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Background
Total hip replacement (THR) is both clinically and
cost-effective. The surgical approach that is employed
influences the outcome, however there is little
generalisable and robust evidence to guide practice.

Methods
A total of 723,904 primary THRs captured in the
National Joint Registry, linked to hospital inpatient,
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mortality and patient reported outcome measures
(PROMs) data with up to 13.75 years follow-up were
analysed. There were seven surgical approach groups:
conventional posterior, lateral, anterior and transtrochanteric groups and minimally invasive posterior,
lateral and anterior. Operations with metal-on-metal
bearings were excluded from analysis.
Survival methods were used to compare revision
rates and 90-day mortality. Groups were compared
using Cox proportional hazards and Flexible
Parametric Survival Modelling (FPM). Confounders
included age at surgery, sex, risk group (indications
additional to osteoarthritis), ASA grade, THR fixation,
thromboprophylaxis, anaesthetic, body mass
index and deprivation. PROMs were analysed with
regression modelling or non-parametric methods.

Findings
A total of 12,989 (1.8%) of 723,904 implants were
revised during follow-up; 84,294 (11.6%) died without
undergoing revision. Figure 3.1 shows the estimated
cumulative percentage revised (Kaplan-Meier) up to 12
years for the seven groups.
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Cumulative % probability of revision

Figure 3.1 Cumulative percentage revised (Kaplan-Meier) up to 12 years for the seven surgical
approach groups.
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Unadjusted analysis showed a higher revision risk than
the referent conventional posterior for the conventional
lateral, minimally invasive lateral, minimally invasive
anterior and trans-trochanteric groups. This persisted
with all adjusted FPM and adjusted Cox models
(see Table 3.1 overleaf), except in the Cox model
including BMI where the higher revision rate persisted
for the conventional lateral approach (HRR 1.12
[95% CI 1.06,1.17] P<0.001). PROMs demonstrated
statistically, but not clinically, significant differences.
Self-reported complications were more frequent with
the conventional lateral approach.
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Table 3.1 Regression models to compare approach groups for revision risk (n=723,747 with complete information).
(i) Cox proportional hazards regression models, with stratification by age/sex/risk groups.

Minimally invasive
procedure used
No

HRR
[95% CI]
1 [Referent]

With adjustment for
fixation and ASA
HRR [95% CI]
1 [Referent]

With adjustment
for fixation, ASA
and BMI sub-group
(n=443,657)
HRR [95% CI]
1 [Referent]

Posterior

Yes

0.99 [0.89,1.10]
P=0.864

0.92 [0.83,1.02]
P=0.110

0.89 [0.77,1.02]
P=0.097

Lat/Ant-Lat/Hard

No

1.05 [1.01,1.09]
P=0.009

1.07 [1.03,1.11]
P=0.001

1.12 [1.06,1.17]
P<0.001

Lat/Ant-Lat/Hard

Yes

1.31 [1.16,1.50]
P<0.001

1.28 [1.13,1.46]
P<0.001

1.02 [0.80,1.30]
P=0.861

Ant/Other

No

1.04 [0.95,1.14]
P=0.431

1.03 [0.94,1.13]
P=0.561

1.01 [0.88,1.15]
P=0.921

Ant/Other

Yes

1.67 [1.36,2.05]
P<0.001

1.48 [1.21,1.82]
P<0.001

1.03 [0.71,1.51]
P=0.870

Trans-trochanteric

No

1.22 [1.07,1.40]
P=0.004

1.40 [1.22,1.60]
P<0.001

1.48 [1.14,1.91]
P=0.003

Lat/Ant-Lat/Hard

No vs. Yes

P=0.001

P=0.005

P=0.475

Ant/Other

No vs. Yes

P<0.001

P=0.001

P=0.902

Approach
Posterior

Additional pairwise comparisons:

Note: Lat/Ant-Lat/Hard = Lateral / Anterolateral / Hardinge. Ant/Other = Anterior / Other. ASA = American Society of Anesthesiologists Physical Status. BMI = body
mass index.

(ii) FPM models, with adjustment for time-varying effects of age, sex, risk group.
Minimally invasive
procedure used
No

Coefficent [95% CI]
0 [Referent]

With adjustment for fixation and
ASA, as time-varying effects
Coefficient [95% CI]
0 [Referent]

Posterior

Yes

-0.006 [-0.109,0.096] P=0.903

-0.081 [-0.183,0.022] P=0.125

Lat/Ant-Lat/Hard

No

0.056 [0.019,0.093] P=0.003

0.069 [0.031,0.106] P<0.001

Lat/Ant-Lat/Hard

Yes

0.282 [0.154,0.411] P<0.001

0.264 [0.135,0.392] P<0.001

Ant/Other

No

0.031 [-0.063,0.126] P=0.516

0.019 [-0.075,0.114] P=0.688

Ant/Other

Yes

0.516 [0.311,0.721] P<0.001

0.380 [0.174,0.585] P<0.001

Trans-trochanteric

No

0.213 [0.075,0.350] P=0.002

0.309 [0.170,0.448] P<0.001

Lat/Ant-Lat/Hard

No vs. Yes

P=0.001

P=0.003

Ant/Other

No vs. Yes

P<0.001

P=0.002

Approach
Posterior

Additional pairwise comparisons:

Note: Lat/Ant-Lat/Hard = Lateral / Anterolateral / Hardinge. Ant/Other = Anterior / Other. ASA = American Society of Anesthesiologists Physical Status.

Our previous work on mortality after hip replacement
had identified confounding factors and a series of
univariable analyses confirmed these. Thus, in our
analysis shown in Table 3.2, we have adjusted for
these factors. In all models, the conventional lateral
approach was associated with a higher risk of
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mortality than the conventional posterior approach
(HRR 1.15 [95% CI 1.01-1.30] P=0.029 in the fully
adjusted model). There were no other significant
differences in mortality compared to the referent
conventional posterior approach group.

