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Background and purpose — Revision total hip arthro-
plasty (fTHA) is a complex procedure that may benefit from
centralization. We examined the association between annual
hospital volume of rTHA and re-revision risk and mortality.

Methods — We included all rTHAs between 2007 and
2022 in general hospitals, registered in the Dutch Arthro-
plasty Register (LROI; n = 12,515). Hospitals were catego-
rized into low (< 25 rTHA/year) or high volume (= 25 rTHA/
year). Competing-risk analyses and Cox proportional hazard
regression analyses were performed to assess implant re-
revision and Kaplan—Meier survival analysis for mortality.
Results were stratified into septic (permanent Girdlestone,
1-stage, and 2-stage revisions) and aseptic first revisions.

Results — 1-stage septic revisions showed a higher risk
of re-revision in high-volume hospitals (hazard ratio [HR]
1.6,95% confidence interval [CI] 1.1-2.4). We found no dif-
ference in re-revision risk after DAIR (HR 1.1, CI 0.9-1.3).
2-stage septic revisions were more often performed in high-
volume hospitals (5% vs 2%). There was no statistical dif-
ference in re-revision rates between hospitals after revision
for aseptic loosening (HR 1.1, CI 0.9-1.4), dislocation (HR
1.1, CI 0.9-1.4), and periprosthetic fractures (HR 1.1, CI
0.8-1.5). Mortality showed no differences between groups,
neither for septic nor aseptic revisions.

Conclusion — There was no difference between high-
volume hospitals and low-volume hospitals regarding risk
for re-revision after aseptic loosening, dislocation and peri-
prosthetic fracture, and septic DAIR and mortality. In high-
volume hospitals, 1-stage septic revisions was associated
with a significantly higher re-revision risk. 2-stage revisions
are more frequent in high-volume hospitals, indicating more
complex pathology.
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As the incidence of total hip arthroplasties (THA) rises and
the life expectancy of patients improves, there is growing con-
cern regarding the increasing incidence of revision surgery of
failed THA [1,2]. In the Netherlands, nowadays over 3,500 hip
revision procedures are performed annually and, based on cur-
rent trends, it is anticipated this number will continue to grow
[3]. In addition, the patient population undergoing a primary
THA is becoming increasingly heterogeneous, with a rising
number of young and obese patients, who have a higher likeli-
hood of encountering revisions over time [4,5].

Some of the revision THA (rTHA) procedures are known
to be more technically challenging than primary THA, with
higher complication and mortality rates [6-9]. Ong et al.
(2010) reported a risk of revision of 4% within 5 years in pri-
mary THA, compared with 19% re-revisions in rTHA [10].
The Dutch Arthroplasty Register reports a comparable crude
cumulative risk of re-revision of 14% after 5 years [3].

With the rising incidence of rTHA, there is a growing dis-
cussion on centralization and specialization. Previous stud-
ies have shown that hospitals performing a higher number of
orthopedic procedures, in both primary and revision arthro-
plasty, tend to have better outcomes, including lower compli-
cation rates, reduced mortality, and improved patient satisfac-
tion [11-16]. However, Van Rensch et al. (2023) reported no
association between hospital volume and re-revision rate in
septic and aseptic total knee revision arthroplasty in the Neth-
erlands [17]. In the Netherlands, the relation between hospital
volume rTHA and re-revision rate remains unknown.

We therefore investigated the association between annual
rTHA hospital volume and the risk of re-revision, as well as
mortality. We differentiated between septic and aseptic first revi-
sions and revision due to dislocation and periprosthetic fracture.
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Methods
Study design and data sources

This is a register study based on data from the Dutch
Arthroplasty Register (LROI), which is a nationwide pop-
ulation-based register, with high validity and completeness
(98-99% for primary THA, 97-98% for revision THA)
[3,18], containing data of primary arthroplasties and revi-
sions in the Netherlands since 2007. Completeness of PJIs
in the LROI is 33%, including (suspicion of) PJIs with and
without revision [19]. Patient and procedure characteristics
were recorded. Data from the LROI was matched with the
national insurance database on healthcare [20], in order to
obtain information on the vital status and date of death of
registered patients. The Dutch healthcare system is based
on mandatory health insurance for all residents, providing
access to essential medical services. Patients may choose
freely between public and private hospitals. According to
the definition used by the LROI, public hospitals are health-
care institutions that are owned, managed, and financed by
the government or a public authority. In contrast, private
hospitals are independent healthcare providers that often
specialize in a specific type of treatment, medical discipline,
or patient group. Orthopedic procedures are performed in
both public and private hospitals in the Netherlands. Patient
populations differ, with private hospitals more commonly
treating younger, healthier individuals, while public hospi-
tals care for patients with more comorbidities [21].

