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1. Abstract (German): 

Hintergrund 

Anteriorer Knieschmerz ist eine der Hauptursachen für Unzufriedenheit bei Patienten mit 

einer Knie-Totalendoprothese. Da anteriorer Knieschmerz im Patellofemoralgelenk und 

seiner direkten Umgebung lokalisiert ist, ist es sehr wahrscheinlich, dass seine Ursache 

in diesem Gelenk zu suchen ist. Die Kombination von Studien zu patellofemoralen Kon-

taktkräften und zu Verschleißtests von künstlichen Patellakomponenten kann zu Schluss-

folgerungen führen, die nicht mit den vergleichsweise niedrigen Revisionsraten von Patel-

laimplantaten aus aktuellen Registerdaten in Einklang zu bringen sind. Dieser Wider-

spruch zeigt den Bedarf nach einem besseren Verständnis der Mechanik des Kniege-

lenks, insbesondere des Patellofemoralgelenks. Dies könnte in Zukunft ein Schlüsselfak-

tor sein, um die Auftretenshäufigkeit von anterioren Knieschmerzen zu reduzieren. 

Zielsetzung 

Primäres Ziel dieser Dissertation ist es, das Verständnis der patellofemoralen Gelenkme-

chanik durch Anwendung eines neuen Ansatzes zur Simulation des Kniegelenks zu ver-

bessern. Dieser neue Ansatz zielt darauf ab, die Abhängigkeit der Simulationsergebnisse 

von häufig nur näherungsweise bestimmbaren Parametern zu reduzieren. Zur Validierung 

dieses Modells muss die patellofemorale Kinematik näher analysiert und besser verstan-

den werden. Daraus ergibt sich das zweite Ziel dieser Arbeit, das im Schaffen der Grund-

lagen für den mathematisch sorgfältigen Umgang mit patellofemoralen Kinematikdaten 

liegt. Darauf aufbauend wird die Untersuchung von Einflussfaktoren auf die Patellakine-

matik vorangetrieben. Dabei wird zunächst der Effekt der Verwendung eines Patellarück-

flächenersatzes auf die Patellakinematik in einer humanen Präparatstudie isoliert. 

Material und Methoden 

In einem ersten Schritt wurde ein Finite-Elemente-Modell entwickelt, das auf standardi-

sierten in-vivo Lastdaten des Tibiofemoralgelenks beruht. Da diese Daten implizit alle 

Kräfte und Momente, die durch Gravitation, Dynamik und den tibio-femoralen Gelenkspalt 

überquerende Bänder und Sehnen induziert werden enthalten, kann in diesem neuartigen 

Modell auf die explizite Modellierung der Mehrheit dieser Elemente verzichtet werden, 

ohne die Validität des Modells zu reduzieren. Dieses Modell wurde zur Analyse der Effekte 

der initialen proximo-distalen Patellaposition und der Steifigkeit des Patellabandes auf die 

Kinematik der Patella eingesetzt. 

Im zweiten Teil dieser Dissertation wurde ein grundlegenderes Thema bearbeitet, indem 

Methoden zur präzisen Analyse und Interpretation von Patellakinematikdaten neu etabliert 
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wurden. Die Darstellung von Kinematikdaten, insbesondere der patellofemoralen Rotatio-

nen, ist stark von den zugrundliegenden mathematischen Methoden und deren exakter 

Anwendung abhängig. Eine Zusammenstellung der am häufigsten verwendeten Konven-

tionen zur Beschreibung patellofemoraler Rotationen wurde erstellt und Methoden zur 

exakten Konvertierung von Daten zwischen diesen Konventionen entwickelt. Diese wur-

den der Allgemeinheit in Form einer Software zur Verfügung gestellt. 

Um die Auswirkungen der Parameter, die die Patellakinematik beeinflussen, besser zu 

verstehen, wurden die Effekte des Einsatzes von Patellarückflächenimplantaten aus In-

vitro-Tests mit acht Humanpräparaten auf einem etablierten Kniegelenkskinemator am 

Muskuloskelettalen Universitätszentrum München (MUM) isoliert. Um die spezifischen 

Auswirkungen des Patellaimplantats zu identifizieren, wurde die Kniekinematik vor und 

nach der TKA mit und ohne Patellarückflächenersatz für zwei tibio-femorale Implantatva-

rianten (posterior stabilisiertes PS und PS+) gemessen und verglichen. 

