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Review of Doctoral Thesis 

1. PhD candidate 

Ing. Pavel Čípek / Pavel.Cipek@vut.cz 

2. Name of PhD programme 

Design and Process Engineering (Mechanical Engineering Design) 

3. Title of PhD thesis 

The effect of synovial fluid constituents on friction and lubrication of articular cartilage 

 

4. Principal supervisor 

doc. Ing. Martin Vrbka, Ph.D. / martin.vrbka@vut.cz 

5. Co-supervisor 

doc. Ing. David Nečas, Ph.D. / david.necas@vut.cz 

 

6. Reviewer 

Anna Neus Igual Muñoz / anna.igualmunoz@epfl.ch 

EPFL SCI STI SM 

 

7. Overview of the scope of PhD thesis1    

Evaluate: Very good 

The main goal of the PhD thesis is to understand the role of main constituents of the synovial fluid on 
friction and lubrication of articular cartilage. To do that, an experimental approach was considered by 
developing a new multi-analytical instrument or tailored biotribology tests. The degradation mechanisms of 
articular cartilage leading to costly health problems can only be faced by a sound understanding of the 
involved phenomena during its operation. This requires for a rigorous development of instruments based 
on the fundamental understanding of the tribological phenomena (in this specific case, friction and 
lubrication). The candidate took a system approach, considering the whole complexity of the tribological 
system. The main outcome is the development of an experimental set-up and procedure allowing for 
testing natural and artificial cartilage under well controlled tribological conditions. The influence of the main 
synovial fluid constituents on friction and lubrication was described and compared.  

 

8. Significance of the topic and clarity of problem statement 

Evaluate: Excellent 

The present increase in average age of population leads to variety of health issues, including the mobility 
ones. In this particular case, the articular joints are a key factor for an appropriate quality of life. A deep 

                                                      
1 Overview of the scope of PhD thesis is a short description of objectives of PhD thesis’s research and 
summary of main findings and scientific achievements. 
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understanding of the involved mechanisms leading the good functioning of those articular joints is a 
prerequisite for their substitution in case of damage. Friction and lubrication phenomena play a major role 
in the behaviour of cartilage, guaranteeing the functionality of the joint. This frame is perfectly described in 
the PhD thesis, highlighting the importance of understanding the influence of the synovial fluid properties 
(components and concentration) on the biotribological behaviour of the cartilage. The scientific questions 
to be addressed are clearly stated by the candidate and the methodology rigorously developed to answer 
them. The relationship between friction and lubrication is clearly stated. 

 

9. Knowledge of existing literature 

Evaluate: Very good 

An extensive knowledge of the existing literature related to the biotribological behaviour of artificial 
cartilage is shown in the PhD thesis. The state of the art analysing the relationship between the cartilage 
behaviour and the properties of the surrounding synovial fluid is considered. The in-situ characterization 
methods are accordingly reviewed The existing models of friction and lubrication are correctly described. 
Just the research work carried out by Berthier et al. at INSA Lyon could have been also considered. They 
have done an interesting work on the interactions between synovial fluid constituents and its tribological 
behaviour which could be of interest for this PhD thesis. It can be also interesting for the candidate to 
check the work carried out at AC2T (Wien, Austria) by the group of Manel Ripoll related to the interaction 
cartilage/metals. 

 

10. Choice of methods and technical soundness 

Evaluate: Excellent 

The complexity of the tribological system considered in this PhD thesis requires for a tailored development 
of experimental set-ups and methodology which was carried out by the candidate. It consists of an ad-hoc 
tribometer allowing for an in-situ visualization of the contact area cartilage-synovial fluid through a glass by 
fluorescence. The whole experimental conception, also includes an image analysis system allowing for the 
quantification of particles during the tribological tests. The methodology allows for facing the open 
scientific questions addressed at the beginning of the PhD thesis. 

 

11. Quality, originality and significance of the results 

Evaluate: Very good 

The results show the potentiality of the developed methodology for the deeper understanding the 
biotribological behaviour of cartilage or other kind of soft materials. They also show the influence of some 
proteins on the formation of a lubrication film by their influence on the formation of particles within the 
contact. The set of results also aim at understanding the relationship between the frictional behaviour of 
the cartilage depending on the lubrication capability of the synovial fluid components. The amount and 
quality of the results are demonstrated by their publication in international journals.  

