Schonhoffetal.
BMC Musculoskeletal Disorders (2023) 24:51
https://doi.org/10.1186/s12891-023-06151-0

BMC Musculoskeletal
Disorders

Is TKA femoral implant stability improved Giikia

®

by pressure applied cement? a comparison of 2

cementing techniques

Mareike Schonhoff'", Nicholas A. Beckmann?"", Martin Schwarze', Marvin Eissler?, J. Philippe Kretzer!,

Tobias Renkawitz? and Sebastian Jaeger'

Abstract

femoral shaft component under dynamic loading.

interface zones.

Background The majority of knee endoprostheses are cemented. In an earlier study the effects of different cement-
ing techniques on cement penetration were evaluated using a Sawbone model. In this study we used a human
cadaver model to study the effect of different cementing techniques on relative motion between the implant and the

Methods Two different cementing techniques were tested in a group of 15 pairs of human fresh frozen legs. In one
group a conventional cementation technique was used and, in another group, cementation was done using a pres-
surizing techniqgue. Under dynamic loading that simulated real life conditions relative motion at the bone-implant
interface were studied at 20 degrees and 50 degrees flexion.

Results In both scenarios, the relative motion anterior was significantly increased by pressure application. Distally, it
was the same with higher loads. No significant difference could be measured posteriorly at 20°. At 50° flexion, how-
ever, pressurization reduced the posterior relative motion significantly at each load level.

Conclusion The use of the pressurizer does not improve the overall fixation compared to an adequate manual
cement application. The change depends on the loading, flexion angle and varies in its proportion in between the
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Background

Osteoarthritis is the most common joint disease world-
wide, affecting 344 million people [1]. The knee is the
most frequently involved joint and accounts for 50% of
cases [2]. Total knee arthroplasty is one of the most suc-
cessful interventions for restoring knee joint function and
reducing pain after nonsurgical treatment options have
been exhausted and the patient’s quality of life has been
permanently impaired [3]. In 2020 there were 111,365
primary knee replacements and 13,767 revisions regis-
tered in the German Arthroplasty Registry [4]. Cemen-
tation remains the gold standard in knee arthroplasty
[5], even though numerous publications have reported
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comparable survival and functional outcome for both
cemented and cementless fixation methods [3, 6, 7]. This
trend is also confirmed in reports from several prosthesis
registries, in which cementation was used in 68% to 94%
of their cases [4, 8, 9].

Cementing technique has been the subject of scien-
tific research for many years because it affects the crucial
interface between prosthesis and bone and is intended
to enable long term survival [10]. There are many factors
influencing good cementation results including the type
of cement, viscosity, volume used, mixing procedures,
temperature, humidity, jet lavage, timing, speed and force
during impaction of the components and handling of
the cement [11-14]. Although loosening of the femoral
components accounts for only 4.6% of revisions [4], the
continuously increasing number of implantations and
revisions, in addition to earlier reports of significantly
higher loosening rates of modern high-flex prostheses
has justified detailed investigations of methods for opti-
mizing prosthesis fixation [15-18]. Also, recent publi-
cations have reported a higher incidence of radiolucent
lines accompanying a new prosthesis design when com-
pared to its predecessor, although the clinical and biome-
chanical significance of this is currently unclear [19, 20].

Studies were able to indicate that applying cement to
both the bone and implant prior to implantation is advan-
tageous in TKA [13, 14, 21, 22]. Also, several authors
have demonstrated that using a cement gun is advanta-
geous [14, 23, 24]. In a publication from 2019, Schwarze
et al. were able to demonstrate in a Sawbone® model of
knee arthroplasty that cement application with a pres-
surizer creates a more homogeneous cement coating and
adequate cement penetration [12], thereby confirming
positive results from prior studies [23-25]. However, the
used Sawbone® model only partially reflects the in-vivo
scenario in reference to the cement-bone inferface. The
aim of the current study was to further investigate the
effects of pressurized application of cement to human
femoral cadaver specimens, in particular the effects on
implant stability and relative motion of the implant/bone
interface during loading.

Methods

General

This study was performed in accordance with the Decla-
ration of Helsinki and approved by the local Ethics Com-
mittee (Ethikkommission der Medizinischen Fakultit
Heidelberg, reference S-351/2018). The tissue samples
were obtained from Science Care (Phoenix, AZ, USA),
which is accredited by the American Association of Tis-
sue Banks. All donors and/or their legal guardian(s) pro-
vided informed consent prior to sample acquisition.
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In 15 pairs of fresh frozen human legs the Attune total
knee replacement system (DePuy Synthes, Warsaw, IN,
USA) was implanted by a surgeon experienced in the
surgical technique. Preservation of biomechanical prop-
erties prior to the experimental period was ensured by
frozen storage [26]. In a randomized manner, two differ-
ent cementation techniques (Groups A and B) were used
for the implantation of the femoral component of the
Attune system.