Ergebnisse 

Das Finite-Elemente-Modell ermöglicht vergleichende Studien mit verschiedenen Implan-

taten oder Parametern. Für das Tibiofemoralgelenk stimmen sowohl die Kinematik als 

auch die Kontaktsituation mit Ergebnissen aus der bestehenden Literatur überein. Für das 

Patellofemoralgelenk wurde gezeigt, dass die initial mehr proximale Position der Patella 

und eine schwächere Patellasehne zu erhöhter Patellaflexion und -rotation führen, wäh-

rend der Shift und Tilt der Patella stärker von der initialen Patellaposition beeinflusst sind. 

Die Analyse der zugrundeliegenden mathematischen Konventionen für die Darstellung 

patellofemoraler Rotationen zeigt, dass sowohl die Absolutwerte als auch die Charakte-

ristik der Kurven grundlegend durch die Wahl der Konvention beeinflusst werden. Die ent-

wickelten Methoden zur Transformation von Daten zwischen den betrachteten Konventio-

nen wurden mittels mathematischer Beweise und eines Vergleichs mit Referenzdaten va-

lidiert. 

Im experimentellen Teil dieser Dissertation konnten keine signifikanten Effekte durch den 

Einsatz eines Patellarückflächenersatzes auf die Rotationen der Patella festgestellt wer-

den. Bei Betrachtung der Translationen konnte ein signifikanter Effekt auf den medio-la-

teralen Shift der Patella gezeigt werden. Für eine medio-lateral zentrierte Positionierung 

des Patellaimplantats auf dem zugehörigen Knochenschnitt konnte eine signifikante Kor-

relation zwischen dieser Änderung des Patellashifts und dem lateralen Facettenwinkel der 

nativen Patella gezeigt werden. 
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Schlussfolgerung und Ausblick 

Das neu entwickelte Simulationsmodell liefert valide Ergebnisse für das tibio-femorale Ge-

lenk. Darüber hinaus ermöglicht es qualitative und vergleichende Analysen zwischen ver-

schiedenen Implantat- und Modellkonfigurationen. Um belastbare Aussagen zu Patella-

kontaktkräften und absoluter patello-femoraler Kinematik machen zu können, sind weitere 

Validierungsschritte nötig, die zusätzlicher Daten insbesondere zur patello-femoralen Ki-

nematik und Lastsituation bedürfen. Die solide mathematische Grundlage für die Arbeit 

mit Kinematikdaten aus unterschiedlichen Quellen wurde geschaffen. 

Der gezeigte signifikante Zusammenhang zwischen der Beeinflussung des medio-latera-

len Shifts durch den Patellarückflächenersatz und dem nativen lateralen Facettenwinkel 

der Patella kann möglicherweise in der klinischen Anwendung berücksichtigt werden. Die 

grundlegenden Forschungsergebnisse zur patello-femoralen Kinematik können in zukünf-

tigen Projekten für weitere Validierungsschritte des in dieser Arbeit entwickelten Simulati-

onsmodells genutzt werden. Dies ist insbesondere dann möglich, wenn in naher Zukunft 

neue Datensätze mit kombinierten Daten zu tibialen in-vivo Lastdaten und patello-femo-

raler Kinematik verfügbar werden. 
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2. Abstract (English): 

Background 

Anterior knee pain (AKP) is one of the main reasons for patient dissatisfaction after total 

knee arthroplasty (TKA). Since AKP is localised to the patello-femoral joint and its direct 

surroundings, it is likely that the causes for AKP are related to this joint. Review of the 

existing literature on patello-femoral contact forces and patello-femoral wear testing points 

towards failure-conducing mechanics. This, however, evidently conflicts with the compa-

rably low revision rates reported by several national joint registries for patellar implants. 

This contradiction highlights the need for an improved understanding of the mechanics of 

the patello-femoral joint in vivo, as herein may lie the key to successful reduction of AKP 

after TKA. 

Objectives 

The first aim of this dissertation was to improve the understanding of the patello-femoral 

joint by focusing on a new approach to simulate the knee joint. This approach aimed to 

reduce the dependency of the model on assumptions which are based on non-accurate 

estimations. In order to validate this model, patello-femoral kinematics need to be further 

investigated. Therefore, the second aim of this dissertation was to lay the foundation to 

work with patello-femoral kinematic data with mathematical diligence. Finally, a deeper 

investigation of the factors influencing patellar kinematics was undertaken by first focusing 

on analysing the effect of patellar resurfacing in a human donor study. 