Table 3.2 Cox ‘proportional hazards’ regression model to compare 90-day mortality between the seven approach sub-groups.

Approach

Minimally
(i) Unadjusted
invasive
model (n=723,747;
procedure Number for
2,673 deaths)
used
analysis
HRR [95% CI]

(ii) With covariate
(iii) With covariate
adjustment for adjustment for sex,
sex, age, ASA and
age, ASA, year of
year of primary, primary and fixation,
stratified by ‘risk
stratified by ‘risk
group’ (n=723,747;
group’ (n=723,747;
2,673 deaths)
2,673 deaths)
HRR [95% CI]
HRR [95% CI]

(iv) With covariate
adjustment for
sex, age, ASA,
year of primary,
fixation, mechanical
and chemical
thromboprophylaxis
and anaesthetic
group, stratified
by ‘risk group’
(n=713,994
with complete
information; 2,621
deaths)
HRR [95% CI]

(vi) With covariate
adjustment for
(v) With covariate
sex, age, ASA,
adjustment for
year of primary,
sex, age, ASA,
year of primary, fixation, mechanical
and chemical
fixation, mechanical
and chemical thromboprophylaxis,
anaesthetic group,
thromboprophylaxis,
quintile of area
anaesthetic group
deprivation and
and quintile of
BMI subgroup,
area deprivation,
stratified by ‘risk
stratified by ‘risk
group’ (n=359,883
group’ (n=572,719
with complete
with complete
information; 1,148
information; 2,192
deaths)
deaths)
HRR [95% CI]
HRR [95% CI]

No

394,655

1 [referent]

1 [referent]

1 [referent]

1 [referent]

1 [referent]

1 [referent]

Posterior

Yes

22,655

0.80 [0.62-1.04]
P=0.101

0.88 [0.68-1.14]
P=0.344

0.90 [0.69-1.17]
P=0.447

0.91 [0.70-1.18]
P=0.475

0.93 [0.68-1.27]
P=0.644

0.87 [0.57-1.34]
P=0.525

Lat/Ant-Lat/Hard

No

260,353

1.38 [1.27-1.49]
P<0.001

1.14 [1.05-1.24]
P=0.002

1.14 [1.05-1.23]
P=0.002

1.16 [1.06-1.26]
P=0.001

1.11 [1.01-1.21]
P=0.027

1.15 [1.01-1.30]
P=0.029

Lat/Ant-Lat/Hard

Yes

9,099

1.21 [0.87-1.69]
P=0.252

1.02 [0.73-1.43]
P=0.896

1.03 [0.74-1.44]
P=0.847

0.91 [0.63-1.31]
P=0.605

0.87 [0.58-1.31]
P=0.512

0.80 [0.41-1.55]
P=0.507

Ant/Other

No

26,578

1.03 [0.83-1.28]
P=0.793

0.96 [0.77-1.19]
P=0.703

0.96 [0.77-1.19]
P=0.715

0.96 [0.78-1.20]
P=0.732

0.94 [0.75-1.19]
P=0.620

0.89 [0.63-1.26]
P=0.509

Ant/Other

Yes

3,829

0.80 [0.43-1.50]
P=0.493

0.88 [0.47-1.65]
P=0.697

0.91 [0.49-1.71]
P=0.780

0.92 [0.49-1.71]
P=0.787

1.23 [0.61-2.47]
P=0.563

1.01 [0.32-3.15]
P=0.986

Trans-trochanteric

No

6,578

1.49 [1.05-2.11]
P=0.026

1.19 [0.83-1.69]
P=0.342

1.16 [0.81-1.65]
P=0.412

1.16 [0.81-1.67]
P=0.409

1.12 [0.75-1.68]
P=0.571

1.12 [0.52-2.41]
P=0.771

Additional pairwise comparisons:
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Lat/Ant-Lat/Hard

No vs. Yes

P=0.452

P=0.517

P=0.573

P=0.195

P=0.250

P=0.283

Ant/Other

No vs. Yes

P=0.460

P=0.807

P=0.884

P=0.885

P=0.447

P=0.833

Note: Lat/Ant-Lat/Hard = Lateral / Anterolateral / Hardinge. Ant/Other = Anterior / Other. ASA = American Society of Anesthesiologists Physical Status. BMI = body mass index.
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Interpretation
Lateral approaches for THR are associated with worse
outcomes, including more deaths and revisions,
than the posterior approach. The conventional
lateral approach (36.0%) is the second most popular
approach and is currently used annually in over 20,000
primary THRs in the registry. This approach was
associated with worse outcomes in all measures than
the commonest approach, the conventional posterior
(54.5%). The data presented here does not support its
continued use over alternatives.
It would be difficult and perhaps unwise to attempt
conversion of experienced surgeons to an approach
with which they may be unfamiliar. However,
surgeons in training should be taught alternative
approaches to the lateral associated with better
outcomes. The data does support continued use
of minimally invasive approaches, with acceptable
mortality and PROMs outcomes, although minimally
invasive lateral and anterior approaches may be
associated with higher revision rates than their
corresponding conventional approaches.
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3.7.2 What are the inpatient and day
case costs following primary total hip
replacement of patients treated for
prosthetic joint infection: a matched
cohort study using linked data from
the National Joint Registry and
Hospital Episode Statistics
Kirsty Garfield, Sian Noble, Erik Lenguerrand,
Michael R. Whitehouse, Adrian Sayers, Mike R. Reed,
Ashley W. Blom
BMC Medicine 2020; 18:335. DOI: https://doi.
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Reproduced in summary form under CC BY
4.0 licence.
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Trust and the University of Bristol. The views
expressed in this publication are those of the author(s)
and not necessarily those of the NHS, the National
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Background
Following total hip replacement (THR), a small
percentage of patients develop a periprosthetic
joint infection (PJI). PJI is a serious and debilitating
complication which is associated with a negative
impact on morbidity and quality of life and an
increased risk of mortality. Compared to primary THR
and aseptic revision, revision procedures for PJI are
associated with an increased burden on healthcare
providers due to longer operating times, higher
readmission rates, costly repeat procedures, extended
hospital admissions, more hospital outpatient
appointments, and prolonged use of intravenous and

