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in vivo-ex vivo Tissue Property Decay (in vivo) 
Summary 

Since the previous update, all tissue testing has been completed, the device has been shipped to 
the CREST lab at the University of Washington for potential future testing, and data analysis is 
near complete with one publication complete and at least one other publication currently being 
worked on. 

Porcine tissue testing was conducted across five sperate animals at five different tissue states 
including: in-vivo, in-situ immediately post-mortem, same day ex-situ, post-refrigeration, and post-
freeze-thaw. For each animal, the liver, spleen, peritoneum, and lung were tested, while inferior 
vena cava, descending aorta, and esophagus were tested on select animals when available. All 
final porcine tissue testing was completed between June 15 th, 2019 (7/15/219) and October 28 th, 
2019 (10/28/2019). 

The months following were primarily spent reviewing data from the porcine tissue testing in the 
form of data handling/processing and data analysis . Data handling and processing included 
segmentation of the raw database into usable grasps for analysis as well as filtering out any 
erroneous data. This was followed by validation of the grasper via analysis of puck calibration 
grasps which required additional processing in order to properly present the data. From this a 
data processing procedure was determined and this procedure was applied to the entire database. 
From here the data is now being analyzed across all pigs and states for liver, spleen, and 
peritoneum tissues, which will be followed by statistical analysis for publication purposes. 

As of the release of this final update, one publication has been published through the Design of 
Medical Devices conference and an additional publication is currently in progress. The publication 
through the Design of Medical Devices conference focused on the design of the grasper device 
itself and has a video presentation associated with the publication posted via the Design of 
Medical Devices as part of the rapid-fire presentation sessions. The publication currently in 
progress focuses on tissue mechanical response of porcine liver, spleen, and peritoneum tissue 
across all five pigs at all five tissue states tested. Pending results from statistical analysis, 
additional publication(s) are planned. 

Risk/Concern – N/A 

Procedure Testing 

Preparation 

Primary preparation for in-vivo porcine tissue testing consisted of ensuring the grasper remained 
in a working state, capable of moving between testing locations and recording the n ecessary 
applied force and encoder jaw angle, and training of new staff in their designated roles to ensure 
proper testing protocol was followed. To do this, dry runs of tissue data collection was carried out 
multiple times from porcine tissue provided by the University of Minnesota’s Visible Heart Lab 
(VHL). Whenever a sample tissue was provided, each person was assigned one of the four roles 
designated in the testing protocol, see Appendix A, and the testing procedure outlined in the 
testing protocol was carried out as outlined.  

During this time, minor quality of life changes were made to the grasper device in order to more 
streamline the testing process. The first of these changes included extending the connecting wires 
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from the grasper device to the NI-DAQ board on the cart in order to provide the individual grasping 
more freedom to move without the cart interfering. In order to ensure this wire extension did not 
cause additional noise in the data signals, testing was carried out comparing noise using th e 
previous shorter wires to noise experienced with extended wires. It was determined that the 
change in overall noise was negligible and had no impact on overall data. The second quality of 
life change that was made to the grasper was swapping the DC DC converter boost Buck to a 
dedicated power supply for signal amplification. During the dry runs of porcine tissue testing it 
was discovered that the DC DC converters would occasionally overheat and fail temporarily forcing 
testing to pause while they cooled. The dedicated power supply had no overheating issues and 
could be used indefinitely without any noticeable effect and would be used throughout in -vivo 
porcine tissue testing. 

Testing Summary 

Figure 1: Tissue testing procedure for a single animal 
In-Vivo and Postmortem 

The animal was sedated and laid on its back. An incision is made starting in the abdominal cavity 
(to access the Liver, Spleen, and “Belly” tissues), and then later expanded to the chest cavity (to 
access Lung and Aorta). The body temperature of the animal is measured via a rectal thermometer 
and recorded. 

After completing the data collection process on the desired tissues, the animal was euthanized, 
and the animal’s heart was extracted for separate testing occurring within the Visible Heart Lab. 
We continued with data collection immediately after euthanasia, on the same tissues as tested 
during in-vivo conditions, as outlined in Figure 1.  
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Ex-Vivo, Refrigeration, and Freezing 

After Postmortem testing the tissue was extracted from the carcass and placed in a plastic bag 
with 25 mL of 1x PBS/pen-strep antibiotic solution to minimize tissue decay. The liver was placed 
in a bag with 75 mL of solution due to its larger size.  

