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Research Paper

Effect of local anaesthetic infiltration on chronic
postsurgical pain after total hip and knee
replacement: the APEX randomised
controlled trials
Vikki Wyldea,*, Erik Lenguerranda, Rachael Gooberman-Hilla, Andrew D. Beswicka, Elsa Marquesb, Sian Nobleb,
Jeremy Horwoodb, Mark Pykec, Paul Diepped, Ashley W. Bloma

Abstract
Total hip replacement (THR) and total knee replacement (TKR) are usually effective at relieving pain; however, 7% to 23% of patients
experience chronic postsurgical pain. These trials aimed to investigate the effect of local anaesthetic wound infiltration on pain
severity at 12 months after primary THR or TKR for osteoarthritis. Between November 2009 and February 2012, 322 patients listed
for THR and 316 listed for TKR were recruited into a single-centre double-blind randomised controlled trial. Participants were
randomly assigned (1:1) to receive local anaesthetic infiltration and standard care or standard care alone. Participants and outcomes
assessors were masked to group allocation. The primary outcome was pain severity on the WOMAC Pain Scale at 12 months after
surgery. Analyses were conducted using intention-to-treat and per-protocol approaches. In the hip trial, patients in the intervention
group had significantly less pain at 12 months postoperative than patients in the standard care group (differences in means: 4.74;
95% confidence interval [CI]: 0.95-8.54; P 5 0.015), although the difference was not clinically significant. Post hoc analysis found
that patients in the intervention groupweremore likely to have none tomoderate pain than severe pain at 12months than those in the
standard care group (odds ratio: 10.19; 95% CI: 2.10-49.55; P 5 0.004). In the knee trial, there was no strong evidence that the
intervention influenced pain severity at 12 months postoperative (difference in means: 3.83; 95% CI:20.83 to 8.49; P5 0.107). In
conclusion, routine use of infiltration could be beneficial in improving long-term pain relief for some patients after THR.

Keywords: Hip, Knee, Arthroplasty, Pain, Randomised controlled trial

1. Introduction

Primary total hip replacement (THR) and primary total knee
replacement (TKR) are 2 of themost commonly performed elective
surgical procedures, with 76,448 THR operations and 76,497 TKR
operations performed in England andWales in 2012.24 Projections
indicate increased demand in the coming decades.30 Joint
replacement is usually performed to relieve pain and improve
function related to osteoarthritis and is effective for the majority of

patients. However, in the postoperative period, up to half of the

patients report moderate or severe pain on the first post-

operative day.36 In the longer-term, between 7% and 23% of

patients with THR and between 10% and 34% of patients with

TKR report an unfavourable pain outcome at 3 months to

5 years after surgery.2

Given the prevalence and impact of chronic pain,13 it is
important to investigate interventions to reduce chronic post-

surgical pain after joint replacement. Evidence from several types

of surgery indicates that severe acute postoperative pain is a risk

factor for chronic postsurgical pain. This has been highlighted in

joint replacement, breast surgery, inguinal hernia repair, and

thoracic surgery.15 Mechanisms for the transition from acute to

chronic postsurgical pain are likely to be multifactorial. It is

probable that the large amount of noxious input induced by

surgery contributes to this transition through hyperexcitability and

sensitisation of neurones within the central nervous system,

which can lead to long-lasting amplification of pain signalling

within the spinal cord.15

In orthopaedic surgery, local anaesthetic infiltration has been
found to be effective at significantly reducing pain severity in the first

48 hours after surgery.19 However, because of a lack of trials with

longer-term follow-up, it is not known whether benefits of local

anaesthetic infiltration extend to reducing chronic postsurgical pain.

Studies on the trajectory of recovery after joint replacement illustrate

that althoughmuchof thepain relief fromsurgery occurs in the first 3

months, improvements in pain continue throughout the first year
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postoperative.5 The aim of these 2 double-blind randomized
controlled trials (RCTs) with allocation concealment was to
determine whether intraoperative local anaesthetic infiltration could
significantly reduce pain at 12 months after THR or TKR.

2. Methods

2.1. Design overview

Two single-centre double-blind RCTs (the Arthroplasty Pain
Experience [APEX] trials) were conducted: one with patients
undergoing THR and the other with patients undergoing TKR.
The design of the 2 trials was similar except for standard
anaesthetic care, and these differences are described in more
detail below. The protocol for these trials has been published
previously.34 The APEX trials were approved by Southampton
and South West Hampshire Research Ethics Committee
(09/H0504/94), and all participants provided informed written
consent. The trials were registered as an International Stand-
ardised Randomized Controlled Trial (96095682) and as a Clinical
Trial of an Investigational Medicinal Product with the Medicine
Healthcare and Regulatory Authority (18524/0215/001-0001)
and EudraCT (2009-013817-93). Both trials were overseen by
a Data Monitoring Committee and Trial Steering Committee, who
regularly reviewed safety data and monitored trial conduct.

2.2. Setting and participants

Eligible patients were listed for a primary unilateral THR or TKR for
osteoarthritis at a UK elective orthopaedic centre. Exclusion
criteria were (1) medical comorbidity that precluded spinal
anaesthesia, regional blocks, or strong analgesics postopera-
tively because inability to tolerate these pain relief strategies may
have influenced the trial results; (2) severe dementia or psychiatric
illness; (3) listing for simultaneous bilateral joint replacement; (4)
previous participation in the trial; (5) inability to understand
English. Patients were recruited at the preoperative assessment
clinic by a research nurse and randomized before surgery by the
trial administrator.