Inclusion and exclusion criteria

We included all first -THAs performed between 2007 and 2022
and followed them until the first re-revision, death, or end of
follow-up. Patients younger than 18 years were excluded. To
create more representative and generalizable results, only
general hospitals were analyzed in this study. University and
private hospitals were excluded. Patients treated in hospitals
with unknown annual volume were also excluded (e.g., first
revision in 2007, the first year of national registration). The
results were reported in accordance with the STROBE guide-
lines [22].

Data collection

Revision was defined as the exchange, addition, or removal of
at least 1 prosthesis component. Re-revision refers to the sur-
gical intervention involving replacement, addition, or removal
of at least 1 component subsequent to a prior first revision sur-
gery. Major revision is defined as revision of at least the ace-
tabular or femoral component, while minor revision is defined
as the revision of only inlay and/or femoral head component.
Volume groups were defined based on previous studies, cat-
egorizing hospitals as high volume or low volume according
to the number of revision procedures performed at each hos-
pital in the year prior to the revision procedure. In this study,

a hospital was categorized as high volume when 25 or more
revision cases were registered in the year prior to that indi-
vidual procedure, and categorized as a low-volume hospital
when less than 25 procedures were registered in that hospital
in the preceding year [14]. The procedure was categorized as
high or low volume based on the location of the first revision.
If a re-revision takes place after referral to a different hospital,
the procedure remained linked to the initial hospital. We cal-
culated the revision-to-primary ratio per hospital.

The results were stratified based on septic and asep-
tic first revisions and additionally subdivided into: 1-stage
septic revision (with exchange of cup and/or stem), 2-stage
septic revision, permanent septic Girdlestone (removal of all
components), and minor septic revision (debridement and
implant retention with exchange of mobile parts, DAIR) for
septic first rTHA. Aseptic revisions procedures were sub-
divided into aseptic loosening, periprosthetic fracture, and
dislocation.

The primary outcome measure was second revision,
expressed as crude re-revision rate and (adjusted) hazard ratio
(HR), determined separately for septic and aseptic first revi-
sions. The secondary outcome was mortality.

Statistics

A competing risk analysis was performed, to assess re-revi-
sion rate. Cumulative incidence of re-revision of both volume
groups was determined at 1, 3, 5, and 7 years after septic and
aseptic index revision surgery, with re-revision for any reason
as endpoint. 2-stage revisions and permanent septic Girdle-
stones were excluded from the survival analysis, as re-revi-
sion is a non-reliable outcome measure for these groups (e.g.,
2-stage revisions always come with a re-revision). A multi-
variable Cox regression analysis was performed, adjusted for
the following confounders: age, ASA class, previous surger-
ies, and diagnosis (osteoarthritis/non-osteoarthritis). The pro-
portionality hazard assumption was checked by log-minus-
log curves for all confounding factors, and the assumption of
proportionality was met [21]. Body mass index (BMI) could
not be included as a confounder in the multivariable analysis,
because it was only registered since 2014. A sensitivity analy-
sis was performed using data from 2014-2022 only, where
BMI was added as confounder.

Furthermore, a multinomial regression analysis was per-
formed to assess the correlation between revision-to-primary
ratio and re-revision. This analysis was performed to assess
whether the decided cut-off point (25 rTHAs/year) had any
influence on the results. Differences in mortality between
groups were evaluated using a Kaplan—Meier analysis.

A difference in revision rate of 5% points or higher was
deemed clinically relevant. For all tests, a 2-tailed significance
level of 0.05 was used. Results were reported as hazard ratios
(HR) with 95% confidence intervals (CI). The statistical soft-
ware program SPSS version 24.0 (IBM Corp, Armonk, NY,
USA) was used.
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First THA revisions (rTHA)
between 2007 and 2022
in the LROI
n=14,216

Table 1. Patient and procedure characteristics of total hip arthro-
plasty first revisions in general hospitals in the Netherlands from
2007 to 2022. Values are count (%)

Excluded (n = 1,701):

—age < 18 years, 11

- private and unversity hospitals, 1,622
— unknown annual hospital volume, 68

First THA revisions in adults
between 2007 and 2022
in general hospitals with

known annual volume
n=12,515
1

1 1

Low-volume hospitals High-volume hospitals
(< 25 rTHA/year) (= 25 rTHA/year)

n = 8,227 n=4,288

Figure 1. Flowchart of patient inclusion.

