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Abstract

Background The gliding surface of total knee endoprostheses is exposed to high loads due to patient weight

and activity. These implant components are typically manufactured from ultra-high molecular weight polyethylene
(UHMWPE). Crosslinking of UHMWPE by ionizing radiation results in higher wear resistance but induces the forma-
tion of free radicals which impair mechanical properties after contact with oxygen. Medium-crosslinked UHMWPE
enriched with vitamin E (MXE) provides a balance between the parameters for a sustainable gliding surface, i.e,
mechanical strength, wear resistance, particle size, and oxidation stability. Therefore, a gliding surface for knee endo-
prostheses made up from this material was developed, certified, and launched. The aim of this study is to compare
this new gliding surface to the established predecessor in a non-inferiority design.

Methods This multicenter, binational randomized controlled trial will enroll patients with knee osteoarthritis eligi-
ble for knee arthroplasty with the index device. Patients will be treated with a knee endoprosthesis with either MXE
or a standard gliding surface. Patients will be blinded regarding their treatment. After implantation of the devices,
patients will be followed up for 10 years. Besides clinical and patient-related outcomes, radiological data will be col-
lected. In case of revision, the gliding surface will be analyzed biomechanically and regarding the oxidative profile.

Discussion The comparison between MXE and the standard gliding surface in this study will provide clinical data
to confirm preceding biomechanical results in vivo. It is assumed that material-related differences will be identified,
i.e, that the new material will be less sensitive to wear and creep. This may become obvious in biomechanical analy-
ses of retrieved implants from revised patients and in radiologic analyses.
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Background

Total knee arthroplasty (TKA) is the only effective
treatment for end-stage symptomatic knee damage
caused by osteoarthritis or rheumatic arthritis. There
is a trend towards younger and more active patients
who receive a TKA, making higher demands towards
their implant. Furthermore, a considerable share of
(younger) TKA patients is overweight or obese [1, 2].
Higher activity levels and higher patient weight induce
higher loads on the prosthesis components, especially
on the meniscal component, which serves as glid-
ing surface for articulation of the femoral component.
Increased loads on the gliding surface may result in
wear of the device material, leading to debris and asep-
tic loosening [3, 4]. This emphasizes the importance
of the material properties on the outcome of TKA.
After its introduction in the early 1960s, ultra-high
molecular-weight polyethylene (UHMWPE) has rep-
resented the material of choice for the gliding surface
[3]. Research on UHMWPE aimed to improve material
properties and wear resistance. Improvements regard-
ing wear resistance were achieved by crosslinking of
UHMWRPE through ionizing radiation. However, this
process induces formation of free radicals in the mate-
rial, which after contact with oxygen leads to oxidative
degeneration, material embrittlement, and impairment
of mechanical properties [5]. Remelting and anneal-
ing were introduced as post-irradiation treatments to
improve oxidative stability of the material, but nega-
tive effects were induced by these treatments regarding
mechanical properties [6]. Therefore, a method to pre-
vent oxidation of crosslinked UHMWPE without modi-
fying mechanical properties was searched for.

Vitamin E is an effective natural antioxidant, occurring
in cell membranes and preventing phospholipids from
being oxidized by free radicals [7]. Similarly, vitamin E
prevents UHMWPE from irradiation-induced oxida-
tion [8] and therefore represents a promising stabilizer
of crosslinked UHMWPE. Two methods are deployed
for supplementation of UHMWPE with vitamin E: blend-
ing, where the raw material is mixed with vitamin E
powder before the irradiation and cross-linking process;
and doping, where the irradiated implant is doped with
vitamin E. Biomechanical data indicated that vitamin
E-enriched crosslinked UHMWPE has an advantageous
oxidation profile (also after aging) while maintaining

mechanical properties important for the gliding surface
of a TKA [9, 10, 8, 11].

In contrast to the application of highly crosslinked vita-
min E-enriched UHMWPE for the liners in hip arthro-
plasty, where a large amount of clinical data is available
[12-17], such data for TKA is rather rare. Flament et al.
were the first to publish clinical results on vitamin E pol-
yethylene bearings in TKA, providing good results for
the device [18]. Takemura et al. compared clinical results
of gliding surfaces made from highly crosslinked UHM-
WPE with and without vitamin E 2 years postoperatively,
detecting no significant differences between both groups
regarding alignment, Knee Society Score (KSS), compli-
cations, and radiolucent lines [19]. Likewise, Ftaita et al.
compared clinical results of gliding surfaces made from
conventional UHMWPE and highly crosslinked vitamin
E-enriched UHMWPE, without any significant differ-
ences for complications, radiological results, forgotten
joint score, and knee injury and osteoarthritis outcome
score [20]. Using the same implants as in the studies dis-
cussed before, Orita et al. showed that highly crosslinked
vitamin E-enriched UHMWPE gliding surfaces produced
more, smaller and rounder wear particles compared to
conventional UHMWPE, isolated from TKA patients’
synovial fluid [21]. Spece et al. performed a retrieval
analysis of gliding surfaces made from highly crosslinked
UHMWPE with and without vitamin E after rather short
implantation times (mean 1.2—1.5 years) [22]. In the for-
mer group, the most prevalent reason for revision was
instability (28.2%), followed by infection (23.3%) and
aseptic loosening (17.5%), whereas in the group without
vitamin E, infection (32.8%) was the most prevalent rea-
son for revision, followed by aseptic loosening (25.4%)
and instability (19.4%). Oxidation index was significantly
increased in some areas of the retrievals without vitamin
E and so were the articulating surface damage scores for
burnishing, scratching, and pitting [22].

