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The patient with a painful arthritic knee awaiting total knee arthroplasty (TKA) requires a 
multidisciplinary approach. Optimal control of acute post-operative pain and the prevention 
of chronic persistent pain remains a challenge. The aim of this paper is to evaluate whether 
stratification of patients can help identify those who are at particular risk for severe acute or 
chronic pain. 

Intense acute post-operative pain, which is itself a risk factor for chronic pain, is more 
common in younger, obese female patients and those suffering from central pain 
sensitisation. Pre-operative pain, in the knee or elsewhere in the body, predisposes to 
central sensitisation. Pain due to osteoarthritis of the knee may also trigger neuropathic 
pain and may be associated with chronic medication like opioids, leading to a state of 
nociceptive sensitisation called ‘opioid-induced hyperalgesia’. Finally, genetic and 
personality related risk factors may also put patients at a higher risk for the development of 
chronic pain. 

Those identified as at risk for chronic pain would benefit from specific peri-operative 
management including reduction in opioid intake pre-operatively, the peri-operative use of 
antihyperalgesic drugs such as ketamine and gabapentinoids, and a close post-operative 
follow-up in a dedicated chronic pain clinic.

Cite this article: Bone Joint J 2015;97-B(10 Suppl A):45–8.

Pain is considered to be chronic when it persists
beyond the normal healing time. Chronic pain
therefore lacks the acute warning function of
physiological nociception. Between 6% and
10% of patients may have moderate to severe
pain that continues for at least three months
post-operatively, and this is defined as chronic
post-surgical pain (CPSP).1 For a mean 30%
(6% to 54%) of chronic pain patients the origin
of CPSP might be neuropathic.2 Neuropathic
pain is usually more severe and affects the qual-
ity of life more adversely. CPSP should be con-
sidered a serious health problem because the
prolonged use of opioids and analgesic adju-
vants (i.e. gabapentinoids) post-operatively,
may result in dependence and addiction.3,4

The number of primary total knee arthro-
plasties (TKAs) being undertaken annually is
increasing worldwide by 6% without a nega-
tive impact from the economic down-turn.4

This increase is because of increased longevity
and increased activity in old age.5 With the
development of less invasive surgical tech-
niques and fast-track programmes, the length
of stay after TKA has been reduced, allowing
an increased turnover of patients.6 Enhanced
recovery programmes might lead to the percep-

tion of TKA as a minor surgical intervention.7

Nevertheless, recent studies have reported that
15% to 20% of patients are not satisfied after
TKA without evident clinical or radiological
reasons.8 Pain is the main cause of dissatisfac-
tion for most of these patients. Better targeting
of the patients at risk with stratification might
help to design better peri-operative preventive
strategies.9,10

Pain may have a psychological component,
related to mood, anxiety and depression, or
the response to stress and somatisation. An
increased amplification of pain is related to
tissue injury, blood pressure, impaired pain
regulatory systems and pro-inflammatory
states.11 All chronic pain was once acute, but
not all acute pain becomes chronic. The transi-
tion is complex and involves pre-, intra- and
post-operative, psychosocial, socio-environ-
mental and patient-related genetic factors. The
aim of this review is to identify risk factors for
severe acute pain and chronic pain after TKA. 

General predictive factors for CPSP
According to the index developed by Althaus et
al,12 five predictors contribute to CPSP: pre-oper-
ative pain in the area which is to be operated
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upon, chronic pre-operative pain elsewhere in the body,
such as in the spine or hip, acute post-operative pain,
capacity overload and comorbid stress symptoms such as
anxiety, rumination, magnification, and helplessness. 

Patients awaiting TKA frequently also report pain else-
where in the body.13 More intense post-operative pain is
seen in association with central sensitisation (CS), younger
age, obesity and female gender, and severe acute pain is a
major risk factor for the development of CPSP.14 The type
of surgery will also affect the severity of acute pain. More
than 50% of patients report severe pain during the first
three post-operative days and this can predispose to
CPSP.15 The risk factors for the development of CPSP
remain controversial. For example, although women con-
sistently report higher acute post-operative pain scores,
regardless of the type of surgery16,17 and female gender is an
independent risk factor for CPSP after TKA according to
retrospective studies,14 this has not been validated in pro-
spective studies.16 Capacity overload or having to deal with
more stress than the subject can cope with in the six months
before surgery is also a risk factor. It can lead to an emo-
tional, mental and physical exhaustion (burn out) owing to
excessive stress over a long period. Excessive stress can lead
to anxiety, panic attacks, depression, alcoholism or other
substances abuse.18 Patients presenting with migraine, irri-
table bowel syndrome and fibromyalgia might have a
genetic predisposition to chronic pain. Furthermore, they
often also suffer from insomnia, exhaustion, dizziness, cat-
astrophisation and depression, all indicators of pre-
operative stress.19 The individual high risk factors for
severe acute post-operative pain and CPSP are discussed
below under various headings.