oral antibiotics. Our aim was to estimate the cost to
the English NHS of inpatient and day case admissions,
in the five years following primary THR, of patients
who were treated with a one- or two-stage revision
for PJI following primary THR (revised PJI patients
hereinafter), compared to patients whose THR was
either not revised or revised for reasons not related to
PJI (comparator patients hereinafter).

Methods
This matched cohort study utilised linked NJR and
Hospital Episodes Statistics (HES) inpatient and
day case admission data, from 1 April 2003 until
1 December 2014. HES data includes admissions
in England funded by the English NHS, as such
the analysis was limited to patients receiving NHS
funded treatment in England. Eligibility criteria for
inclusion in the revised PJI group included: infection
as an indication for revision recorded in the NJR;
a one-stage revision or at least part one of a twostage revision for PJI, between 2006 and 2009, that
occurred within five years of the primary THR; first
revision for PJI on the index side; no revision PJI
surgery on the non-index side during the follow-up
period and complete matching variables. Eligibility
criteria for inclusion in the comparator group included:
a primary THR between the dates of the primary THRs
of revised PJI patients; no revision for PJI on the index
side reported in the NJR; no revision surgery for PJI
on the non-index side during the follow-up period and
complete matching variables.
Patients were matched using a combination of exact
and radius (close) matching, using a one to five
ratio of revised PJI to comparator patients. Patient
characteristics and primary THR surgery factors that
were considered to potentially impact the likelihood of
PJI following THR were included. Exact matching was
used for sex, ASA grade, type of replacement (total or
resurfacing) and hospital. Radius matching was used
for date of primary THR (one year radius) and age (ten
year radius).
All inpatient and day case admissions (not limited
to orthopaedic admissions) reported in HES during
the five years following primary were included. HES
data was cleaned and costs were estimated for each
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admission using Healthcare Resource Groups and
corresponding NHS reference costs, which are based
on average unit costs of NHS providers.
A two-part model, which accounted for clustering
of revised PJI and comparator patients within their
matching group and excess zeros, was used to
estimate the difference in number of stays and costs
between revised PJI and comparator patients. Age,
sex, ASA grade, diagnosis of osteoarthritis, operation
date, Charlson Comorbidity Index, bearing surface and
procedure were controlled for within the model.

Results
Between 2006 and 2009, 1,914 one- or two-stage
revisions for PJI were identified in the NJR. From
these, 422 patients met the inclusion criteria, had
NJR data that could be linked to HES data and were
matched to 1,923 comparator patients. There was
balance between revised and comparator patients for
variables where exact matching was employed (see
Table 3.3). Other variables were moderately balanced
between the two groups and were subsequently
adjusted for in the analysis model.

Table 3.3 Characteristics of matched patients revised and not revised for PJI following primary THR.

Characteristics
Date of primary – range
Age - mean (range)

Revised PJI group
(n=422)
Number (%)
16/05/03 - 02/12/09

Comparator group
(n=1,923)
Number (%)
28/04/03 - 01/12/09

66 (21-95)

67 (23-92)

Female

191 (45)

891 (46)

Osteoarthritis diagnosis

398 (94)

1,862 (97)

ASA grade
P1

69 (16)

302 (16)

P2

298 (71)

1,399 (73)

P3

55 (13)

222 (12)

0

275 (65)

1,415 (74)

1

97 (23)

333 (17)

2

31 (7)

104 (5)

3 or above

19 (5)

71 (4)

Cemented

164 (39)

782 (41)

Uncemented

158 (37)

668 (35)

64 (15)

324 (17)

36 (9)

149 (8)

Metal-on-plastic

254 (60)

1,179 (61)

Metal-on-metal

99 (23)

354 (18)

Ceramic-on-ceramic

41 (10)

199 (10)

28 (7)

191 (10)

Charlson

Procedure

Hybrid/Reverse hybrid
Resurfacing
Bearing type

Ceramic-on-plastic/ metal-on-ceramic/ ceramic-on-metal
Matches per revised PJI patient

312

5 matching comparator patients

358 (85)

4 matching comparator patients

13 (3)

3 matching comparator patients

9 (2)

2 matching comparator patients

12 (3)

1 matching comparator patients

30 (7)
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During the five years following primary THR, revised
PJI patients had eight admissions on average,
compared to an average of three admissions for
comparator patients. The average cost of inpatient
and day case admissions in the five years following

primary THR was £41,633 (95% CI £39,079 to
£44,187) for revised PJI patients and £8,181 (95% CI
£7614 to £8748) for comparator patients, equating to
a difference in costs of £33,452 (95% CI £30,828 to
36,077; p < 0.00) (see Table 3.4).

Table 3.4 Average total and annual inpatient and day case hospital admission costs over the five years following
THR, by revised PJI and comparator patients.

