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Abstract

Introduction The release of wear particles can be responsible for periprosthetic osteolysis, which can in turn, lead to aseptic
loosening. Vitamin E-infused polyethylene (HXLPE Vit-E) has been shown, in vitro, to be more resistant to wear than con-
ventional polyethylene (UHMWPE) by its crosslinking (HXLPE) and its higher resistance to oxidation. After reading a case
report of a fracture of a vitamin E-enriched HXLPE bearing, the aim of this retrospective study was to evaluate fracture risk
and clinical inferiority or not of vitamin-E HXLPE compared to conventional polyethylene in total knee arthroplasty (TKA).
Materials and methods Three hundred and forty-nine patients (403 TKAs) were contacted, to find out whether they had
undergone revision surgery for any reason after a mean (SD) of 7 (1.5) years. Follow-up control radiographs were analyzed
for periprosthetic radiolucent lines (RLL) and loosening. Two different Patient Reported Outcome Measurements Scores
(PROMS), KOOS and FJS-12, were utilized to assess the daily functionality and identify potential problems.

Results No statistically significant difference in revision rate, occurrence of aseptic loosening or RLL nor outcome as
measured with PROMS was observed.

Conclusions No bearing fractures or clinical inferiority was observed for vitamin E-enriched HXLPE at medium-term
follow-up (7 years) compared to conventional Arcom polyethylene.

Level of evidence Level III, therapeutic study.
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Introduction

The increased usage of primary total knee arthroplasty
(TKA) and especially its use in young and active patients
made the debate about polyethylene wear and osteolysis
actual again. Logically, the burden of revision TKA on the
health care system will increase over time, except if the
newly implanted materials withstand the activity profile of
the new TKA patient, because of technological improve-
ments [1]. Aseptic loosening is still the primary cause of
revision TKA, but it is probably more because of failure of
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primary fixation and debonding, than because of polyethyl-
ene (PE) wear and particle disease [2]. However, if the new
types of polyethylene lead to new problems or early failure,
it is better to pick up the emergency signals early.

Highly cross-linked polyethylene (HXLPE) has shown
superior wear resistance compared to conventional ultra-
high molecular weight polyethylene (UHMWPE) [3, 4]. But
the radiation necessary for cross-linking forms free radicals,
which makes the polyethylene prone to oxidation and could
potentially weaken it over time [5, 6]. Two techniques have
been developed in first-generation HXLPE to rectify this
problem; annealing and remelting. However, the former
technique does not eliminate free radicals optimally, and the
latter, even though it is efficient against free radicals, reduces
polyethylene fatigue strength [6, 7]. The use of vitamin E
(a-tocopherol), as an antioxidant, in second-generation
HXLPE protects the polyethylene from oxidation by react-
ing with the free radicals while retaining the mechanical
properties of the HXLPE [8].
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Today, there is still a lot of apprehension toward HXLPE
on behalf of the surgeons because the first-generation
polyethylene had lower fatigue strength [9-11]. Vitamin
E-enriched HLXPE could be a solution to this problem, but
a case report about early fracture of such type of polyethyl-
ene in a Vanguard knee alerted the medical community in
2013. A patient, with suboptimal alignment and soft tissue
balancing, experienced an early failure, because of fracture
of the vitamin E polyethylene [12—14].

Adding to that the current debate about the body’s
response to vitamin E-infused particles has not helped with
the general adaptation of this product [12, 13].

The aim of this retrospective study was to review sequen-
tially implanted patients with as primary outcome the revi-
sion rate of vitamin E polyethylene articular surfaces for
aseptic loosening at a mid-term follow-up. Secondary out-
come parameters were clinical outcome utilizing Patient
Reported Outcome Measurements Scores (PROMS), radio-
logical appearance of radiolucencies if present, as well as
pain and swelling. This study group was compared to an
Arcom polyethylene group.

Patients and methods
Patients

In this monocentric retrospective study, all patients that had
undergone total knee arthroplasty by the knee team of the
Saint-Luc University hospital (Brussels, Belgium) between
2008 and 2012 were included. Two study groups were cre-
ated depending whether a Vanguard (Zimmer Biomet Inc.,
Warsaw, IN, USA) posterior-stabilized (PS) type of implant
was used with a conventional PE (Arcom) or with a HXLPE
vitamin E-enriched PE (E-Poly). All patients had primary
osteoarthritis at the time of surgery. All prostheses were
cemented. Patients suffering from cancer, rheumatoid arthri-
tis, osteoporosis or renal failure at the time of surgery were
not included in the study because of the potential impact on
bone quality, and therefore, implant fixation. This leads to
a total study group of 427 eligible patients (507 TKAs). All
included patients were first contacted by phone to obtain
their initial oral consent to continue with a phone discussion
and their status at actual evaluation. This date of contact
was considered the last actual follow-up and status could
be: active unrevised, revised, deceased (contact with fam-
ily), lost to follow-up (no contact possible over phone or
mail) and finally withdrawn (patient gave his actual status,
but did not participate in further data collection). Patients
were informed that a postal package would follow with a to
be signed informed consent requiring signature, and several
questionnaires informing about their actual clinical outcome.
Patients with bad scores or inquiries were asked to come
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back for a clinical and radiological check-up. The study pro-
tocol and the consent form were approved by the institution’s
ethical committee (number of reference: B-403201629778).