The plastic bags containing the tissues were placed in water baths at 37.5 degrees Celsius until 
data collection for the ex-vivo stage such that the tissue was approximately body temperature . 
After ex-vivo data collection, the tissues were replaced in their respective plastic bags (still 
containing the antibiotic solution) and then placed into a refrigerator maintaining approximately 4 
degrees Celsius. 

After approximately 24 hours of refrigeration, the tissues were removed from the refrigerator and 
re-heated in a water bath at 37.5 to 38 degrees C for 2 -4 hours, or until they achieved roughly 
body temperature. Again, the tissues remained in their plastic bags with the antibiotic solution, 
until they were temporarily removed for data collection. Once data collection was completed, the 
tissues were placed in their respective plastic bags. The tissue may be placed in a new plastic 
bag with more antibiotic solution if the previous bag was saturated with fluids from the tissue.  

The tissue was placed in a freezer at -18 degrees C for approximately 72-120 hours, after which 
the tissues was removed and placed in a water bath at 38 degrees C for 4 -5 hours, or until the 
tissue achieved roughly normal body temperature. Data was collected according to protocol from 
the tissues for a final time, after which the tissues were disposed of. 

Grasping Device Operation Setup 

The grasping device was first placed into a medical glove such that the load cells were placed 
into the fingers of the glove: the top jaw went into the “index finger” and the lower jaw went into 
the “pinky finger”. The remaining fingers of the glove were taped against the device in order to 
prevent interference during testing. 

The grasping device was connected to a National Instruments DAQ, which was then connected to 
a computer. This signal path is presented in a flow chart below in Figure 2.  The computer ran the 
“Scissors Console” application, which samples the voltage and encoder data at 1000 Hz and 
stored the data in CSV files defined by the user. The application also displays  a graph of the data 
collected in real-time and produces a series of tones at fixed time intervals in order to produce 
consistent grasp timings, which is shown in Figures 3 and 4 respectively . 

Figure 2: Data signal path from grasper device to stored data 
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Figure 3: Screenshot of the scissors console application. Plot displays data collected in real-time. See Appendix B for 

detailed process to acquire code for GUI 
 
Calibration 

First, the Futek Signal Conditioners were adjusted such that the voltage readings from the load 
cells were within +/- 0.1 V when the grasping device “closed” and held horizontally (the “top” load 
cell points towards the floor, while the “bottom” load cell points towards the ceiling without 
touching each other). 

The grasping device was then placed on a horizontal surface such that a load cell was oriented 
perpendicular to the floor. The voltage data was recorded as a baseline, then dead weights with 
known masses (varying from 10 mg to 500 mg) were placed on the load cell, and the voltage data 
was recorded for each mass. The weighting process was repeated for the other load cell, 
producing voltage data for every weight for both load cells. 

The full calibration process was repeated at the beginning and end of each day of data collection  
and both before and after changing testing locations . 
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The data was later used to convert from the recorded voltage data to force data. This was done 
by applying a linear regression to a plot of Force (converted from weight) to Voltage. The resulting 
fit coefficients were then applied to the recorded voltage data to obtain force data  from voltage 
readings. 

Data Collection 

An individual designated as the “Tissue Holder” measured the tissue temperature, and adjusted 
the tissue into a suitable position for data collection; ideally holding the tissue horizontally with 
space for both jaws of the grasping device to freely move without touching any other objects. The 
tissue holder also indicated where the tissue was to be grasped - making sure to avoid the edges 
of the tissue and any surface irregularities. 

Once the tissue was in position, the data collection process was initiated. The Scissors Console 
application produced a series of tones to dictate the timing of the data collection process. Initially, 
the console produced 3 beeps, each 1 second long, with 0.75 seconds between beeps as the 
grasping device was “stretched” open and closed in order to ensure that the index pulse was 
triggered on the encoder ensuring accurate and consistent encoder results.  

Once the stretching period had elapsed, the console waits for 3 seconds and then produces a 
different set of tones. 