Stratification of patients according to pre-operative 
CS status
Pre-operative pain in the knee combined with pain else-
where in the body is common among patients with osteo-
arthritis (OA) or rheumatoid arthritis.13 Although the level
of pre-operative pain does not affect the early discharge of
patients included in a fast-track programme,20 it is a risk
factor for CPSP and for a poor long-term outcome. Various
mechanisms ranging from peri-articular and local knee
inflammation (i.e. peripheral sensitisation) to CS, including
a central inflammatory process caused by glial activation,
contribute to the severity of pain in patients with OA.8,10

CS is a non-adaptive processing of nociceptive inputs,
which contributes to the severity of both acute and chronic
pain. It leads to a reduced effectiveness of the endogenous
inhibitory pain systems and/or a stimulation of facilitatory
ones. Quantitative sensory testing (QST), an approach used
to assess the mechanisms underlying CS, has shown signif-
icant facilitation, (e.g. positive temporal summation) and
reduced inhibition in patients with OA of the knee.21,22

QST determines the sensation and pain thresholds for cold
and warm temperatures as well as the threshold for
vibration sensation both by stimulating the skin. These

stimuli activate specific receptors that communicate the
message via peripheral nerve fibres to the central nervous
system. CS contributes to pain in patients with OA of the
knee; this explains the discordance between the intensity of
pain and the severity of the OA on radiographs23 as well as
the discrepancy between a satisfactory post-operative
radiographic appearance and unexplained persistent pain
after TKA.24 Among the available types of QST, dynamic
measures of pain sensitivity (e.g. temporal summation) are
more valid predictors than static measures (e.g. pain thresh-
olds).25 Pre-operative positive temporal summation is asso-
ciated with both higher acute post-operative pain with
movement and CPSP.23 The thresholds of pressure pain, a
QST-test where deep tissue pressure is applied with an
algometer until the patient says his pain threshold is
reached, seems only predictive of severe acute post-
operative TKA pain during mobilisation.26,27

Chronic pain may require a prolonged course of analge-
sic medication, specifically opioids. This may cause a state
of nociceptive sensitisation called ‘opioid-induced hyper-
algesia’. The extensive use of opioid medication pre-
operatively increases the risks of a more painful and pro-
longed recovery.28 Low doses of opioids and the use of
weak opioids such as tramadol may trigger pre-operative
hyperalgesia and enhance acute post-operative pain.29

Patients who take opioids pre-operatively are more likely to
be still using them 12 months after surgery, and they will
report greater pain and will be more dissatisfied after
TKA.30 The pre-operative use of benzodiazepines seems to
be an even stronger predictor of later opioid use than the
presence of pre-operative chronic pain itself.31

Stratification of patients according to the presence 
of a neuropathic pain component
Beyond the local nociceptive pain caused by wear of artic-
ular cartilage and inflammation, there is also some evidence
of a neuropathic component in the pain of OA. Neural
invasion of the articular cartilage has been found in
arthritic knee joints in both human32 and experimental
models.33 The prevalence of neuropathic pain in patients
with OA, after exclusion of other confounding variables
such as Parkinson’s disease, diabetic neuropathy and sciat-
ica is between 29% and 34%.34,35 This pre-operative
neuropathic pain is often associated with CPSP after
TKA.36 A history of previous knee surgery including
arthroscopy, ligament reconstruction and open meniscec-
tomy is also strongly associated with neuropathic pain
before TKA.35 CPSP is therefore also frequently seen after
arthroscopy of the knee.37 TKA on its own may cause
neuropathic pain post-operatively due to local nerve dam-
age, often to the infrapatellar branch of the saphenous
nerve, or because of local inflammation.38,39 Risk factors
associated with the operation include increased duration of
surgery and tourniquet time, revision surgery, TKA versus
unicompartmental arthroplasty and intra-operative nerve
damage.19 The true incidence of neuropathic pain after
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TKA is unknown and probably underestimated. The peak
incidence occurs between six weeks and three months post-
operatively and affects about 11% of patients40,41 and
accounts for 6% of those who develop CPSP.2,42 The
correct diagnosis with the use of validated questionnaires
(DN-4) is mandatory because both pre- and post-operative
neuropathic pain are risk factors for CPSP and are associ-
ated with more severe pain at all times after TKA.40,41

Stratification of patients according to pre-operative 
individual stress factors
Evidence from studies on non-surgical chronic pain sug-
gests that disability reflects both the severity of the pain and
the patient’s ability to cope with pain. Catastrophising is a
negative cognitive and affective response to pain. It is multi-
dimensional, comprising elements of rumination, magnifi-
cation and helplessness.43 Interestingly, catastrophising
remains constant after surgery and is not affected by
changes in the severity of pain. It may reflect depression. A
recent systematic review lacked sufficient evidence to con-
clude which risk factors among psychological processes
including catastrophising, anxiety and depression
contribute to CPSP after TKA.43 Catastrophising might,
however, be a significant predictor of pain felt at night after
TKA, independently of the presence of depression, because
catastrophising is associated with insomnia, which may
contribute to a generalised state of hyperalgesia.44

Patients with OA who have less severe degenerative
changes and moderate pain at the time of surgery, consist-
ently demonstrate poorer outcomes following primary
TKA.45 A recent study showed that chronic non-
orthopaedic conditions such as fibromyalgia, migraine, irri-
table bowel syndrome, chronic low back pain, a head injury
or stroke are more commonly found in patients with a poor
outcome after TKA.45 These conditions are all causes of
stress, leading to a combination of psychological distress
and amplification of pain19 as found in ‘idiopathic pain dis-
orders’.46 These disorders remain poorly understood, but
are characterised by pain associated with abnormalities of
motor function, autonomic balance, neuro-endocrine func-
tion and sleep. 

The patient with a painful arthritic knee requiring TKA
needs a multidisciplinary approach. The peri-operative
course might be divided into pre-, intra- and post-operative
periods. The pre-operative assessment of the risk factors
and stratification of the patients might lead to an individu-
alisation of peri-operative management. Those with pre-
operative neuropathic pain, those who have taken opioid
analgesics for a long time and those with CS might benefit
from specific pre- or peri-operative management with anti-
hyperalgesic drugs such as ketamine and gabapentinoids.
The operation should consist of less invasive surgery, par-
tial replacements where possible and avoiding damage
to the infra-patellar branch of the saphenous nerve. The
patients who develop CPSP need close follow-up in a
dedicated chronic pain clinic. Efficient collaboration

between orthopaedic surgeons, anaesthetists, pain clini-
cians and general practitioners is the key for a successful
outcome after TKA.
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