Group A consisted of specimens in which the articular
surfaces of the femoral components and of the femoral
condyles all had conventional cement application using
a cement gun. Both surfaces were covered with cement,
as this has been shown to provide the best results [13].
Also, the cement gun has been shown to provide superior
cementation of the bone to finger packing [14, 23, 24].

Group B had the cement applied to the distal femur
with a pressurizing nozzle added to the cement gun. The
cement was applied to the femoral component in the
conventional manner as in group A. (Fig. 1).

More details on the cementation technique are pro-
vided below.

The right and left sides of the 15 leg pairs were ran-
domly allocated to group A or B by means of a computer-
generated list (Randlist 1.2; Datinf GmbH, Tiibingen,
Germany). The mean donor data showed a mean age of
68.3+11.5 years, a mean height of 174.4+10.9 cm, a
mean weight of 75.1+16.4 kg, and a mean body mass
index of 24.6 4.7 kg/m2.

The bone mineral density (BMD) was assessed for
both groups to improve the comparability. Franck et al.
showed a high correlation between standard dual-energy
absorptiometry (DXA) at the hip and various loca-
tions such as the extremities [27]. Therefore, we meas-
ured bone mineral density using DXA with standard hip
parameters (Hologic QDR-2000, Marlborough, Massa-
chusetts, USA). For all 30 knee joints, native radiographs
in anterior—posterior (a.p.) and lateral projections were
obtained to exclude bone pathology that would preclude
a knee prosthesis and to determine prosthesis size using
TraumaCad software (Voyant Health, Ltd., Brainlab
AG, Munich, Germany). The same prosthesis size was
planned and implanted on the right and left side of each
leg pair. The following prosthesis sizes were used: 5 x size
5, 3 xsize 6, 3 x size 7, 4 x size 8. Postoperative radio-
graphs were performed to verify the implantation result
and to exclude intraoperative fractures.

Cementing procedure

Prior to surgery, the human legs were thawed to room
temperature. To standardize the experimental condi-
tions and the surgical steps, all adjustments and resection
measurements were documented and repeated on the
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Fig. 1 Femoral component and femur with red and blue colored areas on which cement has been applied. In Group A both areas were covered
in the conventional manner; in Group B the red area indicates the femoral surface cemented using a no-touch technique implanted by use of a
cement gun with a pressurizer. (a) is the anterior, (d) the distal and (p) the posterior regions

contralateral side. Bone stock preparation and implanta-
tions were performed according to the prosthesis manu-
facturer’s surgical instructions. The entire prosthesis was
implanted and the femur and tibia were subsequently
separated for testing. Prior to cementation, the cancel-
lous bone was cleaned of lipid deposits, blood and bone
debris using the OptiLavage system (Zimmer Biomet
Holdings, Warsaw, Indiana, USA) and superficially dried
with a compress until immediate cement application. The
implantation of the femoral components for both Groups
A and B was performed with a vacuum mixed high vis-
cosity bone cement (Optipac 40 Refobacin Bone Cement
R, Zimmer Biomet Holdings, Warsaw, Indiana, USA).
The cement was applied early (in other words directly
after the waiting phase) using cement timing for vacuum
mixed cement at a room temperature of 21.2+0.2 °C.
We applied the bone cement to the non-articulating sur-
face of the femoral components in Groups A and B 80 s
after starting the mixing process. In the next step for
Group A, the cement was applied to the prepared bone
at 110 s using the above described cementing technique.
In Group B, a cement gun with cement cartridge was
also used, but a pressurizer nozzle was attached to the
conventional nozzle to apply the cement to the bone in

a no-touch technique (no manual manipulation of the
cement after application) at 110 s (Fig. 2).

In group A, a homogeneous and uniform layer of
PMMA cement was applied to the femoral bone stock
with a cement gun (Optigun, Zimmer Biomet, Warsaw,
Indiana, USA) medial and lateral from anterior to poste-
rior for complete coverage. In addition, a homogeneous
and uniform layer of cement was applied to the entire
inner surface of the femoral knee component medially,
laterally, and anteriorly transversely with the cement gun.
On both the component and the bone, manual model-
ling with clean medical gloves was performed to ensure
even coverage. In group B the cement gun was modified
to deliver cement at an increased pressure by the attach-
ment of a pressurizing nozzle with 23-degree angled tip.
The cement was applied to the femoral surface under
pressure, and the amount of cement was standardized
to assess the influence of the cementing technique. An
identical amount of cement was used in Groups A and B.
The cement was applied to the femoral component in the
same way in both groups [12].

The impaction of the femoral component was per-
formed 140 s after start of mixing. The femoral compo-
nent was impacted until the edges of the cement pockets

Fig. 2 shows the standard nozzle short (A), the 23° pressurizer add-on (B), the attached 23° pressurizer on the standard nozzle short (C) and the

contact surface between pressurizer and bone (D)
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were in contact with the distal bony resection surface.
Excess cement was removed, and the trial liner insert was
placed on the previously implanted tibial component.
Subsequently, the leg was placed in extension position at
240 s after start of mixing, where the cement was allowed
to harden.

