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Background and purpose — High-dose dual antibiotic-
loaded bone cement (ALBC) may reduce the risk of revision 
after total hip and knee replacements. The aim of our study 
therefore was to determine the risk of re-revision following 
first time aseptic hip or knee revision using single versus 
dual ALBC.

Patients and methods — Patients from the Dutch 
Arthroplasty Register treated from 2007 to 2018 with first 
time cemented aseptic hip (n = 2,529) or knee revisions (n 
= 7,124) were incorporated into 2 datasets. The primary 
endpoint of this observational cohort study was subsequent 
all-cause re-revision. Multivariable Cox proportional hazard 
and competing risk was analyzed for both groups.

Results — There was no difference in re-revision rate 
(any reason) with single versus dual ALBC (hazard ratio 
1.06, 95% confidence interval [CI] 0.83–1.35 for hip and 
0.93, CI 0.80–1.07 for knee revisions). The 10-year crude 
cumulative re-revision rate also showed no differences for 
single versus dual ALBC use. The crude cumulative 7-year 
THA re-revision and 9-year TKA re-revision rates did not 
show any difference in implant survival for common cement 
types used.

Conclusion — We could not confirm the potential benefit 
of using dual ALBC compared with single ALBC for aseptic 
hip and knee revisions.

Adapting treatment protocols, with a change from low-dose 
single antibiotic-loaded bone cement (ALBC) into high-dose 
dual ALBC could significantly reduce infection risk in hip 
and knee revision arthroplasty patients. Current evidence for 
the use of dual ALBC for arthroplasty patients consists of a 
single randomized clinical trial concerning hip fracture hemi-
arthroplasty patients, which shows a significant reduction in 
the 1-year infection rate when dual ALBC (gentamicin and 
clindamycin) was used instead of single ALBC (gentamicin) 
[1]. For aseptic revision arthroplasty, the evidence is limited 
to 2 low-level-evidence reports: one uncontrolled pilot cohort 
study [2], and one retrospective comparative study [3], both 
suggesting an improved outcome with dual ALBC use. The 
current data on the usage and effectiveness of dual ALBC for 
revision hip and knee surgery is thus limited.

The aim of our study was to determine the risk for re-revi-
sion following first time aseptic hip or knee revisions, using 
data from the Dutch Arthroplasty Registry (LROI). Further-
more, we aim to analyze the risk for re-revision based on the 
specific cement type used.

Patients and methods

The Dutch Arthroplasty Register (LROI) has 100% hospital 
coverage, with completeness of revision hip and knee arthro-
plasty of ≥ 97% (since 2015) [4]. Implant survival is deter-
mined based on registration of revision procedures and the 
survival of patients obtained from Vektis, the Dutch insurance 
healthcare database [5].

In the LROI, implant and bone cement characteristics are 
linked from the implant library to all procedures in the LROI 
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minimum follow-up period of 2 years. We therefore included 
all registered revision hip and knee arthroplasties between the 
beginning of the LROI in 2007 and 2018 for outcome analy-
sis. This results in a study timeframe ranging from January 1, 
2007 until January 1, 2020. 

We were interested in the association of ALBC choice and 
subsequent incidence of re-revision in first time hip and knee 
revisions. To exclude possible previous revisions for unknown 
causes we selected first revision arthroplasties for which the 
index procedure was registered in the LROI. Revision proce-
dures were defined as operations in which 1 or more compo-
nents of the primary prosthesis are exchanged. 

The primary endpoint was re-revision for any reason in hip 
or knee revisions during the follow-up period in relation to the 
use of single ALBC versus dual ALBC, with a minimum fol-
low-up of 2 years. Secondary to this, we analyzed re-revision 
for infection and the risk for re-revision based on the specific 
composition of the ALBC.

Bone cement
The current most frequently registered bone cement types 
were calculated from LROI annual reported use of separately 
packed and pre-packed bone cements [5]. In the Nether-
lands, during the 10-year follow-up period the proportion of 
cemented hip revisions was 55% and cemented knee revisions 
85% [5]. To determine patterns in ALBC use across operative 
years the relative use of single versus dual ALBC per year was 
calculated for both datasets.
 