Patients needed to confirm whether their TKA had been
revised, if they still had pain or not (no, occasional or pain
needing a painkiller) and if they experienced swelling or not
(patient perception).

Patient Reported Outcome Measurements Scores

Two PROMs, the Forgotten Joint Score (FJS-12) and the
Knee injury and Osteoarthritis Outcome Score (KOOS) were
sent to evaluate functional and clinical results.

The FJS-12 assesses subtle differences about the abil-
ity of a prosthesis to be forgotten about in everyday activi-
ties [15, 16]. English, French and Dutch versions were used
depending of the native language of the patient [17—-19]. The
answers lead to a score between 0 and 100 with a minimum
of 8 answers (8/12) necessary for the score to be valid [20].

The KOOS is divided into five parts assessing pain,
symptoms, activities of daily living (ADL), functionality in
sport and recreation (Sport / Rec) and quality of life (QOL).
Each of the subparts give a score of 0-100, the score of each
subpart was compared individually. The English, French and
Dutch versions were used depending of the native language
of the patient [21, 22].

Radiographic analysis

Postoperative radiographs were all reviewed for peripros-
thetic radiolucent lines (RLLs). Radiology was guided by
fluoroscopy directly after surgery, at 6 weeks, 3 months,
1 year, 2 years and 5 years post-operation [23]. The RLLs
were described according to two methods.

The first method used the modified radiographic evalu-
ation system of radiolucent lines described by Bach et al.,
which consists in adding up the RLL widths found on a com-
ponent. The result can be classified as absent or narrow if the
sum < 4 mm or wide if the sum >4 mm [24].

The second method distinguishes the physiological RLLs
from the pathological RLLs as described by Smith et al. and
Goodfellow et al. [25-27]. The physiological RLLs are sta-
ble over time, <2 mm and limited by sclerotic bone. The
pathological edges are >2 mm, grow over time and are not
limited by sclerotic bone. Different RLLs are described
according to the Ewald model [28].

Study population characteristics

Of the 427 patients (507 TKAs) included in the study, only
349 (403 knees) could be contacted, meaning 104 pros-
theses were lost to follow-up. For 37 patients (43 TKAs),
death could be documented on file or by a contact with their
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family. All died of causes unrelated to their prosthesis within
a mean (+SD) period of 4 (2) years post-surgery. None of
those patients had been revised before their death. Forty-one
patients (9.5%) (61 TKAs) were lost to follow-up because
they were unreachable over phone or mail. The mean (SD)
time to follow-up for this study group was 7 years (1.5). The
Arcom group consisted of 153 TKAs with 40 (26%) men
and 113 (74%) women with a mean (SD) age at the time of
surgery of 69 (11) years. The mean (SD) BMI was 30 (6.5).
The E-Poly group consisted of 250 knees, 73 (29%) men and
177 (71%) women with a mean (SD) age at time of surgery
of 68 (10) years. The mean (SD) BMI for this group was
29.5 (6.5). Statistical analysis showed that both groups were
similar. Demographic characteristics and their p values are
resumed in Table 1.

Statistical analysis

No pre-study power analysis was performed since no data
were available on the frequency of polyethylene fracture, and
therefore, two retrospective groups of adequate size were
compared. To ensure the homogeneity of both groups, a Stu-
dent ¢ test was used to compare age and BMI. The frequency
of the sexes was compared with a Pearson Chi-square test.
The statistical study used to compare the frequency of
revision and onset of RLL between the two groups was a
Pearson Chi-square test. If the frequency of occurrence of
a phenomenon was fewer than 5, a Fisher test was favored.
As a nonparametric variable, the comparison of the medians
provided by the PROMS was compared by a Mann—Whitney
test. The program used for the statistical study was IBM
SPSS Statistics 20 (SPSS Inc) and the level of significance
p <0.05 for all tests.

Table 1 Study groups’ demographic characteristics

Results
Revision rate

Ten reoperations (6.5%) were reported in the Arcom group
and 11 (4.4%) in the E-poly group, of which only 1 in each
group was a revision surgery because of aseptic loosening.
Statistical analysis showed no significant difference between
the two groups regarding the number of loosenings (p=1)
or the total number of complications requiring revision
(p=0.35). Table 2 shows the diagnosis that led to reopera-
tion. Most cases were second surgeries without removal of
components, most often because of falls and trauma. Poly-
ethylene exchange was done both for early postoperative and
late haematogenous infections.