Load simulation and determination of relative motion

After the cementing procedure, the tibia and femur were
separated, and the soft tissues removed. Afterwards, the
specimens were cast in a mold using synthetic resin (Ren-
cast FC 53, Huntsman Advanced Materials GmbH, Ger-
many), in order to secure the specimens into the material
testing machine. For the assessment of implant stabil-
ity, an incremental dynamic load was applied at 1 Hz
for the axial force with simultaneous extension-flexion
between 20° and 50°, as had been done in a prior study
[28]. The load maxima occurred at the time of exten-
sion and flexion, respectively [29]. A force representing
daily stair climbing [30-32] was applied using a servo-
hydraulic testing machine (MTS 858 Mini Bionix II,
MTS Systems Corporation, Eden Prairie, USA) (Fig. 3). A
preload of 200 N was applied before cyclic loading was
started with the four load levels 1200 N, 1500 N, 1800 N,
and 2100 N. The maximum load level corresponded to
the force exerted on the knee of a person with a body
weight of 75 kg during stair climbing [32]. The selected
body weight for the load simulation corresponded to the
average donor body weight. Optical markers were placed
on the bone and the adjacent implanted component as
shown in Fig. 3. The determination of the three-dimen-
sional relative motion between the femoral component
and bone was performed using an optical, camera-based
system (PONTOS- GOM - Gesellschaft fiir Optische
Messtechnik mbH, Braunschweig, Germany). Figure 3

Fig. 3 dynamic loading scenario of the distal femoral component in 20°
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shows the implant and bone markers (A: anterior, B: dis-
tal, C: posterior) of the three analyzed zones. The system
is calibrated to a measurement volume of 250 x 200 mm?,
The markers on the object to be measured were located
in the center of this defined volume. Each of the mark-
ers were detected in greyscale by a stereo camera system,
and a 3D point triangulation was done to calculate the 3D
marker position and displacement vector in the defined
coordinate system. The relative motion was calculated
from the corresponding implant and bone markers. The
two cameras of the stereo system operate each with a
resolution of 2448 x 2050 pixels and a measuring accu-
racy of 1 um according to the manufacturer’s specifica-
tions [33]. However, the measuring accuracy of an optical
measuring system depends strongly on the environmen-
tal conditions. Under laboratory conditions, we achieved
a measuring accuracy of +4.9 pum for the test setup used.
All measurements were done at the medial side. The cal-
culated results of the resultant maximum relative motion
were normalized to the right femur for maximum exten-
sion and flexion (20°, 50°).

Statistical analysis

Prior to the start of the experimental study, a sample size
calculation was performed using G*Power 3.1 (Univer-
sity of Kiel, Germany) [34] based on the reported data by
Schwarze et al. [12]. The sample size differed (7, 9, 11, 16,
12 per group) depending on the cement penetration zone
analyzed. The calculation of the sample size estimation
with the largest number of cases per group was based
on the following input parameters, tails: two, effect size
d: 1.33, a err prob: 0.05 and power (1-B err prob): 0.95.
This results in the output parameters sample size of 16
for each group. A sample size of 15 paired fresh frozen
human legs was chosen for feasibility reasons. The data

(left) and 50° (center) of flexion articulating with the tibial liner in a

servo-hydraulic testing machine. The casting resin in seen proximal to the femoral component. Correspondingly applied implant and bone markers

(right) of the three analyzed zones (A: anterior, B: distal, C: posterior)
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were evaluated descriptively using the arithmetic mean,
standard deviation, minimum and maximum. Prior to
analysis, the normal distribution of the data was evalu-
ated using a Shapiro—Wilk-test and the homogeneity
of variance was verified using the Levene-test. We con-
ducted a two tailed t-test for independent samples to
assess effects between both groups on the parameters
BMD and relative motion within each load level, flexion
angle and fixation zone. All data were analyzed using
SPSS 25 (IBM, Armonk, NY, USA) with a significance
level of p<0.05.

Results

15 fresh frozen pairs were acquired to carry out the
experiments. During the radiographic evaluation, one
pair was excluded due to a bone lesion and subsequent
fracture during experimentation. We evaluated the
remaining 14 pairs.

Bone density

Testing the density differences between the two test
groups using the Shapiro—Wilk test resulted in a p-value
of 0.4. Thus, a normal distribution of the difference in
bone density in both groups was confirmed. The follow-
ing paired t-test showed no significant difference in bone
density between the two groups (t(14) =-0.449, p=0.66,
d=0.12).

Relative motion

The determination of the resulting (XYZ) maximum rela-
tive motion between implant and bone was analyzed for
all four load levels with a total of 4000 cycles. The points
in time of the maximum extension-flexion values (20°
and 50°) with simultaneous maximum axial load were
analyzed. When analyzing the femoral components, the
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evaluation was also divided into anterior, distal and pos-
terior regions.