2.3. Randomization

Treatment allocation was conducted remotely through the Bristol
Randomised Trials Collaboration to maintain allocation conceal-
ment. Patients were allocated on a 1:1 ratio to receive the
intervention plus standard care or standard care alone using
minimisation. Baseline joint pain severity and surgical approach
were used as minimisation factors. The trial administrator
informed the operating surgeon and anaesthetist of treatment
allocation on the day of surgery. Participants and trial research
nurses were blinded to treatment allocation.

2.4. Standard care and intervention treatment: total
hip replacement

Standard anaesthetic care consisted of a spinal anaesthetic with 3
mL of 0.5%plain bupivacaine placed at the L3/4 or L4/5 interspace.
Intraoperatively, the patient was awake, sedated, or under light
general anaesthetic depending on patient and anaesthetic factors.
The intervention group received the same anaesthetic regime, plus
an intraoperative local anaesthetic infiltration that consisted of 60mL
of 0.25% bupivacaine with 1 in 200,000 adrenaline. The local
anaesthetic mixture was injected into the joint capsule and short

external rotators (5 mL), fascia (20 mL), fat (15 mL), and
subcutaneous tissue (20 mL) before closure of the wound.

2.5. Standard care and intervention treatment: total
knee replacement

In line with evidence-based guidance from PROSPECT (pro-
cedure specific postoperative pain management), standard
anaesthetic care consisted of a femoral nerve block and a spinal
or general anaesthetic, depending on patient factors.28 The
intervention group received the same anaesthetic regime, plus an
intraoperative local anaesthetic infiltration that consisted of 60mL
of 0.25% bupivacaine with 1 in 200,000 adrenaline. The local
anaesthetic mixture was injected directly into the posterior
capsule (25 mL), medial and lateral capsule (10 mL), fascia and
muscle (10 mL), and subcutaneous tissues (15 mL), before
wound closure. Full details of treatment in both arms are
described in the protocol.34

2.6. Outcomes and follow-up

Baseline data, including sociodemographics, were collected pre-
operatively before randomization, and outcomes were assessed
during the postoperative inpatient stay, and at 3, 6, and 12 months
postoperatively.

2.6.1. Primary outcome

The primary outcomewas the self-completionWesternOntario and
McMaster Universities Osteoarthritis Index (WOMAC) Pain Scale
score at 12monthspostoperative.1 The 5-itemWOMACPain Scale
is a widely used and validated measure of joint pain severity when
performing daily activities. Scores were transformed onto a 0-to-
100 scale, with lower scores indicating more severe pain.

2.6.2. Secondary outcomes

Secondary outcomes were collected during the postoperative
inpatient stay, and at 3, 6, and 12 months postoperative. Pain
severity on admission to and discharge from the recovery ward was
rated on a 4-point Likert-type scale (none to severe). Pain severity for
the remainder of the day of surgery was rated every 4 hours on
a 0-to-10 scale (best to worst). On postoperative days 1 to 3,
patients rated the severity of night pain, pain onmovement, and pain
at rest on a 100-mm visual analogue scale. Satisfaction with pain
relief and occurrence of nausea and vomiting was collected daily
during the in-patient stay. Length of hospital stay and postoperative
analgesia use were extracted frommedical records. At 3, 6, and 12
months postoperative, patients completed the WOMAC Function,
Pain, and Stiffness subscales1 and the Intermittent and Constant
Osteoarthritis Pain (ICOAP) questionnaire.12 The painDETECT
questionnaire,8 a measure of neuropathic pain, was completed at
12 months postoperative. Details of medical and surgical adverse
events were recorded throughout the trial through review of medical
records, patient self-report, and assessment by a research nurse.

2.6.3. Effect modifiers

Measures of possible effect modifiers included: sociodemo-
graphic factors, Functional Comorbidity Index,10 Kellgren and
Lawrence16 osteoarthritis grading scheme, Hospital Anxiety and
Depression Scale,37 Pain Self-Efficacy questionnaire,25 Illness
Perceptions Questionnaire-Revised,22 and Brief COPE.4
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2.7. Sample size

A sample size of 300 patients in each trial provided 90% power
to detect a difference of 0.5 SDs on the WOMAC Pain Scale at
12 months postoperative with a 2-sided 1% significance level,
allowing for a 20% dropout rate. Previous research suggests
SDs of approximately 17 on the WOMAC Pain Scale before
surgery.31 Hence, a difference between the trial arms of 0.5
SDs equates to a difference of approximately 8 to 9 units on the
WOMAC Pain Scale, which represents a minimal perceptible
clinical improvement.7

2.8. Statistical analysis

The hip and knee trials were analysed separately and all analyses
were undertaken in Stata 13.1.

2.8.1. Primary analyses

Following a predefined analysis plan agreedwith the Trial Steering
Committee,34 linear regressions were used to estimate between-
group difference in mean WOMAC Pain scores at 12 months
postoperative, adjusted for preoperative WOMAC Pain scores
and surgical approach. All patients in their originally assigned
groups with available primary outcome data (281 THR patients
and 273 TKR patients) were included in the primary analyses
(intention-to-treat complete cases, ITT-CC).

