Acta Orthopaedica 2017; 88 (1): 75-81

3@ OPEN ACCESS
75

Bone cement product and failure in total knee arthroplasty
A follow-up study of 26,147 knee replacements between 1997 and 2013 in

Norway

Qystein BIRKELAND ', Birgitte ESPEHAUG 23, Leif | HAVELIN 2, and Ove FURNES 1,2

1 Department of Clinical Medicine, Faculty of Medicine and Dentistry, University of Bergen; 2 The Norwegian Arthroplasty Register, Department of
Orthopedic Surgery, Haukeland University Hospital; 3 Centre for Evidence-Based Practice, Bergen University College, Bergen, Norway.

Correspondence: @B: obirki@gmail.com
Submitted 2016-01-27. Accepted 2016-08-04

Background and purpose — The bone cement market for total
knee arthroplasty (TKA) in Norway has been dominated by a few
products and distributors. Palacos with gentamicin had a market
share exceeding 90% before 2005, but it was then withdrawn
from the market and replaced by new slightly altered products.
We have compared the survival of TKAs fixated with Palacos
with gentamicin with the survival of TKAs fixated with the bone
cements that took over the market.

Patients and methods — Using data from the Norwegian Arthro-
plasty Register for the period 1997-2013, we included 26,147 pri-
mary TKAs in the study. The inclusion criteria were TKAs fixated
with the 5 most used bone cements and the 5 most common total
knee prostheses for that time period. 6-year Kaplan-Meier sur-
vival probabilities were established for each cement product. The
Cox proportional hazards regression model was used to assess
the association between bone cement product and revision risk.
Separate analyses were performed with revision for any reason
and revision due to deep infection within 1 year postoperatively
as endpoints. Adjustments were made for age, sex, diagnosis, and
prosthesis brand.

Results — Survival was similar for the prostheses in the follow-
up period, between the 5 bone cements included: Palacos with
gentamicin, Refobacin Palacos R, Refobacin Bone Cement R
(Refobacin BCR), Optipac Refobacin Bone Cement R (Optipac
Refobacin BCR), and Palacos R+G.

Interpretation — According to our findings, the use of the new
bone cements led to a survival rate that was as good as with the
old bone cement (Palacos with gentamicin).

Fixation methods for total knee arthroplasty (TKA) implants
are cemented, cementless, or a combination (hybrid). The
majority of TKAs performed in Scandinavia are cemented

(Robertsson et al. 2010). Aseptic loosening of the primary
TKA is the most common reason for revision (Carr et al. 2012,
Furnes et al. 2014).

The acrylic bone cements are regulated by 2 international
standards (Nottrott 2010), with current versions ISO-5833-
2002 and ASTM F451-08. Complying with the requirements
of the standards, which are based on preclinical testing, does
not seem to guarantee clinical success. In the past, there have
been examples of poor clinical performance of some of the
approved bone cements (Espehaug et al. 2002). The bone
cement Boneloc is perhaps the most prominent case. This
product was introduced in the early 1990s, but was withdrawn
from the market already in 1995. Short-term studies had
revealed poor clinical performance compared to conventional
acrylic bone cements (Havelin et al. 1995, Suominen 1995,
Thanner et al. 1995, Furnes et al. 1997, Markel et al. 2001).
Generally speaking, the regulatory framework worldwide for
medical devices including implants and bone cements has
been much less rigorous than that for new drugs (Riehmann
2005, Carr et al. 2012, Labek et al. 2015).

Approximately 20 bone cement products used for TKAs
have been reported in the Norwegian Arthroplasty Register
(NAR). Even so, only 5 different high-viscosity polymethyl-
methacrylate (PMMA) bone cement products with antibiotics
have been used in over 90% of all the reported TKAs (Furnes
et al. 2014).

Before 2004, Palacos with gentamicin (Schering-Plough)
had a market share of approximately 90% in Norway. This
product was the result of a collaboration between Heraeus
Kulzer, who produced the cement components, and Schering-
Plough, who supplied and added the antibiotic gentamicin. The
distributor of the end-product in Scandinavia was Schering-
Plough. This bone cement product was seen by many orthope-
dic surgeons to be the gold standard in this area. In other parts
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of Europe, Heraeus Kulzer had a collaboration with Merck,
and the end-product was distributed by Merck under the name
Refobacin Palacos R (Kiihn 2000). In 1998, Biomet entered
a joint venture with Merck, and in 2004 they purchased Mer-
ck’s interest, and founded the Biomet Europe Group. Then,
in 2005, Heraeus Kulzer decided to self-distribute the bone
cement end-product to all territories, and the well-known
products Palacos with gentamicin and Refobacin Palacos R
were removed from the market (Bridgens et al. 2008, Neut
et al. 2010). Heraeus Kulzer and Biomet then introduced the
new products Palacos R+G and Refobacin BCR, respectively.