Radiographic analysis

Radiological analysis according to the modified radiographic
evaluation system of Bach et al. [25-27] revealed a narrow

Table 2 Etiology of reoperation

Etiology Arcom E-poly
n T (m) n T (m)
Aseptic loosening 1 5 1 26
Infection 3 11,12,52 4 1,1,50,63
Traumatic 6 5
Patella fracture 2 1,18 1 45
Supracondylar fracture 0 1 1
Instability 1 9 0
Permanent patellar dislocation 1 13 0
Extensor and MCL disruption 0 1 1
Patellar tendon rupture 0 1 3
Clunk syndrome 1 21 1 16
Iliotibial band syndrome 1 17 1 23
Total 10 11

n Incidence of cases, ¢ Time between surgery and revision (months)

Characteristic Arcom E-poly P
Mean (SD) Mean (SD)

Age at surgery 69 (11) 68 (10) 0.25
BMI 30 (6.5) 29.5 (6.5) 0.16
n n
Gender 0.51
Male 40 73
Female 113 177
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RLL in the tibial implant in 38 cases in the Arcom group and
in 44 cases in the E-Poly group. Statistical analysis showed
no statistically significant difference between the two groups
(p=0.82). Only three patients in the Arcom group and two
in the E-Poly group showed wide RLLs without a significant
difference (p =0.68). No RLLs were observed in the femoral
and patellar components.

Analysis according to the method of Smith et al. [25-27]
showed for the tibial compartment, 40 knees with a physi-
ological RLL in the Arcom group, compared to 46 in the
E-Poly group. Statistical analysis showed no significant dif-
ference between the two groups (p =0.83). Only one patho-
logical RLL was found in the Arcom group. No RLL was
observed in the femoral or patellar compartments.

Patient Reported Outcome Measurements Score
analysis and subjective outcome

Statistical analysis of the FJS-12 and KOOS did not show
any significant difference between the two groups. The
medians obtained and p values are reported in the attached
Table 3. Seventeen out of 153 (11%) Arcom bearings had
remaining pain needing so now and then a painkiller com-
pared to 25 out of 250 (10%) of the vitamin E bearings. All
were reviewed clinically and radiographically and no aseptic
loosening or bearing failure could be observed. Fourteen out
of 153 (9%) of the Arcom group had swelling and 27/250
(11%) of the E-Poly group without significant difference.

Discussion

The main finding of this retrospective study was that no infe-
riority of the vitamin E polyethylene could be objectivized
at a mean of 7-year follow-up with a minimal follow-up of
5 years. No higher incidence of revision, aseptic loosening,
fractured bearings, radiolucencies or periprosthetic osteoly-
sis was observed. For the secondary outcomes, no difference
was observed in PROM scores or pain and swelling.

This study has several limitations. First, it is a retrospec-
tive study with a telephone contact status check-up at latest

Table 3 Median outcome scores of PROM

Arcom E-poly p

FJS-12 73 78 0.08
KOOS

Pain 83 86 0.28

Symptoms 82 86 0.71

ADL 78 84 0.10

Sport/Rec 45 48 0.79

QOL 88 81 0.90
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follow-up. This means that patients who might be develop-
ing polyethylene wear, but were not feeling the early symp-
toms would not be captured as failures in this study. An
important study group was compared here, it would have
been difficult to have them all come back for in-person eval-
uation for study purposes. Most patients told us over the
phone they would refuse anyway since they were doing well.
Furthermore, this was not an RSA study that would have
been capable of detecting early failure [29]. An attempt was
made to evaluate the patients to the best of our possibilities
with PROM Scores and questions about pain and swelling.
Patients with bad scores (lower than published mean scores)
or inquiries were asked to come back for a clinical and
radiological check-up. No implant loosening was observed
in these patients. Second, for the revised patients not the
same polyethylene algorithm was applied. The early and late
haematogenous infections received a polyethylene exchange,
and therefore, the late ones were retrieved from the study fol-
low-up since the polyethylene cannot be considered at same
follow-up as their metallic components. The periprosthetic
fractures all resulted from a fall and were never spontaneous.
Despite the falls, the polyethylenes were not exchanged and
in theory could prove later to be damaged. This appeared
not to be an issue at the revision surgery neither during this
study follow-up. Third, for none of the exchanged polyeth-
ylenes, the retrieved bearings were sent for analysis to the
company (Zimmer Biomet, Warsaw, US) for analysis of oxi-
dation or early non-macroscopic damage.