2.8.2. Sensitivity analyses

Analyses were repeated on all randomized 322 THR patients
and 316 TKR patients using multiple imputation technique by
chained equations under a missing at random framework (20
imputations for the THR trial, 25 imputations for the TKR trial)
stratified by randomization arm to handle missing outcomes32

(intention-to-treat imputed, ITT-imputed). The analyses were
also conducted on a per-protocol basis (266 THR patients and
259 TKR patients) (per-protocol-complete cases, PP). Also as
sensitivity analyses, any potential unbalance in patients’
baseline characteristics was controlled for in the ITT-CC, ITT-
imputed, and PP analyses.

2.8.3. Post hoc analyses

Patient-reported outcome measures such as the WOMAC Pain
score are bounded (0-100), limiting the ability of the question-
naire to detect improvement beyond the bounds of the scoring.
The resulting ceiling or floor effect can generate a nonnormally
distributed score, especially if a substantial proportion of the
sample is affected. This can impact the robustness of the
coefficient SE, confidence intervals, and P values obtained from
a linear regression (through violations of the assumptions of
homoscedasticity and normality). To explore the potential
impact of the ceiling effect on the intervention effect, 2 further
sensitivity analyses were conducted. First, transformations of
WOMAC Pain scores using appropriate functions to obtain
a continuous primary outcome that could be modelled with
a linear regression were investigated. Second, the scores were
modelled as an ordered categorical variable using published
threshold definitions (severe [0-50], moderate [51-75], mild
[76-99], no [100] pain).35 These categories relate to the original
ordinal WOMACPain scale, eg, a patient who reports no pain for
every item will score 100, a patient who reports mild pain on all
the items will score 75 and so forth. A partial proportional-odds

regression was used to model this new outcome.11,33 The
model automatically generates logical and systematic group-
ings of the outcome categories: category 1 vs 2 to 4; 1 to 2 vs 3
to 4; 1 to 3 vs 4. It then performs a series of binary logistic
regressions on those different grouping within a single analytical
framework. In our context, the model explored the probability of
having none, mild, or moderate vs severe pain; the probability of
having no or mild pain vsmoderate or severe pain; and finally the
probability of having no pain vs pain (mild, moderate, severe).
The model produced the odds ratio associated with the
intervention effect for each of the outcome category groupings
adjusted for the preoperative WOMAC Pain scores and surgical
approach.

2.8.4. Secondary analyses

A similar strategy was used to analyse the secondary outcomes
and is described in more detail in Web appendix 1 (available
online as Supplemental Digital Content at http://links.lww.com/
PAIN/A42).

3. Results

3.1. Participants

BetweenNovember 2009 and February 2012, 630 eligible patients
listed for THR and 585 patients listed for TKR were approached to
take part in the trial. For the THR trial, 322 (51%) patients were
recruited and randomized, 163 to the intervention arm and 159 to
the standard care arm (Fig. 1A). For the TKR trial, 316 (54%) were
recruited and randomized, 157 to the intervention arm and 159 to
the standard care arm (Fig. 1B). Primary outcome data were
collected from281 (87%) patientswith THRand273 (86%) patients
with TKR. Baseline demographic and clinical characteristics were
generally well balanced between the arms in both trials (Tables 1
and 2). In the THR trial, some differences between trial arms in
gender, living arrangement, and comorbidities were observed. In
the TKR trial, slight imbalances between arms in working status,
comorbidities, anxiety, and depression were observed.

3.2. Total hip replacement

3.2.1. Primary analysis

Themajority of patients in both trial arms had excellent pain relief
at 12months after surgery, with amedianWOMACPain score in
the intervention arm of 100 (interquartile range [IQR]: 10) and in
the standard care arm of 95 (IQR: 20; Web Appendix 2, available
online as Supplemental Digital Content at http://links.lww.com/
PAIN/A42). The primary analysis (ITT-CC) showed that patients
in the intervention group had a higher (better) mean pain score at
12 months postoperative compared with patients in the
standard care group (between-group difference in mean:
4.74; 95% confidence interval [CI]: 0.95-8.54; P 5 0.015;
Table 3 and Fig. 2).

3.2.2. Sensitivity analyses

The effect of the intervention was stronger in the ITT-imputed
analysis (difference in means: 5.35; 95% CI: 1.33-9.34;
P 5 0.009; Table 3 and Fig. 2) but weaker in the PP analysis
(P5 0.051; Table 3 and Fig. 2). The between-group difference
in mean WOMAC Pain scores remained after further
adjustments for baseline imbalances between groups (ITT-
CC: P 5 0.022; ITT-imputed: P 5 0.028; Fig. 2 and Web
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appendix 2, available online as Supplemental Digital Content at
http://links.lww.com/PAIN/A42), although the differences was

less apparent in the adjusted PP analyses (Fig. 2 Web

appendix 2, available online as Supplemental Digital Content

at http://links.lww.com/PAIN/A42).

3.2.3. Post hoc analysis of the primary outcome

An important ceiling effect was observed, with approximately 41%
of the THR trial participants reporting no pain at 12 months after
surgery. As a result, several key assumptions underlying the use of
linear regression (homoscedasticity and normality), the a priori

A

Figure 1. Recruitment, randomization, and follow-up of total hip replacement patients (A) and total knee replacement patients (B).
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primary analysis, were strongly violated and remained so with
different continuous transformations of the WOMAC Pain scores.

The modelling of the categorical version of the WOMAC Pain
scores with partial proportional-odds regressions confirmed an

effect of the intervention. Patients in the intervention group were
more likely to have no, mild, or moderate pain than severe pain at
12 months postoperative than those in the standard care group
(odds ratio: 10.19; 95% CI: 2.10-49.55; P 5 0.004; Table 4).