Both of the companies, Biomet and Heraeus Kulzer, have
claimed in the past that their new products are equivalent to
their predecessor (Neut et al. 2010, KOFA 2011). On the other
hand, it has been shown that even small differences in process-
ing and source of substances may influence the end-product,
for example the release of gentamicin (Kiihn 2000). A number
of in vitro studies also brought to light various minor differ-
ences between the old and new products in the years that fol-
lowed (Dall et al. 2007a and b, Bridgens et al. 2008, Kock et
al. 2008, Neut et al. 2010).

With this background, and using data from the NAR, we
compared the survival of TKAs fixated with the old Palacos
with gentamicin and that of TKAs fixated with the most used
bone cement products that took over the market. We also stud-
ied deep infection up to 1 year postoperatively, which would
include both early postoperative infections and most of the
late chronic infections (Tsukayama et al. 1996).

Patients and methods

The data were taken from the Norwegian Arthroplasty Reg-
ister (NAR), a national registry covering Norway’s approxi-
mately 5 million inhabitants, which was founded in 1987 as a
hip registry (Havelin et al. 2000). In 1994, knee arthroplasty
was included in the registry (Furnes et al. 2002), and by the
end of 2013 approximately 50,000 TKAs had been registered.
For the period 1999-2002, 99% of all TKAs and 97% of all
TKA revision operations in Norway were reported to the reg-
ister (Espehaug et al. 2006). For the period 2008-2012, an
external analysis found a completeness of more than 95% for
primary TKA operations and of 89% for TKA revision opera-
tions (Furnes et al. 2014). The information from each opera-
tion is reported using a standardized form filled out by the
surgeon on a voluntary basis, and sent by post to the registry.
The information collected in the registry includes the date of
the operation, the civil registration number of the patient, indi-
cation for the procedure, bone cement product (as identified
by catalogue numbers from stickers in the cement wrapping),
hospital, and prosthesis brand at the catalogue number level.
The NAR publishes annual reports with descriptive statistics
(http://nrlweb.ihelse.net).

Study sample

47,503 TKAs were reported to the NAR in the period from
January 1, 1997 to December 31, 2013. We excluded TKAs
with patellar component (n = 3,205), with unknown diagnosis
(n =103), those uncemented/fixated without antibiotic-loaded
bone cement (n =2,605), and those with unequal proximal and
distal bone cement (including hybrid prostheses) (n = 6,018).
Figure 1 shows a breakdown of the bone cements used in the
remaining TKAs.

In addition, we excluded bone cements used for less than
3 years and in less than 1,000 knees in total (n = 2,846).
The remaining bone cements were: Palacos with gentamicin
(Schering-Plough), Palacos Refobacin R (Merck), Palacos
R+G (Heracus Kulzer/Heraecus Medical), Refobacin BCR
(Biomet), and Optipac Refobacin BCR (Biomet).

TKAs with unequal prosthesis type in the proximal and
distal part, or with missing information, were excluded (n =
508). Furthermore, only TKAs with prosthesis brands used
over the whole study period (1997-2013) and in over 2,000
knees were included. These criteria left Profix (Smith and
Nephew), LCS/LCS Complete (DePuy), AGC (Biomet), and
NexGen (Zimmer,) and led to exclusion of 6,057 TKAs. For
each of the bone cements, a specific time interval for inclusion
was defined, leading to exclusion of 14 other TKAs.

These exclusion/inclusion criteria were used to make the
study population as homogeneous as possible regarding the
influence of the bone cement product. Maximum possible
follow-up was 9 years for the different bone cements, except
for Optipac Refobacin BCR, which had only been in use for 6
years (since 2008).

We identified 26,147 TKAs in the total study population
for comparison of survival rate according to the bone cement
products (Table 1 and Figure 2).

In this study, some patients received 2 TKAs and the study
population consisted of 20,979 individuals.

Outcome

The outcome variable was prosthesis survival, defined as
time from implantation to revision. Revision was defined as
exchange, or addition or removal of the implant or part of the
implant. Observation times were censored at time of death,
emigration, or end of study. Information on death and emi-
gration was obtained from the National Population Registry
(TaxAdmin 2014) using the civil registration numbers of Nor-
wegian residents.