Ethics, data sharing plan, funding, use of Al, and
disclosures

The scientific advisory committee of the LROI granted
approval for this study. In accordance with the Dutch Medi-
cal Research Involving Human Subjects Act (WMO), ethi-
cal approval was not necessary as the data used were fully
anonymized. The study received no financial support, and the
authors reported no conflicts of interest. Complete disclosure
of interest forms according to ICMIJE are available on the arti-
cle page, doi: 10.2340/17453674.2025.44331

Results

We included all first rTHAs performed between 2007 and
2022 (n = 14,216 rTHAs). Patients younger than 18 years
were excluded (n = 11). To create more representative and
generalizable results, only general hospitals were analyzed in
this study, accounting for 88% of all procedures in the Neth-
erlands. Patients treated in hospitals with unknown annual
volume were also excluded (e.g., first revision in 2007, the
first year of national registration). The final cohort consisted
of 12,515 procedures (Figure 1), performed in 71 hospitals.
The median follow-up was 4.6 years, ranging from 0 days to
14.9 years. 71 general hospitals were included with a mean of
176 procedures (range 5—1,065).

Patient, procedure, and prosthesis characteristics

8,227 first rTHAs (66%) were performed in hospitals with a
low revision volume versus 4,288 rTHAs (34%) in high-vol-
ume hospitals. Procedures in high-volume hospitals were per-
formed in patients who were generally younger, with a higher
ASA class, and had more frequently undergone previous
surgery of the affected hip. High-volume hospitals more fre-
quently opted for cemented fixation (43% vs 36%) (Table 1).
83% of revisions in low-volume hospitals were aseptic, com-
pared with 75% in high-volume hospitals. When evaluating
septic subgroups, high-volume hospitals performed 2-stage

Low volume High volume

Item (< 25/year) (=25/year) Total?
Total number 8,227 (66) 4,288 (34) 12,515 (100)
Sex

Female 5,181 (63) 2,665 (62) 7,846 (63)

Male 3,040 (37) 1,617 (38) 4,657 (37
Age (years)

<60 1,097 (13) 706 (17) 1,803 (14)

60-74 3,907 (48) 2,076 (48) 5,983 (48)

=75 3,223 (39) 1,506 (35) 4,729 (38)
ASA classification

| 887 (11) 405 (9.4) 1,292 (10)

I 4,577 (56) 2,506 (58) 7,083 (57)

=1V 2,415 (29) 1,351 (32) 3,766 (30)
Body mass index

Underweight (<18.5) 78 (0.9) 35(0.8) 113 (0.9)

Normal weight (18.525) 1,871 (23) 1,251 (29) 3,122 (25)

Overweight (>25-30) 2,355 (29) 1,571 (37) 3,926 (31)

Obesity (>30—40) 1,395 (17) 1,099 (26) 2,494 (20)

Morbid obesity (> 40) 123 (1.5) 95 (2.2) 218(1.7)
Diagnosis

Osteoarthritis 6,735 (82) 3,528 (83) 10,263 (82)

Non-osteoarthritis 1,368 (17) 680 (16) 2,048 (16)
Previous surgeries 2

Yes 496 (6.0) 320 (7.5) 816 (6.5)

No 7,301 (89) 3,742 (87) 11,043 (88)
Smoking

Yes 592 (7.2) 373 (8.7) 965 (7.7)

No 5,143 (63) 3,646 (85) 8,789 (70)
Fixation

Cemented 2,767 (34) 1,739 (41) 4,506 (36)

Cementless 4,398 (54) 1,989 (46) 6,387 (51)

Hybrid

acetabulum cemented 310(3.8) 219 (5.1) 529 (4.2)
femur cemented 213 (2.6) 85(2.0) 298 (2.4)

Articulation

Ceramic-on-ceramic 351 (4.3) 50 (1.2) 401 (3.2)

Ceramic-on-metal 21 (0.3) 18 (0.4) 39 (0.3)

Ceramic-on-PE 2,545 (31) 1,149 (27) 3,694 (30)

0(
8 (
9 (
2(0.0) 2(0.
3 (
0 (
9 (

Metal-on-ceramic 0 !