First, the console produced a short beep for 200 milliseconds as the user moved into position on 
the grasp site. After a 500-millisecond delay, the console produced continuous tone for 1500 
milliseconds, and the user grasped the tissue site throughout the duration of  the tone. Once the 
beep stopped, the user released the tissue from the grasp and the console waited for 1000 
milliseconds to repeat the cycle. 

This cycle was repeated 5 to 10 times at a single grasp site, using the beeps to ensure consistent 
grasp duration and frequency. Once the desired number of grasps were completed at the site, the 
“Stop” button was pressed on the console application, and the grasp site was marked using o a 
meat marker. The Data Collection process was repeated at several grasp sites throughout the 
tissue, for each tissue. However, certain tissues such as the aorta and esophagus c ould only be 
effectively grasped at a single grasp site during in -vivo testing, due to physical limitations. The 
temperature of the tissue is taken again on the surface of the tissue, near the location of the trials.  
This entire procedure was conducted as outlined in testing protocol, see Appendix A.  

Data Analysis 

Data Handling and Preprocessing 

Preprocessing 

The raw data from the CSV files are first read by a MATLAB script and collected into one large 
data structure which organizes individual trials by animal, tissue, test stage (in -vivo, ex-vivo, 
postmortem, etc.), and finally by test site. During this process, the script discards all data from 
the initial “stretching” period and converts recorded voltage data into force.  

Grasp Detection/Segmentation 

Once the data has been organized into a MATLAB data structure, another script analyzes each 
trial and automatically detects individual grasps from a trial.  

First, the script obtains a moving mean of the force using a running average of 100 samples. It 
then calculates the difference in force between each subsequent sample and applies a threshold 
limit to find the samples where force is increasing in both load cells. Thereafter, periods where 
the force is increasing are defined as grasps. 
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The grasps are further refined to combine “broken regions” where a single grasp has been 
detected as multiple smaller grasps - usually because the grasping device temporarily stops 
increasing the force applied to tissue. 

The automatic grasp detection is then further refined by manually determining the start of the 
grasp. This is done by plotting the force and manually selecting the time stamp when both jaws 
have begun contact with tissue, determined by when the force on both load cells have increased 
greater than the baseline (typically <0.1 N). During this process, we discard any trials that had 
technical issues that may have previously been unnoticed. These issues usually stemmed from  a 
loose wire connection with the encoder or either load cell.  

The script then converts the encoder data into the angle between jaws, and then into the linear 
distance between the jaws. This is used to define the thickness of the tissue, which is the dista nce 
between the jaws on first contact. It then calculates the change in tissue thickness from the 
beginning of the grasp. From this data, we calculate the “pseudo-strain” of the tissue, by dividing 
the change in tissue thickness by the initial thickness, p roducing the normalized displacement. 

Finally, the script also creates data fields for testing information. This information includes tissue 
temperature, location on the tissue (if available), testing type (whether it was a site that had 
previously been tested or not), and any miscellaneous testing notes. These data are entered 
manually from a checklist filled out during testing.  

Data Analysis 

Grasper Device Validation 

Grasper device testing results validation was conducted by analyzing all of puck grasping  datasets 
to one another. Ideally, there should be not change in stiffness for the synthetic puck, thus the 
resulting force-strain relationship at a given applied force should be identical across all puck 
grasping datasets. Upon plotting all of the first g rasps on the synthetic puck across all testing 
scenarios, it was quickly evident that with the automatically segmented grasps, we were not seeing 
similar stiffness across all trials, as shown in Figure 4 below: 
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Figure 4: Synthetic puck first grasp raw data plots across all testing session. First plot is applied force with 
respect to time, second plot is encoder tick with respect to time, and third plot is force with respect to 

pseudo strain 

Upon seeing this, there were two potential sources where this c hange in stiffness could be 
coming from. The first of these was from an improper voltage to force conversion , which could 
cause variation in the applied force dataset. To analyze this, each of the jaw load cell calibration 
datasets was loaded into a MATLAB function individually and analyzed. From this relationship of 
applied weight to voltage readings, it was possible to apply a line of best fit to the dataset, in 
which the slop would be the resulting voltage to force conversion. The results from this study  
are presented on the next page, in Figure 5. From this plot it is clear that the voltage to force 
conversion remains fairly consistent across all testing scenarios for each load cell independently 
with a resulting average conversion rate of 4.901N/V for the load cell and 5.076N/V for the 
bottom load cell. In addition to analyzing the conversion ratio directly, it was also necessary to 
consider that a linear best fit line was appropriate for the conversion. When analyzing the R -
squared values across each load cell calibration dataset the minimum R-squared value was 
0.996674 which reinforces the notion that the voltage to force conversion is a linear relationship, 
thus a linear line of best fit is an appropriate method for determining the conversion ratio.  