Predictor

Bone cement product (Palacos with gentamicin, Refobacin
Palacos R, Refobacin BCR, Optipac Refobacin BCR, and Pal-
acos R+G) was evaluated as a predictor of prosthesis survival.

Other variables

Adjustment was performed for possible confounding by age
(< 60, 60—69, 70-79, > 79), sex, diagnosis (arthrosis, other),
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Table 1. Inclusion criteria for bone cements and prostheses with product information

Inclusion Products

criteria included Distributor

Comments

Cements

Used > 3 years. Used in over 1,000 knees. Equal bone cement in proximal and distal part of prosthesis

Palacos with Schering-Plough 2
gentamicin

Palacos Merck

Refobacin R

Palacos R+G Heraeus Kulzer ©

The cement components (poly/monomers) was produced by Heraeus Kulzer
and antibiotics were added by Schering-Plough. The single most used cement
before 2005, and considered as the gold standard for many years. Mostly used in
Scandinavia. Also referred to as Palacos R with gentamicin or Palacos R40G in
some papers. Withdrawn from the market in 2005.

Identical cement components (poly/monomers) as in Palacos with gentamicin.
Antibiotics added under license from Merckby Heraeus Kulzer, and end product
distributed by Merck . Withdrawn from the market in 2005.

The cement components (poly/monomers) are identical to those in Palacos with
gentamicin. New vendor for gentamicin. Minor differences in production method

for the addition of the gentamicin.

Copy product of the old “Palacos” cement. New vendor of cement monomers/

polymers. Antibiotics added with the same procedure as in Palacos Refobacin R.

Refobacin BCR Biomet d
Optipac Biometd
Refobacin BCR

Prostheses

Identical components as Refobacin BCR, but all ingredients come
pre-packaged in a mixing system, which remains closed until the cement is appl

Used in the whole study period (1997—2013). Used in over 2,000 knees. Equal prosthesis proximally and distally.

Cruciate retaining.
Mobile bearing. LCS was used until 2006.
Mobile bearing. Assessed as same prosthesis as LCS in this paper, due to the

similarities. Used from 2003.

Profix Smith and Nephew
LCS DePuy

LCS Complete DePuy

AGC Biomet

NexGen Zimmer

Cruciate retaining.
Cruciate retaining.

2 Merged with Merck & Co. in 2009

b| ater Biomet-Merck

¢ Heraeus Medical from year 2009 (company re-organization)
d Zimmer Biomet from year 2015

Number of TKAs
3500

@ Other cements

3000 | ®Optipac Refobacin BCR

m Refobacin BCR
2500 1" mPalacos R+G

m Refobacin Palacos R
2000

@ Palacos with gentamicin

1500

1000

500

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
Year of primary operation

Figure 1. Bone cements used for TKAs in Norway in the period 1997—
2013. TKAs with patellar component, unknown diagnosis, fixation
without antibiotic-loaded bone cement, and hybrid fixation (or unequal
bone cement in distal and proximal part) are not included.

and prosthesis brand (LCS/LCS Complete, AGC, NexGen,
Profix).

Statistics
6-year survival probabilities with 95% confidence intervals

(CIs) were established for each bone cement product using
the Kaplan-Meier method. Any p-values < 0.05 were consid-
ered statistically significant. We used the Cox proportional
hazards regression model to assess the association between
cement product and revision risk. Unadjusted and adjusted
relative revision risk (RR) estimates were established for each
bone cement relative to the Palacos R+G, and are presented
with CIs and p-values. We also calculated p-values for tests
of the overall impact on survival of the cement product. Sur-
vival curves were constructed based on the adjusted estimates,
and stratified for the different bone cements to illustrate pos-
sible differences in the distribution of time from insertion of
the prosthesis to revision. Separate analyses were performed
with revision for any reason and revision due to deep infection
within 1 year postoperatively, as endpoints. The proportional
hazards assumption of the Cox model was investigated visu-
ally and tested based on scaled Schoenfeld residuals (Ranstam
et al. 2011), and found to be valid for cements in the analyses
with revision for any reason as endpoint (all p > 0.3). With
revision due to deep infection within 1 year as endpoint, the
assumption was violated for 2 cement products: Palacos with
gentamicin (p < 0.001) and Optipac Refobacin BCR (p =
0.03). The residual plot (not shown) and the reported survival
curves indicated that analyses performed for different follow-
up periods were unlikely to change our conclusions.