Years
1st year post-primary

Revised PJI group (n=422) Comparator group (n=1,923)
Adjusted cost
Adjusted cost Adjusted difference in costs
£ Mean (SE)
£ Mean (SE)
£ (95% CI)
14,686 (816)
1,959 (111)
12,727 (11,094 to 14,360)

2nd year post-primary

10,575 (682)

3rd year post-primary
4th year post-primary
5th year post-primary
Total over five years

1,503 (91)

9,071 (7,719 to 10,424)

6,974 (580)

1,512 (97)

5,462 (4,306 to 6,618)

5,168 (501)

1,584 (131)

3,584 (2,611 to 4,557)

4,427 (431)

1,568 (101)

2,859 (1,999 to 3,720)

41,633 (1,303)

8,181 (289)

33,452 (30,828 to 36,077)

Note: Marginal means after adjusting for excess zero; adjusted for age, sex, ASA grade, diagnosis of osteoarthritis, operation date, Charlson Comorbidity Index,
bearing surface and procedure.
Note: SE = Standard Error.

Discussion
Over the five years following primary THR, patients
who had a one- or two-stage revision THR for PJI had
more hospital admissions than comparator patients on
average, at an estimated additional cost of £33,452.
Relative to other studies exploring the costs of PJI
treatment, the sample size was large.
The inclusion criteria meant that a minority of
comparator patients may have developed a PJI and
received alternative treatments. The estimated cost
burden therefore does not compare infected with
uninfected patients but compares those revised for
PJI with a one- or two-stage revision compared to
those not revised for PJI. As the indication for revision
is defined at the time of revision, revisions attributed
to infection could be an under- or overestimate, as
intraoperative results may alter the opinion of the
treating surgeon.
We were able to match 94% of revised PJI patients
to comparator patients. Most revision PJI patients
were matched to five comparator patients; however,
to maximise the sample size, revision PJI patients
were still included if less than five matches were

identified. The richness of the NJR dataset meant that
most known confounders were included as matching
variables or controlled for within the regression. The
exception was body mass index, which was not
included due in part to it not being included in earlier
NJR data collection forms.
Inpatient and day case admissions for any indication
were included, as it was acknowledged that PJI
may affect other areas of patients’ lives, leading to
admissions for reasons not directly related to the PJI.
Including outpatient, primary and community care,
prescribed medications and admissions funded by
the NHS outside of England would result in increased
estimates of the financial burden of treating PJI.

Conclusion
This study showed that patients who develop PJI and
have revision surgery cost approximately £33,000
(over five-fold) more than patients not revised for PJI,
based on their hospital admissions alone. As demand
for primary and revision THR is predicted to rise in
future, future research should focus on finding ways to
reduce the incidence of PJI following THR and finding
cost-effective treatments for PJI.
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3.7.3 Effect of Bearing Surface on
Survival of Cementless and Hybrid
Total Hip Arthroplasty: Study of Data
in the National Joint Registry for
England, Wales, Northern Ireland and
the Isle of Man
Davis, Edward T; Pagkalos, Joseph; Kopjar, Branko.
JBJS Open Access 2020 May 15;5(2):e0075 DOI:
https://doi.org/10.2106/JBJS.OA.19.00075
Reproduced in summary form under CC BY-NC-ND
4.0 licence.

Background
The effect of the bearing surface on total hip
replacement (THR) survival has received a lot of
attention over the last two decades and features
in every report of the National Joint Registry (NJR)
and other registries around the world. Polyethylenebased bearings have traditionally been associated
with particle-related osteolysis which led to the
development and more widespread use of hard on
hard bearings. The development of cross-linked
polyethylene (XLPE) has led to a marked reduction
in the risk of revision of THRs utilising this bearing. In
the annual NJR reports, the type of polyethylene is
not stratified which leads to XLPE being merged with
conventional PE and presented as a single group.

Methods
The NJR dataset and data on polyethylene
manufacturing characteristics were used for the
study. Primary THRs implanted between 1 January
2004 and 28 July 2016 were eligible for analysis.
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Polyethylene irradiated with an irradiation dose of five
or more Mrad was classified as crosslinked (XLPE).
The bearing combinations analysed were: ceramic
on polyethylene (CoP), metal on polyethylene (MoP),
ceramic on cross-linked polyethylene (CoXLPE), metal
on cross-linked polyethylene (MoXLPE), ceramicized
metal on cross-linked polyethylene (CMoXLPE), and
ceramic on ceramic (CoC). The primary endpoint
was revision for any reason. Additional analyses were
performed to investigate specific reasons for revision,
such as infection, aseptic loosening, wear, dislocation,
periprosthetic fracture, pain and implant fracture.

Statistical analysis
Kaplan-Meier analysis adjusted for the competing
risk of death was used for overall and cause-specific
revisions. Revisions for other reasons were treated as
a competing risk in cause-specific analyses. A Cox
proportional hazards regression model was used to
obtain hazard ratios accounting for a competing risk
of death.

Results
Overall risk of revision
When all patients were analysed (adjusted for a
competing risk of death), the lowest cumulative
incidence of revision for any reason at ten years of
follow-up was 1.96% for CMoXLPE (95% CI 1.352.76), followed by 2.52% (95% CI 2.14-2.95) for
CoXLPE, 2.81% (95% CI 2.58-3.05) for MoXLPE,
3.03% (95% CI 2.75-3.33) for CoP, 3.47% (95% CI
3.29-3.65) for CoC, and 3.53% (95% CI 3.37-3.70) for
MoP (see Figure 3.2).
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Figure 3.2 Cumulative incidence of revision for any reason by bearing combination (P<0.0001).

Patients under the age of 55
When patients under the age of 55 at the time of
implantation were analysed independently, the
cumulative incidence of revision at ten years was
1.80% (95% CI 1.11-2.78) for CMoXLPE, 3.16% (95%
CI 2.36-4.13) for CoP, 3.35% (95% CI 2.16-4.95) for
CoXLPE, 4.34% (95% CI 3.95-4.76) for CoC, 5.20%
(95% CI 3.11-8.05) for MoXLPE, and 6.12% (95% CI
4.97-7.42) for MoP (see Figure 3.3 overleaf).
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Figure 3.3 Cumulative incidence of revision for any reason by bearing combination in patients aged
less than 55 years of age at the time of primary THR (P<0.0001).

