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Abstract

Introduction Revision total knee arthroplasty (RTKA) has been increasing continuously. The results of RTKA still remain
unsatisfactory. Failure patterns and risk factors in RTKA were thoroughly analyzed, with periprosthetic joint infections (PJI)
and aseptic loosening remaining at the forefront of re-revision (ReRTKA) causes. While there is evidence that stem profile
impacts the revisability of cemented implants, its association with the modes of RTKA failure is unknown.

Methods 50 consecutive ReRTKA performed in a single orthopedic center during 2016-2017 were retrospectively analyzed.
The cases were stratified according to age, sex, number of preexisting revisions, fixation technique, stem design and causes
of re-revision. All explanted implants with conical vs. cylindrical stem profiles were compared.

Results Mean age was 67 +11.5, and 54% were females. 72% of the cases had >3 previous revisions. 88% were full-
cemented, 3% hybrid and 9% press-fit stems. 36% of the RTKA had conical, 58% cylindrical and 6% combined stem profiles.
92% of the RTKA components were removed. Removal causes were: PJI (52.2%), aseptic loosening (34.8%), implant malpo-
sition (9.8%), painful knee (1.1%) and instability (2.2%). While the overall RTKA failure patterns were equally distributed
between conical and cylindrical stems, subgroup analysis of only cemented ReRTKA revealed a higher incidence of aseptic
loosening within cylindrical stem profiles (46.7% vs. 25.7%, P=0.05).

Conclusion Stem profile may have an impact on the process of aseptic loosening in cemented non-metaphyseal engaging
RTKA, with cylindrical designs tending to worse outcomes than conical designs. Large cohort studies could provide more
clarity on current observation.

Keywords Stem profile - Stem design - Conical stems - Cemented fixation - Revision total knee arthroplasty - Failure
pattern - Aseptic loosening
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Introduction

Data from national arthroplasty registries and the current
available literature indicate an increasing incidence of
revision total knee arthroplasty (RTKA) and with it of re-
revisions (ReRTKA) worldwide [1-9]. This trend poses a
great challenge for the present and an even greater burden
for the future healthcare and economic system [10-12].

With RTKA failure rates ranging between 10-30%, the
RTKA outcomes are still unsatisfactory [13-24]. The two
most common causes of ReRTKA remain the peripros-
thetic joint infection (PJI) (21-46%), followed by aseptic
loosening (20-30.5%) [14, 15, 19, 20, 24, 25]. Thus, the
importance of identifying and preventing potential risk
factors of RTKA failure becomes even greater.

Stem design seems to play an important role not only
in the primary stability of RTKA implants [26], but also
in the revisability of ReRTKA and, therefore, in their
overall outcomes. Conical stem profile is a macroscopic
design property defined by its angle and proportion of the
conical part within a stem length (Table 1). Conical stem
designs are associated with a significantly easier removal
than cylindrical stems in the setting of well-fixed cemented
RTKA stem extensions [27, 28]. As far as our experience
goes, we can only confirm this observation, as increased
morbidity is often linked to revisions of well-fixed cylin-
drical long stems, where often an extended osteotomy is
necessary to facilitate controllable component removal.
Although existing data from the domain of revision total
hip arthroplasty suggest that conical stems are associated

with better implant osteointegration rates than cylindrical
stems in complex revision cases [29], no literature exists
so far, in terms of evaluating the impact of conical stem
profile on the failure patterns in revision total knee arthro-
plasty implants.

The purpose of the current study was to perform an obser-
vational analysis of the RTKA failure modes that have led
to ReRTKA and compare the causes of implant removal
between conical and cylindrical stem profiles. Relevant fac-
tors such as anchoring technique of the stem (full-cemented,
press-fit, hybrid), metaphyseal fixation (cones/sleeves) and
the case complexity (number of previous revisions) were
taken into account. Lastly, a thorough review of the exiting
literature on the outcomes of stemmed RTKA implants after
(a) complex primary and (b) revision cases was conducted
in “Discussion” to serve as benchmark for our findings and
to facilitate the understanding of its background.

Methods

Ethical approval from the local Institutional Review Board
was granted. A single-center retrospective epidemiological
analysis was initiated in an orthopedic teaching hospital.