Barrack reported a case of early fracture of a tibial bear-
ing in a patient 30 months after arthroplasty [14]. Since it
was a Vanguard (Zimmer Biomet, Warsaw, IN, US) type of
total knee replacement with a vitamin E-enriched HXLPE,
this case attracted our attention since our group was already
using this type of bearing for several years before. Two
reasons for this early failure have been put forward by the
author in their case report. The first cause was the polyeth-
ylene thickness of the tibial liner, which was only 10 mm
accounting for 6 mm of vitamin E-enriched HXLPE. But
according to the retrieval analysis, only 5.1 mm was meas-
ured at the lowest point. Bartel et al. have shown that the
thinner the tibial implant is, the more stress it undergoes
[30]. The second cause was that the patient could have had
a collateral ligament imbalance combined with a posterior
cruciate ligament insufficiency. The revision was done with
a polyethylene exchange with 16 mm thickness and anter-
oposterior constraint leading to a neutral postoperative align-
ment. In contrast to this case report of Barrack, this type of
complication was not found in this larger series of operated
patients. Of course, there is the weakness of a retrospec-
tive study with a loss to follow-up of 9.5%. However, all
the remaining patients were contacted in person confirming
they had not been revised. Furthermore, the good PROM
Scores did not reveal coming problems in the near future.
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In the vitamin E-enriched study group, 57% of patients had
received a 10-mm thickness polyethylene without fractures
of the bearing at a mean of 7 years. All of the included bear-
ings were also exclusively posterior-stabilized and poten-
tially more at risk for fractures of the post [31, 32].

Aseptic loosening is still the main cause of TKA revision,
in theory it could be caused by wear particles that lead to
periprosthetic osteolysis and progressive loosening [33, 34].
The objective of HXLPE stabilized by vitamin E is three-
fold. Increase resistance to oxidation and wear while retain-
ing the mechanical properties of UHMWPE [8, 35, 36].
Conventional UHMWPE has high mechanical strength, but
is subject to wear. The irradiation necessary for its steriliza-
tion makes it prone to oxidation and is the cause of a gradual
loss of its qualities over time. Cross-linking of polyethylene
makes it possible to improve wear resistance, but residual
free radicals make it particularly prone to oxidation. Post-
radiation thermal treatments used in first-generation HXLPE
to eliminate the free radicals are either insufficient or respon-
sible for a significant loss of mechanical properties [5]. The
addition of vitamin E as an antioxidant allows the HXLPE
to benefit from crosslinking without losing the mechanical
properties caused by thermal treatments [37]. Ponzio et al.
found in a retrieval analysis of antioxidant-HXLPE lower
rates of pitting and scratching [38].

Only one aseptic loosening was observed in each group
during this study. The other revisions were for other causes
and cannot be considered a failure of the prosthesis. Accord-
ing to Schroer et al., 35.3% of revisions occur during the
first 2 years after surgery and 60.2% within 5 years [39].
According to this study, aseptic loosening is not very fre-
quent within both these study groups with a minimal mini-
mum follow-up of 5 years and a mean follow-up of 7 years.
Takemura et al. found the same in their study comparing
vitamin-E-infused HXLPE with conventional PE at 2 years
postoperatively [40].

Peri-prosthetic RLLs are radiolucent zones located
between the bone—cement or implant—cement interface
[41]. Physiological RLLs appear most often directly after
surgery or in the following year and develop during the first
6—12 months. Then, they consolidate, disappear or become
pathological; no correlation with an increased rate of revi-
sion has been noted for these RLL [27, 42]. Early RLLs are
due to osteolysis linked to bone necrosis caused by the heat
of the cement, debonding of the cement—implant interface,
micro-movements of the bone—cement interface with sepa-
ration from the implant, allergy to the cement or the pres-
ence of polyethylene debris. Pathological RLLs defined as
measuring more than 2 mm, are progressive, and have no
sclerotic lines. They may appear de novo or develop from
physiological RLLs within 2 years post-operation. They are
linked to a higher rate of revision, especially because of
loosening or infection [42].

Wear particles are known to cause an inflammatory reac-
tion by macrophage activation, triggering an inflammatory
cascade. The resulting periprosthetic bone resorption is
largely responsible for aseptic loosening [43]. Wear particles
are the result of different types of knee-specific wear and
damage modes. Just as for the hip, abrasion and adhesion
wear are found in TKA. However, because of TKA’s particu-
lar kinetics, which combines anterior—posterior translation,
flexion—extension and rotation, bearings mainly undergo
delamination wear [44]. Wannomae et al. compared HXLPE
vitamin-E delamination resistance with conventional UHM-
WPE in vitro. Unlike conventional PE, HXLPE showed no
signs of delamination even after accelerated aging [45].
Other studies also showed a significant reduction in abrasion
and adhesion wear of HXLPE compared to UHMWPE [46,
47]. It was also noted that wear particle oxidation stimulates
an inflammatory reaction, hence the HXLPE Vit-E is less
affected by this phenomenon [48-50].

There have been concerns about the possible toxicity of
vitamin E on surrounding tissues. Although a-tocopherol is
a naturally present element in the human body, some believe
that the alterations it undergoes during implant manufactur-
ing and its elution into surrounding tissue after implantation
could have local and systemic harmful effects [13]. Wolf
et al. studied the effects of these substances and showed that
there was no impact on cell proliferation, fibroblast mito-
chondrial activity or membrane integrity, and no evidence
of cytotoxicity or genotoxicity [51]. Bichara et al. studied
the effect of wear particles from vitamin E polyethylene on
a murine model. They noticed that the wear particles from
UHMWPE Vit-E caused less inflammation and osteolysis
than standard UHMWPE [52].