Femur 20°
The check for normal distribution with the Shapiro—Wilk
test yielded (a=0.05) normally distributed data. There-
fore, a t-test was used for dependent samples. The test
showed the following values for the load levels examined
(Table. 1).

Femur 50°
The check for normal distribution with the Shapiro—Wilk
test yielded.

(a=0.05) normally distributed data. Therefore, a t-test
was used for dependent samples. The test showed the fol-
lowing values for the load levels examined (Table. 2).

Figures 4, 5 and 6 illustrate the anterior (Fig. 4), distal
(Fig. 5) and posterior (Fig. 6) relative motion as a func-
tion of the degree of flexion (20° or 50°), group (A or B)
and incrementally increased load (1200 — 2100 N).

Discussion

Although femoral component loosening is a relatively
uncommon occurrence and constitutes only 4.6% of all
total knee arthroplasty (TKA) revisions, it is a relevant
complication based on the constantly increasing num-
ber of implantations and revisions [4, 12]. Studies have
shown that cementation technique has a significant
impact on femoral component loosening[14, 22]. Our
results with human fresh-frozen specimens and cement
pressurization show that at 20-degrees and 50-degrees
of flexion and incrementally increasing load there is
an increase in the relative motion between implant and
bone for both cementation techniques. In addition, the
increase in relative motion both anteriorly and distally

Table 1 Anterior, distal and posterior relative motion at 20° flexion of the femur depending on the load

anterior distal posterior
load level N=14 mean values+SD  p-value mean values+SD  p-value mean values+SD  p-value
(um) (pm) (pm)
1200 N Regular 100+.13 0.011 88+12 0.158 11.8+£07 0.064
Pressurizer 134429 8.1£07 108+0.7
1500 N Regular 145£1.0 0.001 10.6£04 0.010 13.3+£06 0.351
Pressurizer 21.1£24 11.9+08 135406
1800 N Regular 184£13 <0.001 126+£09 0.003 15.7+£0.7 0.131
Pressurizer 299428 146+£04 163£12
2100N Regular 248+£15 <0.001 151+£08 0.040 203+£17 0322
Pressurizer 421+£34 163+£16 206+14

The max anterior relative motion at 20° flexion was at 2100 N for both groups: 53.7 um for the group without a nozzle, and 130.7 um for the group with nozzle

The max distal relative motion at 20° flexion was at 2100 N for both groups: 48.8 um for the group without a nozzle, and 64.3 um for the group with nozzle

The max posterior relative motion at 20° flexion was at 2100 N for both groups: 56.6 um for the group without a nozzle, and 54.3 um for the group with nozzle
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Tab 2 Anterior, distal and posterior relative motion at 50° flexion of the femur depending on the load

anterior distal posterior
load level N=14 mean values+SD  p-value mean values+SD  p-value mean values+SD  p-value
(um) (um) (pm)
1200 N Regular 153+£1.0 0.002 7617 0.140 213+£11 <0.001
Pressurizer 222+£31 69+15 16.5+04
1500 N Regular 213+12 <0.001 10.2+£0.7 0.145 233+04 <0.001
Pressurizer 3224124 106£1.1 19.7+£0.6
1800 N Regular 27.1£138 <0.001 126+09 0.028 258402 <0.001
Pressurizer 398+£1.6 133+06 21.8+£0.7
2100 N Regular 352+£1.7 <0.001 150+ 1.1 0.013 31.7£09 <0.001
Pressurizer 468+18 16.7£08 232409

The max anterior relative motion at 50° flexion was at 2100 N for both groups: 78.1 pm for the group without a nozzle, and 150.9 um for the group with nozzle

The max distal relative motion at 50° flexion was at 2100 N for both groups: 55.6 pm for the group without a nozzle, and 81.3 um for the group with nozzle

The max posterior relative motion at 50° flexion was at 2100 N for both groups: 79.1 um for the group without a nozzle, and 70.4 um for the group with nozzle
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Fig. 4 anterior relative motion as a function of the degree of flexion, group and incrementally increased load

with higher loads is significantly higher in the pressur-
ized cementation group compared to non-pressurized
cementation. In contrast, posteriorly at 50 degrees flex-
ion, the relative motion between implant and bone is sig-
nificantly reduced with cement pressurization compared
to non-pressurized cementation. Our measured values of
relative micromotion between the bone and the compo-
nents fell between 7 and 46 pum, which are comparable to
values recorded in prior studies [35-37].

There have been numerous prior in-vitro and in-
vivo studies of the primary stability of hip and knee
arthroplasties, using radiostereometric analyses (RSA)
and optical measurements as utilized in our current

study[37—42]. These have shown that many factors influ-
ence primary stability, including implant design, bone
density, surgical technique and cement penetration [36,
43, 44).