After extensive research in material science and biotri-
bology a medium crosslinked, vitamin E-enriched gliding
surface (MXE) was developed and launched in 2020. This
material provides a balance between the parameters for
a sustainable gliding surface, i.e., mechanical strength,
wear resistance, particle size, and oxidation stability.

The aim of this study is the comparison of clinical out-
come, oxidation profile, and wear analysis of MXE and
the predecessor, {3-sterilized UHMWPE ($3-PE) for TKA.
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In this randomized controlled single blind clinical trial, it
shall be shown that the new material is at least as efficient
as the predecessor (non-inferiority).

Methods/design

Eligibility criteria and recruitment

Identification of eligible participants is performed by the
investigators (surgeons) of the participating study centers
from the general patients visiting their clinic for treat-
ment of the indications mentioned. All patients desig-
nated for TKA with an e.motion UC Pro or e.motion PS
Pro endoprosthesis (criteria see below) at the participat-
ing study centers will be screened for inclusion. The study
proposal, including nature, purpose, and risks of the
study, will be explained to the patient by the investigator
during the preliminary consultation. A patient informa-
tion sheet in layperson-comprehensible language is pro-
vided to the patient. The patient will be given sufficient
time to consider the implications of the study before
deciding whether to participate. Patients participating
in the study must understand and agree with the patient
information and be willing and able to participate in the
study, including long-term follow-up visits. The written
consent form will be obtained by one of the investigators
of the study center.

There are no specific strategies for the identification
of participants like advertisements or similar activities.
Also, no coordinators are employed to identify eligible
patients.

Eight centers in Germany and France are participat-
ing in the study, thereof are 3 academic hospitals (a list
of the participating study centers is provided in Addi-
tional file 1). Study centers were accepted for study par-
ticipation only after a successful site selection visit by the
sponsor, where knowledge of and experience with the
study devices was proven and ability to perform the study
according to GCP principles was demonstrated.

The risk of not reaching the recruitment target is mini-
mized by the inclusion of study centers which confirmed
to be able to enroll 80 study patients during the recruit-
ment phase of 18 months. By including several study
centers, the risk of not reaching the recruitment target is
minimized as the study protocol allows enrollment of up
to 120 patients per study center in case that another study
center will not reach the scheduled number of patients to
be enrolled. To avoid center effects, the maximum num-
ber of patients to be enrolled by one study center is 120.

According to the instructions for use of the manufac-
turer, indications for an e.motion UC Pro and e.motion
PS Pro endoprosthesis are as follows:

Severe knee joint disorders that cannot be treated
through other therapies.
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— Degenerative gonarthrosis

— Rheumatoid arthritis

— Posttraumatic arthrosis

— Symptomatic knee instability
— Knee stiffness

— Khnee joint deformity

According to the instructions for use of the manufac-
turer, e.motion UC Pro and e.motion PS Pro endopros-
thesis is contraindicated:

— In patients for whom reconstructive surgery to treat
the joint disorder is an option

— In case of acute or chronic infections near the joint
(systemic infections)

— In case of secondary diseases influencing the func-
tion of the joint implant

— In case of severe osteoporosis or osteomalacia with
cementless implants

— In case of bone tumors in the region of implant fixa-
tion

— In case of poor bone quality and osseous malforma-
tions, diseases in the area of the implant fixation,
which may primarily or subsequently affect the sta-
bility of the joint replacement anchorage

— In case of known hypersensitivity to the implant
materials

— In all of the areas of application not listed under Indi-
cations

According to the study protocol, further exclusion cri-
teria for the study are as follows:

— Age below 18 years or over 80 years

— American Society of Anesthesiologists
class>3

— Pregnancy

(ASA)

Sample size

The aim of the present study is to show the non-inferi-
ority of the MXE bearing material compared to the B-PE
in terms of clinical and functional outcome, which is
measured by the KSS. Lizaur-Utrilla et al. showed in their
study that the minimally clinically important difference
is at least 9 points for the KSS knee (kKSS) and at least
10 points for the KSS function (fKSS) [23]. In order to
show non-inferiority of the new material, 10 points were
selected as non-inferiority margin for sample size cal-
culation. A recent publication showed that KSS results
5 years after primary TKA vary with a standard deviation
of 30 points [24]. Thus, 30 points was used as standard
deviation for sample size calculation.
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Therefore, a two-sample ¢ test with a=0.05 and 80%
power and a non-inferiority design (MXE vs. 3-PE) with a
non-inferiority margin of 10 points requires 224 patients
in total (112 patients per group). Assuming a drop-out
rate of 20% due to the long-term follow-up, in total 280
patients are necessary to meet the power criteria for the
primary endpoint.