All consecutive ReRTKA with implant removal that took
place between 2016 and 2017 including constrained and
semi-constrained implant revisions were recruited. Demo-
graphic data were collected using the institutional database.
All RTKA failure patterns requiring implant removal were
identified.

Table 1 Explanted RTKA implants and the conical profile of their stem extensions, as measured using the preoperative planning software Medi-

CAD

RTKA model (manufacturer)

No Stemdesign Conical angle Conical proportion

MUTARS® GenuX® MK (Implantcast, Buxtehude, Germany)
Endo-Model RH prosthesis (Waldemar LINK, Hamburg, Germany)
Zimmer® NexGen® LCCK (ZIMMER BIOMET, Warsaw, USA)
Zimmer® NexGen® RHK (ZIMMER BIOMET, Warsaw, USA)

P.F.C.™ SIGMA TC3 (DePuy Synthes Joint Reconstruction, Warsaw, USA)
LCS COMPLETE™ RKS (DePuy Synthes Joint Reconstruction, Warsaw, USA)
M.B.T. Revision Tray Monobloc (DePuy Synthes Joint Reconstruction, Warsaw, USA)

LEGION® RK or HK (Smith & Nephew, Inc., Memphis, USA)
RT-PLUS Modular Knee (Smith & Nephew, Inc., Memphis, USA)
EndoRo® AS KRS (B.Braun, Aesculap AG, Tuttlingen, Germany)

4 Cy (Co) 0° (8°) 30% proximal
17 Co 2° 100%
10 Cy 0° 0%
Cy 0° 0%
6  Cy (Co)* 0° (1.6°-2.7°) 0% (100%)
2 Cy (Co)* 0° (1.6°-2.7°) 0% (100%)
1 Co* 8° 100%
3 Cy 0° 0%
4  Cy* 0° 0%
3  Cy(Co) 0° (2-3°) 23% distal

*Depending on the length and fixation technique, some otherwise cylindrical stems may also possess conical profiles [e.g., the cemented tapered
universal stems with length 90-150 mm and conical angles 1.6°-2.7° (DePuy)]. Furthermore, while the RT-PLUS modular knee possesses a
cylindrical stem, the cemented RT-PLUS monobloc has a conical stem design (95 mm/4.5°-18°). Other RTKA implants may have different stem
profiles within the same model depending on the side of the joint, usually with cylindrical designs on the femoral side and conical designs on the
tibial side [e.g., the M.B.T. Revision Tibia Tray (DePuy) with a monobloc conical stem (61.8 mm/8°), and the Natural Knee II Revision (Zim-
mer) with cylindrical femoral stems and conical tibial stems (90-215 mm/12°-5.1°)]

CAVE: measurements may vary from the original manufacturer’s values
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Exclusion criteria were re-revisions with only spacer
exchange/removal or liner exchange, isolated patella revi-
sions, explantation of implants that did not possess a stem
extension or revisions due to malignancies. Lastly, RTKA
reimplantations in the context of a two-stage exchange were
also not considered in this study.

All RTKA stems were stratified according to their pro-
file in (1) conical (Co), (2) cylindrical (Cy) and (3) coni-
cal—cylindrical or cylindrical-conical combined designs
(Combi). The angles of the conical stem profile were meas-
ured using the 2D preoperative planning software Medi-
CAD® orthopedic solution (MediCAD Hectec GmbH, Alt-
dorf/Landshut, Germany) (Fig. 1a-h).

The fixation techniques of the stems were divided into
(1) full-cemented, (2) cementless and (3) hybrid. The num-
bers of previous RTKA performed in each case until index
surgery were noticed and quantified in: one previous (1R),
two previous (2R), three previous (3R) and more than three
previous revisions (> 3R). The removed femoral and tibial
components including their corresponding stem extensions
and the presence or not of a metaphyseal fixation were sepa-
rately analyzed.

Ll A

Endo-Modell® SL®  Mutars EnduRo Columbus Revision
Modularschaft Revisions Schaft f. Femur Komp. ~ Femur Offset Verl. Schaft 6°  Zementiert
zementiert zementiert zementiert.