B

Figure 1. Continued
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However, the likelihood of having no or mild pain rather than
moderate or severe pain and the likelihood of having no pain
rather than any level of pain was not different between the 2
groups. Therefore, the intervention only affected the likelihood of

having severe pain. These findings remained after further
adjustments for imbalances between groups (Web appendix
2, available online as Supplemental Digital Content at http://
links.lww.com/PAIN/A42).

Table 1

Baseline characteristics of participants by trial arm for the total hip replacement and total knee replacement trial.

Hip Knee

Intervention (n 5 163) Standard care (n 5 159) Intervention (n 5 157) Standard care (n 5 159)

Age 66.0 (11.4) 66.4 (10.2) 69.5 (9.4) 68.7 (7.9)

Body mass index 28.9 (5.6) 29.4 (5.4) 32.4 (6.5) 32.8 (6.5)

Self-efficacy* 35.6 (13.7) 34.2 (13.3) 36.0 (13.4) 37.3 (12.0)

WOMAC Pain† 43.4 (19.0) 41.5 (17.9) 42.5 (17.3) 42.4 (16.1)

WOMAC Function† 43.7 (20.2) 41.2 (17.2) 46.1 (17.7) 46.0 (17.9)

WOMAC Stiffness† 47.4 (24.9) 42.6 (20.7) 41.9 (21.0) 41.1 (19.4)

Data shown as mean (SD).

* Pain Self-Efficacy questionnaire; scores range from 0 to 60 (worst to best).

† Scores range from 0 to 100 (worst to best).

Table 2

Baseline characteristics of participants by trial arm for the total hip replacement and total knee replacement trial.

Hip Knee

Intervention (n 5 163) Standard care (n 5 159) Intervention (n 5 157) Standard care (n 5 159)

Female sex 86 (53) 103 (65) 81 (52) 86 (54)

Living arrangement

Live with someone 110 (68) 123 (77) 112 (71) 103 (65)

Live alone 43 (26) 32 (20) 41 (26) 44 (28)

Missing 10 (6) 4 (3) 4 (3) 12 (7)

Working status

Paid employment or voluntary work 47 (29) 52 (33) 41 (26) 27 (17)

Retired 104 (64) 104 (65) 111 (71) 117 (74)

Missing 12 (7) 3 (2) 5 (3) 15 (9)

Education

Compulsory age or before 98 (60) 108 (68) 115 (73) 109 (69)

College 34 (21) 30 (19) 26 (17) 25 (16)

University 20 (12) 17 (11) 9 (6) 10 (6)

Missing 11 (7) 4 (2) 7 (4) 15 (9)

Comorbidities*

0 3 (2) 3 (2) 4 (3) 1 (1)

1-3 127 (78) 122 (77) 108 (69) 104 (66)

4 or more 21 (13) 28 (18) 38 (24) 43 (27)

Missing 12 (7) 6 (4) 7 (5) 11 (7)

Anxiety†

Definite 26 (16) 31 (19) 33 (21) 18 (11)

Potential 26 (16) 23 (15) 24 (15) 32 (20)

None 100 (61) 100 (63) 93 (59) 99 (62)

Missing 11 (7) 5 (3) 7 (5) 10 (6)

Depression†

Definite 20 (12) 25 (16) 30 (19) 16 (10)

Potential 25 (15) 28 (18) 29 (19) 30 (19)

None 106 (65) 101 (63) 91 (58) 104 (65)

Missing 12 (7) 5 (3) 7 (4) 9 (6)

Surgical approach

Posterior 151 (93) 147 (92)

Lateral 12 (7) 12 (8)

Medial parapatellar 122 (78) 125 (79)

Subvastus 35 (22) 34 (21)

Kellgren and Lawrence grade‡

,3 4 (3) 8 (4) 1 (1) 3 (2)

$3 136 (83) 128 (81) 133 (84) 133 (84)

Noninterpretable 12 (7) 12 (8) 1 (1) 5 (3)

Missing 11 (7) 11 (7) 22 (14) 17 (11)

Data shown as n (%).

* Functional Comorbidity Index.

† Hospital Anxiety and Depression Scale. Scores of 0 to 7 5 no anxiety or depression, 8 to 10 5 potential anxiety or depression, .10 5 definite anxiety or depression.

‡ Grades range from 0 to 4 (normal joint to severe osteoarthritis).
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3.2.4. Secondary outcomes

Therewas nostrong evidence of an effect of the intervention on any
of the secondary outcomes (Web appendix 3, available online as
Supplemental Digital Content at http://links.lww.com/PAIN/A42),
with the exception of neuropathic pain assessed by the
painDETECT questionnaire. At 12 months postoperative, patients
in the intervention arm reported significantly less neuropathic pain
than patients in the standard care arm (ITT-CC relative risk: 0.17;
95% CI: 0.04-0.76; P 5 0.021; Web Appendix 3, available online
as Supplemental Digital Content at http://links.lww.com/PAIN/
A42, Table 12a). These findingswere similar in the ITT-imputed and
PP analyses, and after further adjustments for baseline imbalances
between groups.

3.2.5. Safety data

Postsurgical superficial and deep wound infection rates
were similar in the intervention group and standard care group

(1.8% vs 1.9%; P5 1.000). There were no differences in rates of
serious adverse events between groups (Web appendix 4,
available online as Supplemental Digital Content at http://links.
lww.com/PAIN/A42).