Materials and Methods 

In a first step, a finite element model including the patella was developed based on stand-

ardized in vivo load data for the isolated tibio-femoral joint. Since these data implicitly 

include all forces and moments induced by gravity, dynamics and soft tissue crossing be-

tween the proximal and distal segments of the joint, explicit modelling of most of these 

factors can be avoided without weakening the validity of the model. This model was ap-

plied to analyse the effects of the initial proximo-distal patellar position and the stiffness of 

the patellar tendon on patellar kinematics. 

The second part of this dissertation addressed a more fundamental issue, re-establishing 

solid basic principles with which to analyse and interpret patellar kinematics accurately. 

The representation of kinematics data, especially of relative patello-femoral rotations, is 

highly dependent on the underlying mathematical conventions used and their exact exe-

cution. A detailed summary of the most common methods to describe patello-femoral ro-
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tations was formulated and more importantly, accurate conversions between these con-

ventions were derived. These were provided to the biomechanical research community in 

the shape of a virtual computation tool. 

To improve our understanding of the impact of the parameters which influence patellar 

kinematics, the effects of patellar resurfacing were isolated from in vitro testing with eight 

fresh frozen knee specimens on a well-established knee rig at the Musculoskeletal Uni-

versity Center Munich (MUM). To identify the specific effects of patellar resurfacing, knee 

kinematics were measured both pre- and post-TKA, with and without patellar resurfacing, 

for two tibio-femoral implant variants (posterior stabilised PS and PS+). 

Results 

The finite element model made it possible to run comparative studies with different im-

plants or parameter variants. For the tibio-femoral joint, both kinematics and contact loads 

are in good accordance with the values previously reported in the relevant literature. For 

the patello-femoral joint, it was shown that a proximal initial patellar position and a weak 

patellar tendon causes more patello-femoral flexion and spin, while patellar tilt and shift 

are mainly influenced by the initial patellar position. 

The analysis of underlying mathematical conventions on the representation of patello-fem-

oral rotations showed that both magnitude and the characteristics of the rotation curves 

can be modified fundamentally by switching between conventions. The derived transfor-

mation methods between the presented conventions were shown to be valid by way of 

mathematical proofs and comparison to benchmark data. 

In the experimental part of this dissertation, no significant effects of patellar resurfacing on 

patello-femoral rotations were found. For the translations, it was shown that patellar resur-

facing had significant effects on patellar shift. For cases in which the patellar implant was 

placed in the medio-lateral centre of the patellar cut, this change in patellar shift proved to 

be significantly correlated to the lateral facet angle of the native patella. 

Conclusion and Outlook 

The developed model provides valid results for the tibio-femoral joint. Furthermore, it en-

ables qualitative and comparative analyses between different implant and model configu-

rations. Nevertheless, for accurate quantitative results of patellar kinematics and kinetics, 

additional data for validation are needed, namely in vivo data of patello-femoral kinematics 

and loads. To handle such kinematic data from different sources, a solid mathematical 

foundation was established. 

The relation shown between the native lateral patellar facet angle and the effect of patellar 

resurfacing on medio-lateral shift shall be taken into account for clinical applications. In 



2 Abstract (English): 6 

addition, the basic research on patellar kinematics brought forward by this dissertation can 

be used in future projects for further validation of the newly developed model, especially 

once a combined dataset of in vivo tibial loads and patello-femoral kinematic data be-

comes available. 



3 Introduction 7 

3. Introduction 

3.1 Motivation and aim 

Since total knee arthroplasty (TKA) was in its infancy, the prevalence of anterior knee pain 

(AKP) after TKA decreased from over 40% in the 1970s to less than 20% today [1–6]. 

Nevertheless, AKP is still the most common cause for dissatisfaction after TKA [7]. There 

are numerous possible sources known for AKP like an overloading of soft tissues, im-

pingement or instability [3], but for up to 15% of patients with residual pain no explanation 

can be found [7]. 

