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Background: The normal-curing Refobacin� Bone Cement R (RR) and slow-curing
Refobacin� Plus Bone Cement (RP) were introduced after discontinuation of the historically
most used bone cement, Refobacin�-Palacos� R, in 2005. The aim of this study was to com-
pare total knee arthroplasty component fixation with the two bone cements.
Methods: 54 patients with primary knee osteoarthritis were randomized to either RR
(N = 27) or RP (N = 27) bone cement and followed for two years with radiostereometric
analysis of tibial and femoral component migration and dual-energy x-ray absorptiometry
measured periprosthetic bone mineral density (BMD). Further, patients were followed up
at ten years with clinical outcome scores (OKS and KOOS).
Results: At two-years follow-up, tibial total translation was 0.31 mm (95% CI: 0.19 – 0.42)
for the RP group and 0.56 mm (95% CI: 0.45 – 0.67) (p < 0.01) for the RR group. There was
continuous tibial component migration from one to two years follow-up (MTPM > 0.2 mm)
in 13/27 patients from the RR and in 12/26 patients from the RP group. There was no dif-
ference between groups in BMD baseline values or changes during follow-up, as well as no
correlation between change in BMD and tibial component migration. At ten-years follow-
up, the improvement in the clinical outcome scores was similar between groups. There
were no prosthesis related complications during the 10-year follow-up.
Conclusion: At two years, tibial total translation was lower in the RP compared with the RR
cement group, but BMD changes were similar. At ten years, no components were revised
and clinical outcome scores were similar between groups.
� 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Total knee arthroplasties (TKA) can be inserted by cementless or cemented technique or as a combination (hybrid), with
the most common being cemented fixation [1,2]. Historically, Refobacin-Palacos R (RPR) (Heraeus Kulzer GmbH; distributor
and responsible manufacturer: Biomet Europe) was the most commonly used, and considered the gold standard of bone
cements by many orthopaedic surgeons [3–5]. Several studies proved good component fixation of TKA and total hip arthro-
plasties with RPR bone cement [5,6].

In 2005, RPR bone cement was replaced by Refobacin� Bone Cement R (RR) (Biomet) and Palacos� R + G (PRG) (Heraeus
Kulzer) [5,7]. Both companies stated that their new bone cement products had similar properties in comparison with the
previous RPR [6,8]. However, an in vitro study from 2007 found that both new bone cements had different viscoelastic prop-
erties in the waiting and application phase compared to their predecessor RPR [5]. At the same time, the Biomet company
also released a slower curing bone cement. The Refobacin� Plus Bone Cement (RP) was marketed to have a lower initial vis-
cosity with a slightly longer waiting and application phase but a faster curing phase. Theoretically, this could lead to reduced
porosity of the cement during the vacuum-mixing, thereby increasing the durability and the lifetime of the prosthesis.

It is well documented that early migration of the tibial component increase the risk of later component loosening and
component revision [9,10]. In addition, it is well known that radiostereometric analysis (RSA) tested TKA brands show better
survival in registries, and RSA is recommended in the introduction of new products for total joint arthroplasty [11]. Formerly,
RSA has proven valuable in measurement of higher component migration correlating with later revisions of Boneloc cement
fixation in both TKA and total hip arthroplasty [12,13] However, no RSA studies have been performed with the RR and the RP,
prefilled andmixed under vacuum in Optipac and it remains unknown, if there are any differences in component fixation and
survival between these two bone cements.

In this study, we compared the two bone cements using model-based RSA to evaluate migration of the tibial and femoral
components after TKA, and dual-energy x-ray absorptiometry scans (DXA) to evaluate peri-prosthetic BMD changes in a ran-
domized controlled trial (RCT) with two years follow-up. Clinical outcomes were evaluated with ten years follow-up.
2. Patients and Methods

Between September 2008 and June 2010, we included 54 patients (33 females) with a mean age of 66 years (range 44–83)
with primary osteoarthritis (OA) with bone-on-bone wear of the knee in a single-center, patient and analyst blinded RCT
(Table 1).

The inclusion criteria were: primary knee OA, age equal to or above 18 years of age, informed consent, and unilateral par-
ticipation. The exclusion criteria were: osteoporosis, rheumatoid arthritis, non-steroidal anti-inflammatory drugs, previous
knee fracture surgery, risk of pregnancy, psychiatric disease, cancer/chemotherapy, and poor dental status.
Table 1
Demographics, surgical and clinical data at baseline.

RP RR

Men / women 8 / 19
11 / 16
67 (44–75)
32 (23–45)
73.0 (63–83)
-0.73 (-2.3–1.2)
23.9 (10–33)

13 / 14
14 / 13
65 (48–83)
31 (25–40)
76.0 (63–83)
-0.74 (-2.3–1.0)
25.0 (14–34)

Operated side, right / left
Age at surgery, mean (range)
BMI, mean (range)

Tibial component size, mean (range)
T-score, mean (range) a

Oxford Knee score, mean (range)

SF-36
Physical functioning, mean (range)

General health, mean (range)
Vitality, mean (range)
Mental health, mean (range)
Bodily pain, mean (range)
Social functioning, mean (range)
Role limitation physical, mean (range)
Role limitation emotional, mean (range)

38.9 (5.0–60.0)
74.7 (47.0–100.0)
44.3 (35.0–60.0)
36.4 (4.0–72.0)
51.2 (10.0–100.0)
38.0 (12.5–87.5)
33.7 (0.0–100.0)
52.9 (50.0–100.0)

41.7 (15.0–85.0)
70.0 (50.0–90.0)
43.0 (22.0–55.0)
32.4 (8.0–72.0)
48.7 (0.0–100.0)
38.9 (0.0–75.0)
31.5 (0.0–100.0)
50.8 (0.0–100.0)