As the study includes two variations of the investiga-
tional device (e.motion UC Pro and e.motion PS Pro)
together with the different bearing materials, in total,
560 patients will be randomized into this study. To
avoid center effects, a maximum of 120 patients may
be recruited per center. During study preparation, only
centers were considered, which are able to recruit a suf-
ficient number of patients according to their throughput
of patients.

Patients who withdraw their consent for study partici-
pation will not be replaced by new patients. Intraopera-
tive drop-outs due to deviation from the randomization
protocol will be replaced by new patients.

Randomization and blinding

For each participating center a separate randomization
list be will prepared by the sponsor to avoid center spe-
cific effects and to assure a balanced (1:1) distribution of
both treatments within one center (stratification). Rand-
omization lists will be computer-generated using random
block lengths.

Randomization is taking place after the patient con-
sented to be part of the clinical investigation (see Fig. 1).
Intraoperatively, the sealed opaque envelope contain-
ing the information to use either the MXE or the B-PE
gliding surface will be opened to randomly allocate the
procedure for the specific type of bearing material and
to ensure allocation concealment. Whether the study
site is using the e.motion PS Pro or the e.motion UC
Pro implant is independent from the randomization and
according to the standard treatment of each site.

While study patients will be blinded, blinding of the
surgeon is not possible due to the different color of the
implants. Due to the infrastructure and capacity reasons
in (some of) the participating study centers, the KSS is
recorded by the investigators/surgeons, who typically
performed the implantation of the devices. Therefore,
blinding of outcome assessors cannot be ensured. The
analyzation of radiological results will be performed in a
blinded manner.

Intervention

The implants are CE certified, and the TKA is performed
according to the instructions for use. It will be further
documented if patella resurfacing is performed, if the
image-free navigation system OrthoPilot (Aesculap AG,
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Fig. 1 Patient inclusion flowchart

Tuttlingen) is used, and if implants with or without the
advanced surface technology (AS) are used.

In case of an intraoperative finding that the endo-
prosthesis is not indicated for a specific patient, the
patients will be excluded from the study. Surgeries will
be performed or, in cases of training procedures, super-
vised by board certified orthopedic surgeons. All cent-
ers meet the certification standards such as the German
EndoCert system. Preoperative measures include digital
planning of the prosthesis and standardized imaging,
antiseptic, and anticoagulation standards. Furthermore,
surgical approaches, anesthesia, and tourniquet use are
performed according to the standards of each center.
Postoperative regimen is not stipulated by the study
plan to allow the study centers to follow their stand-
ard treatment regimen. It is expected that there are no
major differences between the study centers regarding
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postoperative regimen. There may be minor differences
between study centers, but as each study center includes
patients in both study groups, the potential for cointer-
vention bias is expected to be small.

Postoperative treatments including standardized
weight bearing, physical therapy, anti-thrombotic medi-
cation, pain management, and discharge to rehabilita-
tion centers accord to the standard proceeding in each
study center. No difference is made between patients of
the study groups or other patients not participating in the
study.

No restrictions to any concomitant therapy or inter-
vention are defined in this study. No additional surgical
or interventional procedure is related to the study.

Devices

The investigational device is the e.motion UC Pro or PS
Pro knee endoprosthesis. The e.motion Pro system is
indicated for patients requiring primary surgery. The
e.motion UC Pro system is an ultracongruent posterior
cruciate ligament retaining design. The e.motion PS Pro
is a posterior stabilized posterior cruciate ligament sac-
rificing design. The size and type of the gliding surface
(e.motion UC Pro or e.motion PS Pro meniscus compo-
nent) depends on the femur component. The tibia has a
safety stop which allows +30° of rotation. Both variations
of the system are used within the study according to the
preference and standard of care of the respective inves-
tigator and investigational site. Femur and tibia compo-
nents are made up of a cobalt-chromium-molybdenum
alloy. Femur and tibia components are available as AS
variants, with a ceramic coating, which reduces wear
and release of metal ions into the adjacent tissue and
thereby may prevent allergic or hypersensitivity reactions
[25-28].

The comparison in this study concerns the material of
the gliding surface, either made from UHMWPE blended
with 0.1% vitamin E, which is moderately crosslinked
with<50 kGy by y-irradiation (MXE), or made from
3-sterilized UHMWPE (3-PE).

Outcomes

The primary goal of TKA is the restoration of the joint
function and the reduction of pain. Measures to analyze
these factors are included as outcomes in this study, to
be able to compare the investigational device against the
comparator.

Primary endpoint and measures

The primary endpoint of the study is the functional
outcome of the patients 10 years postoperatively. The
hypothesis of the study is that the new bearing mate-
rial MXE is comparable to the established material in
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terms of performance and safety. Function of the knee
after 10 years will be assessed using the KSS. The KSS is
an established, examiner-administrated standard clini-
cal evaluation tool reporting results for patients under-
going TKA. It separates findings in the operated knee
(kKSS) score from findings related to the patient’s func-
tion (fKSS), which might be affected by co-morbidities.
The two sub-scores are reported separately ranging from
0 points (worst result) to 100 points (best results), as
well as summarized score, total KSS [29]. Final grading
of total KSS results scores of 160 to 200 will be rated as
excellent, 140 to 159 as good, 120 to 139 as fair, and less
than 120 as poor.