Statistics
Baseline data was calculated for each of the 2 databases using 
SPSS version 25 (IBM Corp, Armonk, NY, USA, 2017). Sur-
vival of hip and knee revisions was calculated as the time 
between first revision and first re-revision arthroplasty for any 
reason and first re-revision for infection for the period of the 
study (2007–2020). The falsifiable hypothesis is proportion 
implant survival with single ALBC = proportion implant sur-
vival with dual ALBC. The proportional hazards assumption 

for regression analysis was checked and met by inspecting 
Kaplan–Meier (KM) curves. Multivariable Cox proportional 
hazard analyses were performed to compare re-revision rates 
between patients treated with single and dual ALBC. Adjust-
ments were made for sex, age, and ASA classification. Results 
were reported as unadjusted and adjusted hazard ratios (HR) 
with 95% confidence intervals (CI).

Cumulative crude incidence of re-revision was calculated 
using competing risk analysis, where death was considered to 
be a competing risk [8], with 95% confidence intervals (CI). 
The period for survival analysis for which more than around 
50 patients are at risk in each group was 7 years for THA and 
9 years for TKA patients.

P < 0.05 were considered statistically significant.

Ethics, funding, and disclosures
The research protocol was approved by the scientific com-
mittee of the LROI and is following the regulations of the 
LROI. All data is anonymous, therefore ethical approval from 
our local ethical commission was not applicable. We did not 
receive any funding for this study. JvO has an advisory con-
sulting agreement with Heraeus, not related to the subject of 
this paper. Complete disclosure of interests statement forms 
according to ICMJE are available at the article page, doi: 
10.2340/17453674.2023.18645

Results
Patient and bone cement characteristics
Between January 1, 2007 and January 1, 2018, 2,529 primary 
hip arthroplasties and 7,124 primary knee arthroplasties were 
followed by a first revision (Figure 1 and Table 1).

Cement compound was not registered in 14.7% for revision 
THA and 14.6% for revision TKA patients. Dual ALBC was 
used in 860 patients (34%) for hip revisions and 1,854 patients 
(26%) for knee revisions (Table 2). The bone cement charac-
teristics and percentage of ALBC types used during the study 

First-time aseptic revisions 
identified in LROI 2007–2018
– revision THA: 2,980
– revision TKA: 8,460

Excluded, cement characteristics 
not registered: 
– revision THA: 451
– revision TKA: 1,336

Procedures included in the study

Single ALBC (n = 1,669):
– dead: 284   
– no re-revision: 1,194
– re-revised: 191 
    - for infection: 53

Aseptic revision THA: n = 2,529 

Dual ALBC (n = 860):
– dead: 127  
– no re-revision: 630  
– re-revised: 103
    - for infection: 24 

Single ALBC (n = 5,270):
– dead: 345
– no re-revision: 4,201
– re-revised: 724
    - for infection: 97

Aseptic revision TKA: n = 7,124

Dual ALBC (n = 1,854):
– dead: 103  
– no re-revision 1,515  
– re-revised: 236
    - for infection: 46

based on registered article numbers [6]. This 
study is reported according to the STROBE 
guidelines for observational studies [7].

Patients, cement, and outcomes
2 datasets were composed from the LROI 
containing all patients with cemented hip 
or knee revisions, for all reasons excluding 
infection. Revision arthroplasties for infec-
tion were not included because the selection 
of antibiotics in these patients is likely tar-
geted on the determined microorganisms and 
not used for prophylaxis. Patients with regis-
tered article numbers for bone cement were 
included in our dataset analyses. Orthopedic 
reconstructive studies generally require a 

Figure 1. Flowchart of study. THA = total hip arthroplasty; TKA = total knee arthroplasty.
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period (2007–2018) are given in Table 3. The current most fre-
quently registered bone cement types published in the annual 
LROI report are given in Table 4 (see Appendix) [5]. We did 
not see large variation across years for relative use of single 
versus dual ALBC (Figure 2, see Appendix).

Re-revision rates
The percentage of re-revision for any reason with 
use of single versus dual ALBC in the revision THA 
dataset was 11% and 12% (HR dual ALBC 1.06 (CI 
0.83–1.35) and in the revision TKA dataset 14% 
and 13% (HR dual ALBC 0.93 (CI 0.80–1.07). The 
majority of re-revisions are due to causes other than 
infection (Table 2). There is no statistically signifi-
cant difference in re-revision rate with dual versus 
single ALBC use. 

Survival analysis
Single ALBC versus dual ALBC
The 10-year crude cumulative first re-revision rate 
for hip and knee revisions showed no difference 
between single and dual ALBC use (Table 2 and Fig-
ures 3a and b). 