3.3. Total knee replacement

3.3.1. Primary analyses

Themajority of patients in both trial arms had goodpain relief at 12
months after surgery, with a median WOMAC Pain score in the
intervention group of 90 (IQR: 30) and in the standard care group
of 85 (IQR: 35;Web appendix 2, available online as Supplemental
Digital Content at http://links.lww.com/PAIN/A42). The primary
analysis revealed that therewasno strongevidence of a difference
in mean pain severity at 12 months after surgery between the
intervention and standard care groups (ITT-CC between-group
mean difference: 3.83; 95% CI: 20.83 to 8.49; P 5 0.107;
Table 3 and Fig. 2).

Table 3

Primary analysis of WOMAC Pain scores at 12 months after total hip replacement and total knee replacement.

Hip Knee

Coefficient 95% CI P Coefficient 95% CI P

ITT-CC*† 4.74 0.95 to 8.54 0.015 3.83 20.83 to 8.49 0.107

ITT-imputed‡§ 5.35 1.33 to 9.34 0.009 3.33 21.21 to 7.88 0.150

PP‖{ 3.81 20.02 to 7.63 0.051 4.21 20.66 to 9.09 0.090

Linear regression adjusted for preoperative pain score and surgical approach.

* n 5 281.

† n 5 273.

‡ n 5 322.

§ n 5 316.

‖ n 5 266.

{ n 5 259.

CI, confidence interval; ITT-CC, intention-to-treat complete cases analysis; ITT-imputed, intention-to-treat with imputed information analysis; PP, per-protocol analysis.

Figure 2. Mean difference and 95% confidence interval in WOMAC Pain score on a 0-to-100 scale for the effect of local anaesthetic wound infiltration in those
randomized to treatment vs standard care. Three analytic models were used: (1) intention to treat with complete case (ITT-CC), (2) intention to treat with missing
follow-up data imputed (ITT-imputed), and (3) a per-protocol approach (PP). The primary analysis (Primary) (solid lines) was adjusted for preoperative pain score
and surgical approach, and further analyses (Adjusted) (dashed lines) were additionally adjusted for minor imbalances in baseline characteristics. P values are
presented for analyses reaching nominal significance P , 0.05.
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3.3.2. Sensitivity analyses

This absence of an intervention effect was consistently observed
throughout the different approaches (Table 3 and Fig. 2) and in the
adjusted analysis (Fig. 2 and Web appendix 2, available online as
Supplemental Digital Content at http://links.lww.com/PAIN/A42).

3.3.3. Post hoc analysis of the primary outcome

Similar to the THR trial, 26% of patients in the TKR trial reported no
pain at 12 months after surgery. The assumptions of the linear
regression were violated and no suitable continuous transforma-
tion of the primary outcome was found. The partial proportional-
odds model also revealed no difference in pain severity between
the 2 groups with the exception of the PP analysis, in which there
was some evidence that the odds of having no or mild pain rather
than moderate or severe pain was higher for those in the
intervention group than the standard care group (Table 4).
Therefore, there was some weak evidence that patients who
actually received the intervention were more likely to report no or
mild pain than a higher level of pain. Similar results were found in
the adjusted analysis (Web appendix 2, available online as
Supplemental Digital Content at http://links.lww.com/PAIN/A42).

3.3.4. Secondary outcomes

There was no strong evidence of an effect of the interven-
tion on any of the secondary outcomes (Web appendix 3,

available online as Supplemental Digital Content at http://links.
lww.com/PAIN/A42).

3.3.5. Safety data

Postsurgical superficial and deep wound infection rates were
similar in the intervention group and standard care group (3.2%
vs 1.9%; P 5 0.500). There were no differences in rates of
serious adverse events between groups (Web appendix 4,
available online as Supplemental Digital Content at http://links.
lww.com/PAIN/A42).

4. Discussion

This article reports the findings of the first large double-blind RCTs
with allocation concealment designed to investigate the effec-
tiveness of local anaesthetic infiltration at reducing chronic pain at
12 months after THR and TKR. These trials found some evidence
that local anaesthetic wound infiltration can reduce pain severity
at 12 months after THR, although the evidence was less clear for
TKR. In the a priori analysis of the primary outcome, we found a 4
to 5 point difference in the mean WOMAC Pain score between
patients in the intervention and standard care group of the THR
trial and a 3- to 4-point difference in the TKR trial. The minimally
clinically important difference on the 100-point WOMAC Pain
scale is 8 to 9 points.7 Therefore, it could be argued that there is
little evidence to support the use of infiltration for long-term pain
relief, because although the results were statistically significant in
the THR trial, the benefit will not be clinically meaningful.
However, it is important to interpret these results in the context
of outcomes after joint replacement. The majority of patients
report little or no pain after joint replacement.2 Therefore, this
intervention can only improve the outcome of the patients who
would otherwise experience an unfavourable long-term pain
outcome, which the literature suggests is approximately 10% of
patients with THR and 20% of patients with TKR.2 Our post hoc
analysis of the WOMAC Pain score highlighted the potential of
local wound infiltration to reduce the number of patients with
severe pain after THR.