Secondary endpoints and measures

The following secondary endpoints will be measured to
evaluate the safety and performance of the investigational
devices.

Preoperatively, data regarding demographics and
anamnesis such as age, gender, weight, height, primary
diagnosis, concurrent conditions, other joint restrictions,
and ASA status will be collected and documented. Intra-
operative and surgery-related data (e.g., duration of sur-
gery, anesthesia, blood loss, length of hospital stay, used
implant components incl. coating, and intraoperative
complications) will also be collected and documented.

Survival of the implant (components) will be ana-
lyzed by Kaplan—Meier Analysis [30]. Survival in the
sense of this study is defined as removal or exchange of
any primary implant component including the removal
or exchange of the meniscus component. Secondary
interventions at the index knee, e.g., secondary patella
replacement, do not count as a revision if no further
exchange of the former implant components occur.

Clinical outcome will also be measured with the Oxford
Knee Score (OKS), a 12-item, patient-reported question-
naire originally developed and validated specifically to
assess function and pain in patients undergoing TKA.
It is short, reproducible, valid, and sensitive to clinically
important changes over time. OKS ranges from 0 to 48
with 48 being the best outcome [31].

Quality of life of the patients will be analyzed using the
5-dimension 5-level measure of the EuroQol Group (EQ-
5D-5L), which is a simple and generic measure for clini-
cal and economic assessment. The questionnaire covers
five different dimensions (mobility, self-care, usual activi-
ties, pain/discomfort, anxiety/depression) rated in 5 lev-
els (from “the worst health you can imagine” to “the best
health you can imagine”) [32]. The questionnaire is filled
by the patients themselves.

Radiographic evaluation will be used to evaluate the
implant status as well as device condition and poten-
tial presence of device-related adverse events including
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fracture, wear, loosening, or radiolucencies. An external
x-ray laboratory will perform the analysis and evalua-
tion of radiographs. In particular, radiolucencies at the
interface between the implant and bone, migration of
the femur and tibia component in relation to the bone,
femoral-tibial angle, mechanical lateral femoral angle,
and mechanical medial tibial angle will be analyzed.
Furthermore, a new method combining 2-dimensional—
3-dimensional registration and artificial intelligence will
be applied, which enables accurate determination of
changes in the postoperative polyethylene wear in situ.
The precision and accuracy of this method is comparable
to radiostereometric analysis [33].

Oxidation profile and wear analysis of available retriev-
als will be analyzed by the biomechanical laboratory of
the sponsor. Special focus of these analyses is the oxi-
dation profile, the wear behavior, the mechanics, and
the cumulative linear abrasion of these retrievals. These
measurements will provide in vivo data regarding the
implant material in addition to detailed in vitro data
already available [34, 35, 11].

During the course of the study, any upcoming intraop-
erative or postoperative (serious) adverse device events
or effects related or not related to the product under
investigation will be documented. The total number of
adverse events will be summarized and further evaluated
by the sponsor and reported according to local legislation
and necessity. Recorded complications will be catego-
rized and analyzed to assess the safety of the investiga-
tional product.

In case a patient requires revision of the primary
implanted knee endoprosthesis, additional information
on the revision surgery will be collected. The reason for
revision together with the clinical symptoms shall be
documented. Further examinations (e.g., arthroscopy)
prior to the revision and the date of revision surgery will
be documented. If pre-revision radiographs are taken as
part of the clinical routine, the results of the radiographic
analysis will be documented.

Data collection, management, statistical analysis

and monitoring

The data will be collected by the investigators from rou-
tine examinations and documented in an electronic data-
base system. Data entered in the electronic database is
pseudonymized using a unique patient identification
number to keep the trial patients’ confidentiality. Table 1
shows which data is acquired during the course of the
study. In case of death or discontinuation of a patient,
it will be inquired whether the knee endoprosthesis was
in situ at that time (survival analysis). Trial management,
including monitoring of data and data quality, is per-
formed by the sponsor.
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There are no specific plans to promote participant
retention and complete follow-up. The patients are
informed about the follow-up visits before their decision
to participate in the study. The visits are kept to a mini-
mum (3 months, 12 months, 5 years, 10 years) and accord
to typical follow-up examinations also performed in non-
study patients. In addition, patients will receive the OKS
self-assessment score at 3 and 7 years postoperatively, to
reduce loss-to follow-up rate and allow better monitoring
of study patients. Patients will be requested to send the
OKS questionnaire back to the study center.

Reasonable effort should be made by the study cent-
ers to contact any patient lost to follow-up during the
course of the study in order to complete assessments and
retrieve any outstanding data and study supplies.

The final programming will be performed after clo-
sure of the database by use of an appropriate statisti-
cal software package SAS. The sponsor has an overview
of results from all participating centers. All data will be
analyzed by means of appropriate tables, figures, list-
ings, and statistical tests. Missing data will be analyzed as
such and will not be replaced by estimates. The statistical
analysis of the primary endpoint has a confirmative char-
acter, whereas the secondary endpoints will be analyzed
explorative. This must be considered when interpreting
the p-values and confidence intervals. The description of
the patient cohort in means of demographic data and the
baseline values of investigated parameters will take place
as whole as well as grouped by the therapy group. Analy-
ses will be performed according to the intent-to-treat
principle. The consistency of the results will be tested by
per-protocol analysis (sensitivity analysis).