 

12. Quality of attached papers 

Evaluate: Very good 

The research work carried out during the thesis was published in one peer-reviewed paper and four 
papers in journals related to the fields of tribology and materials. The first paper, the most technological 
one, describes the new experimental set-up, including the description of its validation. In the other papers, 
the proposed methodology is further developed to understand the role of some components of the 
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synovial fluid (proteins, hyaluronic acid and phospholipids) on friction and lubrication through the formation 
of an adsorption film. The results have been also presented in different conferences and other journals.  

 

13. Overall assessment, strengths and weaknesses (based upon the above evaluation categories 
8–12) 

Evaluate: Very good 

Overall, the work developed in this PhD thesis allows for going one step further in the field of biotribology 
of artificial cartilage, by the conception of a new experimental methodology including multi-analytical 
techniques. It is a very relevant work which aims at understanding the influence of specific constituents of 
the synovial fluid on the friction and lubrication of the cartilage. The complexity of the system requires for a 
sound development of a new experimental methodology which was set-up in the thesis and appropriately 
validated. The relationship between the formation of lubrication films, their nature and the presence of 
particles on friction is studied in a systematic way. Although the considered variables is limited (as must 
be for a PhD thesis), the potential of the approach is very valuable. 

 

14. Questions and comments 

        

 

15. Conclusion 

PhD thesis is an independent scientific work that presents a novel experimental set-up for in-situ 
visualization and friction measurements of cartilage contacts allowing for studying tribological systems. 
The developed instrument and methodology was used for the description of the frictional behaviour and 
lubrication film formation of artificial cartilage sliding against a glass surface as a function of the lubricant 
composition (synovial fluid). Influence of synovial fluid constituents on lubrication friction were described in 
terms of lubrication fluid formation . 

YES/NO 

 

16. Date and signature 

14/03/2022 
 

 

Please note 

A. Evaluate categories 7 to 13 using the following scale: unacceptable, acceptable, satisfactory, good, 
very good, excellent. The qualification of ‘excellent’ should only be given for a PhD Thesis in the top 
3% of the research in your field of expertise. 

B. E-mail the completed form to: Klara.Javorcekova@vut.cz 

mailto:Klara.Javorcekova@vut.cz
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Ing. Pavel Čípek / Pavel.Cipek@vut.cz 

2. Name of PhD programme 

Design and Process Engineering (Mechanical Engineering Design) 

3. Title of PhD thesis 

The effect of synovial fluid constituents on friction and lubrication of articular cartilage 

 

4. Principal supervisor 

doc. Ing. Martin Vrbka, Ph.D. / martin.vrbka@vut.cz 

5. Co-supervisor 

doc. Ing. David Nečas, Ph.D. / david.necas@vut.cz 

 

6. Reviewer 
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7. Overview of the scope of PhD thesis1    

Evaluate: 

Justification for evaluation: 100 – 200 words. 

 

8. Significance of the topic and clarity of problem statement 

Evaluate: 

Justification for evaluation: 100 – 200 words. 

 

9. Knowledge of existing literature 

Evaluate: 

Justification for evaluation: 100 – 200 words. 

 

                                                      
1 Overview of the scope of PhD thesis is a short description of objectives of PhD thesis’s research and 
summary of main findings and scientific achievements. 
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10. Choice of methods and technical soundness 

Evaluate: 

Justification for evaluation: 100 – 200 words. 

 

11. Quality, originality and significance of the results 

Evaluate: 

Justification for evaluation: 100 – 200 words. 

 

12. Quality of attached papers 

Evaluate: 

Justification for evaluation: 100 – 200 words. 

 

13. Overall assessment, strengths and weaknesses (based upon the above evaluation categories 
8–12) 

Evaluate: 

Justification for evaluation: 100 – 200 words. 

 

14. Questions and comments 

         

 

15. Conclusion 

PhD thesis is an independent scientific work that presents a novel solution to a significant problem in the 
research area and demonstrates the candidate’s ability to conduct independent research. 

YES/NO 

 

16. Date and signature 

Date: 
 

 

Please note 

A. Evaluate categories 7 to 13 using the following scale: unacceptable, acceptable, satisfactory, good, 
very good, excellent. The qualification of ‘excellent’ should only be given for a PhD Thesis in the top 
3% of the research in your field of expertise. 

B. E-mail the completed form to: Klara.Javorcekova@vut.cz 

mailto:Klara.Javorcekova@vut.cz