The findings from these trials suggest that local anaesthetic
infiltration could be beneficial in reducing long-term pain severity
after THR for some patients. We also found evidence that the
intervention reduces neuropathic pain at 12 months after THR,
indicating that infiltration could benefit those patients who may
otherwise experience the most severe long-term and/or
neuropathic pain after THR, both of which can be difficult to
treat once established.26 We found no difference in adverse
events between trial arms. Our trials are phase IV pragmatic
studies of effectiveness, and we were not powered for the
analysis of adverse events; however, previous evidence in local
anaesthetic infiltration indicates no concerns in safety pro-
file.3,6,17,18,20,21,23,27 Administering local anaesthetic infiltration
in THR is not an expensive procedure, has no safety concerns,
and has the potential to benefit a minority of patients with the
poorest long-term pain outcomes.

The lack of an effect of the intervention on chronic pain after
TKR could be due to the use of femoral nerve blockwithin the trial.
Femoral nerve block is a well-established method of providing
analgesia after TKR and in our centre is included in themultimodal
anaesthesia regimen provided as part of standard care.
Consistent with our findings, 2 small RCTs with short-term
follow-up showed limited additional pain relief for local anaes-
thetic infiltration when used in conjunction with a femoral nerve
block.17,18 Although they are effective in the management of

Table 4

Post hoc analysis of WOMAC Pain scores at 12 months after

total hip replacement and total knee replacement.

Odds ratio 95% CI P

HIP

[Moderate-mild-none] vs ref5[severe]

ITT-CC* 10.19 2.10-49.55 0.004

ITT-imputed† 6.81 1.81-25.68 0.005

PP‡ 8.93 1.83-43.62 0.007

[Mild-none] vs ref5[severe-moderate]

ITT-CC* 1.72 0.90-3.30 0.100

ITT-imputed† 1.76 0.95-3.26 0.073

PP‡ 1.56 0.81-3.02 0.186

[None] vs ref5[severe-moderate-mild]

ITT-CC* 1.40 0.89-2.25 0.168

ITT-imputed† 1.42 0.90-2.26 0.136

PP‡ 1.31 0.80-2.14 0.277

Knee

[Moderate-mild-none] vs ref5[severe]

ITT-CC§ 1.28 0.60-2.72 0.515

ITT-imputed‖ 1.28 0.63-2.61 0.497

PP{ 1.28 0.60-2.72 0.515

[Mild-none] vs ref5[severe-moderate]

ITT-CC§ 1.61 0.96-2.71 0.071

ITT-imputed‖ 1.48 0.89-2.48 0.131

PP{ 1.75 1.03-2.97 0.039

[None] vs ref5[severe-moderate-mild]

ITT-CC§ 1.41 0.82-2.43 0.216

ITT-imputed‖ 1.39 0.82-2.35 0.227

PP{ 1.48 0.85-2.59 0.168

Partial proportional-odds model adjusted for preoperative pain score and surgical approach.

* n 5 281.

† n 5 322.

‡ n 5 266.

§ n 5 273.

‖ n 5 316.

{ n 5 259.

ITT-CC, intention-to-treat complete cases analysis; ITT-imputed, intention-to-treat with imputed information

analysis; PP, per-protocol analysis.
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acute postsurgical pain, femoral nerve blocks are associated with
a temporary decrease in quadriceps function that may limit early
mobilization, and an increased risk of falls.29 Future research
should evaluate the long-term effectiveness of local anaesthetic
infiltration vs femoral nerve blocks after TKR surgery.

Strengths of these trials include the long-term postoperative
follow-up, use of robust and validated outcome measures, good
rates of data collection for the primary outcomemeasure, and use
of an independent allocation system and blinding to minimise
bias. The sample is representative of the population undergoing
THR and TKR, with a similar disease profile, gender mix and age
range as reported by the National Joint Registry of England and
Wales24 and other national registries,9 and thus we believe the
results to be generalisable. However, it is also important to
acknowledge the limitations of these trials when interpreting the
results. A large number of patients in both trials reported no pain
on the WOMAC Pain Scale at 12 months postoperative; the
resulting skewness of the data violated the assumptions of our
a priori linear regression, and therefore we conducted post hoc
analysis of the primary outcome using a categorical version of the
WOMACPain scores. In this analysis, the number of patients with
severe chronic pain was small, and the wide 95% confidence
intervals for the odds ratios highlight that the results should be
interpreted with caution. It is also important to acknowledge that
the trials were not powered for the analyses of the primary
outcome as categorical variables or to detect differences in the
treatment effect for the secondary outcomes.

For many patients, THR and TKR is an effective treatment for
painful osteoarthritis, and additional interventions to improve
pain relief are not required. However, a sizeable proportion of
people report chronic postsurgical pain.2 Preoperative identifi-
cation of patients at high risk of a poor outcome has proved
challenging,14 and until better predictive models can be
developed, it is unfeasible to target interventions at high-risk
patients. Easily implementable and cost-effective interventions
that can be administered to all patients undergoing joint
replacement are needed to reduce the number of patients with
chronic pain after surgery. Findings of our trials suggest that
local anaesthetic infiltration is beneficial for decreasing long-
term pain in patients with THR, although further research is
required to determine whether the intervention is also beneficial
for patients undergoing TKR. Given that approximately 80,000
THR operations are performed annually in England and Wales24

and 7% to 23% of patients are likely to develop severe chronic
postsurgical pain,2 our findings suggest that routine use of local
anaesthetic infiltration has the potential to improve pain
outcomes for between 4600 and 15,300 patients every year.
A full economic evaluation of the cost-effectiveness of this
intervention within the APEX trials will be reported in a future
publication.