Conclusion

Following the report of the early fracture of a vitamin
E-enriched implant, the clinical performance of this type
of polyethylene was compared to conventional polyethyl-
ene. No articular surface fractures were observed in either
group. Frequency of revision for aseptic loosening, radio-
logical analysis and PROM Scores showed no difference
between the two groups at medium-term follow-up (mini-
mum 5 years). The benefit with vitamin E-enriched polyeth-
ylene being mainly on the implant’s lifespan, a prospective
comparative study beyond 20-25 years is necessary to show
its theoretical superiority.

Compliance with ethical standards

Conflict of interest No funding was received for this study. Samy Ftaita
and Aurélie Vanden Berghe declare no conflict of interest. Emmanuel
Thienpont declares to be at speaker’s bureau for Convatec, KCI, Lima,

@ Springer



1032

Archives of Orthopaedic and Trauma Surgery (2021) 141:1027-1033

Medacta, OrthoSensor and ZimmerBiomet. He receives royalties from
ZimmerBiomet.

Ethical approval Each author certifies that his institution approved the
human protocol for this investigation and that all investigations were
conducted in conformity with ethical principles of research.

References

1. Bottle A, Parikh S, Aylin P, Loeffler MJPo, (2019) Risk factors
for early revision after total hip and knee arthroplasty: National
observational study from a surgeon and population perspective.
PLoS ONE 14(4):e0214855

2. Yokhana SS, Bergum C, Ren W, Markel DCITjoks, (2019) Iso-
lated tibial component failure in total knee arthroplasty: a case
series evaluating inflammatory response versus mechanical fail-
ure. J Knee Surg 32(07):659-666

3. Utzschneider S, Harrasser N, Schroeder C, Mazoochian F, Jans-
son V (2009) Wear of contemporary total knee replacements—a
knee simulator study of six current designs. Clin Biomech (Bris-
tol, Avon) 24(7):583-588. https://doi.org/10.1016/j.clinbiomec
h.2009.04.007

4. Wang A, Yau SS, Essner A, Herrera L, Manley M, Dumbleton
J (2008) A highly crosslinked UHMWPE for CR and PS total
knee arthroplasties. J Arthroplast 23(4):559-566. https://doi.
org/10.1016/j.arth.2007.05.007

5. CostaL, Jacobson K, Bracco P, Brach del Prever EM (2002) Oxi-
dation of orthopaecdic UHMWPE. Biomaterials 23(7):1613-1624.
https://doi.org/10.1016/S0142-9612(01)00288-5

6. Ferroni D, Quaglini V (2010) Thermal stabilization of highly
crosslinked UHMWPE: a comparative study between annealed
and remelted resins. J Appl Biomater Biomech 8(2):82-88

7. Oral E, Malhi AS, Muratoglu OK (2006) Mechanisms of
decrease in fatigue crack propagation resistance in irradiated
and melted UHMWPE. Biomaterials 27(6):917-925. https://doi.
org/10.1016/j.biomaterials.2005.06.025

8. Oral E, Christensen SD, Malhi AS, Wannomae KK, Muratoglu
OK (2006) Wear resistance and mechanical properties of highly
cross-linked, ultrahigh-molecular weight polyethylene doped with
vitamin E. J Arthroplast 21(4):580-591. https://doi.org/10.1016/j.
arth.2005.07.009

9. Lombardi AV, Berend KR, Adams JB (2014) Why knee replace-
ments fail in 2013: patient, surgeon, or implant. Bone JtJ 96-b(11
Supple A):101-104. https://doi.org/10.1302/0301-620x.96b11
.34350

10. Ries MD, Pruitt L (2005) Effect of cross-linking on the micro-
structure and mechanical properties of ultra-high molecular
weight polyethylene. Clin Orthop Relat Res 440:149-156

11. Sakellariou VI, Sculco P, Poultsides L, Wright T, Sculco TP
(2013) Highly cross-linked polyethylene may not have an advan-
tage in total knee arthroplasty. HSS J 9(3):264-269. https://doi.
org/10.1007/s11420-013-9352-x

12. Oral E, Neils A, Muratoglu OK (2015) High vitamin E content,
impact resistant UHMWPE blend without loss of wear resistance.
J Biomed Mater Res B Appl Biomater 103(4):790-797. https://
doi.org/10.1002/jbm.b.33256

13. Gigante A, Bottegoni C, Ragone V, Banci L (2015) Effectiveness
of vitamin-E-doped polyethylene in joint replacement: a literature
review. J Funct Biomater 6(3):889-900. https://doi.org/10.3390/
jfb6030889

14. Barrack R (2013) Retrieval analysis of an early fracture of a
vitamin E-stabilized tibial liner in total knee arthroplasty: a case