316

Reasons for revision

Multivariate analysis

THRs with CMoXLPE and CoXLPE bearings
demonstrated the lowest risk of revision due to aseptic
loosening. When revision for infection was analysed,
CoP and CoC THRs had a lower risk of revision when
compared to MoP THRs as the reference. A total of
1.3/1000 implants with a ceramic bearing were revised
for a ceramic liner fracture.

The Cox regression model revealed CMoXLPE and
CoXLPE as the bearings with the biggest reduction
in the risk of revision (see Table 3.5). A similar trend
was observed when patients under the age of 55 were
analysed independently. An additional Cox model
was built to include head size. Due to low numbers
of THRs with large heads and conventional PE, the
bearings analysed were limited to CMoXLPE, CoXLPE,
MoXLPE and CoC (see Table 3.6 on page 318). The
lowest risk of revision for any reason was seen in
THRs with CMoXLPE and CoXLPE in the model.
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Table 3.5 Cox regression hazard ratios of risk of any revision by bearing combination.
Characteristic/Level
Age

All ages (HR)

55 to <64 years

0.85 (0.79-0.91)

65 years to <75 years

0.73 (0.68-0.79)

75 years and more

0.68 (0.62-0.73)

<55 years

<55 years (HR)

1.0 (reference)

Gender
Male

1.18 (1.13-1.23)

1.20 (1.08-1.34)

1.0 (reference)

1.0 (reference)

CoC

0.77 (0.72-0.82)

0.64 (0.52-0.78)

CoP

0.74 (0.66-0.82)

0.50 (0.36-0.70)

CoXLPE

0.66 (0.60-0.72)

0.61 (0.47-0.78)

MoXLPE

0.81 (0.76-0.87)

0.77 (0.59-1.01)

CMoXLPE

0.58 (0.48-0.71)

0.47 (0.30-0.76)

1.0 (reference)

1.0 (reference)

1.35 (1.28-1.42)

1.45 (1.26-1.68)

1.0 (reference)

1.0 (reference)

Female
Bearing combination

MoP
Stem fixation
Cementless
Cemented
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Table 3.6 Cox regression hazard ratios of risk of any revision by bearing combination and head size.
Characteristic/Level
Age

All causes (HR)

Dislocation (HR)

Aseptic loosening (HR)

55 to <64 years

0.82 (0.76-0.89)

0.84 (0.70-1.02)

0.79 (0.68-0.91)

65 years to <75 years

0.76 (0.70-0.82)

0.86 (0.71-1.04)

0.61 (0.52-0.71)

75 years and older

0.76 (0.69-0.84)

1.01 (0.82-1.26)

0.43 (0.35-0.53)

1.0 (reference)

1.0 (reference)

1.0 (reference)

1.16 (1.10-1.23)

1.05 (0.93-1.19)

1.34 (1.19-1.50)

1.0 (reference)

1.0 (reference)

1.0 (reference)

CoC

0.99 (0.93-1.07)

0.84 (0.72-0.99)

1.05 (0.90-1.21)

CoXLPE

0.84 (0.77-0.92)

0.90 (0.61-1.34)

0.85 (0.70-1.03)

CMoXLPE

0.75 (0.62-0.92)

0.90 (0.61-1.34)

0.52 (0.32-0.860

1.0 (reference)

1.0 (reference)

1.0 (reference)

1.33 (1.25-1.42)

1.03 (0.91-1.18)

2.26 (1.93-2.65)

1.0 (reference)

1.0 (reference)

1.0 (reference)

≤28 mm

1.07 (0.99-1.15)

2.13 (1.82-2.48)

0.85 (0.73-1.00)

32 mm

0.92 (0.86-0.98)

1.27 (1.09-1.47)

0.79 (0.69-0.91)

1.0 (reference)

1.0 (reference)

1.0 (reference)

<55 years
Gender
Male
Female
Bearing combination

MoXLPE
Stem fixation
Cementless
Cemented
Head size

≥36 mm
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Discussion

Conclusion

Our analysis revealed that XLPE bearing THRs had
a significantly lower risk of revision when compared
to conventional PE (MoP). Ceramicized metal on
XLPE and ceramic on XLPE were associated with the
lowest risk of revision for any reason in our multivariate
analysis. Due to the marked difference in the risk
of revision between conventional polyethylene and
crosslinked polyethylene we recommend stratification
of the polyethylene-based bearings when comparing
survival of THRs.

XLPE-based bearing THRs were associated with a
marked reduction in the risk of revision at a maximum
follow-up of 13 years.
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3.7.4 Provision of revision knee
surgery and calculation of the effect
of a network service reconfiguration:
An analysis from the National Joint
Registry for England, Wales, Northern
Ireland and the Isle of Man
N.S. Kalson; J.A. Mathews; J. Miles; B.V. Bloch; A.J.
Price; J.R.A. Phillips; A.D. Toms; P.N. Baker; British
Association for Surgery of the Knee, Revision Knee
Working Group
The Knee. Elsevier; 2020 Oct 1;27(5):1593–600.
DOI: https://doi.org/10.1016/j.knee.2020.07.094
Reproduced in summary form with permission from
Elsevier B.V. and the authors.