In the revision THA dataset, the most frequently 
used bone cement types were gentamicin, genta-
micin + clindamycin, and erythromycin + colistin, 
whereas in the revision TKA dataset gentamicin 
and gentamicin + clindamycin were used most fre-
quently (Table 3).

Hip revision arthroplasty
The crude cumulative 7-year re-revision rate showed 
no differences between any of the cement types. The 
crude cumulative 7-year re-revision rate in revision 
THA using gentamicin ALBC was 12% (CI 10–14, n 
= 354 patients at risk at 7 years), using gentamicin + 
clindamycin ALBC 13% (CI 11–16, n = 102 patients 
at risk at 7 years), and using erythromycin + colistin 
ALBC 15% (CI 10–21, n = 49 patients at risk at 7 
years) (Figure 3c). 

Table 1. Patient pre-revision exposure variables, inclusion period 2007–2018. 
Values are count (%) unless otherwise specified

 Aseptic revision THA Aseptic revision TKA
 (n = 2,529) (n = 7,124)
 Single Dual Single Dual
Variables ABLC ABLC ABLC ABLC

Revisions 1,669 (66) 860 (34) 5,270 (74) 1,854 (26)
Male sex 508 (30) 282 (33) 1,620 (31) 579 (31)
BMI a, mean (SD) 27.0 (4.7) 27.0 (4.8) 30.4 (5.2) 30.5 (5.5)
Age, mean (SD) 71.2 (11.0) 69.5 (12.0) 66.3 (9.4) 65.2 (9.5)
Smoking a 114 (6.8) 66 (7.7) 380 (7.2) 137 (7.4)
Age groups
 < 50 68 (4.1) 54 (6.3) 206 (3.9) 83 (4.5)
 50–59 160 (9.6) 109 (13) 1,045 (20) 434 (23)
 60–69 456 (27) 224 (26) 1,996 (38) 707 (38)
 70–79 593 (36) 301 (35) 1,589 (30) 520 (28)
 > 80 392 (26) 170 (20) 427 (8.1) 109 (5.9)
 Missing data 2 (0.08) 8 (0.1)
ASA classification
 I 227 (14) 140 (16) 608 (12) 245 (13)
 II 942 (56) 473 (55) 2,987 (57) 1,053 (57)
 III–IV 453 (27) 229 (27) 683 (13) 241 (13)
 Missing data 65 (2.6) 1,307 (18)
BMI classification a
 < 18.5 17 (1.0) 13 (1.5) 13 (0.2) 3 (0.2)
 Normal, 18.5–25 328 (20) 178 (21) 484 (9.2) 165 (8.9)
 Overweight, 25–30 382 (23) 222 (26) 1243 (24) 470 (25)
 Obese, 30–40 195 (12) 114 (13) 1,539 (29) 502 (27)
 > 40 12 (0.7) 7 (0.8) 142 (2.7) 74 (4.0)
 Missing data 1,061 (42) 2,370 (33)

a Recorded since 2014
Single ABLC = single antibiotic loaded cement,
Dual ABLC = dual antibiotic loaded cement. 
Numbers do not add up to 100% due to missing data. 

Table 2. Hazard ratios (HR) of ALBC groups for aseptic revision procedures 
included in the 2 datasets, with minimum 2-year follow-up. Re-revision rates 
are compared between single versus dual ABLC within datasets

 Aseptic revision THA Aseptic revision TKA 
Factor Single ABLC Dual ABLC Single ABLC Dual ABLC

Revisions, n 1,669  860  5,270  1,854 
Re-revision for 
 any reason, n (%)  191 (11) 103 (12) 724 (14) 236 (13)
 Crude HR (CI)  1  1.06 (0.83–1.35) 1  0.93 (0.80–1.07)
 Adjusted a HR (CI)  1  1.01 (0.79–1.29) 1  1.13 (0.97–1.30)
Re-revision for 
 infection, n (%)  53 (3.2) 24 (2.8) 97 (1.8) 46 (2.5)
 Crude HR (CI) 1  0.86 (0.55–1.43) 1  1.35 (0.95–1.91)
 Adjusted a HR (CI) 1  0.86 (0.53–1.40) 1  1.31 (0.93–1.87)

 a Adjustment for age, sex, and ASA classification registered during entire inclu-
sion period.
For Abbreviations, see Table 1.