Pressure application during cementation has been
shown to be effective in increasing cement penetration
[12, 23-25]. In 2019, Schwarze et al. published data on
3 different cementation techniques in a Sawbone® model
[12] and showed that pressure application improved
cement penetration in all zones of the Knee Society Scor-
ing System (KSSS). Although the Sawbone® model had a
bone structure similar to human cancellous bone [45], it
differed from physiological bone in other properties and



Schonhoff et al. BMC Musculoskeletal Disorders (2023) 24:51

60

1200N 1500 N

50

40

30

20

Relative motion (um)

10

0 500 1000 1500

Distal 20° group A Distal 20° group B

Fig. 5 distal relative motion as a function of the degree of flexion, group and incrementally increased load
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Fig. 6 posterior relative motion as a function of the degree of flexion, group and incrementally increased load

therefore may not reflect cement penetration in the clini-
cal setting.

This study demonstrates that the cementation tech-
nique can significantly influence the degree of rela-
tive motion at the bone/femoral component interface
under differing loading conditions. We found a signifi-
cant reduction of relative motion posteriorly only at 50
degrees flexion at all load levels with pressurization,
that we attribute to increased stability resulting from

increased compression load during this degree of flex-
ion. All other values of relative motion at both 20 and
50 degrees of flexion showed decreased relative motion
in the non-pressurized samples, mostly of a significant
degree. These latter findings were unexpected, and we
have no good explanation. This may be related to differ-
ing elastic and plastic deformation in different areas of
the bone implant construct. Less movement in the poste-
rior region may result in more pronounced movement in
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the other regions. Further investigations would be helpful
in this regard.

Improved distributions of bone cement using pressure
application [12] can significantly affect force transmis-
sion at the cement-host bone interface [46]. In a finite
element analysis, Schultze et al. described the influ-
ence of cement thickness and prosthesis positioning,
with the highest von Mises stresses anteriorly [46]. Our
results showed that using a pressurizer only achieved a
significant reduction of the relative motion between the
implant and bone in the posterior region. The very nar-
row posterior intercondylar space precludes accurately
controlled manual cement application into cancellous
bone during the surgical procedure. Our results suggest
that pressurized clinical application might be helpful for
improved cementation in the posterior region only. The
clinical significance of our documented differences in rel-
ative motion is unclear.

We cannot determine any clear association between
our results and the occurrence of radiolucent lines noted
radiographically. Hoskins et al. reported the majority of
radiolucent lines distally (34.5%) and anteriorly (6.9%)
while Staats et al. described them as being predominantly
posteriorly located (12%) [19, 20]. The authors therefore
do not see any noticeable association with the results of
the current study.

Limitations
Although our experimental set-up mimicked the clinical
situation as much as possible, the physiological effect of
the surrounding soft tissues, differences in bone density
and occurrence of bleeding could not be reproduced,
limiting the extrapolation of our results to the clinical
scenario.

Only two flexion angles were tested, unlike the physi-
ological state which has a much greater range of motion.

The Attune knee replacement system was the only sys-
tem tested and the results may vary with other systems.

Our incrementally increasing loads for 1000 cycles
represent the immediate post-operative period only and
does not reflect micromotion that could occur over the
long-term postoperatively.

Conclusions

Pressure application of bone cement changes the rela-
tive motion at the implant-bone interface in all areas.
The change varied with the degree of loading and the
joint flexion angle and differed in the anterior, distal
and posterior bone/component interface zones (seen
Table 2). Our results suggest that the use of the pressur-
izer did not improve the overall fixation compared to an
adequate application using a cement gun, with the possi-
ble exception of the posterior zone. The posterior region
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was the only area that displayed a significant reduction
of micromotion with pressurized cement application
during flexion. Therefore, we suggest that application of
cement with a pressurizer may be advantageous in this
region only, where the narrow intercondylar space makes
satisfactory manual application or use of a cement gun
without a pressurizer difficult. An improved cementation
technique may further decrease the component loosen-
ing seen clinically. Additional studies are suggested to
investigate this further.

Acknowledgements
none

Authors’ contributions

Conceptualization, Mareike Schonhoff, Nicholas Beckmann and Martin
Schwarze; Data curation, Mareike Schonhoff, Nicholas Beckmann, Martin
Schwarze and Marvin Eissler; Formal analysis, Mareike Schonhoff, Nicholas
Beckmann, Martin Schwarze and Sebastian Jaeger; Funding acquisition,
Nicholas Beckmann, Martin Schwarze and Sebastian Jaeger; Investigation,
Mareike Schonhoff, Nicholas Beckmann, Martin Schwarze, Marvin Eissler and
Sebastian Jaeger; Methodology, Mareike Schonhoff, Nicholas Beckmann, Mar-
tin Schwarze, J. Philippe Kretzer and Sebastian Jaeger; Project administration,
Nicholas Beckmann and Sebastian Jaeger; Resources, Nicholas Beckmann and
Sebastian Jaeger; Software, Mareike Schonhoff, Martin Schwarze and Sebas-
tian Jaeger; Supervision, Nicholas Beckmann, J. Philippe Kretzer, Tobias Renka-
witz and Sebastian Jaeger; Validation, Mareike Schonhoff, Nicholas Beckmann
and Sebastian Jaeger; Visualization, Nicholas Beckmann, Martin Schwarze

and Sebastian Jaeger; Writing — original draft, Nicholas Beckmann and Martin
Schwarze; Writing — review & editing, Mareike Schonhoff, Nicholas Beckmann,
Martin Schwarze, Marvin Eissler, J. Philippe Kretzer, Tobias Renkawitz and
Sebastian Jaeger. The author(s) read and approved the final manuscript.