9 

Figure 5: Voltage to force linear fit example plots (left)  and overall fitted slope voltage to force 
conversation ratio for both jaw load cells (right)  

This process of validating the voltage to force conversion ratio, while not directly solving the 
issue of varied results in puck calibration stiffness, did ensure that the proper conversion ratio is 
being used throughout the rest of the data analysis process. The second potential source of 
stiffness error was determined to be an issue with the automated gra sp segmentation process. 
After analyzing individual grasp raw date, it was noted that the automated grasp segmentation 
process was setting the start points of grasps to early in the data set, which caused the linear 
region during the first 100ms of the force with respect to time plot of Figure 6. To combat, the 
team went in a manually set the starting timestamp for each first grasp to the puck and 
generated new force with respect to pseudo strain plots. This plot is presented below in Figure 
7.
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Figure 6: Synthetic puck first grasp manually segmented grasp start timestamps plots across all testing 
session. First plot is applied force with respect to time, second plot is encoder tick with respect to time, 

and third plot is force with respect to pseudo strain 

From this figure it is clear that the slope of the force with respect to pseudo strain plot was much 
more consistent across trials, thus signifying more consistent stiffness readings. The next step 
in grasper device validation was to the then review the stiffness of the puck at various applied  
forces, which ideally will be the same for a given applied force across all sessions.  These plots 
are presented below in Figures 7 and 8: 
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Figure 7: Synthetic puck stiffness at 10N applied force across all testing sessions  

 

Figure 8: Synthetic puck stiffness at 15N (left) and 20N (right) applied forces across all testing sessions  

From these figures, it is clear that the resulting stiffness is now much more consistent at a given 
applied force. With this said, the calibration puck data shows some variation in stiffness across 
sessions and within sessions, despite being the exact same material with the same 
measurement methods. Variation can be partially explained by grasping near the edges of the 
calibration since material stiffness can change dur to edge effects and grasping the puck at an 
angle. These sources of error, and general uncertainty of the grasper device readings due to 
noise, were now within an acceptable range to continue with data analysis on entire set of 
porcine tissue testing data.  

Curve Fitting 

The following is the equation used for curve-fitting: 

𝐹(𝑡) =  𝛼 ∗ (𝑒𝛽∗𝜖(𝑡−1)2
)        (1) 

Where (alpha) and (beta) are the curve-fit parameters to be determined; while F(t) and (t) are the 
force and (normalized) displacement of a grasp, respectively. 
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We utilize both the “trust-region-reflective” algorithm as well as the “levenberg-marquardt” 
algorithm with a step tolerance of 10 -13, as well as function tolerance and optimality tolerance of 
10 (default MATLAB settings). 

The initial guesses for curve-fitting were defined for each tissue as follows: 

Tissue α β 

Liver (Default) -2 5 

Spleen -1 2.5 

Aorta -0.25 4 

Lung -0.03 6.5 

Belly -0.5 6.5 

Calibration Puck -20 1 

Table 1: Initial guess coefficients for iterative curve-fitting 

Curve-fitting is run multiple times for each grasp; each time, the residual for the function is 
calculated. If the squared sum of the error (SSE) is lower than the previous best sum, it is selected 
as the solution. The current best solution is then fed into the curve-fitting algorithm as a new initial 
guess. The script switches between the two solvers on each subsequent iteration, until both 
solvers are run 3 times each. 

