The Project of Czech - Austrian cooperation AKTION no. 69p17

Topic: Time-dependent structural changes in the meniscus of the knee to the axial load and its quantification using MRI in vivo

Final report

Participants from Czech Republic:

 Mag. Petr Kubový – the employee of Faculty of Sport and Physical Education, Charles University in Prague, department of Anatomy and Biomechanics

Mgr. Daniel Hadraba; Mgr. Lenka Horňáková – postgraduate students of Faculty of Sport and Physical Education, Charles University in Prague, department of Anatomy and Biomechanics

Participants from Austria: 

Mag. Vladimír Juráš, PhD.; Mag. Štefan Zbýň; Dr. Ing. Pavol Szomolányi – all of them are employees of the Medical University of Vienna, Department MR centre of Excellence

Reason for changes in our plans

During the realization of the project, no. 69p17 changes and shifts of planned exchange trips occurred.

The project progress was complicated by affairs at cooperating hospital on IKEM. We changed it for another hospital Hospital na Homolce, which is currently equipped with top 3T MR tomograph SKYRA. Currently, we are dealing with authors of pulse sequences (Xenia Deligianni PhD., Oliver Bieri PhD.,  Switzerland), we solve installation of the necessary vTE sequences in MR scanner, which causes delays and changes to our plans. We have taken many steps (communication with head of MR department at the hospital, consultations with leading person for science in Germany), but because of the situation at the hospital management, the process of approval of the sequences has been slowed down and nowadays we are still waiting for official agreement form hospital lawyers.

Overview of planned and performed trips:

1. February – March 2014, Trip to Vienna

(Arriving participant: Mgr. Lenka Horňáková; Domestic participant: Mag. Vladimír Juráš, PhD.)

The first trip to Vienna took place earlier (January 20, 2014) and expenses were covered from other sources. An initial consultation regarding imaging techniques and tissue with lower water content (such as meniscus) took place, we also discussed the appropriate imaging technique to gain morphological images.

2. March – April 2014, Electronic consultation

According to the plan, the communication between Czech and Austrian side took place by electronic form (from February to August). We discussed suitable pulse sequences, searched for the optimal method to display meniscal tissue. We gained contact with professionals from Switzerland (Xeni Deligianni PhD., Oliver Bieri, PhD.) and made final decision to choose vTE SPGR sequences. Because of the time difficulties with participation of cooperating radiology center on IKEM, we started collaboration with the Hospital Na Homolce, which is open for scientific cooperation.

3. May – June 2014, Trip to Prague

(Arriving participant: Mag. Vladimír Juráš, PhD.; Domestic participants: Ing. Petr Kubový, Mgr. Daniel Hadraba, Mgr. Lenka Horňáková)
The planned trip to Prague was delayed, it took place from 20th till 21st August 2014, Mag. Vladimir Juras, PhD arrived alone. It was at the most appropriate time, sequences were selected, at the Hospital na Homolce they started to operate with the newly bought equipment 3T and also, they started to take the first steps to install vTE sequences. With Mag. Vladimir Juráš PhD. we visited all cooperating laboratories and arranged the necessary details, also we applied a practically created methodology. The final version of the experiment was created. However, the first measurement of the volunteer at Homolka was not performed because of delay caused by installing of the sequences. However, contacts for further cooperation in other projects with respect at disposition of our laboratories were established.

The plan was the arrival of two persons for 5 days, but eventually we managed to organize all the meetings in the intensive two days. We booked a hotel with a good position to visit all workplaces. Because of the arrival of just one person, it was not possible to book hotel with such a low price for the night to cover the costs of the planned 800 CZK. Price was 1423 CZK.

As a research leader I am asking for possibility to cover price increase for accommodation from unspent money for the next scheduled nights. I also ask for payment of daily allowances for staff from the Vienna research center worth 2 x 500 CZK.
4. July – September 2014, trip to Vienna

(Arriving participant: Mgr. Lenka Horňáková; Domestic participants: Ing. Petr Kubový, Mgr. Daniel Hadraba, Mgr. Lenka Horňáková)
The planned journey to Vienna took place with delay, due to complications mentioned above. In the period 11th to 20th October 2014, Mgr. Lenka Horňáková visited the Vienna MR Centre of Excellence and after the agreement of MR management performed experimental measurement with volunteer at 3T MR tomograph using recommended vTE sequences. Subsequently during the entire stay, post processing of the images was conducted. Both linear and mono-exponential T2* maps were formed, the procedures for evaluating images were consulted and we also gained contact to another important person from the department (Dr. Ing. Pavol Szomolányi), who processes articular cartilage using similar procedure.
5. December 2014, Trip to Vienna