Konus 12/14 160 mm 215 mm

014 - 130 mm @13 mm

Fig.1 a—h Measurements of the conical stem profile of some estab-
lished RTKA systems using the preoperative planning software
MediCAD® orthopedic, German version. Red color: conical part of
the stem, green color: cylindrical part of the stem. a ENDO-Model
SL cemented (LINK), b MUTARS GenuX cemented (Implantcast),
¢ Enduro cemented (Aesculap), d Columbus cemented (Aesculap),

M.B.T Revision Tibia Tray NexGen
zementiert
M/L 65 mm

The obtained data were then compared between RTKA
implants with (1) conical stems and (2) cylindrical stems. A
subgroup analysis including only full-cemented stems was
also conducted to improve sample homogeneity.

The software IBM SPSS Statistics (Version 25) was used
to carry out statistical analyses. For differences between
groups, the non-parametric two-sided Mann Whitney U-test
or Kruskal Wallis test were performed. The Chi-Square test
was used to compare frequencies.

Results

A total of 50 ReRTKA cases (100 components, respec-
tively) with stem revision were included in the study. All
demographics and epidemiological data collected are sum-
marized as follows (Table 2). The mean age of the patients
was 67 £ 11.5 years and 54% were females. From the revised
RTKA implants, 18 (36%) had conical stems, 29 (58%)
cylindrical stems and 3 (6%) combined stem designs. 88% of
the stems revised were full cemented and 12% cementless or

|

RT-Standard
zementiert
GréBe 10

RT-Modular
zementiert/zementfrei
Lé&nge 120 mm

GroBe 2

Verlangerungsschaft
Zementiert
GroBe 13 /913 /L 100/mm

e M.B.T. Revision Tibia Tray cemented (DePuy), f NexGen LCCK
cemented (Zimmer), g RT-PLUS Monobloc cemented (Smith &
Nephew), h RT-PLUS Modular cemented and cementless (Smith &
Nephew). CAVE: Measurements may vary from the original manu-
facturer’s values
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Table 2 Demographics and

. . . Conical (Co) Cylindrical (Cy) Combination  All Sign
epldermolf)glcal dat.a of all (Combi) Co vs. Cy
ReRTKA included in the study,
divided into Co, Cy and Combi Age 67.7+9.7 67.9+9.1 58+27.5 67+115  0.99
stem profiles Gender (females) 12 13 2 27 0.84

Knees components (f & ?) 18 29 3 50 0.02*
36 58 6 100
Component fixation
Cemented 36 50 2 88 0.49
Press fit 0 6 3 0.05*
Hybrid 0 2 1 3 0.26
Component removals
All 35 52 5 92 0.71
f 17 28 2 47 0.73
t 18 24 3 45 0.72
Causes of removed component
PJI 20 26 2 48 0.65
Aseptic loosening 9 23 0 32 0.16
Malposition 4 3 2 9 0.36
Painful knee 0 0 1
Instability 2 0 0 2 0.08
Previous RTKAs
IR 2 6 0 0.43
2R 2 3 1 6 0.93
3R 5 11 2 18 0.56
>3R 9 9 0 18 0.30

Co conical stem design, Cy cylindrical stem design, Combi combined stem designs, RTKA revision total
knee arthroplasty, PJI periprosthetic joint infection, /R one previous revision, 2R two previous revisions,
3R three previous revisions, >3R more than three previous revisions, / s one-stage exchange RTKA,
2 s two-stage exchange RTKA, f femoral, ¢ tibial

*Differences are significant at the 0.05 level

hybrid (only metaphysis cemented). 72% of the cases were
complex ReRTKA with three or more previous revisions.

A total of 92 of the 100 components included in the
study (92%) were explanted, 51% of which were on the
femoral side and 49% on the tibial side of the joint. Within
all removed components, there was 1 (1.1%) metaphyseal
cone on the femoral side and 12 (13%) sleeves (6 femoral,
6 tibial), all of which were combined with cementless/
hybrid stem fixation. 35 out of 36 (97.2%) conical stems
vs. 52 out of 58 (89.7%) cylindrical stems and 5 out of
6 (83.3%) combined design stems were removed during
index ReRTKA.