The study hypothesis will be tested using a two-sam-
ple t test. The results of the KSS Score will be analyzed
as sum of the sub scores fKSS and kKSS. Primary testing
will be done comparing the MXE with the B-PE group.
Comparison between the different implant types might
be done exploratively. Each implant variation (UC Pro
vs. PS Pro) will be tested individually for primary end-
point analysis. Secondary endpoints will be tabulated as
frequencies and rates/results respectively as means and
standard deviations. Confidence intervals will be used
when appropriate.

An explorative interim analysis of secondary objec-
tives will be done 1 and 5 years postoperatively. It is
intended to publish the 1-year as well as the 5- and
10-year results in a peer-reviewed journal in order to
contribute to publicly available knowledge. Further-
more, the study and (intermediate) results may be pre-
sented on scientific conferences. Therefore, data of all
available patients and centers shall be included. Manu-
scripts shall be reviewed and approved by all participat-
ing study centers. In case that the study results cannot
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Table 1 Data acquisition during the course of the study
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Written
survey 2

Written

-
survey 1

Timeline . | Discharge
operative | operative
Demography X

Medical
history

Physical
examination

1year
(+/-2

months)

3 years
(+/-6

months)

5 years
(+/-6
months)

VACELS
(+/-6
months)

10 years
(+/-12
months)

KSS X X X X
EQ-5D X X X X X
OKS X X X X X X X
Radlogr.aphlc xH* (X)** (X)** X X X
evaluation *

Surgery data X

Retrierel In case of revision surge

analysis gery

Revision data In case of revision surgery

s X X X X X X X X

complications

" Required images: knee AP (standing), knee lateral (standing)
" Additionally: long leg (standing)

(X): radiographic evaluation may be performed at either visit

be published in a peer-reviewed journal (e.g., due to
non-significant results), a manuscript shall be depos-
ited in a preprint archive. Furthermore, a study report
will be attached to the ClinicalTrials.gov entry of this
study.

Authorized, qualified representatives of the sponsor
or designated personnel of a contract research organi-
zation will perform monitoring visits at investigational
sites in regular intervals to verify adherence to proto-
col and local legal requirements, to perform source
data verification and to assist the investigator in study
related activities. Approximately one visit per site and
year is planned, with more visits in the beginning of the
study. As a risk-based approach, discovered deviations
from the study protocol may increase the number or
intensity of monitoring visits. Site audits are not gener-
ally planned. If monitoring activities reveal the neces-
sity, e.g., due to severe deviations from GCP principles,
site audits may be performed.

Vendors employed for the study were audited and
approved by the processes of the sponsor supplier quality
management.

Discussion
The advancement of UHMWPE as a bearing material
in the past 60 years can be considered as an evolution,
adjusting the characteristics of the material to the func-
tion of the devices. Wear resistance, mechanical strength,
oxidative stability, and the size of released particles are
critical parameters influencing the safety and perfor-
mance of the devices. MXE reveals a beneficial balance
between these parameters and showed improved biome-
chanical properties in vitro in comparison to other estab-
lished bearing materials. The comparison between MXE
and $3-PE in this study will provide clinical data to con-
firm the biomechanical results in vivo.

It is assumed that material-related differences will be
obtained, i.e., that the new material will be less sensitive



Maier et al. Trials (2024) 25:27

to wear and creep. This may become obvious in radio-
logic analyses, where a new approach will be employed
to measure wear of prosthesis components in situ [36,
33] and in biomechanical analyses of retrieved implants
from revised patients. Whether these differences will
lead to better clinical and functional outcomes or less
complications and higher survival is in question and
will be investigated thoroughly.

This study protocol features the history of develop-
ment in knee arthroplasty technology from basic mate-
rial sciences through biotribology and a final device
to certification and application in humans. Through
this study, data required by biomechanical testing can
be confirmed or refuted, depending on whether there
will be an advantage of the new material or not. This
again may add knowledge to development and testing
methods.

An apparent strength of this study is the comparison of
two devices which only differ in their material but not in
shape, dimensions, application, or other aspects. In com-
bination with the new approach for the radiologic analy-
sis to measure wear of prosthesis components in situ, the
study performed according to this protocol is expected to
deliver relevant results in the field of knee arthroplasty
and implant technology.

Trial status

This manuscript corresponds to version 1 of the approved
study protocol. The study started in February 2021 with
first patient in on 8 March 2021. To date (May 2023),
435 patients are included in the study. Last patient in is
expected in December 2023, and, therefore, last patient
out is expected in Q4 2033. Interim analyses will be per-
formed as discussed above.

Abbreviations

AS Advanced surface

ASA American Society of Anesthesiologists

B-PE B-sterilized UHMWPE

EQ-5D-5L  5-Dimensions 5-level measure of the EuroQol Group
fKSS Knee Society Score function

kKSS Knee Society Score knee

KSS Knee Society Score

MXE Medium crosslinked vitamin E-enriched UHMWPE
OKS Oxford Knee Score

TKA Total knee arthroplasty

UHMWPE  Ultra-high molecular weight polyethylene

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513063-023-07811-1.