To fully grasp the implications of patella-related complaints, a comprehensive understand-

ing of knee joint mechanics, especially that of the patello-femoral joint after TKA, is nec-

essary. For the tibio-femoral joint, instrumented implants were placed by two research 

groups [8–10]. The data collected from these implants have provided crucial knowledge 

on in vivo mechanics. However, to the best of the author’s knowledge, no analogous stud-

ies exist where instrumented patellar implants were placed and able to directly measure 

the contact forces in the patello-femoral joint. 

Nevertheless, there are some studies which seek to estimate patello-femoral contact 

forces. These studies can be divided into three groups. First, there are those which rely 

on human anatomical specimen data to estimate the contact forces [11–18]. Thereby, in 

most studies a squat is simulated [11–13,16,17] and more complex activities of daily living, 

such as level walking are tested rarely [18]. To execute these tests, the body weight is 

generally reduced to a maximum of one third of its actual value [11–13,16,17]. Scaling the 

patello-femoral contact forces from such studies with reduced knee loads linearly to real 

body weights leads to peak patello-femoral contact forces between 3.8 and 8.8 times body 

weight (BW) for a squat cycle [19]. Although it has been demonstrated that scaling the 

simulated bodyweight does not change the shape of tibio-femoral kinematic profiles [20], 

these scaled results for patello-femoral contact forces from human donor specimen tests 

lead to unrealistically high values. Therefore, linear body weight scaling factors for these 

force values should be questioned [19]. 

A second group of studies aiming to quantify patello-femoral contact forces involves ana-

lytical calculations based on body movements and forces like ground reaction forces or 

gravity, which are rudimentary musculoskeletal models. The calculations for these simple 

models can be executed even without the use of modern computers. As such, these meth-

ods were mainly used in older studies and also lead to peak patellar contact forces up to 

7.6 BW for a squat [21,22] and 1.36 BW for level walking [23,24]. 
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A third category consists of studies which rely on modern musculoskeletal models and 

finite element models for the prediction of patello-femoral contact forces. Such more de-

tailed and sophisticated models result in slightly lower contact forces between patella and 

femur. For a two-legged squat, the patello-femoral contact forces given are in a range 

between 3.1 BW and 6.0 BW [25–27]. For level walking, stair climbing and sit-to-stand, 

peak patello-femoral contact forces up to 1.28 BW, 3.53 BW and 4.07 BW, respectively 

are reported [26,28,29]. 

Hart et al. [30] pooled nine studies with 152 subjects overall which led to estimates of 

0.9 ± 0.4 BW for the peak patello-femoral contact forces during level walking in healthy 

knees. For stair ascent and descent, they reported 3.2 ± 0.7 BW (6 studies, n=121) and 

2.8 ± 0.5 BW (4 studies, n=66), respectively. This consolidated dataset was not restricted 

to specific methods of measuring or calculating the forces and the final results are in ac-

cordance with the previously reported values. 

To put these contact forces into perspective, one can refer to the results of prosthetic 

patello-femoral wear testing [31–35]. Applying loads derived from level walking, with peak 

patello-femoral contact forces of 1177 N (equivalent to 1.6 BW for a 75 kg person and 

1.2 BW for a 100 kg person), the patellar components show significant wear after 3-4 mil-

lion load cycles [32–34]. For conventional ultra-high-molecular-weight polyethylene 

(UHMWPE) after gamma sterilisation under vacuum with 25 to 40 kGy (= 2.5 to 4 Mrad) a 

maximum material loss of 0.95 mm was reported after four million cycles [32]. Since cross-

linking of the chains in UHMWPE by higher radiation seemingly increase the wear re-

sistance of the material [36], the conventional UHMWPE was replaced by highly cross-

linked UHMWPE (radiation doses ranging from 50 to 100 kGy) in some implants [37]. An 

in vitro comparison of wear on conventional and highly cross-linked patellar components 

showed a reduction of subsurface cracks and material loss for the highly cross-linked 

UHMWPE. Nevertheless, the conventional as well as the highly cross-linked patellar com-

ponents showed clear scarring and slight plastic deformations after testing five million gait 

cycles with a peak load of 1750 N. After two million cycles of stair climbing with a peak 

load of 2468 N (equivalent to 3.4 BW for a 75 kg person and 2.5 BW for a 100 kg person) 

and well aligned implants, the highly cross-linked patellar component showed wear scars 

while the conventional component additionally developed subsurface cracks. For a 4° in-

ternally malrotated femoral component, the highly cross-linked patellar component 

showed more severe scarring and deformation while the conventional UHMWPE-compo-

nent showed substantial material loss at its lateral edge after one million cycles [31]. These 

in vitro results indicate a higher wear resistance for patellar components made of highly 

cross-linked UHMWPE. 
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To evaluate the difference in clinical outcomes between standard and highly cross-linked 