The comparative analysis between conical and cylindrical
stem revisions showed a good sample homogeneity with no
statistical differences in revision complexity and the other
demographic and epidemiological parameters included in
the study.

The RTKA failure patterns of all 92 removed components
in this cohort, sorted in descending order, were as follows:

@ Springer

52.2% PII (47.8% on well-fixed implants and 4.4% on loose
implants), 34.8% aseptic loosening, 9.8% implant malposi-
tion, 1.1% painful knee and 2.2% instability. Incidence com-
parison of the ReRTKA causes that led to implant removal
between the two groups (Co vs. Cy stems) revealed an equal
distribution of all RTKA failure patterns between the two
stem designs with no statistical differences.

After extracting all cementless and hybrid stem fixation
techniques and implants with metaphyseal fixations (cone/
sleeves), to improve sample homogeneity, a subgroup analy-
sis involving only cemented stems was conducted (Table 3).
All conical stems (36/36) vs. 86.2% (50/58) of cylindrical
stems were cemented. 35 out of 36 (97.2%) cemented coni-
cal stems vs. 45 out of 50 (90%) cemented cylindrical stems
were explanted during index ReRTKA. The RTKA failure pat-
terns of all 82 removed cemented components were as follows:
54.9% PJ1, 36.6% aseptic loosening, 6.1% implant malposi-
tion, 0% painful knee and 2.4% instability. While there were
no statistical differences in the incidences of PJI, malposition
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Table3 Subgroup analysis Conical Cylindrical Combination  All Sign
f)f the BTKA failure patterns (Co) (Cy) (Combi) Co vs. Cy
including only full-cemented
RTKA stems, divided into Co, All components 36 58 6 100
Cyand Combi stem profiles All cemented components 36 50 2 88 0.02
Removed cemented components
All 35 45 2 82 0.19
f 17 23 1 41
t 18 22 1 41
Causes of removed cemented implants
PJI 20 23 2 45 0.59
Aseptic loosening 9 21 0 30 0.05*
Malposition 0 5 0.09
Instability 2 0 0 2 0.10

Coconical stem design, Cy cylindrical stem design, Combi combined stem designs, RTKA revision total
knee arthroplasty, Re-RTKA Re-revision, PJI periprosthetic joint infection, f femoral, ¢ tibial

*Differences are significant at the 0.05 level

(a) Causes of RTKA component removal - All
100

80

© 0.65 0.16 0.36 0.08
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loosening
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(b) Causes of RTKA component removal -Only cemented
100
80
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Q
£
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57
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PJI Aseptic Malrotation Instability
loosening
mCo m(Cy

Fig.2 a, b Comparison of failure patterns of the RTKA components
removed between Co and Cy stem profiles for a all RTKA implants
included in the study (cemented and press-fit stems) and b only
cemented stems. The values above the bars represent the level of sig-
nificance as assessed by the Chi square test. *Significance at the 0.05
level

and instability between conical and cylindrical stem revisions,
aseptic loosening occurred significantly more often in the full-
cemented cylindrical stems (P=0.05) when compared with
conical stem profiles (Fig. 2).

Discussion
Main findings of the study

The main finding of this study is the association found
between aseptic loosening and stem profile in failed
cemented RTKA implants. While there was an equal distri-
bution of all RTKA failure patterns observed between coni-
cal and cylindrical stem profiles in our initial cohort of 50
ReRTKA cases, with PJI remaining the most common failure
reason, followed by aseptic loosening, a subgroup analysis
of failed RTKA components with only full-cemented stems
revealed a higher incidence of aseptic loosening in implants
with cylindrical stems when compared to those with coni-
cal stem profiles reaching statistical significance (46.7% vs.
25.7%, P=0.05).