Additional file 1. WHO Trial Registration Data Set (Version 1.3.1) and
study center information.

Additional file 2. Patient information.

Page 8 of 10

Acknowledgements

The authors thank Alexander Roth for sample size calculation and advice
regarding statistical methods.

The authors thank all members of the VIKEP study group for their contribution
and work.

Authors’ contributions

MS, AH, MH, OH, IK, JK, CL, MM, PM, AN, BRD, and WM made substantial
contributions to the conception and design of the study protocol. KM drafted
the manuscript.

All authors read and approved the final manuscript.

Funding

The study is funded by Aesculap AG (Tuttlingen, Germany), which is sponsor
of the study. The study was initiated due to regulatory reasons but also to con-
firm biomechanical data of the new material in medium- and long-term appli-
cation in vivo. Study planning was conducted in collaboration by the sponsor
and the investigators. Principal investigators of all study centers agreed with
the study protocol. The study report as well as manuscripts for publication in
peer reviewed journals shall be agreed upon all study parties.

Availability of data and materials
Any data required to support the protocol can be supplied on request.

Declarations

Ethics approval and consent to participate

The study protocol and the written informed consent form (Additional file 2)
were reviewed and positively rated by the corresponding ethics committee
of each participating center (see Additional file 1). The primary positive vote
was provided by the Ethikkommission an der Universitatsmedizin Rostock (A
2020-0171).

Protocol amendments have to be endorsed by all investigators and respective
ethics committees.

All patients provided written informed consent prior to participation in the
study.

Consent for publication
Not applicable.

Competing interests

All authors filled and provided the ICMJE disclosure form. KM and MS are
employees of Aesculap AG. AH declares that she has no conflict of interest. IK
and MM declare that they received study grants from B.Braun/Aesculap AG for
the conduction of this study and received support for attending/traveling to
meetings from B.Braun/Aesculap AG. MH and OH declare that they received
study grants from B.Braun/Aesculap AG for the conduction of this study and
received honoraria for various lectures, workshops, and courses from B.Braun/
Aesculap AG. JK declares that she received study grants from B.Braun/Aes-
culap AG for the conduction of this study and has an advisor contract for
another study sponsored by B.Braun/Aesculap AG and received payments for
a congress lecture and received support for attending/traveling to meetings
from B.Braun/Aesculap AG. CL and WM declare that they received research
grants from B.Braun/Aesculap AG and received support for attending/trave-
ling to meetings from B.Braun/Aesculap AG. PM declares that he receives roy-
alties/licenses from X.Nov and Adler. AN declares that he received study grants
from B.Braun/Aesculap AG for the conduction of this study. BRD declares that
he received study grants from B.Braun/Aesculap AG for the conduction of this
study and received consulting fees from B.Braun/Aesculap AG and received
support for attending/traveling to meetings from Leo Pharma.

Author details

"Medical Scientific Affairs, Aesculap AG, Am Aesculap-Platz, 78532 Tuttlingen,
Germany. “Hopital Sud — CHU Grenoble, Avenue Kimberley, 38130 Echirolles,
France. *Klinik Fiir Allgemeine Orthopédie, Endoprothetik Und Kinder-
orthopédie, Katholisches Klinikum Koblenz-Montabaur, Kardinal-Krementz-Str.
1-5, Koblenz-Montabaur 56073, Germany. *Department for Orthopedic

and Trauma Surgery, Park-Klinik Weissensee, Schonstral3e 80, Berlin 13086,
Germany. *Krankenhaus Reinbek St. Adolf-Stift, Hamburger StraBe 41,

21465 Reinbek, Germany. ®Waldkliniken Eisenberg, Klosterlausnitzer Stral3e 81,


https://doi.org/10.1186/s13063-023-07811-1
https://doi.org/10.1186/s13063-023-07811-1

Maier et al. Trials

(2024) 25:27

07607 Eisenberg, Germany. ’Orthopadische Klinik Und Poliklinik, Universitats-
medizin Rostock, Doberaner Str.142, 18057 Rostock, Germany. 8Lukas Kranken-
haus, Hindenburgstrae 56, 32257 Biinde, Germany. °CHU Amiens-Picardie, 1
Rond Point du Professeur Christian Cabrol, 80054, CEDEX 1 Amiens, France.

Received: 20 July 2023 Accepted: 20 November 2023
Published online: 05 January 2024

References

1.

Grimberg A, Lutzner J, Melsheimer O, Morlock M, Steinbriick A. Jah-
resbericht 2022: Mit Sicherheit mehr Qualitat. 2022nd ed. Berlin: EPRD
Deutsche Endoprothesenregister; 2022.

Johnson CA, White CC, Kunkle BF, Eichinger JK, Friedman RJ. Effects of
the obesity epidemic on total hip and knee arthroplasty demograph-
ics. J Arthroplasty. 2021;36(9):3097-100.