Background
Revision knee replacement (KR) is expensive,
technically challenging and patients are at risk of
significant complications and poor outcomes. It is
well-established in primary knee surgery (total and
partial) that higher surgeon volume is associated with
lower complication rates, lower revision rates and
lower mortality rates. Evidence is becoming available
for revision surgery; analysis of >17,000 revision hip
cases showed that low volume centres (<13 cases
per year) had significantly worse 90-day mortality and
1-year re-revision rates than high-volume centres
and analysis of ~25,000 revision knee cases showed
decreased re-revision rates in high volume centres.
Analysis of >30,000 hip and knee revision cases
showed lower complication rates and lower 90-day
re-admission rates in high volume centres. Although
these reports point towards a volume-outcome
relationship in revision KR, the precise level remains a
research question.
Centralisation of complex services has occurred
within and beyond orthopaedics. Major trauma
care has been organised into specialist trauma
units and major trauma centres, and in England the
‘Getting It Right First Time’ (GIRFT) initiative has
delivered recommendations on service organisation
and infrastructure for units undertaking complex,

specialist orthopaedic work. In response to GIRFT
recommendations, the British Association for Surgery
of the Knee (BASK) set up a working group in
revision KR surgery. Part of the group’s remit was to
undertake an exploratory analysis using summary NJR
data to 1) describe the current provision of revision KR
in England and Wales at the individual surgeon and
unit level; and 2) investigate the effect on workload of
case distribution in a network model.

Methods
A data extract was obtained from the National Joint
Registry for England, Wales, Northern Ireland and the
Isle of Man containing all knee procedures coded on
a K2 form during 2016, 2017 and 2018 (three years
total data). To calculate individual surgeon workload,
procedures performed at both NHS and independent
sites were combined.
The effect of service re-organisation into a network
model was undertaken by assigning each NHS site
to one of 13 geographical regions, corresponding
to regions used by the NJR. Based on their current
annual revision workload, units within each region
were categorised as either a Major Revision Centre
(MRC), Revision Unit (RU) or Primary Arthroplasty Unit
(PAU). MRCs were defined as those undertaking >210
revisions over three years (>70 revision KR per year).
Revision Units were defined as units undertaking an
average of ≥70 procedures over three years, giving
an average minimum volume of >20 per year. These
thresholds were set based on 1) analysis of literature
examining the relationship between volume and
outcome that suggests units undertaking <25 KR per
year have increased early complication rates, higher
90-day readmission rates and higher re-revision rates;
and 2) a need to have at least one MRC and several
RUs in each region. For this analysis the threshold
was reduced to 20 per unit to allow an increase in
unit volume after workload re-allocation to boost units
above 25 cases per year. Primary Arthroplasty Units
were all other units (<20 revision KR/year).
In total 25 MRCs, 82 RUs and 125 PAUs were
identified and used for calculations. Work currently
done by PAUs was re-assigned to MRCs and RUs
evenly (number of units in a region divided by re-
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allocated cases). For example, 100 cases at PAUs in a
region with ten revision centres (two MRCs and eight
RUs) would result in 10 additional cases per MRC/RU
per year.

Main findings
There were 20,857 revision KR procedures recorded
on the NJR between 2016 and 2018 (three years)
across 232 NHS (18,355 cases, 88%) and 167
independent healthcare provider sites (2,502 cases,
12%). In total 1,353 surgeons performed at least one
revision KR procedure over this time period.

The median annual surgeon volume was 2.3±0.2
cases per year (Range 0-56) (see Figure 3.4). The
majority of surgeons performed small numbers of
revision procedures with 1,020 (75%) surgeons
performing <7 revisions per year (see Table 3.7).
Overall, 209 of 1,353 surgeons performed ≥10/year
(56% of total work, 15.8% of surgeons) and 100
surgeons performed ≥15/year (36% of total work, 7%
of surgeons). A total of 64 surgeons performed ≥20/
year and 19 performed ≥30/year. Overall, the highest
volume 397 (29%) surgeons performed 75% of the
revision KR workload.

Number of revisions performed over 3 years

Figure 3.4 Individual surgeon volume.
Surgeons’ individual volume, including procedures undertaken at NHS and independent sites, over
three years. More than 1,300 surgeons undertook at least one revision KR procedure; 100 surgeons
carried out >44 procedures over three years, accounting for 37% of national procedure volume
(indicated by the black arrow).

Surgeon (ranked by total volume)
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Table 3.7 Revision surgeon volume, average annual number of revisions (2016-2018).
Annual volume
0–4

Number of surgeons
872

5–9

257

10 – 14

113

15 – 19

41

20 – 24

29

25 – 29

16

30 – 39

18

40+

7

Total

1,353

The median NHS site annual volume over three years
was 51 cases, equating to a mean of 18.3±1.3 cases
(range 1-211) per year. Overall 15 sites performed
≥70/year, 92 performed 20-69 and 125 performed
<20/year. Comparing surgeon number against revision

volume for each site (see Figure 3.5) shows that most
centres had a large number of surgeons undertaking a
small number of procedures. Five sites were identified
(of 232, 2%) where mean surgeon volume across all
revision surgeons was >10 cases per year.

Number of revisions per site (total three year volume)

Figure 3.5 Site versus surgeon volume.
The number of surgeons undertaking revision KR procedures at each site (NHS only) versus total site
volume (three years total data). The black line plots a threshold at an average of ten procedures for
each surgeon per year; 5/232 sites hit this threshold and sit above the line.

Number of Surgeons performing Revisions at the Site (total)
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Even redistribution of caseload from PAUs to MRCs/
RUs is shown in Table 3.8. Ten mid-volume units were
made MRCs to allow each region to have at least one
MRC unit for the purpose of the model, giving 25 MRC
units for calculations. In total 1,235 revisions (21%)
were reallocated from PAUs (for each individual region

the range was 19-174, 18%-36%). Amongst 25 MRCs
and 85 RUs there was an average increase in MRC
workload of 11 procedures (range 6-14) per year. All
MRCs and RUs had a revision rate for their primary
knee arthroplasties ‘as expected’ or ‘better than
expected’ (2014-2019).

Table 3.8 The effect of MRC-RU reconfiguration on centre volume.

