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Chapter 1X

General Discussion and
Future Perspectives



Total knee arthroplasties (TKAs) have excellent short- and long-term results
considering its low revision rates which are 4 - 6% at ten years and 8-10% at 20 years,
and patient reported outcome measures (PROMs) are good to excellent in the
majority of patients."™ Even though TKA designs have achieved these excellent
results for the last 3 decades, the results are less favourable in a subgroup of patients.
For that matter in patients younger than 60 years the lifetime risk for a revision is
30% and up to 15-20% of these relative young patients are not satisfied with their
overall outcome.5™ For these reasons, novel TKA designs are introduced on a regular
basis. However, clinical evidence supporting superiority of these novel designs is
frequently lacking.”” Concerns on implants being introduced onto the market
without sufficient clinical evidence have increased, particularly after some medical
devices created disasters to patients, like the metal-on-metal hip prostheses in
orthopaedics and the PIP-breast implants and vaginal meshes in other fields.’3® The
metal-on-metal hip prostheses were introduced with the promise that they would
benefit younger and more active patients.””'® Short-term results of these prostheses
were promising, but then studies reported pseudo-tumours, an adverse reaction to
metal debris, which lead to up to fourfold increased revision rates in young patients
as reported by the Australian Registry and NORE (Network of Orthopaedic
Registries of Europe). 924 These bad outcomes in total hip as well as worse
performance for some total knee implants stress again the necessity of a phased

introduction of new implants as has been advocated for several decades.’ 47

To prevent these less favourable outcomes in patients, the EU commission
implemented the medical device regulation (MDR) in 2017, which became effective
in 2021.233° The main difference between the medical devices directive (MDD) and
the MDR included: 1) stricter requirements of clinical evidence for access to the EU
market, including post-market surveillance, 2) a comprehensive EU database of

high-risk medical devices and its adverse events (EUDAMED), and 3) independent
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expert panels to evaluate new medical devices who need to be consulted on these
high-risk medical devices. The “new” requirements of clinical evidence prior to
market introduction has been suggested for decades.?” 334 Pre-market studies ideally
subject a minimum number of patients to a novel implant while providing objective
strong evidence on their performance. In orthopaedics, evaluating clinical results of
novel implants can be challenging as the primary outcome often involves all-cause
revision, which is relatively rare for orthopaedic hip and knee implants within the
first ten years. Due to the low frequency of occurrences, large patient cohorts with
extensive follow-up are required to gather sufficient clinical evidence to demonstrate
the superiority of a novel implant design. Since loosening of the implant within the
supporting bone is the major reason for failure, revision due to loosening is the main
endpoint when evaluating orthopaedic implants. Thus, methods providing objective
results on implant fixation are most important for evaluating new implants in the
pre-market evaluation phase, ideally with an objective and highly accurate technique
requiring a minimum of patients to be exposed to the new implant.
Radiostereometric analysis (RSA), which measures implant migration, is such a
method as it can identify implants at risk of aseptic loosening as early as one- or two-
year follow-up.3> 3 It does so by measuring implant migration with high accuracy
(up to o.1mm and rotation up to 0.1°).37 Implants with high initial or continuous
migration after one year are known to be prone to failure.3> 3¢ Therefore, RSA is an

ideal tool to assess novel implants prior to massive market introduction.

This thesis contributes to the existing literature by expanding our understanding of

TKAs performance by measuring implant migration using RSA at two-, five- and ten-
year follow-up. Furthermore, this thesis conducted a comprehensive pooled analysis
to examine the impact of surgical alignment on implant migration. Additionally, the
present thesis explored alternative biomarkers of implant migration, which have
potential to serve as early indicators for detecting implant loosening. Presented
studies in this thesis strengthen the importance of highly accurate measurement

tools of implant migration for providing short-term clinical evidence on the
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performance of TKA implants, to ensure the best possible outcomes for patients in