Bistolfi A, Giustra F, Bosco F, Sabatini L, Aprato A, Bracco P, et al. Ultra-
high molecular weight polyethylene (UHMWPE) for hip and knee
arthroplasty: the present and the future. J Orthop. 2021;25:98-106.
Currier JH, Currier BH, Abdel MP, Berry DJ, Titus AJ, van Citters DW.
What factors drive polyethylene wear in total knee arthroplasty?:
results of a large retrieval series. Bone Joint J. 2021;103-B(11):1695-701.
Lambert B, Neut D, van der Veen HC, Bulstra SK. Effects of vitamin E
incorporation in polyethylene on oxidative degradation, wear rates,
immune response, and infections in total joint arthroplasty: a review of
the current literature. Int Orthop. 2019;43(7):1549-57.

Kurtz SM, Gawel HA, Patel JD. History and systematic review of wear
and osteolysis outcomes for first-generation highly crosslinked poly-
ethylene. Clin Orthop Relat Res. 2011;469(8):2262-77.

Wang X, Quinn PJ. The location and function of vitamin E in mem-
branes (review). Mol Membr Biol. 2000;17(3):143-56.

Wolf C, Macho C, Lederer K. Accelerated ageing experiments with
crosslinked and conventional ultra-high molecular weight polyeth-
ylene (UHMW-PE) stabilised with alpha-tocopherol for total joint
arthroplasty. J Mater Sci Mater Med. 2006;17(12):1333-40.

Haider H, Weisenburger JN, Kurtz SM, Rimnac CM, Freedman J,
Schroeder DW, et al. Does vitamin E-stabilized ultrahigh-molecular-
weight polyethylene address concerns of cross-linked polyethylene in
total knee arthroplasty? J Arthroplasty. 2012;27(3):461-9.

. Micheli BR, Wannomae KK, Lozynsky AJ, Christensen SD, Muratoglu

OK. Knee simulator wear of vitamin E stabilized irradiated ultrahigh
molecular weight polyethylene. J Arthroplasty. 2012;27(1):95-104.

. Schwiesau J, Fritz B, Kutzner |, Bergmann G, Grupp TM. CR TKA UHM-

WPE wear tested after artificial aging of the vitamin E treated gliding
component by simulating daily patient activities. Biomed Res Int.
2014;2014:567374.

. Nebergall AK, Greene ME, Laursen MB, Nielsen PT, Malchau H, Troelsen

A.Vitamin E diffused highly cross-linked polyethylene in total hip
arthroplasty at five years: a randomised controlled trial using radios-
tereometric analysis. Bone Joint J. 2017,99-B(5):577-84.

. Galea VP, Rojanasopondist P, Laursen M, Muratoglu OK, Malchau H,

Bragdon C. Evaluation of vitamin E-diffused highly crosslinked poly-
ethylene wear and porous titanium-coated shell stability: a seven-year
randomized control trial using radiostereometric analysis. Bone Joint J.
2019;101-B(7):760-7.

. Kjaergaard K, Ding M, Jensen C, Bragdon C, Malchau H, Andreasen CM,

et al. Vitamin E-doped total hip arthroplasty liners show similar head
penetration to highly cross-linked polyethylene at five years: a multi-
arm randomized controlled trial. Bone Joint J. 2020;102-B(10):1303-10.

. Baghdadi J, Alkhateeb S, Roth A, Jdger M. Cup positioning and its effect

on polyethylene wear of vitamin E- and non-vitamin E-supplemented
liners in total hip arthroplasty: radiographic outcome at 5-year follow-
up. Arch Orthop Trauma Surg. 2023;143(3):1679-88.

. Massier JRA, van Erp JHJ, Snijders TE, de Gast A. A vitamin E blended

highly cross-linked polyethylene acetabular cup results in less wear:
6-year results of a randomized controlled trial in 199 patients. Acta
Orthop. 2020;91(6):705-10.

17.

20.

21.

22.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

Page 9 of 10

Shareghi B, Johanson P-E, Karrholm J. Wear of vitamin E-infused
highly cross-linked polyethylene at five years. J Bone Joint Surg Am.
2017;99(17):1447-52.

Flament EM, Berend KR, Hurst JM, Morris MJ, Adams JB, Lombardi AV.
Early Experience with vitamin E antioxidant-infused highly cross-linked
polyethylene inserts in primary total knee arthroplasty. Surg Technol
Int. 2016;29:334-40.

Takemura S, Minoda Y, Sugama R, Ohta Y, Nakamura S, Ueyama H,

et al. Comparison of a vitamin E-infused highly crosslinked poly-
ethylene insert and a conventional polyethylene insert for primary
total knee arthroplasty at two years postoperatively. Bone Joint J.
2019;101-B(5):559-64.

Ftaita S, Vanden Berghe A, Thienpont E. Vitamin E-enriched polyethyl-
ene bearings are not inferior to Arcom bearings in primary total knee
arthroplasty at medium-term follow-up. Arch Orthop Trauma Surg.
2021;141(6):1027-33.

Orita K, Minoda Y, Sugama R, Ohta Y, Ueyama H, Takemura S, et al.
Vitamin E-infused highly cross-linked polyethylene did not reduce the
number of in vivo wear particles in total knee arthroplasty. Bone Joint
J.2020;102-B(11):1527-34.