Table 3. Bone cement use and percentage of registered 
antibiotic loaded bone cement used between 2007 and 
2018

Factor n (%) % ABLC

Aseptic revision THA 
 Gentamicin 1,590 (53) 63
 Gentamicin + clindamycin 591 (20) 23
 Erythromycin + colistin 257 (8.6) 10
 Tobramycin 79 (2.7) 3.1
 Gentamicin + vancomycin 12 (0.4) 0.5
 No antibiotics 14 (0.5) 0.6
 Missing data 437 (15) 
Aseptic revision TKA 
 Gentamicin 5,183 (61) 72
 Gentamicin + clindamycin 1,581 (19) 22
 Erythromycin + colistin 244 (2.9) 3.4
 Tobramycin 87 (1.0) 1.2
 Gentamicin + vancomycin 29 (0.3) 0.4
 No antibiotics 102 (1.2) 1.4
 Missing data 1,234 (15) 
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Knee revision arthroplasty
The crude cumulative 9-year re-revision rate showed no dif-
ferences between any of the cement types. The crude cumula-
tive 9-year re-revision rate in revision TKA using gentamicin 
ALBC was 18% (CI 16–19, n = 327 patients at risk at 9 years), 
and using gentamicin + clindamycin ALBC 17% (CI 14–19, n 
= 67 patients at risk at 9 years) (Figure 3d).

Discussion

The aim of the study was to determine the risk for re-revision 
following first time aseptic hip or knee revisions and single 
versus dual ALBC, using Dutch Arthroplasty Registry data. 
We showed no association between increased revision implant 
survival and the use of dual ALBC versus single ALBC bone 
cement, with a minimum of 2-year follow-up. Adjusting for 
age, sex, and ASA classification did not change our results. 
With the small CI in both groups, it is unlikely that the lack 
of difference between groups is due to a “Type 2 error.” We 
found comparable re-revision rates up to 7- and 9-years’ fol-
low-up for hip and knee revision patients following first revi-
sion with most frequently used bone cement types.

The major advantage of this registry study is that we 
can verify the possible improvement of care (introduction 
of high-dose ALBC) with available data within a national 
joint registry. Antibiotic loading in bone cement has been 
part of treatment protocols in many European countries for 
decades [9,10], whereas in the USA cost-effectiveness stud-
ies did not convince the FDA to allow its use for low-risk 
primary arthroplasty due to high costs [9,11]. A recent lit-
erature review with meta-analysis demonstrated a reduced 
risk for development of PJI when using ALBC versus plain 
bone cement in THA [12]. A lower all-cause revision rate and 
revision for PJI rate was also shown at 5-year follow-up with 
ALBC use in a large retrospective case control study, com-

paring 4,741 TKA implanted with plain bone cement versus 
11,231 TKA implanted with ALBC [13]. Another retrospec-
tive study, however, could not detect a reduced PJI rate when 
comparing 1,434 TKA implanted with plain bone cement 
with 1,077 TKA implanted with ALBC [14]. This will be 
further elucidated in a large prospective register-based RCT 
aimed to study the value of routine ALBC use in TKA [11]. 
In a recent analysis in the Kaiser Joint Replacement Regis-
try (87,018 TKA replacements) the additional cost of ALBC 
was not justified but the risk of PJI in diabetic patients was 
reduced [15].

Changing prophylactic ALBC, based on initial study 
results [1,2], by adding antibiotics and increasing the doses 
used should be introduced carefully considering the current 
evidence and debate on antibiotic loading of bone cement. 
Patient selection, regional antibiotic resistance differences, 
and national cost differences appear to be important factors for 
treatment choice. Data from national registries and accumu-
lating data from cohort studies and RCTs will take us further 
in our ambition to provide the best long-term care for arthro-
plasty patients.

In general, for implant studies, 2-year follow up is required. 
A minimum follow-up of 2 years was chosen for all patients 
analyzed in this LROI registry study. With these 2 datasets we 
were able to reliably compare the outcome of implant survival 
in relation to the use of gentamicin single ALBC, gentamicin + 
clindamycin dual ALBC, and gentamicin + colistin dual ALBC 
(THA only). The use of gentamicin + vancomycin ALBC has 
been limited in the Netherlands in the previous 10 years, which 
makes reliable estimation of the effect of adding vancomycin 
to bone cement not possible in the current datasets.