Funding

Open Access funding enabled and organized by Projekt DEAL. This research
was funded by Stiftung Endoprothetik. For the publication fee we acknowledge
financial support by Deutsche Forschungsgemeinschaft within the funding
programme “Open Access Publikationskosten”as well as by Heidelberg
University.

Availability of data and materials
The datasets used and/or analysed during the current study available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was performed in accordance with the Declaration of Helsinki and
approved by the local Ethics Committee (Ethikkommission der Medizinischen
Fakultat Heidelberg, reference S-351/2018). The tissue samples were obtained
from Science Care (Phoenix, AZ, USA), which is accredited by the American
Association of Tissue Banks, and receives informed donor consent from all
subjects and/or their legal guardian(s) prior to sample acquisition.

Consent for publication
Not applicable.

Competing interests

N.AB. has received research support from the Deutsche Arthrose Hilfe e.V.

for an unrelated project. T.R. has received research support and personal fees
from Arbeitsgemeinschaft Endoprothetik (AE), DGOU, DGOOC; BVOU, DePuy
International, Otto Bock Foundation, Deutsche Arthrose Hilfe, Aesculap, Zim-
mer, Stiftung Oskar Helene Heim Berlin, Vielberth Foundation Regensburg, the
German Ministry of Education and Research as well as the German Federal
Ministry of Economic Cooperation and Development. He is Medical Director
and Chair at the Orthopaedic Department at Heidelberg University Hospital,
board member of the German Society for Orthopaedics and Trauma (DGOOC)



Schonhoff et al. BMC Musculoskeletal Disorders (2023) 24:51

and vice president of the Professional Association of Orthopaedic Specialists
and Trauma Surgeons (BVOU). SJ. reports grants from B Braun Aesculap, John-
son & Johnson Depuy Synthes, Heraeus Medical, Waldemar Link, Peter Brehm,

Implantcast, Ceramtec, Mathys, Tornier/Stryker and Zimmer Biomet that are
not related to the current study. The remaining authors have no conflicts to

declare. The funders had no role in the design of the study; in the collection,

analyses, or interpretation of data; in the writing of the manuscript; or in the
decision to publish the results.

Received: 2 October 2022 Accepted: 9 January 2023
Published online: 21 January 2023

References
1. Cieza A, Causey K, Kamenov K, Hanson SW, Chatterji S, Vos T. Global
estimates of the need for rehabilitation based on the Global Burden of

Disease study 2019: a systematic analysis for the Global Burden of Disease

Study 2019. Lancet. 2021;396(10267):2006-17.

2. Luong ML, Cleveland RJ, Nyrop KA, Callahan LF. Social determinants and

osteoarthritis outcomes. Aging health. 2012;8(4):413-37.

3. Batailler C, Malemo Y, Demey G, Kenney R, Lustig S, Servien E. Cemented
vs Uncemented Femoral Components: A Randomized, Controlled Trial at

10 Years Minimum Follow-Up. J Arthroplasty. 2020;35(8):2090-6.

4. Grimberg A, Jansson V, Lutzner J, Melsheimer O, Morlock M, Steinbriick A.
EPRD Jahresbericht 2021; 2021. 1SBN: 978-3-9817673-9-1. https://doi.org/

10.36186/reporteprd042021.

5. Nugent M, Wyatt MC, Frampton CM, Hooper GJ. Despite Improved Sur-

vivorship of Uncemented Fixation in Total Knee Arthroplasty for Osteo-

arthritis, Cemented Fixation Remains the Gold Standard: An Analysis of a

National Joint Registry. J Arthroplasty. 2019;34(8):1626-33.

6. Quispel CR, Duivenvoorden T, Beekhuizen SR, Verburg H, Spekenbrink-
Spooren A, Van Steenbergen LN, Pasma JH, De Ridder R. Comparable
mid-term revision rates of primary cemented and cementless total
knee arthroplasties in 201,211 cases in the Dutch Arthroplasty Register
(2007-2017). Knee surgery, sports traumatology, arthroscopy : official
journal of the ESSKA. 2021,29(10):3400-8.

7. KimYH, Park JW, Jang YS. The 22 to 25-Year Survival of Cemented and
Cementless Total Knee Arthroplasty in Young Patients. J Arthroplasty.
2021;36(2):566-72.