Spece H, Schachtner JT, MacDonald DW, Klein GR, Mont MA, Lee G-C,
et al. Reasons for revision, oxidation, and damage mechanisms of
retrieved vitamin E-stabilized highly crosslinked polyethylene in total
knee arthroplasty. J Arthroplasty. 2019;34(12):3088-93.

. Lizaur-Utrilla A, Gonzalez-Parrefio S, Martinez-Mendez D, Miralles-

Muhoz FA, Lopez-Prats FA. Minimal clinically important differences and
substantial clinical benefits for Knee Society Scores. Knee Surg Sports
Traumatol Arthrosc. 2020;28(5):1473-8.

Fuchs A, Haussermann P, Hémig D, Ochs BG, Muller CA, Helwig P, et al.
5-Jahres-Follow-up von 210 Columbus-Knietotalendoprothesen: Eine
prospektive multizentrische Studie. Orthopade. 2018;47(10):859-66.
Puente Reyna AL, Fritz B, Schwiesau J, Schilling C, Summer B, Thomas P,
et al. Metal ion release barrier function and biotribological evaluation
of a zirconium nitride multilayer coated knee implant under highly
demanding activities wear simulation. J Biomech. 2018;79:88-96.
Reich J, Hovy L, Lindenmaier H-L, Zeller R, Schwiesau J, Thomas P, et al.
Praklinische Ergebnisse beschichteter Knieimplantate fir Allergiker.
Orthopade. 2010;39(5):495-502.

Thomsen M, Rozak M, Thomas P. Pain in a chromium-allergic patient
with total knee arthroplasty: disappearance of symptoms after revi-
sion with a special surface-coated TKA-a case report. Acta Orthop.
2011;82(3):386-8.

Thomas P, Hisgen P, Kiefer H, Schmerwitz U, Ottersbach A, Albrecht D,
et al. Blood cytokine pattern and clinical outcome in knee arthro-
plasty patients: comparative analysis 5 years after standard versus
"hypoallergenic”surface coated prosthesis implantation. Acta Orthop.
2018;89(6):646-51.

Insall JN, Dorr LD, Scott RD, Scott WN. Rationale of the Knee Society
clinical rating system. Clin Orthop Relat Res. 1989;248:13-4.

Rich JT, Neely JG, Paniello RC, Voelker CCJ, Nussenbaum B, Wang EW.
A practical guide to understanding Kaplan-Meier curves. Otolaryngol
Head Neck Surg. 2010;143(3):331-6.

Dawson J, Fitzpatrick R, Murray D, Carr A. Questionnaire on the percep-
tions of patients about total knee replacement. J Bone Joint Surg Br.
1998;80(1):63-9.

Devlin N, Finch AP, Parkin D. Value sets for EQ-5D-5L: a compendium,
comparative review & user guide: guidance to users of EQ-5D-5L value
sets. Cham (CH); 2022. ISBN 978-3-030-89288-3.

Lutter C, Grupp T, Mittelmeier W, Selig M, Grover P, Dreischarf M et al.
Akkurate Abriebbestimmung bei Standardrontgenaufnahmen nach
einer Knieendoprothese mittels 2D-3D-Registrierung und kunstlicher
Intelligenz: Eine In-Vivo-Validierung [German Medical Science GMS
Publishing House]. Deutscher Kongress fur Orthopadie und Unfallchir-
urgie (DKOU 2021); 2021. https://doi.org/10.3205/21dkou354.

Grupp TM, Fritz B, Kutzner |, Schilling C, Bergmann G, Schwiesau J.
Vitamin E stabilised polyethylene for total knee arthroplasty evaluated
under highly demanding activities wear simulation. Acta Biomater.
2017,48:415-22.

Schwiesau J, Fritz B, Bergmann G, Puente Reyna AL, Schilling C, Grupp
TM. Influence of radiation conditions on the wear behaviour of Vitamin
E treated UHMWPE gliding components for total knee arthroplasty


https://doi.org/10.3205/21dkou354

Maier et al. Trials (2024) 25:27 Page 10 of 10

after extended artificial aging and simulated daily patient activities. J
Mech Behav Biomed Mater. 2021;122:104652.

36. Klebingat S, Bien T, Hirtgen J, Grover P, Dreischarf M, Alkhateeb S, et al.
Accurate determination of hip implant wear, cup anteversion and
inclination through Al automated 2D-3D registration. J Orthop Res.
2023;41(9):1985-95.

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:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

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

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Vitamin E-enriched medium cross-linked polyethylene in total knee arthroplasty (VIKEP): clinical outcome, oxidation profile, and wear analysis in comparison to standard polyethylene—study protocol for a randomized controlled trial
	Abstract 
	Background 
	Methods 
	Discussion 
	Trial registration 

	Background
	Methodsdesign
	Eligibility criteria and recruitment
	Sample size
	Randomization and blinding
	Intervention
	Devices
	Outcomes
	Primary endpoint and measures
	Secondary endpoints and measures

	Data collection, management, statistical analysis and monitoring

	Discussion
	Trial status
	Anchor 20
	Acknowledgements
	References