UHMWPE, registry data were reviewed. Since no registries that discriminate between 

these two material variants for patellar components were found, revision rates for TKA 

with tibio-femoral inlays with and without cross-linking were analysed. The Australian Or-

thopaedic Association National Joint Replacement Registry (AOANJRR) reported that 

75.8% of tibio-femoral inlays in TKA in 2021 consisted of cross-linked UHMWPE. Overall, 

the reported cumulative revision rates for cross-linked UHMWPE are significantly lower 

than those for conventional UHMWPE [38]. Nevertheless, a deeper look into implant spe-

cific data published up until the annual report 2020, revealed inhomogeneous outcomes. 

For some implant systems cross-linking decreased revision rates, others were unaffected 

or had higher revision rates using cross-linked UHMWPE [39]. Therefore, the advantage 

of highly cross-linked UHMWPE that would be expected based on the previously men-

tioned wear testing of patellar components, was not fully confirmed by registry data. 

Overall, previous studies concluded that patellar components show significant wear for 

loads that are lower than the patellar contact forces described in literature for the tested 

activities. Additionally, the advantage of highly cross-linked UHMWPE observed in vitro 

does not show up consistently when analysing implant survival rates. Therefore, the dam-

age on the patellar component in clinical settings could be expected to be more severe 

than in in vitro wear tests, potentially even leading to implant failure. 

Nevertheless, in the national joint registries of Australia, Germany, Great Britain and the 

United States, cumulative revision rates after TKA are reported to be lower if the patella is 

resurfaced during the primary surgery. The advantage of TKA with patella resurfacing re-

garding the revision rates increases over time [38,40,41]. Therefore, it is likely that patellar 

resurfacing is not causing the additional revision surgeries due to excessive wear of pa-

tellar components that one would expect from reviewing the wear testing results and pa-

tellar contact force estimations in literature (figure 1). 

Therefore, there could be a lack of precise understanding of the mechanics in the knee 

joint, especially in the patello-femoral joint. Results indicate that current methods may very 

well be leading to an overestimation of the patello-femoral contact forces. It is precisely 

this hypothesis which acts as the starting point of this dissertation, opening a broad field 

of study to dive deeper into the relevant factors and ultimately shed some clarity on the 

identified conflicting information. 
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Figure 1: Visual illustration of the starting point for this dissertation. The results of current simulation 

models and in vitro testing lead to the prediction of artificially high revision rates, conflicting with the 

lower rates reported by real registry data. This dissertation will focus on a re-exploration of existing 

simulation models (highlighted in red) as the potential source of this incongruency in the results. 

Hence, the aim of this dissertation was to employ newly developed methods to critically 

assess patello-femoral joint mechanics, ideally identifying the source of this contradiction. 

To that end, the use of results from in vitro studies, as well as the incorporation of assump-

tions from existing theoretical investigations, were reduced to a minimum. Since no in vivo 

data for patello-femoral contact forces are available, the main challenge of this project was 

and still is to find ways to validate the contact mechanics without using previous force 

estimations which are questioned in the beginning of this research project. By investigating 

the causes of the above-mentioned contradictions, the understanding of the patello-fem-

oral joint mechanics is improved. This represents an important basis to further investigate 

musculoskeletal factors potential to reduce AKP after TKA. 

This dissertation consists of three publications. In the first publication, a new dynamic finite 

element model including the tibio- and patello-femoral joint is presented. The second pub-

lication focuses on the theoretical and mathematical foundation of representations of pa-

tello-femoral kinematics and how to transform rotational data between these different con-

ventions. In the third publication, the isolated effects of patellar resurfacing on patello-

femoral kinematics were extracted from human donor tests to analyse whether patellar 

resurfacing could potentially lead to changes in kinematics and kinetics that better explain 

the positive clinical outcomes of patellar implants. 