In conclusion, these trials provide evidence that local
anaesthetic infiltration reduces chronic pain at 1 year after THR,
suggesting that the routine use of infiltration could improve long-
term pain relief.

Conflict of interest statement

The authors have no conflicts of interest to declare.
This article presents independent research funded by the

National Institute for Health Research (NIHR) in England under
its Programme Grants for Applied Research programme
(RP-PG-0407-10070). The views expressed in this article
are those of the authors and not necessarily those of the NHS,
the NIHR, or the Department of Health. The research team

acknowledges the support of the NIHR, through the Compre-
hensive Clinical Research Network.

Acknowledgements

The authors thank all the patients and staff at the Avon
Orthopaedic Centre who were involved in the APEX trials.
Particularly, they thank the following consultant orthopaedic
surgeon and anaesthetists: Gordon Bannister, John Church,
Steve Eastaugh-Waring, Alan Gibson, William Harries, Paul
Harvie, Katherine Jenkins, Michael Kelly, Nick Koehli, John Leigh,
Sanchit Mehendale, Ronelle Mouton, Andrew Porteous, and
Jason Webb. They also thank the following people who were
involved in data collection: Debbie Delgado, Louise Hawkins,
Cindy Mann, Leigh Morrison, Dave Rea, Jenny Tyler, and Connie
Jamera; Tim Peters, Jon Tobias, and Laura Miller for commenting
on the draft manuscript; Koye Odutola for grading the pre-
operative radiographs; Adrian Sayers for advice on the statistical
analysis; and members of the Trial Steering Committee and Data
Monitoring Committee for their valuable support and advice
during these trials. V. Wylde and E. Lenguerrand contributed
equally to this work. V. Wylde, R. Gooberman-Hill, A. D. Beswick,
E.Marques, S. Noble, J. Horwood,M. Pyke, P. Dieppe, and A.W.
Blom were involved in the design, management, and delivery of
the trial. E. Lenguerrand was involved in data management and
performed the statistical analyses. V. Wylde, E. Lenguerrand,
E. Marques, and A.W. Blom drafted the manuscript, and all
authors revised it critically for important intellectual content.

Appendix A. Supplemental Digital Content

Supplemental Digital Content associated with this article can be
found online at http://links.lww.com/PAIN/A42.

Article history:
Received 25 November 2014
Received in revised form 21 January 2015
Accepted 23 January 2015
Available online 5 February 2015

References

[1] Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW.
Validation study of WOMAC: a health status instrument for measuring
clinically important patient relevant outcomes to antirheumatic drug
therapy in patients with osteoarthritis of the hip or knee. J Rheumatol
1988;15:1833–40.

[2] Beswick AD, Wylde V, Gooberman-Hill R, Blom A, Dieppe P. What
proportion of patients report long-term pain after total hip or knee
replacement for osteoarthritis? A systematic review of prospective studies
in unselected patients. BMJ Open 2012;2:e000435.

[3] Busch CA, Whitehouse MR, Shore BJ, MacDonald SJ, McCalden RW,
Bourne RB. The efficacy of periarticular multimodal drug infiltration in total
hip arthroplasty. Clin Orthop Relat Res 2010;468:2152–9.

[4] Carver CS. You want to measure coping but your protocol’s too long:
consider the brief COPE. Int J Behav Med 1997;4:92–100.

[5] Davis AM, Perruccio AV, Ibrahim S, Hogg-Johnson S, Wong R, Streiner DL,
Beaton DE, Cote P, Gignac MA, Flannery J, Schemitsch E, Mahomed NN,
Badley EM. The trajectory of recovery and the inter-relationships of
symptoms, activity and participation in the first year following total hip and
knee replacement. Osteoarthritis Cartilage 2011;19:1413–21.

[6] Dobie I, Bennett D, Spence DJ, Murray JM, Beverland DE. Periarticular
local anesthesia does not improve pain or mobility after THA. Clin Orthop
Relat Res 2012;470:1958–65.

[7] EhrichEW,DaviesGM,WatsonDJ,BologneseJA,SeidenbergBC,BellamyN.
Minimal perceptible clinical improvement with the Western Ontario and
McMaster Universities osteoarthritis index questionnaire and global
assessments in patients with osteoarthritis. J Rheumatol 2000;27:2635–41.

June 2015·Volume 156·Number 6 www.painjournalonline.com 1169

  Copyright � 2015 by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.



[8] Freynhagen R, Baron R, Gockel U, Tolle TR. painDETECT: a new
screening questionnaire to identify neuropathic components in patients
with back pain. Curr Med Res Opin 2006;22:1911–20.

[9] Garellick G, Karrholm J, Rogmark C, Rolfson O, Herberts P. Swedish hip
arthroplasty register annual report, 2011. Gothenburg, Sweden: Swedish
Hip Arthroplasty Register, 2012, ISBN 978-91-980507-1-4.

[10] Groll DL, To T, Bombardier C, Wright JG. The development of
a comorbidity index with physical function as the outcome. J Clin
Epidemiol 2005;58:595–602.

[11] Hardin J, Hilbe J. Generalized linear models and extensions: college.
Station, TX: Stata Press, 2007.

[12] Hawker GA, Davis AM, French MR, Cibere J, Jordan JM, March L,
Suarez-Almazor M, Katz JN, Dieppe P. Development and preliminary
psychometric testing of a new OA pain measure–an OARSI/OMERACT
initiative. Osteoarthritis Cartilage 2008;16:409–14.