8. Australian Orthopaedic Association National Joint Replacement Registry

Hip, Knee & Shoulder Arthroplasty. Annual Report 2021. 2021. ISN
1445-3657.

9. Robertsson O, Lidgren L, Sundberg M, W-Dahl A. The Swed-
ish Knee Arthroplasty Register - Annual report 2020; 2020. ISBN
978-91-88017-32-1.

10. Markolf KL, Amstutz HC. Penetration and flow of acrylic bone cement.
Clin Orthop Relat Res. 1976;121:99-102.

11. Nilsson KG, Dalen T. Inferior performance of Boneloc bone cement in
total knee arthroplasty: a prospective randomized study comparing
Boneloc with Palacos using radiostereometry (RSA) in 19 patients. Acta
Orthop Scand. 1998,69(5):479-83.

12. Schwarze M, Schonhoff M, Beckmann NA, Eckert JA, Bitsch RG, Jager
S. Femoral Cementation in Knee Arthroplasty-A Comparison of Three
Cementing Techniques in a Sawbone Model Using the ATTUNE Knee. J
Knee Surg. 2021;34(3):258-66.

13. Refsum AM, Nguyen UV, Gjertsen JE, Espehaug B, Fenstad AM, Lein RK,

Ellison P, Hal PJ, Furnes O. Cementing technique for primary knee arthro-

plasty: a scoping review. Acta Orthop. 2019;90(6):582-9.

14. Han HS, Lee MC. Cementing technique affects the rate of femoral
component loosening after high flexion total knee arthroplasty. Knee.
2017,24(6):1435-41.

15. Cho SD, Youm YS, Park KB. Three- to six-year follow-up results after high-
flexion total knee arthroplasty: can we allow passive deep knee bending?

Knee Surg, Sports Traumatol, Arthrosc : official journal of the ESSKA.
2011;19(6):899-903.

16. ChoiYJ, Lee KW, Ha JK, Bae JY, Lee SK, Kim SB, Seo DK. Comparison of
Revision Rates Due to Aseptic Loosening between High-Flex and Con-
ventional Knee Prostheses. Knee Surg Relat Res. 2018;30(2):161-6.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35

36.

37

38.

39.

Page 9 of 10

Han HS, Kang SB, Yoon KS. High incidence of loosening of the femoral
component in legacy posterior stabilised-flex total knee replacement. J
Bone Joint Surg Br. 2007;89(11):1457-61.

Jung WH, Jeong JH, Ha YC, Lee YK, Koo KH. High early failure rate of the
Columbus posterior stabilized high-flexion knee prosthesis. Clin Orthop
Relat Res. 2012;470(5):1472-81.

Hoskins W, Gorup P, Claireaux H, Stokes C, Bingham R. High incidence of
radiolucent lines at the implant-cement interface of a new total knee
replacement. ANZ J Surg. 2020;90(7-8):1299-302.

Staats K, Wannmacher T, Weihs V, Koller U, Kubista B, Windhager R. Mod-
ern cemented total knee arthroplasty design shows a higher incidence
of radiolucent lines compared to its predecessor. Knee Surg, Sports
Traumatol, Arthrosc : official journal of the ESSKA. 2019;27(4):1148-55.
Wetzels T, van Erp J, Brouwer RW, Bulstra SK, van Raay J. Comparing
Cementing Techniques in Total Knee Arthroplasty: An In Vitro Study. J
Knee Surg. 2019;32(9):886-90.

Vaninbroukx M, Labey L, Innocenti B, Bellemans J. Cementing the femoral
component in total knee arthroplasty: which technique is the best? Knee.
2009;16(4):265-8.

Labutti RS, Bayers-Thering M, Krackow KA. Enhancing femoral cement
fixation in total knee arthroplasty. J Arthroplasty. 2003;18(8):979-83.
Lutz MJ, Pincus PF, Whitehouse SL, Halliday BR. The effect of cement
gun and cement syringe use on the tibial cement mantle in total knee
arthroplasty. J Arthroplasty. 2009,24(3):461-7.

Krause WR, Krug W, Miller J. Strength of the cement-bone interface. Clin
Orthop Relat Res. 1982;163:290-9.

Linde F, Sorensen HC. The effect of different storage methods

on the mechanical properties of trabecular bone. J Biomech.
1993,26(10):1249-52.

Franck H, Munz M. Total body and regional bone mineral densitometry
(BMD) and soft tissue measurements: correlations of BMD parameter to
lumbar spine and hip. Calcif Tissue Int. 2000,67(2):111-5.

Jaeger S, Eissler M, Schwarze M, Schonhoff M, Kretzer JP, Bitsch RG.
Does tibial design modification improve implant stability for total

knee arthroplasty? An experimental cadaver study. Bone Joint Res.
2022;11(4):229-38.

