survey. Annals of the Rheumatic
Diseases. 62(8): p. 748-754.
Dechartres, A., Boutron, I., Nizard, R., Poiraudeau, S., Roy, C., Baron, G., Ravaud,
P. and Ravaud, J-F. (2008), Knee Arthroplasty: Disabilities in Comparison to the
General Population and to Hip Arthroplasty Using a French National Longitudinal
Survey. Public Library of Science. 3(7): p. e2561.
Bachmeier, C.J.M., March, L.M., Cross, M.J., Lapsley, H.M., Tribe, K.L. Courtenay,
B.G. and Brooks, P.M. (2001), A comparison of outcomes in osteoarthritis patients
undergoing total hip and knee replacement surgery. Osteoarthritis and Cartilage.
9(2): p. 137-146.

Page 68/73

268.

269.

Rat, A.-C., Guillemin, F., Osnowycz, G., Delagoutte, J-P, Cuny, C., Mainard, D. and
Baumann, C. (2010), Total hip or knee repplacement for osteoarthritis: mid and
long-term Quality of Life. Arthritis Care and Research. 62(1): p. 54-62.
National Health and Medical Research Council (2009), NHMRC levels of evidence
and grades for recommendations for developers of guidelines: Commonwealth of
Australia, Canberra. Available at
http://www.nhmrc.gov.au/_files_nhmrc/file/guidelines/evidence_statement_form.pdf.

Page 69/73

Appendix 1:
Medline search strings for arthroplasty (1-19) and study type (20-35)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

arthroplasty, replacement, knee/
arthroplasty, replacement, hip/
knee prosthesis/
hip prosthesis/
tkr .tw.
thr.tw.
exp knee/
exp hip/
knee$.tw.
hip$ .tw.
7 or 9
8 or 10
11 or 12
exparthroplasty/
joint prosthesis/
(arthroplast$ or prosthe$ or replac$) .tw.
or/14-16
13 and 17
or/1-6, 18
randomi#ed controlled tria1.pt.
controlled clinical trial.pt.
randomi#ed.ab.
placebo.ab.
clinical trials as topic .sh.
randomly.ab.
trial. ti.
meta analysis/
meta analysis. pt .
(metaanaly$ or meta analys$) .tw.
(systematic$ adj3 (review$ or overview$)) .mp.
exp Guideline/
guidelin$.tw.
or/20-32
exp animals/ not humans.sh.
33 not 34

* Arthroplasty and study type search strings for Embase, CENTRAL and Cochrane
developed by individual working group members in conjunction with support from facility
libraries or research colleagues using the Medline strategy as a guide.
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Appendix 2:
Literature Review Strategy

Databases
Medline, Embase, CENTRAL, Cochrane

Results of
Medline
search

Results of
Embase
search

Results of
Cochrane
search

Results of
CENTRAL
search

Excluded by title and
abstract

Included by title and abstract according to inclusion
criteria

Full text of article requested

Excluded after review of
full text

Included for consideration after review of full text
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Appendix 3:
NHMRC Descriptions of Evidence Levels, Grade of Recommendation
and Body of Evidence Assessment Matrix [269]
(www.nhmrc.gov.au)

Table 1: Descriptions of Evidence Levels
NHMRC
Level of Evidence

Description

I

Evidence obtained from a systematic review of all relevant
randomised controlled trials

II

Evidence obtained from at least one properly-designed randomised
controlled trial

III-1

Evidence obtained from well-designed pseudo-randomised
controlled trials (alternate allocation or some other method)

III-2

III-3

IV

Evidence obtained from comparative studies (including systematic
reviews of such studies) with concurrent controls and allocation not
randomised, cohort studies, case-control studies, or interrupted time
series with a control group
Evidence obtained from comparative studies with historical control,
two or more single arm studies, or interrupted time series without a
parallel control group
Evidence obtained from case series, either post-test or pretest/post-test

Table 2: Grade of Recommendation
NHMRC
Grade of
Recommendation
A
B
C
D

Description
Body of evidence can be trusted to guide practice
Body of evidence can be trusted to guide practice in most situations
Body of evidence provides some support for recommendation(s) but
care should be taken in its application
Body of evidence is weak and recommendation must be applied
with caution
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Table 3: NHMRC Body of Evidence Assessment Matrix
A

B

C

D

Excellent

Good

Satisfactory

Poor

Several Level I or
Level II studies with
low risk of bias

One or two Level II
studies with low risk
of bias or a
systematic review
(SR) / multiple
Level III studies
with low risk of bias

Level III studies
with low risk of bias
or Level II studies
with moderate risk
of bias

Level IV studies or
Level I–III studies
with high risk of
bias

Consistency

All studies
consistent

Most studies
consistent and
inconsistencies
may be explained

Some
inconsistency
reflecting genuine
uncertainty around
the clinical question

Evidence is
inconsistent

Clinical impact

Very large

Substantial

Moderate

Slight or restricted

Generalisability

Population(s)
studied in body of
evidence are the
same as the target
population for the
guideline

Population(s)
studied in the body
of evidence are
similar to the target
population for the
guideline

Population(s)
studied in the body
of evidence
different to the
target population
for the guideline but
it is clinically
sensible to apply
this evidence to the
target population
(e.g. results
obtained in adults
that are clinically
sensible to apply to
children)

Population(s)
studied in the body
of evidence
different to the
target population
for the guideline
and hard to judge
whether it is
sensible to
generalise to the
target population

Applicability

Directly applicable
to Australian health
care context

Applicable to
Australian health
care context with
few caveats

Probably applicable
to Australian health
care context with
some caveats

Not applicable to
Australian health

Component

Volume of
evidence
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