Limitations
Patients who underwent revision for infection were excluded 
from our analysis because the selection of antibiotics in these 
patients is likely targeted on the determined microorganisms. 
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a. Cumulative incidence of re-revi-
sion following aseptic hip revision 
arthroplasty (n = 2,529).

b. Cumulative incidence of re-
revision following aseptic knee 
revision arthroplasty (n = 7,124).

c. Cumulative incidence of re-
revision following aseptic hip 
revision arthroplasty.

d. Cumulative incidence of re-
revision following aseptic knee 
revision arthroplasty.

Figure 3. Cumulative incidence of re-revision following aseptic revision arthroplasty with use of single or dual ABLC and with most frequently used 
bone cement types in the Netherlands in 2007–2018. Shaded area represent the 95% confidence interval.
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Preoperatively grown microorganisms are not registered in the 
LROI database.

Information on individual infection risk or infections in 
medical history and vulnerability of patients may be overrep-
resented in the dual ALBC use groups. Also, information on 
perioperative, systemic antibiotic prophylaxis, which is rou-
tinely given and standard care in treatment protocols, is not 
registered in LROI. However, the relatively large number of 
subjects analyzed in this study may give a better estimation 
of the effect of dual ALBC in general compared with the pre-
sented limited-size case series.

Development of antibiotic resistance probably plays an 
important role in the long-term outcome of arthroplasty 
patients. A disadvantage of our registry study is that informa-
tion on microorganisms and antibiotic sensitivity is not avail-
able. Patients with a PJI in the hemiarthroplasty study showed 
an increased proportion of resistance to ciprofloxacin and 
clindamycin in the dual ALBC group, whereas due to the sig-
nificantly lower PJI rate in the dual ALBC group the absolute 
resistance rate was lower [16]. 

Not only is the selection and concentration of antibiotics 
in bone cement important, but also other characteristics may 
affect antibiotic release and cement quality and thereby influ-
ence risk for revision [17]. The current study provides insights 
into the use of antibiotic-loaded cement in the Netherlands and 
its possible influence on re-revision rates. Comparing interna-
tional registry data may reveal variation in eradication success 
rates based on differences in antibiotic loading of cement and 
national microbiologic profiles [18].

Changing prophylaxis in revision hip and knee arthroplasty 
protocols, at higher costs and with possible side effects such 
as increased antibiotic resistance development, should be sci-
entifically substantiated.

 
Conclusion
We could not show a difference in all-cause re-revision and 
re-revision for infection rates for revision hip or knee arthro-
plasty patients with the use of dual ALBC compared with 
single ALBC, with a minimum of 2-year follow-up. With 
7- and 9-years’ follow-up for hip and knee revision patients 
we also found comparable re-revision rates for the individual 
bone cement types. The results of this study do not confirm the 
observed benefit of dual ALBC use in revision cases. 
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Tabel 4. Most frequently registered bone cement types in the Netherlands in 2019

        Separately packed Proportion (%) Pre-packed Proportion (%)

Hip revision (n = 1,133)  (n = 465) 
 Palacos R+G (genta 1.25%) 39.1 Refobacin R (genta 1.25%) 53.5
 Copal G+C (genta 2.5%, clinda 2.5%) 29.4 Palacos R+G (genta 1.25%) 36.3
 Refobacin revision (genta 2.5%, clinda 2.5%) 12.7 Refobacin plus (genta 1.25%) 9.0
 Copal G+V (genta 0.5%, vanco 5%) 5.5 Refobacin revision (genta 2.5%, clinda 2.5%) 1.1
 Simplex ABC EC (erythro 1.25%, 
    colistin 3,000,000 IU) 4.3  
Knee revision (n =1,212)  (n = 679) 
 Palacos R+G (genta 1.25%) 38.3 Refobacin R (genta 1.25%) 51.7
 Copal G+C (genta 2.5%, clinda 2.5%) 38.2 Palacos R+G (genta 1.25%) 40.4
 Refobacin revision (genta 2.5%, clinda 2.5%) 11.5 Refobacin plus (genta 1.25%) 7.5
 Copal G+V (genta 0.5%, vanco 5%) 4.8 Refobacin revision (genta 2.5%, clinda 2.5%) 0.4
 Refobacin R (genta 1.25%) 3.1  
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Figure 2. Proportion (%) of bone cement type used per year for revision hip or knee 
arthroplasty.
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