Grupp TM, Holderied M, Pietschmann MF, Schroder C, Islas Padilla AP,
Schilling C, Jansson V, Muller PE. Primary stability of unicompartmental
knee arthroplasty under dynamic flexion movement in human femora.
Clin Biomech (Bristol, Avon). 2017;41:39-47.

Kutzner |, Bender A, Dymke J, Duda G, von Roth P, Bergmann G. Mediolat-
eral force distribution at the knee joint shifts across activities and is driven
by tibiofemoral alignment. Bone Joint J. 2017;99-B(6):779-87.

Kutzner |, Heinlein B, Graichen F, Bender A, Rohlmann A, Halder A, Beier
A, Bergmann G. Loading of the knee joint during activities of daily living
measured in vivo in five subjects. J Biomech. 2010;43(11):2164-73.
Bergmann G, Bender A, Graichen F, Dymke J, Rohlmann A, Trepczynski
A, Heller MO, Kutzner I. Standardized loads acting in knee implants. PLoS
ONE. 2014;9(1):e86035.

Nadorf J, Kinkel S, Gantz S, Jakubowitz E, Kretzer JP. Tibial revision knee
arthroplasty with metaphyseal sleeves: The effect of stems on implant
fixation and bone flexibility. PLoS ONE. 2017;12(5):e0177285.

Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical
power analysis program for the social, behavioral, and biomedical sci-
ences. Behav Res Methods. 2007;39(2):175-91.

Miskovsky C, Whiteside LA, White SE. The cemented unicondylar knee
arthroplasty An in vitro comparison of three cement techniques. Clin
Orthop Relat Res. 1992;284:215-20.

Cristofolini L, Affatato S, Erani P, Leardini W, Tigani D, Viceconti M. Long-
term implant-bone fixation of the femoral component in total knee
replacement. Proc Inst Mech Eng H. 2008;222(3):319-31.

ReinerT, Jaeger S, Schwarze M, Klotz MC, Beckmann NA, Bitsch RG. The
stability of the femoral component in the Oxford unicompartmental
knee replacement: a comparison of single and twin peg designs. Bone
Joint J. 2014;96-B(7):896-901.

Grewal R, Rimmer MG, Freeman MA. Early migration of prostheses related
to long-term survivorship Comparison of tibial components in knee
replacement. J Bone Joint Surg Br. 1992;74(2):239-42.

Karrholm J, Borssen B, Lowenhielm G, Snorrason F. Does early micromo-
tion of femoral stem prostheses matter? 4-7-year stereoradiographic


https://doi.org/10.36186/reporteprd042021
https://doi.org/10.36186/reporteprd042021

Schonhoff et al. BMC Musculoskeletal Disorders (2023) 24:51 Page 10 of 10

follow-up of 84 cemented prostheses. J Bone Joint Surg Br.
1994,76(6):912-7.

40. Ryd L, Albrektsson BE, Carlsson L, Dansgard F, Herberts P, Lindstrand A,
Regner L, Toksvig-Larsen S. Roentgen stereophotogrammetric analysis
as a predictor of mechanical loosening of knee prostheses. J Bone Joint
Surg Br. 1995;77(3):377-83.

41. Seehaus F, Sonntag R, Schwarze M, Jakubowitz E, Sesselmann S, Kretzer
JP, Hurschler C. Early assessment of the risk of later implantloosening
using Roentgen Sterophotogrammetric Analysis (RSA). Orthopade.
2020;49(12):1042-8.

42 Selvik G. Roentgen stereophotogrammetry A method for the study
of the kinematics of the skeletal system. Acta Orthop Scand Suppl.
1989;232:1-51.

43, Clarius M, Hauck C, Seeger JB, James A, Murray DW, Aldinger PR. Pulsed
lavage reduces the incidence of radiolucent lines under the tibial tray
of Oxford unicompartmental knee arthroplasty: pulsed lavage versus
syringe lavage. Int Orthop. 2009;33(6):1585-90.

44, MacDonald W, Swarts E, Beaver R. Penetration and shear strength of
cement-bone interfaces in vivo. Clin Orthop Relat Res. 1993,286:283-8.

45. Schwarze M, BorsaiV, Bitsch RG, Eckert JA, Jager S: Letter to the Edi-
tor - "Cementing the femoral component in total knee arthroplasty:
Which technique is the best?" by Michael Vaninbroukx et al. Knee 2017,
24(2):491-493.

46. Schultze C, Kluss D, Martin H, Hingst V, Mittelmeier W, Schmitz KP, Bader
R. Finite element analysis of a cemented ceramic femoral component
for the assembly situation in total knee arthroplasty. Biomed Tech (Berl).
2007;52(4):301-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Is TKA femoral implant stability improved by pressure applied cement? a comparison of 2 cementing techniques
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	General
	Cementing procedure
	Load simulation and determination of relative motion
	Statistical analysis

	Results
	Bone density
	Relative motion
	Femur 20º
	Femur 50º

	Discussion
	Limitations

	Conclusions
	Acknowledgements
	References