[13] Jeffery AE,Wylde V, BlomAW, Horwood JP. “It’s there and I’m stuck with
it”: patients’ experiences of chronic pain following total knee replacement
surgery. Arthritis Care Res (Hoboken) 2011;63:286–92.

[14] Judge A, Arden NK, Cooper C, Kassim Javaid M, Carr AJ, Field RE,
Dieppe PA. Predictors of outcomes of total knee replacement surgery.
Rheumatology (Oxford) 2012;51:1804–13.

[15] Kehlet H, Jensen TS, Woolf CJ. Persistent postsurgical pain: risk factors
and prevention. Lancet 2006;367:1618–25.

[16] Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis.
Ann Rheum Dis 1957;16:494–502.

[17] Koh IJ, Kang YG, Chang CB, Do SH, Seong SC, Kim TK. Does periarticular
injection have additional pain relieving effects during contemporary
multimodal pain control protocols for TKA?: a randomised, controlled
study. Knee 2012;19:253–9.

[18] Krenzel BA, Cook C, Martin GN, Vail TP, Attarian DE, Bolognesi MP.
Posterior capsular injections of ropivacaine during total knee arthroplasty:
a randomized, double-blind, placebo-controlled study. J Arthroplasty
2009;24(6 suppl):138–43.

[19] Liu SS, Richman JM, Thirlby RC, Wu CL. Efficacy of continuous wound
catheters delivering local anesthetic for postoperative analgesia:
a quantitative and qualitative systematic review of randomized
controlled trials. J Am Coll Surg 2006;203:914–32.

[20] Liu W, Cong R, Li X, Wu Y, Wu H. Reduced opioid consumption and
improved early rehabilitation with local and intraarticular cocktail
analgesic injection in total hip arthroplasty: a randomized controlled
clinical trial. Pain Med 2011;12:387–93.

[21] Lunn TH, Husted H, Solgaard S, Kristensen BB, Otte KS, Kjersgaard AG,
Gaarn-Larsen L, Kehlet H. Intraoperative local infiltration analgesia for
early analgesia after total hip arthroplasty: a randomized, double-blind,
placebo-controlled trial. Reg Anesth Pain Med 2011;36:424–9.

[22] Moss-Morris R. The revised illness perception questionnaire (IPQ-R).
Psychol Health 2002;17:1–16.

[23] Murphy TP, Byrne DP, Curtin P, Baker JF, Mulhall KJ. Can a periarticular
levobupivacaine injection reduce postoperative opiate consumption
during primary hip arthroplasty? Clin Orthop Relat Res 2012;470:1151–7.

[24] National Joint Registry. 11th Annual Report Hemel Hempstead: NJR
Centre, 2014.

[25] Nicholas MK. The pain self-efficacy questionnaire: taking pain into
account. Eur J Pain 2007;11:153–63.

[26] O’Connor AB, Dworkin RH. Treatment of neuropathic pain: an overview
of recent guidelines. Am J Med 2009;122(10 suppl):S22–32.

[27] Parvataneni HK, Shah VP, Howard H, Cole N, Ranawat AS, Ranawat CS.
Controlling pain after total hip and knee arthroplasty using a multimodal
protocol with local periarticular injections: a prospective randomized
study. J Arthroplasty 2007;22(6 suppl 2):33–8.

[28] PROSPECT. Available at: http://www.postoppain.org/frameset.htm.
Accessed January 5, 2009.

[29] Sharma S, Iorio R, Specht LM, Davies-Lepie S, Healy WL. Complications
of femoral nerve block for total knee arthroplasty. Clin Orthop Relat Res
2010;468:135–40.

[30] Singh JA. Epidemiology of knee and hip arthroplasty: a systematic review.
Open Orthop J 2011;5:80–5.

[31] Tubach F, Ravaud P, Baron G, Falissard B, Logeart I, Bellamy N,
Bombardier C, Felson D, Hochberg M, van der Heijde D, Dougados M.
Evaluation of clinically relevant changes in patient reported outcomes in
knee and hip osteoarthritis: the minimal clinically important improvement.
Ann Rheum Dis 2005;64:29–33.

[32] White IR, Royston P, Wood AM. Multiple imputation using chained
equations: Issues and guidance for practice. Stat Med 2011;30:
377–99.

[33] Williams R. Generalized ordered logit/partial proportional oddsmodels for
ordinal dependent variables. Stata J 2006;6:58–82.

[34] Wylde V, Gooberman-Hill R, Horwood J, Beswick A, Noble S, Brookes S,
Smith AJ, Pyke M, Dieppe P, Blom AW. The effect of local anaesthetic
wound infiltration on chronic pain after lower limb joint replacement:
a protocol for a double-blind randomised controlled trial. BMC
Musculoskelet Disord 2011;12:53.

[35] Wylde V, Hewlett S, Learmonth ID, Dieppe P. Persistent pain after joint
replacement: prevalence, sensory qualities, and postoperative
determinants. PAIN 2011;152:566–72.

[36] Wylde V, Rooker J, Halliday L, Blom A. Acute postoperative pain at rest
after hip and knee arthroplasty: severity, sensory qualities and impact on
sleep. Orthop Traumatol Surg Res 2011;97:139–44.

[37] Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta
Psychiatr Scand 1983;67:361–70.

1170 V. Wylde et al.·156 (2015) 1161–1170 PAIN®

  Copyright � 2015 by the International Association for the Study of Pain. Unauthorized reproduction of this article is prohibited.