After obtaining the best solution, we calculate a “quality” met ric for the solution similar to how an 
R-squared value is calculated for a linear fit. First, we calculate the sum of squared total:  

𝑆𝑆𝑇 =  ∑(𝐹(𝑡) − �̅�)2             (2)

𝑛

𝑡=1

 

Where F(t) is the force at time t and �̅� is the mean force. We can then calculate the quality metric 
as: 

𝑄𝑢𝑎𝑙𝑖𝑡𝑦 = 1 − 𝑆𝑆𝐸 ÷ 𝑆𝑆𝑇        (3) 

The generated alpha and beta values are saved along with the generated quality metric and other 
data from each grasp. 

Data Analysis 

We calculate a “stiffness” metric for the tissue in each t rial by computing the analytical derivative 
of the curve-fit Force-Displacement curve of each grasp. The derivative of the curve is given as 
follows: 

𝑠𝑡𝑖𝑓𝑓𝑛𝑒𝑠𝑠 =  
𝑑𝐹(𝑡)

𝑑𝜖(𝑡)
= 2𝛼𝛽𝜖(𝑡) ∗  𝑒𝛽∗ 𝜖(𝑡)2

                    (4) 

Thus, we calculate the stiffness from the curve-fit parameters and the displacement of the tissue 
at a point in the grasp where the force applied is equal to some desired force value. Consequently, 
any grasps that did not reach the desired force value cannot produc e a stiffness metric with this 
method. 
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Ongoing Data Analysis 

Liver 

Figure 9: Porcine liver force-normalized displacement curve for all first grasps from session/animal 5  
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Figure 10: Porcine liver stiffness at an applied force of 10N across all sessions in-vivo (left) and across all 

states during session 5 (right)  

Plot of Liver stiffnesses measured via the Curve-Fit-Derivative approach. The first 5 box plots 
compare stiffnesses across sessions (different animals) as measured during the In -Vivo 
experiments; the last 5 box plots show the measured stiffnesses across the different test 
conditions. The “N =” value indicates how many grasps are included in each set; and each grasp 
has a quality value of at least 0.95. All outliers are included in t he whiskers: outlier detection is 
disabled. 

We observe increased stiffness in the liver after euthanasia, until we refrigerate (and re -heat) the 
tissue. Unfortunately, the post-freeze data is more limited with only 5 samples; many of the 
samples were “lost” due to insufficient maximum force applied to the tissue.  
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Figure 11: Porcine liver initial thickness across all sessions in-vivo (left) and across all states during 

session 5 (right) 

All of these results portray primarily for a single animal across all five tissue states. Presented in 
the figure below are similarly formatted plots; however, for the different tissue states tissue from 
all sessions are included across each of the five an imals.  

 
Figure 12: Porcine liver stiffness at an applied force of 10N across all sessions in -vivo (left) and across all 

states across all sessions (right) 



16 

 

Figure 13: Porcine liver initial thickness across all sessions in-vivo (left) and across all states at across all 
sessions (right) 

 

Overall liver data does not exhibit significant differences in stiffness from postmortem and 
onwards. Post-freeze stiffness returns to values closer to those observed during in -vivo. There is 
largely an increase in variation after in-vivo, which may be explained by variations in temperature.  
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Spleen 

Figure 14: Porcine spleen force-normalized displacement curve for all first grasps from session/animal 5  

From observations during our testing and preliminary data analysis, we believe the spleen is a 
special case that is dominated by fluid/viscous effects. This is due to certain behavior observed 
in the Force-Displacement curve of the spleen: if a constant (nonzero) force is applied to the 
spleen, the displacement increases despite no additional effort applied by the grasper. This effect 
can be so pronounced that a reduction in force applied can still produce increased displacement. 
An example of this is shown in the figure below:  
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Figure 15: Porcine spleen example first grasp depicting change in tissue thickness at constant applied 
force resulting in poor force with respect to tissue displacement relationship  

Figure 15 shows force in top plot (red line being the upper jaw, blue line being lowe r jaw); the 
encoder ticks in the middle plot, and the resulting force-displacement curve in the bottom plot. 
Around the 1 second mark, the applied force remains roughly constant at just under 6 Newtons, 
but the grasper continues to close, as evidenced by the encoder ticks decreasing. Shortly after, 
the applied force is reduced, but the grasper continues to close.  