@ Springer

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

report. JBJS Case Connect 3:e44—e44. https://doi.org/10.2106/
JBJS.CC.L.00276

Thienpont E, Vanden Berghe A, Schwab PE, Forthomme JP,
Cornu O (2016) Joint awareness in osteoarthritis of the hip and
knee evaluated with the “Forgotten Joint” Score before and
after joint replacement. Knee Surg Sports Traumatol Arthrosc
24(10):3346-3351. https://doi.org/10.1007/s00167-015-3970-4
Thomsen MG, Latifi R, Kallemose T, Barfod KW, Husted H,
Troelsen A (2016) Good validity and reliability of the forgot-
ten joint score in evaluating the outcome of total knee arthro-
plasty. Acta Orthop 87(3):280-285. https://doi.org/10.3109/17453
674.2016.1156934

Hamilton DF, Loth FL, Giesinger JM, Giesinger K, MacDonald
DJ, Patton JT, Simpson AH, Howie CR (2017) Validation of the
English language forgotten joint score-12 as an outcome measure
for total hip and knee arthroplasty in a British population. Bone
Jt J 99-b(2):218-224. https://doi.org/10.1302/0301-620x.99b2.
bjj-2016-0606.r1

Shadid MB, Vinken NS, Marting LN, Wolterbeek N (2016) The
Dutch version of the Forgotten Joint Score: test-retesting reliabil-
ity and validation. Acta Orthop Belg 82(1):112-118

Thienpont E, Opsomer G, Koninckx A, Houssiau F (2014) Joint
awareness in different types of knee arthroplasty evaluated with
the Forgotten Joint score. J Arthroplasty 29(1):48-51. https://doi.
org/10.1016/j.arth.2013.04.024

Behrend H, Giesinger K, Giesinger JM, Kuster MS (2012) The
“forgotten joint” as the ultimate goal in joint arthroplasty: valida-
tion of a new patient-reported outcome measure. J Arthroplast
27(3):430-436.e431. https://doi.org/10.1016/j.arth.2011.06.035
Ornetti P, Parratte S, Gossec L, Tavernier C, Argenson JN, Roos
EM, Guillemin F, Maillefert JF (2008) Cross-cultural adaptation
and validation of the French version of the Knee injury and Osteo-
arthritis Outcome Score (KOOS) in knee osteoarthritis patients.
Osteoarthr Cartil 16(4):423-428. https://doi.org/10.1016/].
joca.2007.08.007

de Groot IB, Favejee MM, Reijman M, Verhaar JA, Terwee CB
(2008) The Dutch version of the Knee Injury and Osteoarthritis
Outcome Score: a validation study. Health Qual Life Outcomes
6:16. https://doi.org/10.1186/1477-7525-6-16

Chalmers BP, Sculco PK, Fehring KA, Taunton MJ, Trousdale RT
(2017) Fluoroscopically assisted radiographs improve sensitivity
of detecting loose tibial implants in revision total knee arthro-
plasty. J Arthroplast 32(2):570-574. https://doi.org/10.1016/j.
arth.2016.08.005

Bach CM, Biedermann R, Goebel G, Mayer E, Rachbauer F
(2005) Reproducible assessment of radiolucent lines in total knee
arthroplasty. Clin Orthop Relat Res 434:183-188

Smith S, Naima VS, Freeman MA (1999) The natural history of
tibial radiolucent lines in a proximally cemented stemmed total
knee arthroplasty. J Arthroplast 14(1):3-8

Tibrewal SB, Grant KA, Goodfellow JW (1984) The radiolucent
line beneath the tibial components of the Oxford meniscal knee.
J Bone Jt Surg Br 66(4):523-528

Glasgow M (2007) Unicompartmental arthroplasty with the
Oxford knee. In: Goodfellow J, O’Connor J, Dodd C, Mur-
ray D (eds) Oxford University Press, New York. https://doi.
org/10.1302/0301-620x.89b2.19055 (2006 ISBN: 0-19-857052-X
£5500 89-B (2):283-283)

Ewald FC (1989) The Knee Society total knee arthroplasty roent-
genographic evaluation and scoring system. Clin Orthop Relat Res
248:9-12

van IJsseldijk EA, Valstar ER, Stoel BC, de Ridder R, Nelissen
RG, Kaptein BLJJoOR, (2014) Measuring polyethylene wear
in total knee arthroplasty by RSA: differences between weight-
bearing and non-weight-bearing positioning. J Orthop Res
32(4):613-617