78

Acta Orthopaedica 2017; 88 (1): 75-81

Table 2. Patient and procedure characteristics for the different bone cement products

est period of time in use (3 years). The
distribution of age was homogenous for

Variables Palacos with Refobacin Palacos Refobacin  Optipac the different cements, with most patients
gentamicin  Palacos R R+G BCR Refobacin BCR Total  between 60 and 80 years of age. The least
TKAs 7,650 1,206 8,278 4,505 4,508 26,147 used prosthesm/cemen.t C9mblnat19n V.vas
Proportion of total, % 29 5 32 17 17 100 the NexGen prosthesis in combination
Males, % 29 31 35 35 37 33 with the cement Palacos with gentamicin
Age in years, % .
S 5 15 = - 1 1 (13.8 knees). The most freq}lent COInl?l
60-69 27 29 34 34 36 3o  nation was Optipac Refobacin BCR with
70-79 43 41 36 35 36 38 LCS Complete (3,304 knees). Over 85%
>79 15 15 14 13 10 14 of all the TKAs were done because of
Prosthesis, % .. . .
AGC 29 20 6 o8 9 15  osteoarthritis. 75 different hospitals had
NexGen 2 9 15 8 11 9 performed TKAs, and 61 of them had
Profix 40 39 52 16 7 34
LCS/LCS complete B - = e — s used mgre than 1 cement product (Table
Diagnosis, % 2 and Figure 2).
Osteoarthritis 85 89 88 88 91 88
Other 15 11 12 12 9 12 Survival
No. of hospitals 65 33 52 40 29 75

All the bone cements had almost identi-

Primary TKAs reported to
NAR between 1997 and 2013
n = 47,503

cal results (p = 0.9) with an unadjusted
survival percentage of approximately
95% at 6 years. Similar findings were
obtained with adjustment for differences
in age, sex, diagnosis, and prosthesis

Excluded TKAs:
— TKAs with patellar component, 3,205
- TKAs with unknown diagnosis, 103

in distal and proximal part, 6018

- TKAs with uncemented/antibiotic free cement, 2,605
— TKAs with hybrid fixation or unequal bone cement

brand (p = 0.4) (Table 3 and Figure 3).

Infection
Within one year postoperatively, 147

n = 35,5722 I

revisions were done due to deep infec-
tion. Compared to Palacos R+G, Pala-

Excluded TKAs:

cos with gentamicin had a statistically

- TKAs with bone cements not included in the study, 2,846

- TKAs with missing prosthesis information or unequal
proximal and distal prosthesis type, 508

— TKAs with prostheses not included in the study, 6,057

— TKAs with the included bone cements, but use of them

significantly lower risk of revision due
to infection (RR = 0.5, CI: 0.3-0.8; p
= 0.01). There were no statistically sig-

outside the defined time periods, 14

nificant differences between the 3 bone

Study population for evaluation
of bone cement products
n = 26,147
1

cements that are currently on the market
(p =0.7) (Table 4 and Figure 4).

1
Refobacin BCR
2005-2013"
n = 4,505

1997-2005°
n = 7,650

2004-2006"°
n =1,206

2005-2013°

|
Refobacin Palacos R
n = 8,278

1
Palacos R+G I

Palacos with gentamicin I

Figure 2. The selection procedure from the data registered in the NAR. n = number of knees
with TKA. 2 lllustrated in Figure 1.P The time period of use included in study.

Statistical analyses were performed using the software
SPSS Statistics version 22.

Results

None of the bone cements had been used over the entire study
period. Palacos R+G was the most frequently used bone
cement (used in 8,278 knees). Refobacin Palacos R was used
in 1,206 knees and was the least used; it also had the short-

Optipac Refobacin BCR . .
2008-2013° Discussion
n = 4508
Summary

We found no statistically significant dif-
ferences in TKA survival for the bone
cements Palacos with gentamicin, Refo-
bacin Palacos R, Palacos R+G, Refobacin BCR, and Optipac
Refobacin BCR. Palacos with gentamicin had a significantly
lower risk of infections than Palacos R+G. The bone cements
currently on the market had practically the same risk of infec-
tion 1 year postoperatively.