19 

 

Figure 16: Porcine spleen stiffness at an applied force of 6N across all sessions in -vivo (left) and across 
all states across all sessions (right) 

 
Figure 17: Porcine spleen initial thickness across all sessions in-vivo (left) and across all states at across 

all sessions (right) 
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The spleen exhibits consistent, increased stiffness beginning with Postmortem and increasing 
stiffness after the tissue is extracted and subjected to the later conditions. This further supports 
the notion that the stiffness of the spleen is at least partially determined by fluid/viscous effects, 
as the fluid in the spleen is evacuated as time goes on (after  death). 

Spleen data displays strong viscous effects during the In-Vivo condition and becomes increasingly 
stiff with the later conditions. This is unsurprising, as the spleen contains a significant amount of 
blood in life and begins to “drain” starting with postmortem. By the time the tissue is the Ex -Situ 
condition, a significant amount of blood has evacuated from the spleen, resulting in significantly 
reduced size of the organ, as well as increasingly stiff measurements, as the tissue becomes thin 
and the grasper presses against itself.  

Belly Peritoneal Lining 

 
Figure 18: Porcine belly/peritoneal lining force-normalized displacement curve for all first grasps from 

session/animal 4 
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Figure 19: Porcine belly stiffness at an applied force of 10N across all sessions in -vivo (left) and across all 

states across all sessions (right) 

 
Figure 20: Porcine belly initial thickness across all sessions in-vivo (left) and across all states at across all 

sessions (right) 

“Belly” data shows almost no variation in across testing conditions, except for the Ex -Situ 
condition. The cause of this discrepancy is unknown, and its cause could simply be due to 
methodology and/or temperature effects. 
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Lung 

 
Figure 21: Porcine ling tissue force-normalized displacement curve for all first grasps from session/animal 

5 
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Figure 22: Porcine lung stiffness at an applied force of 5N across all sessions in -vivo (left) and across all 

states across all sessions (right)  

 
Figure 23: Porcine lung initial thickness across all sessions in-vivo (left) and across all states at across all 

sessions (right) 

Lung data indicates a somewhat steady decline in stiffness as time goes on. The cause of this 
“softening” effect is unknown and may merit further review. However, the significant apparent 
variation in stiffness during In-Vivo is likely caused by the active expansion and contraction of the 
lungs as the animal breathes. While the breathing effects are unlikely to cause significant effects 
to the true stiffness of lung tissue, the expansion and contraction of the lungs significantly impact 
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the handling of the tissue and other tissues around it; therefore, an accurate simulator must 
simulate lung expansion and contraction as the “patient” breathes.  

Updates and Facilities Status  

IT and Data Storage 
 
All raw and processed data is stored within the Medical Robotics and Devices Lab’s google drive 
as well as on a backup physical hard drive within the lab. All supporting documents are also stored 
withing the lab’s google drive and as physical copies within  the lab. Additionally, all data analysis 
code is stored within the with lab’s GitHub repository.  

Equipment Status 
The grasper device, and all relevant equipment, have been shipped to CREST at the University 
of Washington for potential future tissue testing and data collection. An additional backup grasper 
device remains at the University of Minnesota for potential future tissue testing, data collection, 
or similar projects. 

Sean Moen, Special projects director under the school of medicine and the departmen t of 
neurosurgery continues to co-operate out of our lab.  

General Lab Operations 

STAFFING 
Faizan Malik and Bradley Drahos were hired to work full time on the tissue collection cooperative 
project as part of data collection, data analysis, and publication work. 

Upcoming Events 

Final Tasks 
• Share data via PLOS ONE or Dryad publish data repository pending acceptance of PLOS 

ONE in-vivo paper 
o Consider alternative data hosting 

• Generation of final data analysis results figures 
• Statistical analysis review with statistician for major publication(s)  
• Completion of primary publication analyzing tissue mechanical response of porcine tissue 

across animals and across tissue states for liver, spleen, and peritoneum tissues  
• Potential additional publication(s) pending statistical analysis review 

Publications 
• Drahos, B., Safdari, A., Malik, F., Smith, R., Kubala, M., Norfleet, J., Parsey, C., Goodwin, 

S., Kowalewski, T., (2020). Design of a Handheld Tissue Grasping Device to Measure 
Tissue Mechanical Properties In-Vivo or in a Laboratory Setting. In 2020 Design of 

Medical Devices Conference , in press. American Society of Mechanical Engineers, ASME 
Digital Collection, 2020. 