The role of stem in RTKA implant fixation

The role of stems in the primary and secondary stability of
constrained implants is well known. It supports implant fixa-
tion by improving the distribution of shear loads, especially
when epi-/metaphyseal bony defects >5 mm are involved. It
reduces the stresses on the bone—cement interface [30-32]
and on the stem—condyle junction, which may otherwise
lead to trunnion failure especially when no additional meta-
physeal support coexists. Thus, based on the concept of the
three fixation zones in RTKA [33], the use of cones [34, 35]
or sleeves [36—38] in combination with a stem extension is
becoming even more popular, as it shows improved clini-
cal outcomes and lower rates of aseptic loosening [39—41].
Furthermore, offset stems can be useful in preventing
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component impingement and malalignment, as seen with
straight diaphyseal-engaging cementless stems on bones
with deformities [42].

Cement fixation in RTKA has various advantages [21,
32, 43-47]. It compensates incongruences of the cancellous
bone and increases the contact surface to the implant, pro-
viding a more homogeneous load distribution [48]. It is for
that reason, and at same time due to the excellent long-term
results, that many surgeons traditionally advocate cemented
stem fixation [49-54]. Nevertheless, there are also some
drawbacks and pitfalls to consider, such as that of a pro-
gressive resorption below the tibial component that may
occasionally occur, or the challenging revision of cemented
voluminous cylindrical stems that are still well-fixed dur-
ing their removal. Previous studies pointed out that short
cemented stems with a conical profile angle of at least 0.5°
may be for this reason preferable [27, 28, 55].

The mechanical properties of a stem design in RTKA
involves several features, each one of them playing a deci-
sive role in the biomechanics and anchoring mechanism of
RTKA implants.

(1) Surface roughness

Depending on the values of implant surface rough-
ness, cement adhesion and abrasion properties can dif-
fer [56, 57]. Smoothly polished stems are most com-
monly used in cemented fixation. Although they can
depict micromotions within the intact cement sheath,
no damage of interface occurs. On the other hand,
stems with a rough surface provide a stronger bond
with the cement; however, a microscopic undercutting
that takes place within the cement—implant interface
may lead to an earlier stem migration and, inevitably,
to failure of the cement integrity and implant loosening.
The cutoff values of implant surface roughness, above
which a significant increase of loosening risk may
occur, is yet undefined and difficult to examine. Thus,
various satin to matte manufactured stem extensions
are commonly used for both, cemented and cementless
fixation techniques.

(2) Cross-sectional design

The cross-sectional design of cemented tibial short
stems in primary TKA appears to have an impact on
the surrounding bone density. In a prospective study
of 20 cemented TKA, cylindrical stems revealed in a
follow-up (FU) of 7 years more heterogeneous BMD
changes beneath the tibial component compared to
cruciform stems. The most density decrease was
observed on the medial side. This was postulated as
a risk for component migration [58]. Stem extensions
with flutes and pronounced corners are commonly used
in press-fit fixations to engage cortical bone and pro-
vide a higher resistance against torsional loads equal

@ Springer

to those observed in daily activities [59, 60]. In cases
of cemented fixation, the pronounced corners produce
higher peak stresses on the surrounding cement, which
may, subsequently, increase the risk of breakage of
the cement mantle and lead to early loosening. Thus,
rounded and scalloped stem designs have become the
standard [61].
(3) Size (length and diameter)

Lee et al. [62] examined 65 press-fit semi-con-
strained knee prostheses, the impact of stem design
(Iength and diameter) and the canal filling ratio (CFR)
on the incidence of aseptic loosening. In an FU of
24 months, the incidence rates of aseptic loosening
were equal for the femoral and tibial components. A
CFR of > 0.85 was associated with reduced rates of
aseptic loosening. They suggested either a CFR > 0.85
or a>0.70 with>4.3 cm stem engagement, tibial,
and >?2 cm stem engagement, femoral. While, in hybrid
or cementless fixation techniques maximal canal fill-
ing of press-fit stems is advocated [63], biomechanical
studies have shown that equal primary stability can be
achieved also via metaphyseal cemented stems [64].
However, according to recent studies on cemented
short stems, a femoral canal wider than 19 mm inner
diameter at 20 cm proximal to the joint line was linked
to higher rates of aseptic loosening after cemented
rotating hinge RTKA implants [39, 65, 66]. Finally,
well-fixed cemented voluminous cylindrical stems are
associated with an increased index of surgical inva-
siveness when revised und should be possibly avoided,
especially if a potential re-revision is highly suspected
(e.g. increased risk for infection recurrence) [28, 55].