Metal-on-metal 72 (0.9) 43 (1.0) 115(0.9)

Metal-on-PE 3,141 (38) 2,050 (48) 5,191 (42)

Zirconium-on-PE 536 (6.5) 279 (6.5) 815 (6.5)

Indication for first revision

Septic revision 1,436 (17) 1,056 (25) 2,492 (20)
1-stage revision 351 (4.3) 176 (4.1) 527 (4.2)
2-stage revision 191 (2.3) 195 (4.5) 386 (3.1)
Permanent Girdlestone 66 (0.8) 29 (0.7) 95 (0.8)
Minor septic revision DAIR 794 (9.7) 640 (15) 1,434 (12)

Aseptic revision 6,791 (83) 3,232 (75) 10,023 (80)
Loosening 2,119 (26) 1,065 (25) 3,184 (25)
Periprosthetic fractures 1,386 (17) 619 (14) 2,005 (16)
Dislocation 2,334 (28) 1,062 (25) 3,396 (27)

2 Numbers do not always add up due to missing values.

revisions more often (4.5% vs 2.3%), and DAIR procedures
too (15% vs 10%).

Survival analysis: septic revisions

After exclusion of 2-stage septic revisions and permanent Gir-
dlestones, the 7-year re-revision rates for septic first revisions
were 27% (CI 23.9-30.5) in high-volume hospitals and 27%
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Table 2. Cumulative incidence of re-revision after septic first revi-
sion THAs performed in 2007-2022 in Dutch general hospitals (n
=2,492)

Low volume (< 25/year) High volume (= 25/year)

ltem % (Cl) % (Cl)
Septic first revision 2
1 year 21 (18.7-28.5) 23 (19.9-25.7)
3 years 25 (22.3-27.4) 25 (22.3-28.5)
5 years 26 (23.8-29.1) 27 (23.6-30.1)
7 years 27 (24.5-30.0) 27 (23.9-30.5)
Sub-analyses
Minor septic revision (DAIR)
1 year 23 (20.5-26.4) 23 (19.9-26.6)
3 years 27 (23.9-30.3) 26 (22.3—29.3)
5 years 28 (25.0-31.7) 27 (23.6-31.0)
7 years 29 (25.4-32.2) 28 (24.0-31.6)
1-stage septic revision
1 year 11 (8.4-15.2) 19 (14.2-26.3)
3 years 15 (12.0-19.9) 22 (16.9-30.0)
5 years 18 (14.3-22.8) 24 (17.8-31.4)
7 years 19 (15.5-24.4) 24 (17.8-34.4)

2 Permanent Girdlestone and 2-stage revisions are excluded.
Cl = 95% confidence interval.

Table 3. Risk of re-revision after septic and aseptic revisions in low-
volume (< 25/year) and high-volume (= 25/year) hospitals: multivari-
able Cox regression analyses. Values are adjusted hazard ratio (HR)
for high-volume with low-volume as reference

Type Adjusted hazard ratio (CI) 2

Septic revisions P 1.1 (0.9-1.3)
Aseptic revisions 1.2 (1.0-1.3)¢
Septic sub-analyses

Septic 1-stage revisions 1.6 (1.1-2.4)¢

Septic minor revisions (DAIR) 1.0 (0.8-1.2)
Aseptic sub-analyses

Loosening 1.1 (0.9-1.4)

Dislocation 1.1 (0.9-1.4)

Periprosthetic fracture 1.1 (0.8-1.5)

2 Adjusted for age, ASA score, previous surgeries, and diagnosis.
Periprosthetic fracture was adjusted for age, ASA class, previous
surgeries, diagnosis, and fixation.

b Septic revisions after exclusion of permanent Girdlestone and
2-stage septic revisions.

¢P <0.05.

Cl = 95% confidence interval.

(CI 24.5-30.0) in low-volume hospitals (Table 2). DAIR revi-
sions showed 7-year re-revision rates of 28% (CI 24.0-31.6) in
high-volume hospitals and 29% (CI 25.4-32.3) in low-volume
hospitals (Table 2, Figure 2). For major septic 1-stage revisions
(exchange of fixed components), the 7-year re-revision rates
were 24% (CI 17.8-34.4) in high-volume hospitals and 19%
(CI 15.5-24 4) in low-volume hospitals (Table 2, Figure 2).

In the multivariable analysis, high-volume hospitals showed a
hazard ratio (HR) of 1.1 (CI 0.9-1.3) for re-revision after septic
first revisions, HR 1.0 (CI 0.8-1.2) after minor septic revisions

Cumulative incidence of re-revision (%) Cumulative incidence of re-revision (%)

40 40
Low volume Low volume
+ High volume -1 High volume
307 30
20 20

Minor septic revision (DAIR)

Major 1-stage septic revision

o 1 2 3 a4 5 6 7 o 1 2 3 4 5 6
A Years after first revision B Years after first revision
Figure 2. Cumulative incidence (with 95% confidence intervals) of
re-revision of total hip arthroplasties in Dutch general hospitals after
minor septic index revision (DAIR; A) and after major index 1-stage
septic revision including Girdlestone index revisions (B).