Other relevant studies

Olerud et al. (2014) performed a consecutive radiostereomet-
ric study comparing Refobacin BCR cement with Palacos with
gentamicin, which were used in total hip arthroplasty (THA)
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Table 3. Cox relative revision risk (RR) estimates with revision for any reason as endpoint. Unadjusted and adjusted for age, sex, diagnosis,
and prosthesis brand

Median Maximum Unadjusted Adjusted
follow-up, follow-up, No. No. at risk, Kaplan-Meier survival
Bone cement years years revised 6 years at 6 years (95% Cl) RR (95% CI) RR (95% ClI) p-value
Palacos R+G 3.9 8.4 299 2,034 95.2 (94.6-95.7) 1 (ref) 1 (ref) -
Palacos with gentamicin 2.9 9.0 259 821 94.9 (94.2-95.6) 1.00 (0.85-1.18) 0.98 (0.83-1.17) 0.9
Refobacin BCR 5.2 8.3 183 1,771 95.2 (94.5-95.9) 0.98 (0.82-1.18) 0.88 (0.73-1.06) 0.2
Optipac Refobacin BCR 2.2 6.0 120 a b 0.96 (0.78-1.19) 0.84 (0.67-1.05) 0.1
Refobacin Palacos R 7.7 9.0 53 1,020 95.5 (94.3-96.7) 0.88 (0.66-1.18) 0.86 (0.64-1.16) 0.3

2 Last revision at 4.5 years; at risk: 339.
b| ast revision at 4.5 years; survival (95% Cl): 95.3% (94.2-96.5).

Cox adjusted cumulative survival (%)

100
B Palacos R+G
99 - B Palacos with gentamicin
B Refobacin BCR
B Optipac Refobacin BCR
98 B Refobacin Palacos R
97 1
96
95 +
94 -

o 1 2 3 4 5 6 7 8 9
Years after primary surgery

Figure 3. Cox survival curves with cement product as stratification vari-
able for all TKAs with revision for any reason as endpoint. The curves
were estimated with adjustment for age, sex, diagnosis, and prosthesis
brand.

Table 4. Cox relative revision risk (RR) estimates with revision due to
deep infection within 1 year postoperatively as endpoint. Adjusted
for age, sex, diagnosis, and prosthesis brand

At risk, No. Adjusted
Bone cement 1year revised RR (95% Cl) p-value
Palacos R+G 7,027 55 1 (ref) -
Palacos with gentamicin 6,812 26 0.52(0.32-0.84) 0.01
Refobacin BCR 4,220 27 0.92 (0.56-1.50) 0.7
Optipac Refobacin BCR 3,975 32 1.18(0.73-1.91) 0.5
Refobacin Palacos R 1,190 7 0.87(0.39-1.92) 0.7

for 2 patient groups. They studied 51 patients, observing them
for 2 years. They found no clinical or statistically significant
difference between the 2 cements, and concluded that Refo-
bacin BCR should be safe for clinical use in THAs. However,
they also stressed the need for longer follow-up and for results
from national registries. Limitations of their study included
the short follow-up time (2 years), the lack of randomization,
and the length of time between the 2 study groups (due to use

Cox adjusted cumulative survival (%)

| OOﬂE
——
99
B Palacos R+G
98+ B Palacos with gentamicin
B Refobacin BCR
B Optipac Refobacin BCR
B Refobacin Palacos R
97-
T T 1
0 0.5 1

Years after primary surgery

Figure 4. Cox survival curves with cement product as stratification vari-
able for TKAs with revision due to deep infection within one year post-
operatively as endpoint. The curves were estimated with adjustment
for age, sex, diagnosis, and prosthesis brand.

of the bone cements in different time periods). Their results
may not be transferrable to TKAs.

Kock et al. (2008) conducted in vitro tests of different prop-
erties between the “Palacos” cements Refobacin Palacos R
and Palacos R+G and the bone cements SmartSet GHV and
Refobacin BCR. Their study included handling properties,
chemical analysis, and testing according to the ISO standard
for acrylic bone cements. Their findings clearly indicated that
the copolymers used in the cements SmartSet GHV and Refo-
bacin BCR were different from those used in the 2 “Palacos”
cements. They also found differences in viscosity and waiting/
hardening times. Since the cement products clearly appeared
to be dissimilar, they concluded that clinical data from long-
term use of the Palacos cements cannot be extrapolated to
Refobacin BCR (and SmartSet GHV).