(4) Conical stem profile

According to recent data, cemented conical stems
can be more easily removed than cylindrical shaft
extensions and, therefore, may be associated with
reduced invasiveness and surgery time during exchange
procedures [27, 28].

Regarding stem fixation mechanism, cylindrical press-
fit stems require a shorter engagement length than conical
stems to achieve primary stability [26]. Nevertheless, stem
engagement of less than 4 cm is associated with a higher
risk of implant loosening [54, 67] and shaft pain due to
peak stresses at the tip of the stem may result. Thus, tightly
implanted diaphyseal press-fit stems can lead to end of
stem pain and poor patient satisfaction [32, 43-47]. In a
recent retrospective study of 20 cemented TKA, cylindrical
stems revealed heterogeneous epiphyseal BMD decreases,
which was postulated as a risk factor for component migra-
tion [58]. While cylindrical stems are commonly used with
press-fit or hybrid fixation techniques and short conical
stems with cemented fixation methods, it is not infrequent
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Fig.3 a, b Two representative cases of RTKA implants with well-
fixed cemented cylindrical femoral stems from an external hospital,
which were introduced at our emergencies due to PJI

that orthopedic surgeons are confronted with revisions of
cemented cylindrical stems or stem designs that possess in
most parts of stem length a cylindrical profile (Fig. 3a, b).

The role of stem design in RTKA outcomes:
a comparative review of the literature

Despite the existing literature upon stem design in RTKA so
far, there is still not much evidence dealing with the impact
of stem profile on failure patterns of RTKA and its associa-
tion with aseptic loosening.

A comprehensive overview of the literature to assess sur-
vival rates and incidences of aseptic loosening and PJI with
particular focus on the conical profile of RTKA stems (Co
vs. Cy designs) was conducted to serve as benchmark and
to facilitate a better understanding of our observations. A
total of 106 studies including both, solely revisions (n =67)
(Table 4) and complex primary TKA cases (+revisions)
(n=39) (Table 5), have been reviewed and filtered as shown
in the flowchart (Fig. 4a, b).

In the solely RTKA publication group (1985-2021),
8623 cases (involving 971 infections) were included. In
41 of 67 (61.2%) studies, a metaphyseal fixation (cones
and sleeves) was used in variable frequencies, mostly
combined with cementless cylindrical stems. An over-
all of 33 +42% of stems were cemented (Co 100% vs.
Cy 11.6%). The mean FU time in years was 5.2 +7.7

(1.5-10.5). Comparing the data selected between Co vs.
Cy stems after excluding studies with undefined implants,
no differences in overall outcomes could be detected. With
similar 10-year survival rates of 85.9 +15.3% (75-96.7%)
for Co and 88.9 +£5.6% (81-97.8%) for Cy, the incidences
of aseptic loosening and PJI were identical for both, Co:
5.1+6.3% (0-20%) vs. Cy: 3.5+5% (0-26%) and Co:
4.3+3.5% (0-12%) vs. Cy: 5.7+ 4.1% (0-16%), respec-
tively. Equal relations of outcomes were observed also in
the comparison of the RTKA implants in primary + revi-
sion group (Fig. 4a, b).

Comparing the literature data presented with our find-
ings, a lower overall incidence of aseptic loosening and
PJI was obviously noticeable. This can be attributed to
a cohort inhomogeneity (TKA vs. RTKA, risk factors
and complexity of cases, number or previous revisions,
septic vs. aseptic, use of metaphyseal fixation, FU time,
implant design and fixation technique, missing values,
study design, industry influence, etc.) that leads to a wide
discrepancy of outcomes that range from excellent [36,
40, 55, 68-77] to moderate results [16, 20, 24, 41, 62,
78-80]. However, when considering recent (2008-2020)
high-volume studies that are not associated with a cer-
tain implant, the incidence rates of aseptic loosening and
PJI are more representative and coincide with our data:
Suarez et al. in a series of 566 RTKA cases (including 123
PJI) published a 12-year survival of 82% with 19% aseptic
loosening and 46% PJI [19]. Aggarwal et al. followed 168
RTKA cases (44 PJI) for a mean time of 5.6 years. Com-
plex cases with > 3 previous revisions were associated with
increased risk for aseptic loosening and PJI (38-50% and
50-63%, respectively). In a current single-center review
of 1632 RKTA (361 PJI) and a mean FU of 5.1 years, the
RTKA failure rates due to aseptic loosening was 21% and
due to PJI 38.5% [24].