Region
East Midlands

Percentage
Total
of region
revisions
in Primary
in region Arthroplasty
(annual)
Units
445
22%

No. of
Revision
Units (RU)
5

No. of
Primary
Arthroplasty
Units (PAU)
7

Average
additional
revisions
per unit
(annual)
13

Eastern

484

34%

124

2

8

8

12

London

627

29%

141

3

10

21

11

Mid and West Wales
North East

88

27%

19

1

2

3

6

397

21%

70

2

7

7

8

North West

654

36%

174

3

13

21

11

South Central

610

26%

126

2

7

8

14

South East Coast

500

25%

98

2

8

10

10

South East Wales

200

22%

36

1

2

4

12

South West

611

18%

94

2

8

7

9

West Midlands

746

20%

124

3

7

12

12

594

33%

148

3

8

14

13

5,956

21%

1,235

25

85

122

11

Yorkshire
Total

322

No. of
revisions No. of Major
to be
Revision
absorbed
Centres
(annual)
(MRC)
80
1
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Discussion
Revision KR surgery is expensive for healthcare
providers and challenging for the clinical team. It is well
established that increasing surgeon and centre volume
improves cost-effectiveness and outcomes. Here we
report the current provision of revision KR in England,
Wales and Northern Ireland using descriptive data
from the NJR and describe the effect of implementing
GIRFT ideals and moving revision KR from low volume
centres to higher volume units.
We found many surgeons performing a small number
of procedures; more than 1,000 surgeons performed
<7 procedures per year. In addition to a large number
of low volume surgeons there were a large number
of low volume units. This finding is similar to work
published almost ten years ago describing volumes
of revision knee procedures using NJR data and
demonstrates little has changed over the last decade
despite the introduction of clinical networks and the
GIRFT initiative.
To help further the discussion around service
reconfiguration we developed a hypothetical model
using thresholds for unit volume to investigate the
effect of a network model for revision KR work. This
had the aim of minimising the number of procedures
performed in low volume centres by low volume
surgeons and was achieved by distributing these
complex cases across the regional network. The
estimated alteration in work resulting from creation of
122 PAUs (with current volumes <20-30 cases per

year) was, on average, 11 cases for MRC/RUs. An
additional effect of this change was that all revision
units would reach a volume threshold of 30 cases per
year. Although this would appear to be a manageable
additional workload, representing an approximate 20%
increase in revision KR procedures across the system
for centres that continue to perform knee revisions,
the precise redistribution of cases between MRCs and
RUs will depend on case complexity.
There are limitations to the study. The NJR does
not allow stratification by case complexity; we are
unable to distinguish between the conversion of
a unicompartmental replacement to a total knee
replacement, from a complex revision for infection
requiring stems, augments and extensor mechanism
reconstruction. We therefore do not understand the
case-mix for these low volume surgeons and units.

Conclusions
Data presented here demonstrates that currently in
England and Wales a number of surgeons undertake
a small number of revision KR procedures in a
large number of low volume units. High volume
surgeons and centres do already exist, creating a
pre-fabricated network for the implementation of a
network model of care. Creating referral centres from
low volume units and redistributing this work showed
that the scale of the uplift would be manageable
and would have the positive effect of raising centres
above a 30/year threshold.
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3.7.5 The association between
surgical volume and failure of primary
total hip replacement in England and
Wales: Findings from a prospective
national joint replacement register
Adrian Sayers, Fiona Steele, Michael R Whitehouse,
Andrew Price, Yoav Ben-Shlomo, Ashley W Blom
BMJ Open 2020;10:e033045 DOI: https://doi.
org/10.1136/bmjopen-2019-033045
Reproduced in summary form under CC BY
4.0 licence.

Background
Centralisation and specialisation in medical care are
advocated to optimise a theorised volume-outcome
relationship i.e. higher volume surgeons and units are
associated with better outcomes. Despite the prevailing
wisdom of such an association, evidence to support the
volume-outcome relationship in total hip arthroplasty
(THA) is sparse. In addition, investigating the volumeoutcome relationship is technically difficult due to the
computationally intensive methods required to calculate
a time varying volume exposure.
Differentiating between-consultant and withinconsultant effects is crucial to interpreting the data.
A between-consultant effect is essentially a crosssectional analysis that compares the performance of
one consultant against another and is highly likely to be
confounded by centre level effects. A within-consultant
effect is based on individual time series data and
compares changes of volume across time within the
same consultant. Correspondingly, within-consultant
effects can be interpreted more strongly, as the effect
of changing a consultant’s personal volume, assuming
centre-level factors remain relatively constant over the
short-term analysis period. The concept of betweeneffect and within-effects is well known in epidemiology,
and often referred to as the ecological fallacy.
The aim of this research is to investigate the betweenconsultant and within-consultant (surgeon) effect of the
volume of primary THA for osteoarthritis (OA) and the
risk of subsequent revision.

Methods
Using data from the National Joint Registry of England,
Wales, Northern Ireland and the Isle of Man (NJR),
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we investigated the association between consultant
surgical volume in the year (365 days) prior to the index
operation of interest, and the risk of revision in patients
undergoing elective primary THA between 1 April 2003
and 22 February 2017.
The primary outcome of interest was all cause revision
after a primary THA.
The primary exposure of interest in this study was
the consultant surgical volume of any primary THA
recorded in the NJR in the preceding 365 days prior
to the index procedure in consenting patients i.e. time
varying volume.
Models were incrementally adjusted for patient
factors (age, gender, ASA grade, funder), operation
factors (fixation, approach, position, anaesthetic type,
thrombo-prophylaxis, bearing, year of surgery), centre
factors (private or public, centre surgical volume),
consultant factors (training status, proportion of NHS
THA conducted in previous year, proportion of THAs
performed compared to all other joints), and deprivation
(English and Welsh IMD).
Statistical analysis was performed using a multi-level
parametric (Weibull) survival model. Volume effect was
parametrised using restricted cubic splines. Analyses
were performed in Stata 15.1.