Cumulative incidence of re-revision (%) Cumulative incidence of re-revision (%)

40 40
Low volume Low volume
-4 High volume - High volume
30 30
20 20
10 10
Aseptic revision Aseptic loosening
0 T T T T T T 0 T T T T T T
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
A Years after first revision B Years after first revision

Cumulative incidence of re-revision (%) Cumulative incidence of re-revision (%)

40 40
Low volume Low volume
- High volume - High volume
30 30
20 201
10 101
Dislocation Periprosthetic fracture
0 T T T T T T 0 T T T T T T
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
C Years after first revision D Years after first revision

Figure 3. Cumulative incidence of re-revision (with 95% confidence
intervals) after aseptic revision total hip arthroplasties (A), and after
aseptic loosening (B), dislocation (C), and periprosthetic fracture (D) in
Dutch general hospitals.

(DAIR),and HR 1.6 (CI 1.1-2 4) after major 1-stage septic revi-
sions (Table 3). Crude analyses showed comparable results.

Survival analysis: aseptic revisions

At 7 years’ follow-up, crude re-revision rates for aseptic loos-
ening were 17% (CI 14.1-20.8) in high-volume and 15% (CI
13.3-16.7) in low-volume hospitals; for dislocation, 16% (CI
13.6-19.5) and 15% (CI 13.7-18.8); and for periprosthetic
fracture, 15% (CI 11.4-20.4) and 12% (CI 10.2-14.0), respec-
tively (Figure 3, Table 4, see Supplementary data).
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Table 5. 7-year mortality after septic and aseptic revision THAs per-
formed in 2007-2022 in Dutch general hospitals (n = 12,215)

Low volume High volume
(< 25/year) (= 25/year)
ltem % (Cl) No. at risk % (Cl) No. at risk
Overall 22 (20.5-22.9) 3,067 19 (16.6-20.6) 511
First revision
Septic 22 (19.5-25.6) 372 19 (15.4-22.8) 112
Aseptic 22 (20.4-22.8) 2,700 18 (16.2-20.6) 414

Cl = 95% confidence interval.

In the multivariable analysis, HRs for high-volume hospitals
were 1.1 (CI 0.9-1.4) for aseptic loosening, 1.0 (CI 0.9-1.3)
for dislocation, and 1.1 (CI 0.8-1.5) for periprosthetic fracture
(see Table 3).

Mortality

Mortality rate after 7 years’ follow-up was 22% (CI 20.5-22.9)
in low-volume hospitals, and 19% (CI 16.6-20.6) in high-vol-
ume hospitals. Mortality after septic first revisions was 22%
(CI19.5-25.6) and 19% (CI 15.4-22.8) in low- and high-vol-
ume hospitals. Mortality after aseptic revisions was 22% (CI
20.4-22.8) and 18% (CI 16.2-20.6), respectively (Table 5).

Sensitivity analyses

A sensitivity analysis was performed using only data from
2014-2022 and adding BMI as confounder. This had a negli-
gible effect on hazard ratios overall (data not shown).

An additional multinomial regression analysis, using revi-
sion-to-primary ratios, showed that an increase in the ratio
resulted in slightly lower mortality rates, but did not signifi-
cantly influence risk of re-revision.

Discussion

We compared re-revision risk and mortality of septic and asep-
tic revisions performed in high-volume hospitals (= 25 rTHA/
year) and low-volume hospitals (< 25 rTHA/year) in the Neth-
erlands. High-volume hospitals showed a higher re-revision
rate after septic 1-stage revisions of 24% (CI 17.8-34.4) vs
19% (CI 15.5-24.4) in low-volume hospitals. This difference
was deemed clinically relevant = 5%) and statistically signifi-
cant. After adjustment for confounders, high-volume hospitals
showed a significantly higher risk of re-revision after 1-stage
septic revisions: HR 1.6 (CI 1.1-2.4). 2-stage septic revisions
were more often performed in high-volume hospitals (4.5% vs
2.3%). Other indications showed no clinically relevant differ-
ences in re-revision rates: we found no evidence of a higher
risk of re-revision for either volume group after minor septic
revisions (DAIR), and after aseptic revisions due to loosen-
ing, dislocation, and periprosthetic fracture. There were no

clinically relevant differences in mortality, for either septic or
aseptic revisions.

