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Opponent Review 
 
 
1. Up-to-dateness of dissertation topic 

As mentioned in this thesis, total hip replacement is a highly demanded medical 
treatment in the modern society and the number of operations are continuously increasing all 
over the world. Especially in economically developed countries facing the rapid aging of 
population, improvements in the durability and longevity of joint prostheses have been urgent 
tasks and many research resources have been invested to this topic in both medical and 
engineering fields. As a result, some prominent achievements were accomplished mainly by 
introducing new implant materials and refined surgical techniques, and the clinical performance 
of joint prostheses was significantly improved during last two decays. However, the average 
service life of current hip joint prosthesis is still limited less than 20 years and we can find some 
critical clinical problems which has urged large scale revision surgeries.  

The metal-on-metal hip replacement litigation is a recent example of the serious clinical 
incident related to the joint prosthesis. In this case, the metal-on-metal hip joint prosthesis with a 
large head diameter and small radial clearance was expected to operate under the fluid film 
lubrication condition and show excellent tribological performance since it was manufactured 
with modern processing technics and had high shape accuracy and fine surface finish. Actually, 
it performed well in the joint simulator test with the ideal walking condition. However, it 
exhibited an excessive wear in the real in vivo environment under actual daily activities and 
nearly 15 % of implanted hips were retrieved within 5 years. This result clearly indicated that 
our current understanding for tribological phenomena in human body is not sufficient to avoid 
the unanticipated clinical failure of prosthetic joints. Therefore, the biotribology study for the 
lubrication of artificial joints under the physiological condition conducted in this dissertation has 
obvious significance. 
 
2. Whether the above dissertation has met the stated objective 

The purpose of this dissertation is to get new insights about the lubrication of hip joint 
prosthesis in human body. The author tried to clarify the effect of protein molecules existed in 
the physiological environment on the lubrication between joint surfaces by using a novel 
experimental technique. The results shown in this dissertation are useful to gain the 
understanding for the lubrication mode of joint prosthesis inside the human body and expected to 
contribute the development of reliable test method for predicting the in vivo performance of 
implanted artificial hips. These knowledges would be also important to create the innovative 
new design for joint prostheses. 
 
3. The procedure applied to problem solving and the results of dissertation stating the specific 
contribution of the PhD student 

The author of this dissertation reviewed many previous studies carefully and collected 
the vast amount of information about the experimental techniques by which he can evaluate the 
fluid film formation and identify the contribution of particular protein molecules. He had 
distinguished the advantage and limitations of each experimental method mentioned in 
literatures and finally developed the unique experimental technique to evaluate the dynamic 
behavior of lubricant film formation and protein film formation simultaneously by combining 
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the existing colorimetric interferometry and the fluorescent microscopy. The established method 
will be a quite powerful tool for the biotribology research about joint prostheses. The results 
obtained in this dissertation give us many new insights and certainly contribute to understand the 
lubrication of joint prosthesis in human body. 
 
4. The importance for practice or development of the respective scientific discipline 

Some important findings about the role of particular protein molecules in the lubrication 
of artificial joints implanted in human body had been achieved in this dissertation. These new 
knowledges will be helpful to establish the more reliable pre-clinical test method for joint 
prostheses and subsequently contribute to improve the in vivo performance of artificial joints. 

Many previous studies have indicated the importance of proteins contained in synovial 
fluid and tried to identify the contribution of particular proteins to understand the friction and 
wear mechanism of implanted joint prosthesis. However, the most of them were concerned about 
the effect on friction and wear under the boundary lubrication condition with certain solid 
contacts between sliding surfaces. Under such conditions, g-globulin revealed a more significant 
influence on the friction and wear of prosthetic materials compared with albumin. On the other 
hand, this study focused on the contribution of proteins to the formation of lubricant film which 
separated the sliding surfaces and prevented the direct contact of materials. Results of this study 
indicated the interesting new finding that albumin was playing a predominant role to establish 
the thick lubricant film. This fact infers a new insight about the lubrication of a joint prosthesis 
in human body. Although albumin and globulin are both contributing the lubrication of 
implanted joint prosthesis, they have a different role, respectively. Albumin enhances the 
lubricant film formation and contributes to separate the sliding surfaces, while globulin firmly 
adsorbed on the material surface and protect surfaces after the break down of albumin-based 
lubricant film. It would be an important information to define the ideal composition of test 
lubricant for the pre-clinical joint simulator test, as mentioned by the author of this dissertation. 
In addition, it will give us some ideas about the ideal surface treatment for prosthetic joint 
materials. However, some questions are remained to be solved. Why was only albumin 
accumulated between surfaces under rolling/sliding conditions? Why didn’t globulin contribute 
to the film formation? Further discussions including physical and chemical characteristics of 
each protein molecules would be necessary to understand the detailed mechanism. 
 

The authors discussed about the effect of surface wettability of prosthetic joint materials. 
However, there is no information about the surface wettability of tested materials in this thesis. 
Some quantitative data would be helpful to understand the results and discussion about the 
surface wettability. 
 

The discussion about the effect of SRR is not clear and difficult to figure out. Especially, 
the lubricant film formation under partial positive sliding was quite complicated. What is a 
driving force of initial development and following degradation of lubricant film? Some 
supplemental information would be necessary to presume the relationship between the sliding 
and protein film formation.  
 

The experimental method described in this dissertation was well designed to evaluate the 
lubricant film formation and to identify the contribution of particular protein molecules. 
However, there are still some limitations to reproduce the tribological condition of the hip joint 
prosthesis in human body. The non-conforming contact between ball and disk and would be a 
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largest subject to debate, as already recognized by the author. However, the influence of 
lubricant supply method should be also carefully considered. In the experiment described here, 
the lubricant was supplied to the inlet zone by a syringe pump and entrained into the contact area 
by the ball and disk rotation. Therefore, the hydrophilic ceramic ball might be able to attract 
larger amount of water-based lubricant compared with the hydrophobic metal ball and had 
advantage to develop the thicker lubricant film. Consequently, the effects of surface wettability 
and SRR on the lubricant film formation might have been emphasized by the way of lubricant 
supply. Of course, the contact pair is fully flooded in human body and possible artifacts arose 
from the lubricant supply method should be carefully identified. 
 
5. The formal arrangement of dissertation and its linguistic level 

The dissertation is written along with the formal arrangement and its linguistic level is 
excellent. 
 
6. Whether you recommend the award of PhD academic degree 

I would like to recommend the award of PhD to the author of this dissertation. 
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