3.2 Finite Element Model 

Every biomechanical model demands the consideration of certain assumptions which end 

up having a notable impact on the results. As a result, the first aim of this dissertation 

focused on the development of a knee joint model which included the patello-femoral joint, 
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while keeping the necessary associated assumptions to a minimum. In musculoskeletal 

models, muscle forces are calculated by optimising a specific criterion. For example, the 

model may seek to minimise energy consumption [25,42], joint torques [43], maximum 

relative muscle forces [44], muscle fatigue or the sense of effort [45]. A comparison of 

some of these criteria showed big differences in the resulting joint reaction forces [44]. 

Additionally, the exact location of muscle attachments, the respective strength of muscles 

and specific ligament stiffnesses have notable impacts on the results of such models. Alt-

hough these parameters can theoretically be determined for each subject specifically, this 

is not feasible for larger subject populations. To develop a more generalised model, all 

these parameters would need to be defined based on assumptions which would have a 

huge impact on the resulting kinetics of the knee joint. 

In order to address this, a finite element model was developed that is reduced to an abso-

lute minimum in terms of assumptions using standardised in vivo tibial reaction forces 

measured by instrumented implants [8,10]. These data consist of three tibio-femoral reac-

tion forces and three tibio-femoral moments representing all loads transmitted via the tibio-

femoral contact. All forces induced by ligaments and tendons that cross the tibio-femoral 

joint line are implicitly included into these loads, as well as forces induced by gravity or 

gait dynamics. A model where boundary conditions are chosen, such that the tibial reac-

tion moments are equal to the moments from the dataset when the flexion angle and the 

tibial forces are fed as input will reproduce the in vivo kinematics and contact situation. 

Following this basic idea, the model described in detail in the first publication with the 

title “Towards a New, Pre-Clinical, Subject-Independent Test Model for Kinematic Analysis 

after Total Knee Arthroplasty – Influence of the Proximo-Distal Patella Position and Patel-

lar Tendon Stiffness” [46] was developed. The strength of this model is its simplicity. Mod-

elling of most ligaments and muscles is avoided by having their effects on the joint implic-

itly contained in the tibial reaction loads. Only patella-related anatomic elements need to 

be explicitly modelled. It is useful for pre-clinical testing of implants and for studies com-

paring some parameters concerning the explicitly modelled patellar component, such as 

the published effects of the patellar tendon stiffness or the initial position of the patella. 

For valid estimates of the absolute patello-femoral contact force, the model is not suitable, 

because these forces are highly dependent on the chosen parameters of the patella inte-

gration. Due to the fact that questioning the magnitude of patello-femoral forces in litera-

ture was the starting point of this dissertation, such studies should not be used as sources 

to validate our model. Doing so would inevitably lead to similar results. 

Another way to further validate the patella-related results of the model is using more ac-

curate data of patellar kinematics for the validation process. This could be a project for 

future research that has the potential to bring further insight into the detailed mechanics 
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of the patello-femoral joint and the foundations for this were laid in the second part of this 

dissertation. 

3.3 Patello-femoral kinematics 

A literature search for patello-femoral kinematic data revealed that many publications pre-

sent kinematic values without properly describing the associated underlying mathematical 

conventions. Especially in what relates to relative rotations, key information is often miss-

ing [47–52]. Without comprehensive descriptions of the used definitions, the data are not 

uniquely interpretable. Much like providing measurements without the associated units, 

kinematic data published without clarification of the conventions employed is essentially 

useless. For kinematic data without clear information on the conventions it is the same 

type of problem. Another example of the use of questionable conventions is given by Su-

zuki et al., who reported patello-femoral angles by projecting the patellar axes on femoral 

planes and calculating the angles between the femoral axes and these projected axes 

[53]. Although explicitly described and therefore valid in essence, the reader may observe 

that for increasing patellar flexion angles, the meaning of the reported patellar spin and tilt 

become increasingly distanced from their clinical interpretations. In fact, for high knee flex-

ion angles, when 90° of patellar flexion are reached, the use of the terms patellar spin and 

patellar tilt becomes counterintuitive. What one would clinically understand as patellar spin 

is in fact at this point representing patellar tilt, and vice versa. A similar effect can be ob-

served in cases where patellar flexion is selected as the last rotation of a Cardan se-

quence, as has also been done in literature [54]. There are some publications proposing 