the long run.
Migration thresholds

If RSA would be used to evaluate implants prior to market entry, the key question is
when is early migration too high, i.e., which migration threshold is clinically relevant
for long-term performance. In this thesis, we used the threshold proposed by Ryd et
al. (1995) to assess the number of implants at risk for early aseptic loosening, defined
as an increase of 0.2 mm MTPM or more between one year and two years of follow-
up.® This threshold dates from 1995 and was determined by assessing 158 patients
who had different TKA implants with either cemented or uncemented designs (N =
120) or even UKAs (N = 38). In this series 15 implants (14 TKAs; 1 UKA) were revised
for mechanical loosening of the tibial component within 1 to 11 years after the
primary surgery. All the revised implants showed continuous migration over time
and had higher migration at one year compared to the control group (i.e., non-
revised implants). The authors used the difference in migration between both groups
to define thresholds as >0.2 mm MTPM migration between one year and two years.
In Chapter IV, Chapter V, and Chapter VI, we used this threshold to identify the
number of continuously migrating implants for the different types of design i.e.,
MBT and APT designs, and for cemented and 3D-printed uncemented designs. We
also used this threshold to identify the number of continuously migrating implants
for postoperative in-range (femorotibial angle of 0° +3°) and out-of-range
(femorotibial angle of <-3° or +3°) TKAs (Chapter VIII). In a post-hoc analysis, the
number of continuously migrating implants were similar in these studies for the
different implant designs, and for postoperative in-range and out-of-range TKAs.
Given that these migration thresholds date from nearly three decades ago in a very
heterogenous group of knee implants and considering the substantial improvements
in implant design and fixation methods since then, it is important to conduct mid-

and long-term RSA studies to assess the external validity of predictions regarding
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continuously migrating implants made at two years as every implant design is likely
to have a distinct migration profile. In Chapter VI, we contribute further evidence
on this matter by investigating whether continuously migrating implants at two
years continued to migrate up to five years postoperatively. We found that one TKA
was revised due to continuous migration, four showed late stabilization and four
could not been analysed due to missing data at five years. These results suggest that
implants can stabilize after an initial period of continuous migration and highlight
the importance of five- and 10-year follow-up in RSA studies to assess long-term
migration profiles of different TKA designs. This raises the question whether long-
term results should be considered in a phased introduction of novel implants.
Incorporating long-term results would negate the advantage of RSA studies, which
provides early (i.e., at two years) insights into the migration profile of a novel
implant, but they may be required for implants with progressive migration at two

years.

Furthermore, it should be noted that the a-priori chance of developing aseptic
loosening of the tibial component in the study by Ryd et al. (1995) was about 10% at
ten years.? The chance of all cause revision has since then decreased to
approximately 5% at 10 years of which approximately 20% is due to tibial loosening.*
This small a-priori risk of tibial loosening of TKA implies that large patient cohorts
are needed to validate the threshold proposed by Ryd et al.35 In this context, we
increased the sample size by combining data from ten RSA studies comprising 636

TKAs at baseline (Chapter VIIT). However, when the revision rate is around 1% at 10

years, this would require approximately 1500 TKAs (across RSA studies) to be
included to have 15 revisions due to tibial loosening and to compare the migration of
these revised TKAs to non-revised TKAs. The latter implies that network analysis
across RSA centres and sharing individual patient data is the way forward.3® 3
Ideally, a global registry of RSA studies should be established, for example by The

International Radiostereometry Society.
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Surgical alignment technique influencing migration

Besides using RSA to assess novel implants prior to market introduction, RSA can
also be used to evaluate the effect of surgical techniques on implant migration.
Traditionally, orthopaedic surgeons aim for neutral coronal alignment (i.e.,
mechanical alignment hip-knee-ankle angle or femorotibial angle is o degrees).+
While this ‘one size fits all’ principle has resulted in low revision rates for modern
TKAs, the number of patients who are not satisfied after TKA is 15-20%, which is
higher compared to total hip arthroplasty.* Possible reasons for patients not being
satisfied include the management of patient expectations but could also be that the
TKA prosthesis is neutrally aligned even in patients who had a preoperative varus or
valgus knee alignment. This is a substantial group as the native knee alignment in
men and women is varus in 32% and 17%, respectively.+®> Changing the alignment of
these patients to neutral, could result in a change in soft tissue balance, which may
cause an unnatural feeling of the knee.® Other alignment principles have been
proposed, like kinematic alignment, which aims to insert the knee implants in a
similar fashion as the preoperative alignment.° Proponents of this technique state
that this alignment technique respects the soft-tissue balance and requires less soft-
tissue releases to balance the TKA.4*#4 By respecting the preoperative alignment and
the native soft-tissue balance, patients could experience their ‘new’ knee as more
natural which theoretically could increase patient satisfaction. But the reality is more
complex than just focussing on individual preoperative alignment as varus
positioning of TKA could cause more migration and in turn more loosening in the

long term.+5 46

In the past years, several variations to kinematic alignment have been introduced
such as “kinematic alignment plus” or “mild kinematic alignment”.47 4® These
variants have the same principles as kinematic alignment but differ slightly in terms
of the acceptable amount of varus or valgus. Opponents of this technique state that