Previous studies

Previous studies have evaluated the association between
annual rTHA volume and risk of re-revision; however, little is
reported on septic rTHA specifically. Samuel et al. (2022, n =
3,057) reported lower odds of mortality in high-volume hospi-
tals after septic rTHA (OR 0.54, CI 0.33-0.88), but re-revision
risk was not reported [23]. Aseptic revisions were described
more extensively: Jeschke et al. (2019, n = 16,376) reported
an increased short-term risk at 1 year for low-volume hospitals
(< 25 and < 53 rTHA per year) after aseptic index revisions
[14]. Holleyman et al. (2024, n = 12,961) specifically analyzed
first revisions due to aseptic loosening, and reported a higher
risk of re-revision in low-volume hospitals [16]. Other studies
evaluated revision total knee arthroplasties (rTKA): Halder et
al. (2020, n = 23,644) reported a higher risk of re-revision in
low-volume hospitals after aseptic rTKA [15]. In contrast, van
Rensch et al. (2023) analyzed all septic and aseptic rTKAs
registered in the Dutch Arthroplasty Register and concluded
that r'TKA early re-revision rate did not depend on hospital
volume, regardless of revision type [17]. Our data on Dutch
hips seems to come to the same conclusion as the latter study.

Interpretation

Septic 1-stage first revisions showed a significantly higher risk
of re-revision in high-volume hospitals, which is contrary to
existing literature. Our data indicated more complex infection
pathology in high-volume hospitals, which was corroborated
by the higher ASA classes in high-volume hospitals. Due to
local referral guidelines in the Netherlands regarding septic
revisions, low-volume hospitals refer their most complex
patients to high-volume hospitals for index revisions. In addi-
tion, there might be a potential difference in threshold to per-
form a new revision procedure in vulnerable patients in low-
volume hospitals for various reasons that are not registered in
the LROI, e.g., bone quality, bone loss, specific comorbid con-
ditions. Minor septic first revisions (DAIR) showed similar
re-revision risk in high- and low-volume hospitals, suggesting
DAIR procedures can be safely performed by either high- or
low-volume hospitals, without an increased re-revision risk
for patients.

We found no clinically relevant differences in re-revision
risk in high- and low-volume hospitals after aseptic rTHA.
More specifically: first revisions due to aseptic loosening, dis-
location, and periprosthetic fractures showed similar risk of
re-revision in high- and low-volume hospitals. This suggests
that these types of revisions may safely be performed with no
increased risk of re-revision or mortality.

Strengths

The strengths of this study are the completeness of the THA
data in the LROI and the large real-world revision THA cohort.
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Our nationwide database has more than 98% completeness of
THA revisions, leading to high accuracy and validity [3,24].

Limitations

First, as mentioned earlier, reference guidelines say that the
most complex patients are referred to high-volume hospi-
tals. We have no detailed information concerning the patients
referred to the high-volume hospitals. For example, high-vol-
ume hospitals are more likely to perform technically demand-
ing procedures, such as extensive bone reconstructions in
periprosthetic fractures, which inherently carry a greater risk
of complications and re-revision. These patients can be more
demanding due to more bone loss around the loose prosthesis,
more muscle damage, or difficult to revise prostheses. Unfortu-
nately, we were unable to obtain information on the complexity
of the procedures, as this data was not recorded in the LROI.

Second, some data is missing, as BMI, smoking, and Charn-
ley score were not registered until 2014. Therefore, we could
not adjust for BMI as confounder in the main multivariable
analysis. However, a sensitivity analysis on a subset of the
data has been performed, including BMI as confounding
variable. Additionally, the dataset does not include informa-
tion regarding PROMS or conservative treatment of infected
arthroplasties (e.g., suppressive antibiotics or monitored low-
grade infection), and probably not all failed implants are being
revised (e.g., vulnerable patients).

Third, as only (re-)revision rate is evaluated in this study,
the actual number of failed implants could be underestimated.
In addition, our data contained no information regarding the
underlying pathogens, which could differ between volume
groups (e.g., easy or difficult to treat, antibiotic resistance).

Fourth, the last factor that could obscure the results is the
unknown data concerning surgeon volume. This means that the
caseload or experience per surgeon is not known and therefore
cannot be related directly to the annual hospital volume in this
study, but could potentially influence the results. However, we
believe that, within a hospital, revision surgeries are generally
assigned to the surgeon with the most experience and exper-
tise in performing these complex procedures. As a result, the
lack of data on individual surgeon volume may have a limited
impact on our findings, as the expertise required for revision
procedures is likely concentrated among a smaller number of
experienced surgeons within each hospital.