Neut et al. (2010) compared in vitro gentamicin release
from Refobacin Palacos R, Refobacin BCR, Palacos R+G, and
SmartSet GHV. All the 3 newer cements showed higher sustained
release of gentamicin compared to that from Refobacin Palacos
R. They therefore concluded that the gentamicin release charac-
teristics of the old and new cements were different.
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Dall et al. (2007a) performed an in vitro comparison of
mechanical and handling properties between Refobacin Pala-
cos R and the newer Palacos R+G and Refobacin BCR. All
3 cements were found to have comparable mechanical prop-
erties, and to release similar amounts of gentamicin. On the
other hand, they found different handling/viscosity curves for
the different products, and concluded that these bone cements
may perform differently in the operating theater from a sur-
geon’s point of view.

Dall et al. (2007b) also conducted a study assessing the
inter-batch and intra-batch variability in the handling charac-
teristics and viscosity for the cements Refobacin BCR, Pala-
cos R+G, Simplex P Tobramycin, and SmartSet GHV. Refo-
bacin BCR was found to have a different viscosity from Pala-
cos R+G. Their results also suggested that extrinsic factors,
such as preparation conditions, may be of more importance
than intrinsic variability.

Bridgens et al. (2008) performed an in vitro study compar-
ing Palacos with gentamicin with the cements Palacos R+G
and SmartSet GHV. All cements performed well, with minor
differences. Regarding the difference between the old and new
Palacos cements, they wrote: “We have also shown that the
properties of Heraeus Palacos (meaning: Palacos R+G) com-
pared with Schering-Plough Palacos (meaning: Palacos with
gentamicin) are different, with superior elution of antibiotics
and mechanical characteristics shown by Heraeus Palacos”.

Explanations and interpretation
All these studies indicated some minor differences between
the old and new bone cements. The new bone cements are
almost identical to the old ones, but the small differences may
be due to new suppliers of monomers, copolymers, and genta-
micin—and/or slightly changed production procedures. Such
minor changes in the chemical properties of the ingredients
could affect the end-product (Kiihn 2000, Milner 2004, Dall
et al. 2007a and b). This explanation was also suggested by
an official statement from Heraeus Kulzer, given in Bridgens
et al. (2008). Furthermore, a legal dispute between Heraeus
Medical Nordic and Biomet at the Norwegian Complaints
Board for Public Procurement regarding the procurement
of cement has indicated that the suppliers of antibiotics and
monomers, and also production methods, do actually vary to
some extent between the old and new products (KOFA 2011).
Our study has shown that these minor changes did not influ-
ence the clinical performance using survival of the TKAs as the
outcome measure, but may have influenced other parameters.
For example, several of the studies referred to suggest a pos-
sibly higher gentamicin release from the bone cements that are
currently on the market (Bridgens et al. 2008, Neut et al. 2010).
One hypothesis would be that these properties may lead to
fewer deep infections and therefore less septic loosening/revi-
sion (Espehaug et al. 1997). The present study does not indicate
that there may be any clinical effect of a possibly higher genta-
micin release. In fact, the old Palacos with gentamicin cement

had a statistically significantly lower deep infection rate than
the new cements within 1 year postoperatively. We believe that
this is a time-dependent effect, and a result of comparison of
results from different time periods—as Palacos with gentamicin
was stopped in 2005. Other registry-based studies have found
an increased risk of revision due to deep infection from around
year 2000, and especially after 2005, for THAs (Dale et al.
2009, 2012). Possible explanations include change in reporting
awareness, revision policy, selection of patients, more resistant
bacteria, and more modular prostheses. The AGC prosthesis
is non-modular, and was used more frequently in the “Palacos
with gentamicin” era before 2005. All deep infections of the
AGC knee may not have been captured due to the inclusion
criteria for revision. The cements currently on the market had
practically the same risk of infection 1 year postoperatively.

Another parameter that may be altered is the preparation and
the different phases during use (Kiihn 2000). These properties
are of importance to the operator. To our knowledge, almost
all cements for TKAs in Norway are prepared with vacuum
mixing systems in the operating theaters. The NAR does not
have information on the mixing systems used, except for the
pre-packaged systems. In our study, we included Optipac
Refobacin BCR. This is the same bone cement as Refoba-
cin BCR, but it comes pre-packaged with a closed-vacuum
mixing system. Such products may have some advantages—
in, for example, reducing the risk of wrong preparation. In the
present study, we found no statistically significant differences
between these 2 products.

Strengths and limitations

High-powered randomized clinical trials are seldom per-
formed for comparison of rare incidences, such as loosening
of cemented TKAs. Large observational studies from arthro-
plasty registries may therefore provide a good alternative for
the study of such events.