malalignment (i.e., varus or valgus alignment) could result in an unfavourable load
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transfer through the implant which in turn could increase the risk of loosening and
revision.*> 4953 Research in this thesis contributes to this debate. We showed that
failing to achieve postoperative neutral mechanical alignment did not affect tibial
migration up to two years in patients with a preoperative varus or valgus aligned
knee (Chapter VIII). Therefore, our findings suggest that postoperative varus or
valgus aligned TKAs do not have an increased risk of failure due to aseptic loosening
in contrast to prior findings of van Hamersveld et al. (2019) who found increased
migration of postoperative varus aligned TKAs.4¢ Difference between both studies
was however that we excluded preoperative neutrally aligned knees and therefore
only assessed preoperative varus and valgus aligned knees. For these patients,
postoperative neutral, varus or valgus alignment was not related to increased
implant migration. Our study suggests that kinematic alignment could thus be a safe
treatment option as it does not increase the risk of aseptic loosening but has the
advantage that it requires less soft tissue release. Unfortunately, we did not assess
functional outcome nor patient reported outcome measures (PROMs) in our study
so that we could not test whether kinematic alignment resulted in better patient
satisfaction. Another limitation of our study was that the aim of TKA positioning was
neutral mechanical alignment and any deviation from neutral postoperative
alignment was due to a combination of random variation as well as intra-operative
assessment of the soft tissue balance by the orthopedic surgeon, making it difficult

to assess a causal relationship in our study.

Other studies report ambiguous results regarding postoperative patient satisfaction

and function, with some studies suggesting better clinical outcomes following
kinematic alignment and others suggesting no difference between both alignment
principles.#® 5458 These findings also highlight the complexity of determining the
optimal alignment for an individual patient when this is based only on PROMs and
functional outcome. For that matter functional outcome and survival of TKAs are
influenced by many other factors besides coronal alignment, like preoperative

expectations, preoperative functionality and kinematics.>® So what the optimal
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coronal and sagittal alignment should be for an individual patient in order to have
good long-term bone-implant fixation as well as subjective outcomes is determined
by a complex of multifactorial variables. Novel techniques aimed at improving the
precision of implant positioning, such as robot-assisted surgery, machine learning
algorithms or Al, may prove advantageous, but they still need to undergo validation

through implant migration analysis studies and other clinical research.%¢+
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Future perspectives

In recent years, both implant design and measurement techniques of implant
performance, like implant migration techniques, have improved considerable and in
turn have improved implants and thus patient safety and outcomes. Biomarkers for
example could monitor or identify implants at risk for loosening. Furthermore, an
improvement in implant migration assessment could be the development of CT-
based RSA, which has emerged as a promising technique in implant-bone migration
assessment.®8 Last, the introduction of 3D-printing technology has enabled the
creation of customized and patient-centred implants, but whether this is favourable
in the long run for implant fixation, also has to be shown by implant migration

studies.®®

An early warning signal

As mentioned earlier, TKAs have an excellent survival of approximately 94-96% at
ten-years."” > Although the risk of TKA failure is low, it is associated with severe
morbidity and frequently results in extensive revision surgery.”° 7 This low revision
rate in the overall TKA population, but not in the younger population (e.g., 60
years), makes it difficult to improve outcomes. Where RSA can only be used in
specific and a limited number of patients, it is frequently only used in patients
included in studies. It also requires additional steps intra-operatively, in contrast

with other biological markers that could be assessed relatively easy in large patient

cohorts. This thesis contributes further evidence by demonstrating that serum
tumour necrosis factor a (TNFa), serum interleukin-ib (IL-1b), serum osteocalcin,
and urinary N-terminal telopeptide (NTX) were significantly increased in loosened
implants compared with stable implants at time of diagnosis or prior to revision
surgery (Chapter I1T). These findings suggest that these biomarkers may have the
potential to act as early indicators for loosened implants, as well as for monitoring
progression of loosening.” 73 Advantages of such biomarkers are: first, sampling

from patients with implant-related complaints, thus differentiating between
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implant-bone interface problems (e.g. loosening), soft-tissue problems, infection or
other factors. Also, longitudinal studies could establish biomarker values that
predict loosening. If the association between specific biomarker levels and implant
loosening is further confirmed, these biomarkers could be used to monitor
treatment modalities aimed at preventing or delaying implant loosening, like gene-

directed therapy to fixate loosened implants or the use of bisphonates.7+77

To conclude

No innovation without evaluation is a common saying. In the case of new implant
designs, evaluation should include clinical studies prior to market introduction
among which implant migration studies (e.g., RSA studies). The latter safeguards

good implants and thereby, enabling good to excellent patient outcomes.
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