Implications for future research

While the assessment of re-revision rates is very insightful, it
is merely one aspect of a complex topic. Evaluation of other
aspects in the future is recommended, e.g., the association
between annual revision volume and PROMs.

Future studies could also focus on further evaluation of
infection treatment. Low-volume hospitals perform fewer
re-revisions due to infections, but it remains unclear whether
these patients are cured or if they are treated with suppressive
antibiotics or have monitored low-grade infection.

Conclusion

There was no difference between high-volume hospitals and
low-volume hospitals regarding septic and aseptic revision
THA. Risk of re-revision was significantly higher in high-vol-
ume hospitals after 1-stage septic revisions. 2-stage revisions
were more often needed in high-volume hospitals, most likely
due to a more complex patient population and regional refer-
ral guidelines. We found no increased risk of re-revision after
aseptic first revisions (e.g., loosening, dislocation, and peripros-
thetic fracture) in low- compared with high-volume hospitals.

In perspective, based on the current reference guidelines in
The Netherlands, it seems that a minimum caseload may not
be required in first-time revisions of THA.
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mentary data on the article page, doi: 10.2340/17453674.2025.44331

Authors contributed to: (1) study design and study protocol, (2) gathering
data, (3) analyzing data, (4) initial draft, and (5) final draft. MCV and RMP
contributed to: 1-5; BJvD contributed to: 1-3, 5; AD contributed to: 3-5;
‘WPZ contributed to: 1, 2,4, 5; LNvS and BWS contributed to 1, 2, 5.

N. Veeger (statistician at Medical Centre Leeuwarden) assisted in data trans-
formations and created the volume variables needed for our analysis.

Handling co-editors: Keijo Mékeld and Philippe Wagner
Acta thanks Samo Karl Fokter and Tina Strgmdal Wik for help with peer
review of this manuscript.

1. Schwartz A M, Farley K X, Guild G N, Bradbury T L, Jr. Projections and
epidemiology of revision hip and knee arthroplasty in the United States to
2030. J Arthroplasty 2020; 35(6s): S79-s85. doi: 10.1016/j.arth.2020.02.030.

2. Patel I, Nham F, Zalikha A K, EI-Othmani M M. Epidemiology of
total hip arthroplasty: demographics, comorbidities and outcomes.
Arthroplasty 2023; 5(1): 2. doi: 10.1186/s42836-022-00156-1.

3. LROI. Online LROI annual report 2023. Dutch Arthroplasty Register;
2023. Available from: http://www.Iroi-report.nl

4. Kuijpers M F L, Hannink G, van Steenbergen L N, Schreurs B W.
Outcome of revision hip arthroplasty in patients younger than 55 years:
an analysis of 1,037 revisions in the Dutch Arthroplasty Register. Acta
Orthop 2020; 91(2): 165-70. doi: 10.1080/17453674.2019.1708655.

5. Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of primary
and revision hip and knee arthroplasty in the United States from 2005 to
2030.J Bone Joint Surg Am 2007; 89(4): 780-5. doi: 10.2106/jbjs.F.00222.

6. Schwartz B E, Piponov H I, Helder C W, Mayers W F, Gonzalez M H.
Revision total hip arthroplasty in the United States: national trends and
in-hospital outcomes. Int Orthop 2016; 40(9): 1793-802. doi: 10.1007/
500264-016-3121-7.

7. Badarudeen S, Shu A C, Ong K L, Baykal D, Lau E, Malkani A L.

Complications after revision total hip arthroplasty in the Medicare popula-
tion. J Arthroplasty 2017; 32(6): 1954-8. doi: 10.1016/j.arth.2017.01.037.

8. Wong J M, Liu Y L, Graves S, de Steiger R. What is the rerevision rate
after revising a hip resurfacing arthroplasty? Analysis from the AOAN-
JRR. Clin Orthop Relat Res 2015; 473(11): 3458-64. doi: 10.1007/
$11999-015-4215-z.

9. Joanroy R, Gubbels S, Mgller J K, Overgaard S, Varnum C. Risk of
second revision and mortality following first-time revision due to pros-
thetic joint infection after primary total hip arthroplasty: results on 1,669



Acta Orthopaedica 2025; 96: 625—631

631

11.

12.

13.

14.

15.

16.

17.

patients from the Danish Hip Arthroplasty Register. Acta Orthop 2024;
95: 524-9. doi: 10.2340/17453674.2024.41913.

. Ong KL,LauE, Suggs J, Kurtz S M, Manley M T. Risk of subsequent

revision after primary and revision total joint arthroplasty. Clin Orthop
Relat Res 2010; 468(11): 3070-6. doi: 10.1007/s11999-010-1399-0.