exact and clinically meaningful definitions for patello-femoral kinematics, for example Bull 

et al. [55] who described a convention similar to the mostly used one for the tibio-femoral 

joint presented by Grood and Suntay [56]. Nevertheless, to the best of the author’s 

knowledge, there has been no publication that provides a comprehensive overview of the 

possible methods to describe rotation data, as well as their specific advantages and dis-

advantages. To enable researchers to properly understand the implications of their choice 

of convention for describing patello-femoral kinematics, such an overview was provided in 

the second publication of this dissertation, titled “The Influence of Mathematical Defini-

tions on Patellar Kinematics Representations” [57]. Additionally, methods were developed 

and implemented to convert numerical data between the common representations for pa-

tellar kinematics. An implementation of these conversion algorithms is also given as sup-

plementary material to the publication to facilitate future work with rotational kinematic 

data. By implementing these methods and, optionally, the accompanying tool, researchers 

can easily compare results from different studies using different conventions by transform-

ing them into their favoured mathematical definition. 
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Even when comparing patello-femoral kinematics stemming from a common set of con-

ventions, the associated curves show considerable differences [58,59]. This can be 

caused by different testing methods, differences between subjects or implant configura-

tions. Therefore, further validation steps for the finite element model with data from litera-

ture seem to be critical. In fact, a key goal should be to establish a comprehensive dataset 

of patello-femoral loads and associated kinematics. Such a dataset is already available 

for the tibio-femoral joint [60] and as soon as similar data including patello-femoral kine-

matics is made available, model validation can be moved forward. 

Since there are a lot of possible ways to influence the patellar kinematics, there is a need 

to analyse one of the influencing factors by a time. It was decided to start the exploration 

of this vast field with an analysis of the effects of patellar resurfacing on patellar kinemat-

ics. 

Since patellar kinematics differ drastically between subjects [48,61,62], an exceedingly 

high number of subjects were required to show significant differences between groups 

with distinct treatment protocols. In order to reach reliable conclusions regarding the effect 

of varying methods of patellar resurfacing, or even of its omission altogether, a patient 

cohort of at least 41 to 70 participants would be needed [63–67]. However, if several im-

plant configurations are tested within every specimen, the number of subjects needed to 

show significant differences decreases to 5 to 10 subjects [68–70]. To avoid problems with 

interspecimen variabilities, a human specimen study was executed. Eight fresh frozen 

specimens were tested in a well-established and well understood knee rig at the Muscu-

loskeletal University Center Munich (MUM) [71–78] in their native state. Afterwards, sev-

eral implant configurations were successively tested, namely, after TKA with posterior sta-

bilised implants (Vega PS and Vega PS+, Aesculap AG, Tuttlingen, Germany), with and 

without patellar resurfacing. Having the tibio-femoral and patello-femoral kinematic data 

of every specimen for these five implant configurations enabled to extract the isolated 

effect of patellar resurfacing on kinematics for the two variants of the Vega implant system. 

Relating this kinematics analysis back to the native geometry of the patellar bone led to 

the third publication, titled “Isolated effects of patellar resurfacing in total knee arthro-

plasty and their relation to native patellar geometry” [79]. 

3.4 Conclusion 

This dissertation aimed to provide a better understanding of patello-femoral joint mechan-

ics, and thus shed light on the contradiction between the positive clinical results of patellar 

implants, the in vitro results of wear testing and the published patello-femoral contact force 

estimates. To that end, a new class of highly simplified models was used to predict patello-
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femoral contact forces. In such models, some of the crucial assumptions concerning the 

soft tissues surrounding the tibio-femoral joint can be bypassed by the use of in vivo load 

data which implicitly includes this loading. This approach reduces the number of unknowns 

in the model. For explicitly modelled ligaments and tendons surrounding the patella, the 

problem cannot be solved without measured in vivo patello-femoral forces. Therefore, val-

idation approaches must be found which do not rely on the values of patello-femoral con-

tact forces reported in literature, as these were questioned at the beginning of this disser-

tation. One possibility to achieve this aim could be the use of accurate patello-femoral 

kinematic data. Furthermore, a better understanding of the isolated effects of relevant pa-

rameters, such as patellar resurfacing on kinematics, would be enlightening. Within this 

dissertation, the first steps laying the foundation for this validation process were completed 

and will act as a useful resource for future projects. 
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