KOOS
Symptoms, mean (range)

Pain, mean (range)
Activities of daily living, mean (range)
Sport, mean (range)
Quality of life, mean (range)

53.4 (14.3–89.3)
49.3 (19.4–72.2)
53.3 (27.9–83.8)
14.8 (0.0 – 50.0)
31.0 (0.0 – 68.8)

54.6 (25.0–96.4)
47.3 (8.3–91.7)
55.0 (23.5–95.6)
17.8 (0.0–85.0)
35.6 (12.5–87.5)

* Beside of gender distribution, there was no statistical difference between groups.
a The lowest T-score from dual hip or lumbar spine dual-energy x-ray absorptiometry.
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The 54 patients were evenly distributed with 27 patients per group. Randomization was done in theater to either RR or RP
by drawing labels from sequentially numbered sealed opaque envelopes at the initiation of TKA surgery. The surgeon was
not blinded to the cement used for prosthesis fixation.

The assessed and included patients in the study population and the follow-up are presented in the CONSORT flowchart
(Fig. 1). One patient from the RP group was excluded from the 2-year RSA analysis due to a high condition number (>150) for
the bone marker model [14]. Five and 13 patients were lost to the clinical 10-year follow-up in the RP and RR group,
respectively.
2.1. Components and bone cement

The TKA components were inserted with the normal-curing RR or the slow-curing RP bone cement. The RP has a lower
viscosity, during and after mixing compared to the RR bone cement. The surgical procedures were performed by five expe-
rienced knee surgeons in a theatre with laminar airflow. Standard operative procedures for cemented TKA was used, and a
tourniquet was applied during surgery. After tibial and femoral cuts, the cut surfaces were cleaned with high-pressure lavage
prior to cementation. Before cementation 1 mm tantalum beads (Wennbergs Finmek AB, Gunnilse, Sweden) were inserted in
the proximal tibia (N = 8) and distal femur (N = 8). The same Vanguard prosthesis components from Zimmer Biomet (War-
saw, IN, USA) were used in all patients; a chromium-cobalt tibial tray interlock component, and a chrome-cobalt cruciate
retaining interlok femoral component, an ArCom UHMWPE 3 peg patella button and a modular polyethylene liner. All
Fig. 1. CONSORT flowchart of the patient inclusion process from enrollment to analysis
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TKA components were inserted with Refobacin� bone cement (trademark of Merck KGaA) according to randomization group.
Both types of bone cements were mixed in the newly developed, closed vacuum OptiPac mixing system (Zimmer Biomet,
Warsaw, IN, USA), prefilled with cement powder and pre-mounted MMA soft-pouches, which reduces the methylmethacry-
late fume exposure [15]. Mixing under vacuum has been shown to produce homogeneous bone cement with reduced poros-
ity [16,17].

The factors for each cement type are presented in Table 2. Preoperatively, all patients were prophylactically given antibi-
otics (2 g dicloxacillin intravenously), and thromboprophylactics were given postoperatively with one daily dose of 2.5 mg
fondaparinux subcutaneously for 5–7 days.
2.2. Radiostereometric analysis (RSA)

A digitized standard RSA setup (FCR Profect CS; Fujifilm, Vedbaek, Denmark) with 2 synchronized ceiling-fixed roentgen
tubes (Arco-Ceil/Medira; Santax Medico, Aarhus, Denmark) angled 40� on each other and an unfocused uniplanar carbon cal-
ibration box (Box 24, Medis Specials, Leiden, The Netherlands) was used. The analysis was performed using Model Based RSA
vs. 4.2 (RSAcore, Leiden, The Netherlands) using CAD component models provided by Zimmer Biomet [18]. The mean con-
dition number (dispersion of the bone markers in tibia) was 58 (95% CI: 51 – 65) after exclusion of the one patient with a
condition number exceeding the recommended limit (CN > 150) [14], and the mean rigid body error of the bone markers for
all stereoradiographs was 0.14 (95% CI: 0.13 – 0.15).

The first stereoradiograph was made within 3 days after surgery and used as the reference. Follow-up stereoradiographs
were made 3, 6, 12, and 24 months after surgery. At six months follow-up double examination stereoradiographs were made
to assess the precision [14]. This was done with complete repositioning of the equipment and the patient between the two
stereoradiographs. The double examination precision was expressed as mean difference, standard deviation difference and
the coefficient of repeatability (CR) (Table 3). The orientation and position of the coordinate system in the reference stere-
oradiograph was used to define the direction of the migration in the following stereoradiographs. The migration of the com-
ponents is described by translations along the x-axis (medial/lateral), y-axis (lift-off/subsidence), and z-axis
(anterior/posterior) and rotations along the x-axis (anterior tilt/posterior tilt), y-axis (internal rotation/external rotation)
and z-axis (lateral tilt/medial tilt).

The signed translations and rotations describe the migration of the tibial and femoral components and the maximum
total point motion (MTPM) describes the vector of the point of the CAD component model that moved the most. We used
the Pythagorean theorem to calculate total rotation (TR) and total translation (TT) with the formula TR and TT =p
(x2 + y2 + z2).
Migration of the tibial components from 1-year to 2-year follow-up can be defined as the ‘stabilization phase’ [19], and

was used to define continuous migration. Continuous migration of the tibial components was evaluated as the change in
MTPM during the stabilization phase, with migration � 0.2 mm between 12 and 24 months follow-up defined as phase 2
continuous migration [9,19].
2.3. Dual-energy X-ray absorptiometry (DXA)

A DXA scan (lumbar spine and dual hip) as screening for osteoporosis was performed prior to inclusion to determine the
systemic BMD (T-score). The T-score categorized the bone quality according to the criteria defined by theWorld Health Orga-
nization: osteoporosis (T-score � -2.5), osteopenia (-1.0 > T-score > -2.5), normal (T-score � -1.0) [20]. Osteoporosis was an
exclusion criterion. DXA scanning of the knee region was used to examine the periprosthetic BMD of the proximal tibia and
distal femur within 3 days after surgery as reference, followed by scans at 3, 6, 12, and 24 months follow-up. For tibia, the
Table 2
Bone cement factors.