The large number of TKAs assessed (26,147), and the fact
that potential confounders had been adjusted for in the statisti-
cal models, is a strength of the study. Yet, survival of TKAs
may also be confounded by other factors such as surgeon
experience, patient comorbidities, temperature of the bone
cement or of the operating theater, and the use of dissimilar
vacuum mixing systems.

A limitation of the study was the short follow-up time. For
the Boneloc cement, the chemical properties were dissimilar
to those of the standard PMMA bone cements, and revisions
started to appear after a short time (Suominen 1995, Havelin
et al. 1995, Furnes et al. 1997, Markel et al. 2001). With only
minor differences between the bone cements investigated in
this study, any differences might therefore become apparent
after a longer follow-up time.

One flaw might be that the change in the bone cement market
in 2005 may have caused confusion for the reporting surgeons
as well. All of sudden, the cements had a different name but
had packaging of the same color. The registry may therefore
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contain some minor errors from this period—if the surgeons
reported the cement product in writing, instead of using the
usual stickers delivered from the company as normally.

Further research

Our study consisted of TKAs only. Whether our result can be
extrapolated to—for example—THA remains to be investi-
gated. A longer follow-up period would also be desirable.

Conclusion

We found no difference in prosthesis survival between the
bone cement Palacos with gentamicin and the new products
introduced after 2005, with this relatively short follow-up
time. All the new bone cements included in this study appear
to be as good as their predecessor.

(@B performed the analyses and wrote the manuscript. BE supervised the anal-
yses and helped write the manuscript. OF planned the study and helped write
the manuscript. LH helped write the manuscript. All the authors contributed
to editing of the manuscript, to interpretation of the analyses, and to revision
of the manuscript.

No funding was received.

No competing interests declared.

Bridgens J, Davies S, Tilley L, Norman P, Stockley I. Orthopaedic bone
cement: do we know what we are using? J Bone Joint Surg (Br) 2008; 90
(5): 643-7.

Carr A J, Robertsson O, Graves S, Price A J, Arden N K, Judge A, Beard D J.
Knee replacement. Lancet 2012; 379 (9823): 1331-40.

Dale H, Hallan G, Hallan G, Espehaug B, Havelin L I, Engesaeter L B.
Increasing risk of revision due to deep infection after hip arthroplasty. Acta
Orthop 2009; 80 (6): 639-45.

Dale H, Fenstad A M, Hallan G, Havelin L I, Furnes O, Overgaard S, Ped-
ersen A B, Karrholm J, Garellick G, Pulkkinen P, Eskelinen A, Makela K,
Engesaeter L B. Increasing risk of prosthetic joint infection after total hip
arthroplasty. Acta Orthop 2012; 83 (5): 449-58.

Dall G F, Simpson P M, Breusch S J. In vitro comparison of Refobacin-
Palacos R with Refobacin Bone Cement and Palacos R + G. Acta Orthop
2007a; 78 (3): 404-11.

Dall G F, Simpson P M, Mackenzie S P, Breusch S J. Inter- and intra-batch
variability in the handling characteristics and viscosity of commonly used
antibiotic-loaded bone cements. Acta Orthop 2007b; 78 (3): 412-20.

Espehaug B, Engesaeter L B, Vollset S E, Havelin L I, Langeland N. Anti-
biotic prophylaxis in total hip arthroplasty. Review of 10,905 primary
cemented total hip replacements reported to the Norwegian arthroplasty
register, 1987 to 1995. J Bone Joint Surg Br 1997; 79 (4): 590-5.

Espehaug B, Furnes O, Havelin L I, Engesaeter L B, Vollset S E. The type of
cement and failure of total hip replacements. J Bone Joint Surg Br 2002;
84 (6): 832-8.

Espehaug B, Furnes O, Havelin L I, Engesaeter L B, Vollset S E, Kindseth O.
Registration completeness in the Norwegian Arthroplasty Register. Acta
Orthop 2006; 77 (1): 49-56.

Furnes O, Lie S A, Havelin L I, Vollset S E, Engesaeter L B. Exeter and
Charnley arthroplasties with Boneloc or high viscosity cement. Compari-
son of 1,127 arthroplasties followed for 5 years in the Norwegian Arthro-
plasty Register. Acta Orthop Scand 1997; 68 (6): 515-20.

Furnes O, Espehaug B, Lie S A, Vollset S E, Engesaeter L B, Havelin L 1.
Early failures among 7,174 primary total knee replacements: a follow-up
study from the Norwegian Arthroplasty Register 1994-2000. Acta Orthop
Scand 2002; 73 (2): 117-29.