Results
Of the 579,858 patients undergoing primary THA
(mean baseline age 69.8 years [SD 10.2]), 61.1% were
female. Figure 3.6 illustrates the distribution of withinconsultant and between-consultant volume across the
NJR. Figure 3.7 illustrates individual consultant and
unit level variation in volume of procedures recorded
by the NJR. Figures 3.8 and 3.9 show the results from
multi-level survival models, they demonstrate differing
results for between-consultant and within-consultant
effects. There was a strong volume-revision association
between consultants (a cross-sectional association)
with a near linear 43.3% (95% CI 29.1%-57.4%)
reduction of the risk of revision comparing consultants
with volumes between 1 and 200 procedures annually.
Changes in individual surgeons (within-consultant) case
volume showed no evidence of an association with
revision. Adjustment for confounding factors made little
difference to the reported associations.
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Figure 3.6 Empirical cumulative distribution and frequency distribution of (between) mean consultant
volume and (within) individual centred volume of hip arthroplasty in the previous 365 days. Grey
horizontal hashed lines indicate the 2.5th, 25th, 50th, 75th and 97.5th centiles of the distribution,
vertical hashed lines indicate mean and centred consultant volume at 2.5th, 25th, 50th, 75th and
97.5th centiles, respectively.
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Figure 3.7 Mean, IQR and 95th centile range of consultant and centre volume of hip arthroplasty in
the previous 365 days recorded in the NJR by individual consultant and individual unit, respectively.
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Figure 3.8 Between-consultant marginal association of hip surgical volume in the preceding 365 days
and hazard of revision arthroplasty unadjusted (M1) and adjusted (M5) for confounding factors in a
multilevel model (MLM). Patient factors include sex, American Society of Anesthesiologists grade and
funder. Operation confounding factors include fixation, approach, position, anaesthetic, mechanical
and chemical thromboprophylaxis, bearing and year of operation. Centre confounding factors include
hospital location and centre volume in the preceding 365 days. Surgeon confounding factors include
lead operating surgeon, listing of a surgeon within National Joint Registry prior to 2008, the proportion
of National Health Service cases in the preceding year and proportion hip arthroplasty procedures
undertaken in the previous year.
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Figure 3.9 Within-consultant marginal association of hip surgical volume in the preceding 365 days
and hazard of revision arthroplasty unadjusted (M1) and adjusted (M5) for confounding factors in a
multilevel model (MLM). Patient factors include sex, American Society of Anesthesiologists grade and
funder. Operation confounding factors include fixation, approach, position, anaesthetic, mechanical
and chemical thromboprophylaxis, bearing and year of operation. Centre confounding factors include
hospital location and centre volume in the preceding 365 days. Surgeon confounding factors include
lead operating surgeon, listing of a surgeon within National Joint Registry prior to 2008, the proportion
of National Health Service cases in the preceding year and proportion hip arthroplasty procedures
undertaken in the previous year.
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Discussion
We provide novel insights into the volume-outcome
relationship of 579,858 elective THA patients using a
between-decomposition and within-decomposition
to analyse the association of consultant volumes on
revision. Uniquely, we use a time-varying volume
specification that facilitates the decomposition of
between-consultant and within-consultant effects.
We suggest the within-consultant effect is much
closer to the causal interpretation desired by many
policymakers, and failure of research to recognise
the difference amongst between-effects and withineffects may lead to erroneous policy decisions and
unintended consequences.
We demonstrate that optimal between-consultant
results are reached when the consultant volumes in
the previous year are approximately 200 procedures.
We suggest these factors are not causally related
to volume, but rather due to unmeasured surgeon,
patient and/or centre factors. There is no evidence to
suggest that consultants should change their personal
volume in the hope of improving their outcomes or that
there is an arbitrary threshold where the outcome of
results become good.
We suggest the within-consultant effect from the
multi-level regression is much closer to the causal
interpretation required by consultants, patients, and
policymakers i.e. what is the effect of changes in
personal volume on the hazard of revision THA? This is
not to say the between-effect is not of interest to policy
makers, but to say that the between-effect suggests
that there are intrinsic differences between high and
low volume consultants i.e. expertise, where higher
volume consultants tend to have better outcomes, but
these differences cannot be attributed to volume per

se. We suggest our analyses illustrate “state vs. trait”
behaviour. Where between-consultant association
illustrates the “traits” of surgeons, and within-consultant
associations illustrate their “state”. This is to say,
traits of experienced high-volume surgeons with
good outcomes are unaffected by changes to their
personal volume. Conversely, low volume arthroplasty
consultants who transiently increase their personal
volume do not improve their outcomes.

Conclusion
In summary, using data from the largest arthroplasty
register in the world, we have demonstrated that
there is no within-consultant association between
surgical volume in the previous year and the risk of
revision in patients undergoing primary THA for OA.
Whereas there is strong evidence to suggest higher
volume consultants tend to have better outcomes for
reasons that are unlikely to be due to the volume of
arthroplasty performed by the individual consultant in
the previous year per se.
The results from this study have profound implications
for quality improvement within healthcare. Encouraging
consultants to undertake a minimum number of
procedures under the guise of raising standards
could be counterproductive and may only serve to
expose patients to increased risk of revision by low or
previously low volume consultants. Centralisation and
specialisation of THA in consultants who, for reasons
not including volume, can undertake a greater number
of procedures is likely to benefit patients and reduce
the revision burden overall. Encouraging or training low
volume consultants to use prosthesis combinations
with better outcomes may be a more effective method
of improving outcomes for patients.
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