RP RR

81.4 (56–118)
56.8 (40–60)
19.4 (17–21)
20.3 (19–22)
35.7 (20–66)
2.0 (0–4.4)
2.3 (0.8–4.2)
5.0 (1–9)
4.4 (1–9)
2.6 (2–4)

82.4 (60–107)
56.9 (40–60)
19.5 (18–29)
20.1 (18–22)
36.3 (21–64)
2.4 (0–3.8)
2.3 (0.8–3.7)
4.9 (2–9)
6.2 (1–9)
2.4 (1–3)

Operation time, Minutes, mean (range)
Cement amount, Grams, mean (range)
Storage temperature, Celsius, mean (range)
Temperature in Theater, Celsius, mean (range)
Humidity in Theater, %, mean (range)
Tibia cement thickness Medial, mm, mean (range)

aTibia cement thickness Lateral, mm, mean (range)
aUser friendliness nurses, 1–9, mean (range)

User friendliness surgeons, 1–9, mean (range)
Cement mixing/waiting time, minutes, mean (range)
Cement application/hardening time, minutes, mean (range) 10.6 (6–14) 8.7 (3–14)

* There was no statistical difference between groups.
a Cement thickness was measured using x-ray imaging.
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Table 3
RSA double-examination measurement error.

Axis Translations, mm Rotations, �

x y z TT a x y z TR b

TIBIA
Mean dif. �0.007 �0.002 �0.006 �0.003 �0.014 �0.144 0.017 0.008
SD dif. 0.050 0.028 0.125 0.091 0.222 0.443 0.073 0.258
CR (±1.96 * SD dif.) 0.098 0.055 0.245 0.178 0.435 0.868 0.143 0.506

FEMUR
Mean dif. �0.033 0.005 0.027 0.094 0.085 �0.074 �0.030 0.108
SD dif. 0.107 0.070 0.412 0.216 0.601 0.398 0.133 0.516
CR (±1.96 * SD dif.) 0.210 0.137 0.808 0.423 1.178 0.780 0.261 1.011

Mean dif. represents the systematic measurement error. SD dif. represents the random variation within the measurement comparing the double exami-
nations. CR (±1.96 * SD dif.) represents the precision on individual measurements.
CR, coefficient of repeatability; RSA, radiostereometric analyses; SD, standard deviation; TT, total translation; TR, total rotation.

a TT was calculated using the Pythagorean theorem (TT=
p
(x2 + y2 + z2)).

b TR was calculated using the Pythagorean theorem (TR=
p
(x2 + y2 + z2)).
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BMD was measured in 3 regions of interest (ROI) from an anterior/posterior view and 3 ROIs from a lateral view. For femur,
the BMD was measured in 3 ROIs from a lateral view. ROI positions are illustrated in (Fig. 2). Patient-specific templates of
bone-edge and ROIs were created from the first scan and used for placement of the ROIs at successive follow-up [21]. To
determine the precision of the scans, a double-scan was done at 6 months follow-up (Table 4). Precision error was calculated
as root mean square standard deviation (g/cm2) and least significant change as 1.96*

p
2*RMS SD (g/cm2). For comparability

reasons, the percent coefficient of variation (%) was also presented [22].
All DXA scans were performed on a Lunar Prodigy DXA scanner (GE Healthcare, Waukesha, WI, USA) using the ‘‘dual-hip

and lumbar spine” scan for assessment of systemic BMD and the ‘‘spine scan mode” for assessment of the knee region in
accordance with a previously published protocol [21].

2.4. Cement thickness

As the amount of bone cement penetration could affect component fixation, the cement thickness was evaluated to deter-
mine whether bone cement penetration was comparable between groups [23]. Postoperative radiographs were evaluated for
cement thickness using the ruler scale in the IMPAX imaging system. The thickness of the cement below the tibial baseplate
Fig. 2. Dual-energy X-ray absorptiometry Regions of Interest for the tibial- and femoral Bone Mineral Density scans.

114



Table 4
DXA double-examination measurement error.

PE (g/cm2) LSC (g/cm2) %CV (%)

TIBIA
AP 1 (Lateral ROI) 0.04096 0.1135 2.8326

AP 2 (Medial ROI) 0.05305 0.1470 3.9854
AP 3 (Distal to stem ROI) 0.05262 0.1459 3.2313
LA 1 (Anterior ROI) 0.10356 0.2871 9.0914
LA 2 (Posterior ROI) 0.12913 0.3579 13.7918
LA 3 (Distal to stem ROI)

FEMUR
LA 1 (Femur ROI)
LA 2 (Posterior ROI)
LA 3 (Distal to stem ROI)

0.10845

0.17281
0.25425
0.16945

0.3006

0.4790
0.7048
0.4697

8.7074

11.6224
17.1601
10.2144

DXA, dual x-ray absorptiometry; PE, precision error; LSC, least significant
change; %CV, percent coefficient of variation.
The precision was determined using double examination at 6 months. Preci-
sion error was calculated using the root mean square standard error (g/cm2)
and least significant change calculated as 1.96 *

p
2 * root mean square stan-

dard error (g/cm2). For comparability reasons, the percentage coefficient of
variation (%) was also reported.
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was measured in depth (mm) from the midpoint of the medial and lateral side of the tibial stem on screened radiographs.
The cement thickness was measured by two different raters and the mean of the two measures was used.
2.5. Questionnaires