https://doi.org/10.1016/j.clinbiomech.2009.04.007
https://doi.org/10.1016/j.clinbiomech.2009.04.007
https://doi.org/10.1016/j.arth.2007.05.007
https://doi.org/10.1016/j.arth.2007.05.007
https://doi.org/10.1016/S0142-9612(01)00288-5
https://doi.org/10.1016/j.biomaterials.2005.06.025
https://doi.org/10.1016/j.biomaterials.2005.06.025
https://doi.org/10.1016/j.arth.2005.07.009
https://doi.org/10.1016/j.arth.2005.07.009
https://doi.org/10.1302/0301-620x.96b11.34350
https://doi.org/10.1302/0301-620x.96b11.34350
https://doi.org/10.1007/s11420-013-9352-x
https://doi.org/10.1007/s11420-013-9352-x
https://doi.org/10.1002/jbm.b.33256
https://doi.org/10.1002/jbm.b.33256
https://doi.org/10.3390/jfb6030889
https://doi.org/10.3390/jfb6030889
https://doi.org/10.2106/JBJS.CC.L.00276
https://doi.org/10.2106/JBJS.CC.L.00276
https://doi.org/10.1007/s00167-015-3970-4
https://doi.org/10.3109/17453674.2016.1156934
https://doi.org/10.3109/17453674.2016.1156934
https://doi.org/10.1302/0301-620x.99b2.bjj-2016-0606.r1
https://doi.org/10.1302/0301-620x.99b2.bjj-2016-0606.r1
https://doi.org/10.1016/j.arth.2013.04.024
https://doi.org/10.1016/j.arth.2013.04.024
https://doi.org/10.1016/j.arth.2011.06.035
https://doi.org/10.1016/j.joca.2007.08.007
https://doi.org/10.1016/j.joca.2007.08.007
https://doi.org/10.1186/1477-7525-6-16
https://doi.org/10.1016/j.arth.2016.08.005
https://doi.org/10.1016/j.arth.2016.08.005
https://doi.org/10.1302/0301-620x.89b2.19055
https://doi.org/10.1302/0301-620x.89b2.19055

Archives of Orthopaedic and Trauma Surgery (2021) 141:1027-1033

1033

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Bartel DL, Bicknell VL, Wright TM (1986) The eftect of conform-
ity, thickness, and material on stresses in ultra-high molecular
weight components for total joint replacement. J Bone Jt Surg Am
68(7):1041-1051

Clarke HD, Math KR, Scuderi GR (2004) Polyethylene post fail-
ure in posterior stabilized total knee arthroplastyl 1No benefits
or funds were received in support of this study. J Arthroplast
19(5):652—-657. https://doi.org/10.1016/j.arth.2004.02.026
Lachiewicz PF (2011) How to treat a tibial post fracture in total
knee arthroplasty? A systematic review. Clin Orthop Relat Res
469(6):1709-1715. https://doi.org/10.1007/s11999-010-1609-9
Sharkey PF, Lichstein PM, Shen C, Tokarski AT, Parvizi J (2014)
Why are total knee arthroplasties failing today—has anything
changed after 10 years? J Arthroplast 29(9):1774—1778. https://
doi.org/10.1016/j.arth.2013.07.024

Bozic KJ, Kurtz SM, Lau E, Ong K, Chiu V, Vail TP, Rubash HE,
Berry DJ (2010) The epidemiology of revision total knee arthro-
plasty in the United States. Clin Orthop Relat Res 468(1):45-51.
https://doi.org/10.1007/s11999-009-0945-0

Oral E, Wannomae KK, Hawkins N, Harris WH, Muratoglu OK
(2004) Alpha-tocopherol-doped irradiated UHMWPE for high
fatigue resistance and low wear. Biomaterials 25(24):5515-5522.
https://doi.org/10.1016/j.biomaterials.2003.12.048

Oral E, Muratoglu O (2016) 18—Highly cross-linked UHMWPE
doped with vitamin E A2—Kurtz, Stevan M. UHMWPE bioma-
terials handbook (Third Edition). William Andrew Publishing,
Oxford, pp 307-325. https://doi.org/10.1016/B978-0-323-35401
-1.00018-1

Bracco P, Oral E (2011) Vitamin E-stabilized UHMWPE for total
joint implants: a review. Clin Orthop Relat Res 469(8):2286—
2293. https://doi.org/10.1007/s11999-010-1717-6

Ponzio D, Weitzler L, deMeireles A, Esposito C, Wright T, Padg-
ett DJBJJ (2018) Antioxidant-stabilized highly crosslinked poly-
ethylene in total knee arthroplasty: a retrieval analysis. Bone Jt J
100(10):1330-1335

Schroer WC, Berend KR, Lombardi AV, Barnes CL, Bolog-
nesi MP, Berend ME, Ritter MA, Nunley RM (2013) Why are
total knees failing today? Etiology of total knee revision in
2010 and 2011. J Arthroplast 28(8 Suppl):116-119. https://doi.
org/10.1016/j.arth.2013.04.056

Takemura S, Minoda Y, Sugama R, Ohta Y, Nakamura S, Ueyama
H, Nakamura HJTB, Journal J (2019) Comparison of a vitamin
E-infused highly crosslinked polyethylene insert and a conven-
tional polyethylene insert for primary total knee arthroplasty at
two years postoperatively . Bone JtJ 101(5):559-564

Freeman MA (1999) Radiolucent lines: a question of nomencla-
ture. J Arthroplasty 14(1):1-2

Gulati A, Chau R, Pandit HG, Gray H, Price AJ, Dodd CA, Mur-
ray DW (2009) The incidence of physiological radiolucency fol-
lowing Oxford unicompartmental knee replacement and its rela-
tionship to outcome. J Bone Jt Surg Br 91(7):896-902. https://doi.
org/10.1302/0301-620x.91b67.21914