Furnes O, Baste V, Krukhaug Y, Kvinnesland I A. Annual report for the Nor-
wegian Arthroplasty Register 2014. Helse Bergen HF, Bergen 2014.

Havelin L I, Espehaug B, Vollset S E, Engesaeter L B. The effect of the type
of cement on early revision of Charnley total hip prostheses. A review of
eight thousand five hundred and seventy-nine primary arthroplasties from
the Norwegian Arthroplasty Register. J] Bone Joint Surg (Am) 1995; 77
(10): 1543-50.

Havelin L I, Engesaeter L B, Espehaug B, Furnes O, Lie S A, Vollset S E. The
Norwegian Arthroplasty Register: 11 years and 73,000 arthroplasties. Acta
Orthop Scand 2000; 71 (4): 337-53.

Kock H J, Huber F X, Hillmeier J, Jager R, Volkmann R, Handschin A E,
Letsch R, Meeder P J. In vitro studies on various PMMA bone cements: a
first comparison of new materials for arthroplasty. Z Orthop Unfall 2008;
146 (1): 108-13.

KOFA. The Norwegian Complaints Board for Public Procurement - case
2010/211; 2011 [cited 2015 10.10]. Available from: http://www.kofa.no.

Kiihn K-D. Bone cements. Up-to-date comparison of physical and chemical
properties of commercial materials. Springer-Verlag, Berlin 2000.

Labek G, Schoffl H, Meglic M. New Medical Device Regulations ahead —
What does that mean for Arthroplasty Registers? Acta Orthop 2015; 86
(1): 5-6.

Markel D C, Hoard D B, Porretta C A. Cemented total hip arthroplasty with
Boneloc bone cement. J South Orthop Assoc 2001; 10 (4): 202-8.

Milner R. The development of theoretical relationships between some han-
dling parameters (setting time and setting temperature), composition (rela-
tive amounts of initiator and activator) and ambient temperature for acrylic
bone cement. J Biomed Mater Res B Appl Biomater 2004; 68 (2): 180-5.

Neut D, Kluin O S, Thompson J, van der Mei H C, Busscher H J. Gentami-
cin release from commercially-available gentamicin-loaded PMMA bone
cements in a prosthesis-related interfacial gap model and their antibacterial
efficacy. BMC Musculoskelet Disord 2010; 11: 258.

Nottrott M. Acrylic bone cements: influence of time and environment on
physical properties. Acta Orthop Suppl 2010; 81 (341): 1-27.

Olerud F, Olsson C, Flivik G. Comparison of Refobacin bone cement and
palacos with gentamicin in total hip arthroplasty: an RSA study with two
years follow-up. Hip Int 2014; 24 (1): 56-62.

Ranstam J, Kérrholm J, Pulkkinen P, Mikeld K, Espehaug B, Pedersen A B,
Mehnert F, Furnes O. Statistical analysis of arthroplasty data. Acta Orthop
2011; 82 (3): 258-67.

Riehmann M. Regulatory measures for implementing new medical devices.
Recalling Boneloc. Dan Med Bull 2005; 52 (1): 11-7.

Robertsson O, Bizjajeva S, Fenstad A M, Furnes O, Lidgren L, Mehnert F,
Odgaard A, Pedersen A B, Havelin L 1. Knee arthroplasty in Denmark,
Norway and Sweden. A pilot study from the Nordic Arthroplasty Register
Association. Acta Orthop 2010; 81 (1): 82-9.

Suominen S. Early failure with Boneloc bone cement. 4/8 femoral stems loose
within 3 years. Acta Orthop Scand 1995; 66 (1): 13.

TaxAdmin. This is the National Registry. Tax administration Norway; 2014
[cited 2014 11.6]. Available from: http://www.skatteetaten.no/en/Person/
National-Registry/This-is-the-National-Registry/.

Thanner J, Freij-Larsson C, Karrholm J, Malchau H, Wesslen B. Evaluation
of Boneloc. Chemical and mechanical properties, and a randomized clini-
cal study of 30 total hip arthroplasties. Acta Orthop Scand 1995; 66 (3):
207-14.

Tsukayama D T, Estrada R, Gustilo R B. Infection after total hip arthroplasty.
A study of the treatment of one hundred and six infections. J Bone Joint
Surg Am 1996; 78 (4): 512-23.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug true
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