The Oxford Knee Score (OKS), Knee Osteoarthritis Outcome Score (KOOS), and 36-Item Short Form Survey (SF-36) ques-
tionnaire data were collected at baseline and 3, 6, 12, 24 and 120-months follow-up. OKS was used to evaluate knee function
with 12 items each scored from 1 to 5 summed to a score ranging from 0 to 48 with 48 being the best [24–26]. KOOS was
used to assess the patients’ perception of their knee and knee problems. It consists of 42 items each scored from 1 to 5 with 5
separate subscales: pain, symptoms, function in daily living, function in sport and recreation, and knee-related quality of life.
Each subscale ranges from 0 to 100 with 100 being the best [27,28]. SF-36 was used to evaluate health related quality of life
consisting of 36 items with different answering options with 8 separate subscales: physical functioning, role limitation
(physical), role limitation (mental), bodily pain, general health, mental health, vitality, and social functioning [29,30]. Finally,
patients were asked about their willingness to repeat surgery, and the Danish Knee Arthroplasty register was used to check
complications in terms of revision for any cause at 120-months follow-up.
2.6. Statistics

Normality of continuous variables were evaluated using quantile–quantile plots. Group baseline scores were compared
using t-test, t-test with unequal variance or non-parametric Wilcoxon rank-sum (Mann-Whitney) test, as appropriate. Cor-
relations between continuous variables were tested using Spearman’s rank correlation coefficient. Mixed model analysis
(MM) was used for analysis of TKA component migration data and DXA periprosthetic BMD data. TKA component migration
or BMD was modelled as the dependent variable with cement type as independent variable. In the BMD analyses, the change
from the reference DXA-scan to follow-up DXA-scans was modelled as percentage change. Data distribution assumption
were controlled using model residual quantile–quantile plots and residuals vs fitted plots. Within model differences and
model differences were tested with Wald test and likelihood-ration tests respectively. If within model differences were pre-
sent, pairwise comparison was done to indicate the difference. Bonferroni correction for multiple testing was applied when
MM showed significant p-values. The statistical analyses were performed using STATA, Version 15 IC (Stata Corp, College
Station, TX, USA), with a significance level of 0.05.
2.7. Calculation of sample size

The sample size calculation was made for tibial component migration with two-years follow-up as primary end point,
with a minimal relevant difference for maximum total point motion (MTPM) being 0.5 mm (power 0.9, standard deviation
0.6 mm, alpha 0.05) [9]. Using this calculation, a total of 22 patients were needed in each group. We included 27 patients in
each group to compensate for potential dropouts.
115



S.B. Mosegaard, S. Rytter, F. Madsen et al. The Knee 33 (2021) 110–124
2.8. Ethics, registration, funding and potential conflicts of interest

The study was conducted in accordance with the Helsinki II Declaration, and all patients gave their informed consent to
participate. The Central Denmark Region Committee on Biomedical Research Ethics approved the study protocol
(M�20070327), and the study was registered with ClinicalTrials.gov (NCT00678236) and the Danish Data Protection Agency
(2008–41-2102). Zimmer Biomet financed the stereoradiographs and RSA analyses, but had no influence on the data anal-
yses, manuscript preparation or publication. The authors declare no conflicts of interest.
3. Results

3.1. Study population characteristics

There was no difference in baseline characteristics besides gender with relatively more women in the RP group than the
RR group. Further, there was no difference in OKS, KOOS and SF-36 score between groups at baseline (Table 1).
3.2. Radiostereometric analysis

Tibial component translation and rotation data at 3, 6, 12, and 24 months follow-up are presented in Fig. 3 and Table 5.
Rotation around the y-axis from 6 to 12 months was 0.21 (95% CI: 0.04 – 0.38) degrees higher for the RP group, but was no
longer statistically significant after Bonferroni correction (p > 0.05). TT was 0.23 (95% CI: 0.07 – 0.38) and 0.25 (95% CI: 0.01 –
0.40) mm higher for the RR group as compared with the RP group at 12- and 24 months follow-up, respectively, and both
remained statistically significant after Bonferroni correction (p = 0.02 and p = 0.01). The mean 1-year MTPM was 0.90 mm
(95% CI: 0.67 – 1.13) for the RR group and 0.69 mm (95% CI: 0.51 – 0.86) for the RP group. The 2-year follow-up MTPM was
0.32 (95% CI: 0.01 – 0.64) mm higher for the RR group (p = 0.01), which remained statistically significant after Bonferroni
correction (p = 0.04). At 24 months follow-up, 15 components (10/27 RR and 5/26 RP) had rotation of more than 0.7� around
the x-axis. All tibial component translations and rotations were above the RSA precision limits (Table 3).

Femoral component translation and rotation data at 3, 6, 12- and 24-months follow-up are presented in Table 6. TT was
0.20 (95% CI: �0.18 – 0.59) and 0.30 (95% CI: �0.09 – 0.68) mm higher for the RP group as compared with the RR group at
12- and 24 months follow-up, respectively, but these were not statistically significant (p > 0.1). TR was 0.37 (-0.04 – 0.78)
and 0.29 (-0.11 – 0.70) degrees higher for the RP group compared with the RR group at 12- and 24 months follow-up,
respectively, but these were not statistically significant (p > 0.07). All femoral component translations and rotations were
above the RSA precision limits (Table 3).
Fig. 3. RSA measured tibial component migration presented for the RR group (blue) and RP group (red) with predicted margins and 95% confidence
intervals.
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Table 5
Migrations of the tibial components as mean (95% CI) along and around the �, y, and z axis measured with RSA at 12, and 24 months after surgery.