Nimptsch U, Mansky T. Hospital volume and mortality for 25 types of
inpatient treatment in German hospitals: observational study using com-
plete national data from 2009 to 2014. BMJ Open 2017; 7(9): e016184.
doi: 10.1136/bmjopen-2017-016184.

Glassou E N, Hansen T B, Mikelid K, Havelin L I, Furnes O, Badawy
M, et al. Association between hospital procedure volume and risk of
revision after total hip arthroplasty: a population-based study within the
Nordic Arthroplasty Register Association database. Osteoarthritis Carti-
lage 2016; 24(3): 419-26. doi: 10.1016/j.joca.2015.09.014.

Ravi B, Jenkinson R, Austin P C, Croxford R, Wasserstein D, Escott
B, et al. Relation between surgeon volume and risk of complications after
total hip arthroplasty: propensity score matched cohort study. BMJ 2014;
348: g3284. doi: 10.1136/bm;j.g3284.

Jeschke E, Gehrke T, Giinster C, Heller K D, Leicht H, Malzahn J, et
al. Low hospital volume increases revision rate and mortality following
revision total hip arthroplasty: an analysis of 17,773 cases. J Arthroplasty
2019; 34(9): 2045-50. doi: 10.1016/j.arth.2019.05.005.

Halder A M, Gehrke T, Giinster C, Heller K D, Leicht H, Malzahn
J, et al. Low hospital volume increases re-revision rate following aseptic
revision total knee arthroplasty: an analysis of 23,644 cases. J Arthro-
plasty 2020; 35(4): 1054-9. doi: 10.1016/j.arth.2019.11.045.

Holleyman R J, Jameson S S, Meek R M D, Khanduja V, Reed M
R, Judge A, et al. Association between surgeon and hospital volume
and outcome of first-time revision hip arthroplasty for aseptic loosening.
Bone Joint J 2024; 106-b(10): 1050-8. doi: 10.1302/0301-620x.106b10.
Bjj-2024-0347 R1.

van Rensch P J H, Belt M, Spekenbrink-Spooren A, van Hellemondt
G G, Schreurs B W, Heesterbeek P J C. No association between hos-

18.

20.

21.

22.

23.

24.

pital volume and early second revision rate in revision total knee arthro-
plasty in the Dutch Orthopaedic Register. J Arthroplasty 2023; 38(12):
2680-4.e1. doi: 10.1016/j.arth.2023.05.082.

van Steenbergen L N, Denissen G A, Spooren A, van Rooden S
M, van Qosterhout F J, Morrenhof J W, et al. More than 95%
completeness of reported procedures in the population-based Dutch
Arthroplasty Register. Acta Orthop 2015; 86(4): 498-505. doi:
10.3109/17453674.2015.1028307.

. van Veghel M H W, Belt M, Spekenbrink-Spooren A, Kuijpers M F

L, van der Kooi T I I, Schreurs B W, et al. Validation of the incidence
of reported periprosthetic joint infections in total hip and knee arthro-
plasty in the Dutch Arthroplasty Register. J Arthroplasty 2024; 39(4):
1054-9. doi: 10.1016/j.arth.2023.10.040.

Vektis. National healthcare database 2024. Available from: http://www.
vektis.nl

Van Dooren B J, Bos P, Peters R M, Van Steenbergen L N, De Visser E,
Brinkman J M, et al. Time trends in case-mix and risk of revision following
hip and knee arthroplasty in public and private hospitals: a cross-sectional
analysis based on 476,312 procedures from the Dutch Arthroplasty Regis-
ter. Acta Orthop 2024; 95: 307-18. doi: 10.2340/17453674.2024.40906.

von Elm E, Altman D G, Egger M, Pocock S J, Ggtzsche P C, Vanden-
broucke J P. The Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) statement: guidelines for reporting obser-
vational studies. J Clin Epidemiol 2008; 61(4): 344-9. doi: 10.1016/j.
jclinepi.2007.11.008.

Samuel L T, Sultan A A, Zhou G, Navale S, Kamath A F, Klika A K, et
al. In-hospital mortality is associated with low-volume hip revision cen-
ters after septic revision total hip arthroplasty. Orthopedics 2022; 45(1):
57-63. doi: 10.3928/01477447-20211124-01.

French J M R, Deere K, Whitehouse M R, Pegg D J, Ciminello E,
Valentini R, et al. The completeness of national hip and knee replace-
ment registers. Acta Orthop 2024; 95: 654-60. doi: 10.2340/17453674.
2024.42303.