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Bhatt H, Goswami T (2008) Implant wear mechanisms—
basic approach. Biomed Mater 3(4):042001. https://doi.
org/10.1088/1748-6041/3/4/042001

Muratoglu OK, Vittetoe DA, Rubash HE (2003) Damage of
Implant Surfaces in Total Knee Arthroplasty. Adult Knee ed Cal-
laghan JJ Rosenberg AG Rubash HE Simonian PT Wickiewicz
TL 1:297-313

Wannomae KK, Christensen SD, Micheli BR, Rowell SL,
Schroeder DW, Muratoglu OK (2010) Delamination and adhesive
wear behavior of alpha-tocopherol-stabilized irradiated ultrahigh-
molecular-weight polyethylene. J Arthroplasty 25(4):635-643.
https://doi.org/10.1016/j.arth.2009.04.005

D’Antonio JA, Manley MT, Capello WN, Bierbaum BE, Ram-
akrishnan R, Naughton M, Sutton K (2005) Five-year experience
with Crossfire highly cross-linked polyethylene. Clin Orthop Relat
Res 441:143-150

Digas G, Karrholm J, Thanner J, Malchau H, Herberts P (2004)
The Otto Aufranc Award. Highly cross-linked polyethylene in
total hip arthroplasty: randomized evaluation of penetration rate
in cemented and uncemented sockets using radiostereometric
analysis. Clin Orthop Relat Res 429:6-16

Costa L, Bracco P, Brach del Prever EM (2007) Physicochemi-
cal and mechanical properties of UHMWPE 45 years’ experi-
ence. Interact Surg 2(3):169—173. https://doi.org/10.1007/s1161
0-007-0052-4

Bosetti M, Zanardi L, Bracco P, Costa L, Cannas M (2003)
In vitro evaluation of the inflammatory activity of ultra-high
molecular weight polyethylene. Biomaterials 24(8):1419-1426
Ingram JH, Stone M, Fisher J, Ingham E (2004) The influ-
ence of molecular weight, crosslinking and counterface rough-
ness on TNF-alpha production by macrophages in response to
ultra high molecular weight polyethylene particles. Biomateri-
als 25(17):3511-3522. https://doi.org/10.1016/j.biomateria
15.2003.10.054

Wolf C, Lederer K, Muller U (2002) Tests of biocompatibility of
alpha-tocopherol with respect to the use as a stabilizer in ultrahigh
molecular weight polyethylene for articulating surfaces in joint
endoprostheses. ] Mater Sci Mater Med 13(7):701-705

Bichara DA, Malchau E, Sillesen NH, Cakmak S, Nielsen GP,
Muratoglu OK (2014) Vitamin E-diffused highly cross-linked
UHMWPE particles induce less osteolysis compared to highly
cross-linked virgin UHMWPE particles in vivo. J Arthroplasty
29(9):232-237. https://doi.org/10.1016/j.arth.2014.03.044

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

@ Springer


https://doi.org/10.1016/j.arth.2004.02.026
https://doi.org/10.1007/s11999-010-1609-9
https://doi.org/10.1016/j.arth.2013.07.024
https://doi.org/10.1016/j.arth.2013.07.024
https://doi.org/10.1007/s11999-009-0945-0
https://doi.org/10.1016/j.biomaterials.2003.12.048
https://doi.org/10.1016/B978-0-323-35401-1.00018-1
https://doi.org/10.1016/B978-0-323-35401-1.00018-1
https://doi.org/10.1007/s11999-010-1717-6
https://doi.org/10.1016/j.arth.2013.04.056
https://doi.org/10.1016/j.arth.2013.04.056
https://doi.org/10.1302/0301-620x.91b7.21914
https://doi.org/10.1302/0301-620x.91b7.21914
https://doi.org/10.1088/1748-6041/3/4/042001
https://doi.org/10.1088/1748-6041/3/4/042001
https://doi.org/10.1016/j.arth.2009.04.005
https://doi.org/10.1007/s11610-007-0052-4
https://doi.org/10.1007/s11610-007-0052-4
https://doi.org/10.1016/j.biomaterials.2003.10.054
https://doi.org/10.1016/j.biomaterials.2003.10.054
https://doi.org/10.1016/j.arth.2014.03.044

	Vitamin E-enriched polyethylene bearings are not inferior to Arcom bearings in primary total knee arthroplasty at medium-term follow-up
	Abstract
	Introduction 
	Materials and methods 
	Results 
	Conclusions 
	Level of evidence 

	Introduction
	Patients and methods
	Patients
	Patient Reported Outcome Measurements Scores
	Radiographic analysis
	Study population characteristics
	Statistical analysis

	Results
	Revision rate
	Radiographic analysis
	Patient Reported Outcome Measurements Score analysis and subjective outcome

	Discussion
	Conclusion

	References