Axis RP RR P-value

Translations, mm
x-axis (+medial/-lateral)
12 months 0.01 (-0.12 – 0.12) �0.06 (-0.17 – 0.06) 0.48
24 months �0.02 (-0.13 – 0.10) �0.07 (-0.19 – 0.04) 0.49

y-axis (+lift-off/-subsidence)
12 months 0.08 (0.03 – 0.13) 0.15 (0.10 – 0.20) 0.06
24 months 0.12 (0.07 – 0.17) 0.16 (0.11 – 0.21) 0.32

z-axis (+anterior/-posterior)
12 months 0.01 (-0.12 – 0.13) �0.02 (-0.14 – 0.10) 0.77
24 months �0.06 (-0.19 – 0.06) �0.02 (-0.14 – 0.10) 0.60

TT a

12 months 0.29 (0.18 – 0.40) 0.52 (0.41 – 0.62) <0.01
24 months 0.31 (0.19 – 0.42) 0.56 (0.45 – 0.67) <0.01

Rotations, �
x-axis (+anterior tilt/-posterior tilt)
12 months �0.03 (-0.29 – 0.23) 0.02 (-0.23 – 0.28) 0.98
24 months �0.12 (-0.37 – 0.13) 0.01 (-0.25 – 0.26) 0.76

y-axis (+internal/-external)
12 months 0.03 (-0.13 – 0.18) �0.03 (-0.19 – 0.12) 0.59
24 months 0.04 (-0.12 – 0.19) �0.01 (-0.17 – 0.14) 0.64

z-axis (+varus/-valgus)
12 months 0.08 (-0.10 – 0.26) �0.01 (-0.19 – 0.17) 0.77
24 months 0.10 (-0.08 – 0.28) 0.01 (-0.16 – 0.19) 0.78

TR b

12 months 0.80 (0.60 – 0.99) 0.78 (0.59 – 0.98) 0.94
24 months 0.77 (0.57 – 0.97) 0.93 (0.73 – 1.12) 0.28

MTPM c

12 months 0.69 (0.51 – 0.86) 0.90 (0.67 – 1.13) 0.10
24 months 0.69 (0.51 – 0.87) 1.01 (0.84 – 1.19) 0.01

a , Total translation (TT) was calculated using the Pythagorean theorem (TT=
p
(x2 + y2 + z2).

b , Total rotation (TR) was calculated using the Pythagorean theorem (TR=
p
(x2 + y2 + z2).

c , Maximum Total Point Motion (MTPM).
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3.3. Dual-energy X-ray absorptiometry

Precision for BMDmeasurements of the proximal tibia was between 3 – 4 CV% in the AP ROIs, and between 9 – 13% in the
LA ROIs. Precision for BMD measurements of the distal femur was between 10 – 17% in the LA ROIs (Table 4).

There was no difference in DXA measured BMD of the proximal tibial- and femoral bone between the RR and RP groups in
any of the 3 ROIs from an AP view or LA view. The BMD percentage change with 95% confidence intervals at 3, 6, 12, and
24 months follow-up are listed in Table 7.

There was no statistically significant correlation between tibial or femoral component migration (MTPM) and percentage
BMD change in any ROI at 24 months follow-up (p > 0.5). Further, there was neither a statistically significant nor a clinically
relevant correlation between tibial or femoral component migration (MTPM) and body mass index (BMI) (p > 0.5), and
between tibial or femoral component migration (MTPM) and gender (p > 0.8).

3.4. Bone cement factors

There was no difference in theater temperature and humidity in the two bone cement groups and no statistically signif-
icant difference in the mixing- and hardening time of the bone cements between the two cement groups. The cement thick-
ness measured on post-operative radiographs was also similar between groups. The only difference was a higher surgeon
rated user friendliness for the RR as compared with the RP bone cement (p < 0.01) (Table 2).

The medial bone cement thickness in the RR group (2.35 mm, 95% CI: 2.22 – 2.49) was statistically significantly larger
than the RP group (2.00 mm, 95% CI 1.86 – 2.14). The lateral bone cement thickness was comparable between the RR group
(2.26 mm, 95% CI: 2.15 – 2.36) and the RP group (2.33 mm, 95% CI: 2.21 – 2.44).
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Table 6
Migrations of the femoral components as mean (95% CI) along and around the �, y, and z axis measured with RSA at 12, and 24 months after surgery.

Axis RP RR P-value

Translations, mm
x-axis (+medial/-lateral)
12 months 0.01 (-0.19 – 0.19) �0.01 (-0.17 – 0.16) 0.95
24 months 0.05 (-0.13 – 0.24) 0.01 (-0.15 – 0.17) 0.72

y-axis (+lift-off/-subsidence)
12 months 0.13 (0.06 – 0.20) 0.09 (0.03 – 0.15) 0.43
24 months 0.16 (0.09 – 0.23) 0.13 (0.07 – 0.19) 0.49

z-axis (+anterior/-posterior)
12 months 0.23 (-0.17 – 0.64) �0.20 (-0.55 – 0.15) 0.11
24 months 0.37 (-0.03 – 0.77) 0.01 (-0.34 – 0.36) 0.18

TT a

12 months 0.88 (0.59 – 1.17) 0.67 (0.42 – 0.92) 0.30
24 months 1.12 (0.83 – 1.40) 0.82 (0.57 – 1.07) 0.13