When assessing studies using Co vs. Cy stem designs,
the majority of published data on Cy stems are performed
in press-fit/hybrid fixation techniques, whereas Co stems are
commonly full cemented, which corresponds to the com-
mon use in daily praxis. However, there are cases where
cylindrical stems can be cemented (e.g., poor bone quality,
metaphyseal stems or stems with <4 cm diaphyseal engage-
ment, bone deformities, implant availability) [23, 49, 81,
82] (Table 4). Fehring et al. compared cemented (53%) with
cementless metaphyseal stems on 113 RTKA (33 PJI) and
found in an FU > 2 years 0% vs. 10% aseptic loosening in
favor of cemented stems [54]. Gililland et al. followed with
a multi-center study comparing cemented stems with dia-
physeal engaging press-fit stems on 82 aseptic RTKA cases.
After an FU of 6-10 years, they found no differences in
aseptic loosening (4% vs. 3—6%) or PJI (0% vs. 2.4%) for
cemented and cementless diaphyseal stems, respectively.
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(a)

106 items identified
(Stemmed RTKA implants)

/\

RTKA implants in solely revision TKA, n=67 (63.2%)

I I RTKA implants in primary TKA ( or primary & revision TKA), n=39 (36.8%)

RTKA with conical stems, n=9 (13.4%)
—» - Cemented stems, n=8
- Cementless stems, n=1

RTKA with cylindrical stems, n=43 (64.2%)
- Cemented & cementless (mixed), n=9

- Cementless stems, n=31

- Fixation method N/A, n=2

RTKA with N/A stem design, n=15 (22.4%)
- Cemented stems, n=3

RTKA with conical stems, n=18 (46.2%)
- Cemented stems, n=18
- Cementless stems, n=0

L

RTKA with cylindrical stems, n=17 (43.6%)
- Cemented stems, n=5

- Cemented & cementless (mixed), n=2

- Cementless stems, n=9

- Fixation method N/A, n=1

RTKA with N/A stem design, n=4 (10.2%)
- Cemented & cementless (mixed), n=1

L ) L
- Cemented & cementless (mixed), n=6 - Cementless stems, n=0
- Cementless stems, n=1 - Fixation method N/A, n=3
- Fixation method N/A, n=5
. . Aseptic " A
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Fig.4 a, b Literature analysis: a process flowchart of the included
studies for (left) solely revisions and (right) primary TKA (*revi-
sions), divided according to stem profile (conical vs. cylindrical)
and fixation technique of the stem (cemented or cementless). b Sum-

Re-revision rates and radiographic failure rates were similar
between groups [67].

In a current study on 65 aseptic RTKA cases with cement-
less Cy stems, 26% of revision implants failed after 2 years
FU due to aseptic loosening [62].

A study from 2004 on 26 modular segmental rotating
hinge RTKA implants with cemented Cy stems (4 primary,
22 revisions) in nonneoplastic limp salvage cases and a mean
FU of 5 years found 10-year survival rates < 70%, aseptic
loosening in 15.4% and PJT in 19.2% with 27% reoperations
and 31% complication rates [79].

In 2015, a Norwegian arthroplasty register study on 1016
cases of various RTKA implants that mostly had Cy stems
(85% cemented), published at a median FU of 4.5 years PJI
rates of 28%. Tibial loosening occurred in 17% vs. 9% on the
femoral side. Partial component exchange, young ages and

mary of overall outcomes separating TKA from RTKA, and Co from
Cy stem profiles. Use of cement on stems and metaphyseal fixation
(cones/sleeves) are noted in percentage

male patients were found to pose a higher risk for ReRTKA
[15].