(Arriving participants: Mgr. Daniel Hadraba, Mgr. Lenka Horňáková; Domestic Participants: Mag. Vladimír Juráš, PhD., Mag. Štefan Zbýň, Dr. Ing. Pavol Szomolányi)
Next trip to Vienna took place in the period 5th till 9th December 2014 in number of 2 people. Its aim was the practical consultations of the various methods of post-processing, creation and evaluation of ROI. Team still worked with the images that were segmented by multiple techniques in November. We were using various software (ImageJ, Jive X) and choose the most suitable for further procedures (ImageJ). Travel expenses have exceeded the plan by 492 CZK, train ride was more expensive than expected, although we traveled by 2nd class. I am asking for payment from the funds saved on a planned trip to Vienna in February.
6. October – November 2014, Trip to Prague

(Arriving participants: Mag. Vladimír Juráš, PhD., Mag. Štefan Zbýň, Ing. Pavol Szomolányi, Dr.; Domestic participants: Ing. Petr Kubový, Mgr. Daniel Hadraba, Mgr. Lenka Horňáková)

The last planned trip took place in the period 12th till 16th December 2014, when all participants from the department of MR Vienna (Mag. Vladimír Juráš, PhD., Mag. Štefan Zbýň, Dr. Ing. Pavol Szomolányi)  met our team and also with the MDs from the Hospital Na Homolce. They discussed the technical details of installation procedure and adjustment of the pulse sequences. A major contribution was the participation of Dr. Ing. Pavol Szomolányi. who brought his experience with the evaluating of knee articular cartilage using similar methods and another type of loading device (I added his CV). We also discussed the possibilities of further cooperation in newly equipped Laboratory of Biomechanics of Extreme Load (labBEZ) at the Charles University in Prague. 

Due to agreement with the Coordinator of AKTION, I am asking for payment for Dr. Ing. Pavol Szomolányi's accommodation. The finance can be transferred from the costs saved on shorter trip to Prague in August. As a research leader I am asking for possibility to pay him daily allowances 5 x 500 CZK for all days spent in Prague. Please transfer funding from unspent money for traveling from the first and second trip to Vienna. I am also asking to pay travel costs for this person (39,2 €), please use the money saved during last visit in Prague. 

I am asking for payment of accommodation cost for all participants for 4 nights together 12 867 CZK, also please for diets for two remaining participants, in total amount of 5000 CZK (2 x 5 x 500 CZK) and the payment of travel costs 2 x 50 Euros (all participants came together in car from Vienna). 
Thanks to the program AKTION we had the opportunity for better cooperation and the personal contact that was necessary for the next steps. Overall, our cooperation had a great contribution to the development of methodology for imaging the knee meniscus structural changes under load. However, the progress of the project was significantly affected by the complication with the installation of pulse sequences in MR tomography at the Hospital Na Homolce. At the present time, we are not able to speed up the approval of installation process. We will start with the planned measurements on already collected volunteers as soon as possible.

The amount granted for project in CZK was almost spent, we have already returned remained 2012 CZK (302 CZK for travel costs in the Czech Republic and the sum of 1,710 CZK for accommodation in the Czech Republic).

Finance for diets in Vienna (360 €) were not spent yet. As a research leader I am asking for an extension of the possibility to use these funds in the year 2015, we will analyze the measured data and evaluate the obtained results. The journey would take place in a number of 2-3 people for 3-4 days. 

According to the results of the volunteer experimental measurements we can so far assert the following:

1. With increased time of loading, T2* relaxation time will increase as well

The studies have showed that the T2 times in menisci increase after loading. By using t – test: two sample Assuming Unequal Variances we show, that on the lateral meniscus of measured person, there was statistically significant increasing of T2* in the all regions. When compared unloaded (comp 0) and loaded tissue (comp 1 to comp 4), we show significant increasing of T2* after 20min of loading (12,4% in anterior horn P < 0.05; 22,4% in posterior horn P < 0.05; 19,9% in body P < 0.05). In medial meniscus, there was significant increasing of T2* just in posterior horn after 20min of loading (11,4%, P < 0.05). There was shown increasing of T2* values with time of loading, but it was significant just for anterior horn of lateral meniscus after first 6 minutes of loading (6,1% P < 0.05).  
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From the results we can notice higher T2* values in lateral meniscus. The reason why higher T2 values can been found in the healthy lateral meniscus is the different organization of collagen fibers. They are more organized and have higher anisotropy. We can also see quite high standard deviation in each region. The reason is that meniscal tissue is not homogenous tissue, and inner and outer areas of the meniscus differ in composition and cell metabolism, also in the regions, there is different collagen orientation. 

2. After some time of loading, increase of T2 time will stop on the constant value

This assertion was not confirmed. Increasing of T2* values was not stopped, there were still differences between third and forth measurement, although not significant. 

3. T2 colored maps showing changes of T2 time in tissue during measurement 
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Picture 1 Medial meniscus anterior and posterior horn. The example of evaluating monoexponential T2* maps. Evaluation of similar sections in the state without load (comp 0) and with load (comp 1 to comp 4). Note that all maps are overlaid on the morphologic image and pseudo-color-coded with the corresponding color bar in the lower right corner on the each image.
Ing. Petr Kubový – research leader
Mag. Vladimír Juráš, PhD. – cooperating person from MU in Vienna