Rotations, �
x-axis (+anterior tilt/-posterior tilt)
12 months �0.08 (-0.49 – 0.32) 0.14 (-0.22 – 0.49) 0.43
24 months �0.31 (-0.71 – 0.10) �0.07 (-0.42 – 0.28) 0.39

y-axis (+internal/-external)
12 months 0.13 (-0.22 – 0.48) 0.17 (-0.14 – 0.47) 0.88
24 months 0.15 (-0.20 – 0.50) 0.24 (-0.07 – 0.54) 0.71

z-axis (+varus/-valgus)
12 months �0.02 (-0.22 – 0.18) 0.01 (-0.17 – 0.18) 0.85
24 months �0.03 (-0.22 – 0.17) �0.01 (-0.19 – 0.16) 0.94

TR b

12 months 1.29 (0.97 – 1.59) 0.91 (0.64 – 1.18) 0.08
24 months 1.44 (1.13 – 1.74) 1.14 (0.88 – 1.41) 0.16

MTPM c

12 months 1.58 (1.14 – 2.01) 1.18 (0.80 – 1.56) 0.18
24 months 1.87 (01.44 – 2.30) 1.48 (1.11 – 1.86) 0.18

a , Total translation (TT) was calculated using the Pythagorean theorem (TT=
p
(x2 + y2 + z2).

b , Total rotation (TR) was calculated using the Pythagorean theorem (TR=
p
(x2 + y2 + z2).

c , Maximum Total Point Motion (MTPM).

S.B. Mosegaard, S. Rytter, F. Madsen et al. The Knee 33 (2021) 110–124
3.5. Questionnaires

There was no difference in OKS, SF-36, and KOOS score change from baseline to 24-month follow-up between the RR and
RP group. When analyzed as one cohort, patients improved their OKS score with 14.44 (95% CI: 12.48 – 16.40) points, from
24.26 (95% CI: 22.79 – 25.73) to 38.70 (95% CI: 37.34 – 40.03) points, (p < 0.01).

There was an overall improvement in all 5 KOOS subscales from baseline to 12 months follow-up, which remained stable
from 12 to 24 months follow-up (p > 0.4) (Appendix A).

Patients further improved in 4/8 subscales of SF-36: Physical functioning, role limitation (physical), bodily pain, and social
functioning from baseline to 12 months follow-up (p < 0.01), which remained stable from 12 to 24 months follow-up
(p > 0.6). The patients did not improve in the final 4 subscales of SF-36: Role limitation (emotional), vitality, and mental
health. General health did not improve, but remained similar to the age-comparable Norwegian background population
(Appendix B).
3.6. 10-year evaluation

At the 10-year follow-up 13/14 patients in the RR group and 17/21 patients in the RP group were satisfied and stated will-
ingness to repeat the surgery knowing the outcome. From the 2-year evaluation to the 10-year evaluation there was no dif-
ference in OKS score between groups. The patients in the RP group had a statistically significant worse score on the KOOS
pain (p = 0.04) and activities daily living (p < 0.01) subscales. There were no statistically significant differences in the RR
group.

The patients in the RP group had a statistically significant worse score on the SF-36 physical functioning (p < 0.01) and
physical role limitation (p = 0.05) subscales. No statistical differences were found on the other KOOS and SF-36 subscales.
There was no difference in overall self-reported health change from the 2-year to the 10-year follow-up in any group.

During the 10-year follow-up, there were no prosthesis related complications.
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Table 7
Percentage BMD change at 3, 6, 12, and 24 months follow-up.

RP RR

TIBIA

AP 1 (Lateral ROI)
3 months, % change (95% CI) �0.99 (-4.79 – 2.81) �2.24 (-7.89 – 3.41)
6 months, % change (95% CI) �2.55 (-9.59 – 4.50) �0.43 (-4.77 – 3.91)
12 months, % change (95% CI) �3.80 (-9.80 – 2.10) �1.14 (-6.40 – 4.12)
24 months, % change (95% CI) �3.46 (-8.63 – 1.71) �3.44 (-8.76 – 1.88)

AP 2 (Medial ROI)
3 months, % change (95% CI) 3.16 (0.49 – 5.83) 0.12 (-5.49 – 5.73)
6 months, % change (95% CI) 1.76 (-3.89 – 7.42) 1.05 (-2.44 – 4.53)
12 months, % change (95% CI) 0.18 (-5.09 – 5.46) 1.28 (-2.15 – 4.72)
24 months, % change (95% CI) 2.22 (-1.27 – 5.70) 1.38 (-2.32 – 5.08)

AP 3 (Distal to stem ROI)
3 months, % change (95% CI) 2.70 (0.77 – 4.56) 3.54 (-0.77 – 7.84)
6 months, % change (95% CI) 1.84 (-2.92 – 6.60) 4.64 (2.07 – 7.20)
12 months, % change (95% CI) 2.38 (-0.74 – 5.49) 3.73 (1.00 – 6.45)
24 months, % change (95% CI) 2.19 (-0.09 – 4.46) 2.69 (-0.12 – 5.51)

LA 1 (Anterior ROI)
3 months, % change (95% CI) 1.42 (-3.61 – 6.45) �3.13 (-9.52 – 3.27)
6 months, % change (95% CI) �1.17 (-7.09 – 4.76) �2.61 (-8.97 – 3.75)
12 months, % change (95% CI) 1.26 (-5.67 – 8.19) 0.53 (-6.81 – 7.87)

24 months, % change (95% CI) 5.86 (-2.13 – 13.84) 1.21 (-6.23 – 8.65)

LA 2 (Posterior ROI)
3 months, % change (95% CI) �15.31 (-20.38 – �10.24) �6.81 (-12.93 – �0.75)
6 months, % change (95% CI) �12.80 (-20.06 – �5.54) �9.27 (-15.67 – �2.87)
12 months, % change (95% CI) �10.81 (-17.55 – �4.06) �4.94 (-12.15 – 2.26)
24 months, % change (95% CI) �8.91 (-16.63 – �1.20) �5.70 (-14.03 – 2.63)