Abdelaziz et al. compared the 10-years outcomes of 25
aseptic RTKA between pure and rotating hinged designs
both with cemented conical stems and 32 cones. He found
aseptic loosening in 20%, from which four out of five revised
RTKA implants were pure hinged. They concluded that pure
hinged RKTA without cones tend toward higher loosening
rates [83]. Other studies on RTKA implants with cemented
Co stems published aseptic loosening rates of 7.1% for revi-
sions [80] and 0-0.7% for primary implantations [55, 69,
70].

Despite all efforts made so far to improve outcomes by
advancing implant design properties, operative techniques
and the perioperative management, the RTKA failure rates
are still high [14-25]. Causes of RTKA failure include
PJI (21-63%), followed by aseptic loosening (20-50%),
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instability (3—26%), stiffness (10.5-23%), implant malposi-
tion (3%), painful knee (7.3%), extensor mechanism prob-
lems (5.2-12.8%) and periprosthetic fractures (6%) [14, 15,
19, 20, 24, 25].

Thus, highlighted by the need to improve the RTKA
results, a meticulous and continuous epidemiological analy-
sis of both patient- and surgery/implant-associated potential
risks is of particular importance.

However, confronted with the fact that the existing lit-
erature is burdened with a cohort inhomogeneity and a lack
of values about the exact design and proportion of conical
profile of the stems used, it is difficult to examine the impact
of stem conicity on the longevity of the implants and draw
reliable conclusions.

When looking into the published data of hip arthroplasty,
tapered stems appear to provide superior outcomes than
cylindrical stems even in cases of greater bony deficiencies.
In a recent multicenter analysis of 105 femoral revisions
with Paprosky III-1V, Bedair et al. found at 5 years FU that
modular revision stems with conical geometry were asso-
ciated with lower rates of failed implant osseointegration
(1.6% vs. 15.9%, P <0.01) and stem re-revision (4.9% vs.
22.7%, P=0.013) than cylindrical stems [29]. Despite the
fact that these results may obtain some similarities with our
observations in terms of impact of stem conicity on implant
survivorships, they cannot be directly compared, as there
are substantial differences in biomechanics and anchoring
principles between the knee and hip.

Thus, this is the first observational study to provide evi-
dence about the effect of stem conicity on the failure pattern
of RTKA.

Compared to cylindrical designs, conical stems seem to
have some mechanical advantages: while during press-fit
fixations a longer intramedullary engagement length occurs,
which might lead to reduced areas of micromotions between
stem and cortical bone induced due to the differences in
elasticity and rigidity modulus of the materials (less stress
shielding, less peak stresses at the tip of the stem), in cases
of cemented fixation a cone-shaped cement coat may theo-
retically reduce the shear stresses and thus the micromo-
tions in the cement—implant interface which in the long-term
could otherwise trigger implant migration and bond failure.
However, there is still lack of clinical and biomechanical
evidence that could confirm the above statements. Coni-
cal stems can also be removed more easily than cylindri-
cal stems due to the short displacement required to achieve
complete implant detachment [27, 28].

There are several limitations in the current study that
may pose potential biases: (1) the small sample size of the
subgroups and the retrospective setup of this work, (2) as
aforementioned, we did not differentiate hinge designs and
level of constraint and did not consider other stem design
properties such as length, diameter, offset, bowed profile,

@ Springer

and surface roughness values, which might have had also
an impact on the failure pattern, (3) we did not report any
follow-up time, as focus of this investigation was rather
the epidemiological analysis of the failure patterns and not
the evaluation of implant survivorship, (4) all values of
stem profile of the RTKA stems included in the study were
based on measurements conducted using the preoperative
planning software MediCAD®, which might involve some
variations and thus potential discrepancies between our
measurements and the manufacturer’s values. Therefore,
the validity of these results is limited. Nonetheless, it is
still consistent with the available evidence. Further studies
of large series including survival rates are currently being
conducted by our research group to bring more clarity to
this topic.

Conclusion

PJI remains the most common reason for ReRTKA, inde-
pendent of the conical profile of RTKA stem extensions.
Cemented cylindrical stems may pose a greater risk for asep-
tic loosening than conical stem designs.
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