LA 3 (Proximal to stem ROI)
3 months, % change (95% CI) 0.64 (-3.08 – 4.36) 1.39 (-2.86 – 5.64)
6 months, % change (95% CI) �1.64 (-5.60 – 2.32) �0.30 (-4.50 – 3.91)
12 months, % change (95% CI) 4.01 (-1.08 – 9.20) 4.38 (-0.59 – 9.34)
24 months, % change (95% CI)

FEMUR

LA 1 (Anterior ROI)
3 months, % change (95% CI)
6 months, % change (95% CI)
12 months, % change (95% CI)
24 months, % change (95% CI)

LA 2 (Posterior ROI)
3 months, % change (95% CI)
6 months, % change (95% CI)
12 months, % change (95% CI)
24 months, % change (95% CI)

LA 1 (Proximal to stem ROI)
3 months, % change (95% CI)
6 months, % change (95% CI)
12 months, % change (95% CI)
24 months, % change (95% CI)

6.66 (-0.06 – 13.37)

-3.19 (-8.12 - �1.75)
-14.67 (-19.53 - �9.81)
-16.54 (-21.40 - �11.68)
-16.51 (-21.45 - �11.57)

-12.44 (-21.10 - �3.78)
-13.84 (–22.39 - �5.29)
-13.78 (–22.33 - �5.23)
-19.33 (-27.99 - �10.67)

-3.52 (-8.11 – 1.07)
-9.08 (-13.60 - �4.56)
-9.36 (-13.87 - �4.84)
-13.90 (-18.49 - �9.31)

5.20 (-0.40 – 10.80)

-5.30 (-10.17 - �0.49)
-10.98 (-15.74 - �6.21)
-14.27 (-19.04 - �9.51)
-17.36 (–22.20 - �12.53)

-9.18 (-17.67 - �0.69)
-11.95 (-20.33 - � 3.56)
-13.43 (-21.81 - �5.05)
-19.88 (-28.37 - �11.39)

-3.41 (-7.91 – 1.08)
-6.55 (-10.98 - �2.11)
-7.26 (-11.69 - �2.83)
-11.61 (-16.10 - �7.11)
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4. Discussion

At two years, tibial total translation was lower in the slow-curing Refobacin� Plus Bone Cement (RP) compared with the
normal-curing Refobacin� Bone Cement R (RR) cement group, and at ten years, no components were revised. BMD-changes,
OKS-, KOOS- and SF-36 improvements were comparable in both patient groups.
4.1. Migration

Ryd et al., have shown that cemented tibial components often have some initial migration until three months after sur-
gery and hereafter they usually stabilize. In some patients, continued tibial component migration in terms of MTPM become
a predictor of later aseptic loosening [9].

In the present study, we found a higher migration of the tibial component in terms of Total Translation (TT) at 12 and
24 months, and of Maximum Total Point Motion (MTPM) at 24 months follow-up, in the RR group compared with the RP
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group. Theoretically, the explanation could be a positive effect of lower cement viscosity during mixing, resulting in lower
cement porosity and improved component fixation. Although the mean group differences of tibial component TT at 12 and
24 months (0.23 mm and 0.25 mm) were statistically significant, the lower boundaries of the 95% confidence interval were
0.07 mm and 0.01 mm. As these lower boundaries might represent the true difference between groups, the clinical impor-
tance of the group difference in tibial component TT seems less relevant. From 12 to 24 months follow-up, 48% RR and 46%
RP tibial components had continuous migration (MTPM > 0.2 mm) [9]. Thus, the number of patients with continuous tibial
component migration (phase 2 migration above 0.2 mm) was similar in both groups, which is generally supported by similar
migrations pattern in both bone cement groups [9,31]. At 24 months follow-up, 15 components (10/27 RR and 5/26 RP) had
rotation of more than 0.7� around the x-axis, further supporting the similar migration pattern based on Gudnasons rotation
risk-limit for aseptic loosening [31].

In a systematic review, Pijls et al. compared RSA studies with long-term follow up studies and found a possible relation
between MTPM-interval of 0.54–1.6 mm at 1 year and revision of the tibial component for aseptic loosening at 5 years [10].
The 12 months mean tibial component MTPM migration with both cement types of the present study was well above Pijls
risk-limit (0.90 mm for RR and 0.69 mm for RP). The literature indicates different migration patterns for different tibial com-
ponent designs and for cemented and cementless fixation, therefore a common measure for allowed maximum migration of
tibial components with different component designs and mixed cemented and cementless fixation may be problematic [32–
34]. Yet, a study with RSA measured 1-year MTPM of Vanguard TKAs (14 conventional TKAs and 6 with patient-specific posi-
tioning guides) found similar (within 0.2 mm) 1-year MTPMs of 0.86 (95% CI: 0.53–1.19) and 1.03 (95% CI: 0.60–1.43) [35].
Further, our findings are in accordance with previous migration studies of similarly designed cemented wedge-stemmed tib-
ial components. Stilling et al. reported the 12-month MTPM migration of a finned tibial component stem (Maxim) inserted
with normal-curing Palacos R bone cement to be mean 0.94 mm, which is very similar to the migration of the normal-curing
RR cement group in the present study [32]. Linde et al. investigated 28 TKA patients with a NexGen finned stem tibial com-
ponents (Zimmer Biomet, Warsaw, IN) inserted with normal-curing RR bone cement and measured a 1-year MTPM of
0.83 mm, which is also comparable to our findings [36]. Molt et al. analysed 51 TKA patients with either Duracon
(N = 26) or Triathlon (N = 25) implants (both cemented using RR) and found slightly lower 2-year MTPM of 0.79 and 0.65
respectively [37]. Thus, component type does seem to affect the total migration of tibial components inserted with the same
cement type.

There are no other studies in the literature evaluating femoral component migration after cemented TKA and there are no
defined migration limits for femoral components. Thus, the present study adds new information on femoral component
migration to the literature.

4.2. BMD change

The periprosthetic bone density and mechanical loading at the bone-cement-component interface may influence compo-
nent fixation and subsequent aseptic loosening [38,39]. In the present study there was no difference between the RR and the
RP group in BMD change from baseline to the different follow-ups. Efe et al., conducted an in vitro cadaver study on 30 tibia
specimens grouped to have the tibia base plate cemented using PRG or RR, or PRG cementation of both tibial base plate and
tibial stem [40]. After applying an axial load, there was no significant difference in bone loss between cements or cement
techniques, which corresponds to the results from our study.

Further, there was no correlation between BMD and component migration. However, previous reports of a potential cor-
relation between BMD and postoperative component migration has been conflicting. Stilling et al. studied tibial components
with finned stems inserted with vacuum-mixed normal-curing Palacos R bone cement in an elderly patient group (mean age
77 years) with otherwise similar demographics and proximal tibial ROIs as in the present study, and found larger 24-month
BMD loss lateral to the stem (-7%) compared to our findings both in the RR and the RP group [32]. Medial to the tibial
component stem, they found BMD loss (-2%) slightly higher than in the RR group and slightly smaller than the RP group.
However, these differences were within 1% of the RR and RP group in the present study. Below the stem, they found a
BMD loss (-1%) slightly lower than in the RR and RP cement group [32]. The 10-year age difference between the patient
groups could probably explain the difference in results if not due to random variation.

4.3. Cement factors

Several factors influence the curing of bone cements such as the temperature of the cement, the room temperature and
humidity, temperature of the component and bone, and the vacuum mixing process. It was attempted to keep these factors
comparable between groups to reduce the risk of confounding. Further, all components in each cement group were fixated
using bone cement from the same batch as it has been suggested that there might be slight differences between cement
batches [41].

As expected, the application/hardening phase was longer in the RP group compared to the RR group, although not statis-
tically significant. The mixing/waiting phase was comparable between groups. The difference in the application/hardening
phase can likely be explained by the different distribution of fast- and slow-swelling copolymers with more fast-swelling
copolymers in the RR. Both the duration of the mixing/waiting phase and of the application/hardening phase were compa-
rable to the graphs provided by the manufacturer. The surgeons rated the user friendliness of the RR to be better than the RP
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bone cement, which might be due to the viscosity of the RR cement being more like the former RPR, which the surgeons nor-
mally used.

A study using data from the Norwegian Arthroplasty Register included 26,147 cemented TKAs in the period from 1997-
2013 using five different bone cements; Palacos with gentamicin, RPR, RR, Optipac RR and PRG, and found similar component
survival with all bone cements [6]. This complies with the results from our study, where we found similar 2-year migration
and ten-year implant survival between bone cement groups.
4.4. Clinical outcomes

Although the patients generally improved in all five KOOS subscales, they did not reach levels similar to an age-
comparable healthy population at 2-years follow-up [42]. The overall 2-year improvement in OKS was above the estimated
minimal clinically important difference after TKA surgery [42]. Two other studies on TKAs have reported results on SF-36
after use of RP bone cement [44,45]. In both studies, age and BMI were comparable, with age ranging from 64.5 to 68.7 years
and BMI ranging from 29.1 to 29.8. The mean 2-year improvement in SF-36 ranged from 8.7 to 13.6 points, which is com-
parable to the 9.1point improvement in our study [45].

Although there were statistically significant changes in two KOOS and two SF-36 subscales from 2-10 years follow-up,
both OKS and three KOOS and six SF-36 subscales did not show difference between groups. As the patients age increased
with more than 10 years during the follow-up, it is also expected to find lower physical function scores. Based on our find-
ings, it is not possible to state that one cement type showed better 10-year clinical outcome scores than the other. The over-
all willingness to repeat rate was not different between groups with an overall willingness-to-repeat of 85.7%, which is
comparable to previous satisfaction rates after TKA [46,47].
4.5. Strengths and limitations

Prior to randomization, 34 patients declined to participate in the study. As we do not know the baseline characteristics of
these patients, it is unknown if they generally differed from the included study population. There were no revision surgeries
in the two-year follow-up period leading to no dropouts. A total of 18 patients (34%) were lost between the 2-year and the
10-year follow-up. However, there were no differences in either baseline or 2-year OKS, self-reported health, BMI or age
between patients included- and lost to 10-years follow-up. Finally, different component designs may have various compo-
nent migration patterns with the same type of bone cement as used in our study, therefore the generalizability of our study
results only applies to the Vanguard TKA components as used in this study.
5. Conclusion

At two years following total knee arthroplasty, tibial total translation and maximum total point motion were lower in the
slow-curing Refobacin� Plus Bone cement group compared with the normal-curing Refobacin� Bone Cement R group. At ten
years follow-up, the patients clinical outcomes were similar between cement groups, there were no component revisions
and patients willingness to repeat surgery was 85.7%.
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Appendix A. Improvement in the 5 subscales of KOOS with all patients analyzed as one group.
Appendix B. SF-36 scores on the 8 subscales at baseline and 24 months follow-up. Data are presented as mean scores
with all patients analyzed as one group. The Norwegian reference values are based on a similar aged Norwegian
population-based study [44].
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