• “Design of a Handheld Tissue Grasping Device to Measure Tissue Mechanical Properties 
In-Vivo or in a Laboratory Setting”, Design of Medical Devices Conference Virtual Rapid -
Fire Presentation Session, Minneapolis, MN, June 2020  

• Xiaoyin Ling, Amer Safdari, Michael  B. Tradewell, Robert M. Sweet, and Timothy M. 
Kowalewski. Dynamics of Foley Catheter Insertion: A Cadaver Study. In Engineering and 

Urology Society, 34th EUS Annual Meeting, San Francisco, CA , 2019. 
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• Amer Safdari, Xiaoyin Ling, Michael  B. Tradewell, Timothy M. Kowalewski, and Robert M. 
Sweet. Practical, Non-Invasive Measurement of Urinary Catheter Insertion Forces and 
Motions. In 2019 Design of Medical Devices Conference , pages V001T06A016--
V001T06A016. American Society of Mechanical Engineers, ASME Digital Collection, 
2019. 

• Amer Safdari. Towards More Accurate Medical Simulation via  Procedural Instrumentation. 
Master's thesis, The University of Minnesota Twin Cities, 2019.  

• Xiaoyin(Catherine) Ling. Dynamics of Male Urethra Catheterization: Simulator and 
Cadaveric Study. Master's thesis, The University of Minnesota Twin Cities, 2019.  

• Xiaoyin Ling, Michael Tradewell, Robert  M. Sweet, and Timothy M. Kowalewski. A 
catheter insertion force assessment tool: Design and preclinical results. In  Engineering 

and Urology Society, 33rd EUS Annual Meeting, San Francisco, CA , 2018. 

Publications in Progress 
• Drahos, B., Norfleet, J., Parsey, C., Malik, F., Safdari, A., Kowalewski, T., (2020). 

Determining Potential Changes in Tissue Mechanical Properties of Porcine Liver and 
Spleen from In-Vivo to a Laboratory Setting Port-Refrigeration and Post-Freeze to 
Facilitate More Accurate Medical Simulators. In 2020 Military Health System and 
Research Symposium, [ACCEPTED, CONFERENCE CANCELLED] . 

Expenditures to Date 

Spending on Current Project Budgets 
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Appendix A: 
ARL In-Vivo Testing Protocol 

Study Overview 

 Each subject pig will undergo mechanical characterization on both the spleen 
and liver over 5 experimental conditions. The objective is to measure and quantify the 
difference in tissue response between in-vivo to ex-vivo, along key testing conditions 
that may capture the decay of tissue over its post-mortem lifecycle. A mechanical 
grasping tool instrumented with load cell arms and an encoder will perform the 
measurement. VHL personnel will assist in providing anatomical access in-vivo, in a 
manner that is consistent with our animal protocol and minimizes bleeding. Additionally, 
in-vivo VHL lab personnel will assist in identifying regions that are accessible for the 
grasping tool. The liver lobe(s) accessible in-vivo will be noted, and any further tests on 
those lobes will be indicated on the notes sheet as info for analysis. 
 Following the in-vivo experiments, the procedure will be replicated in-situ after 
the animal has been euthanized. We will wait a minimum of 15 minutes after the 
conclusion of the in-vivo tests to ensure the organs have had a chance to mechanically 
relax into their native state. Post euthanasia, the animal will receive a large abdominal 
incision to allow full organ access for in-situ testing. Throughout our testing every grasp 
site is dried and labeled to prevent retesting on the same spot. After the conclusion of 
the in-situ experiments, the organs will be harvested and transported to another lab for 
further testing ex-vivo ex-situ as soon as possible. 
 Experiments are similarly conducted on these excised organs, and after 
completion the liver is dissected into its constituent lobes to allow for easier handling and 
thawing. Each liver lobe, and the spleen will receive 25 mL of 1x PBS/pen-strep solution 
and stored in a zip lock bag in a fridge at 40° F. After 24 hours (tolerance 18-36h), the 
organs will be heated in a water bath for 2 hours at physiological temperature and further 
tested. The organs are replaced into their original bags containing the 1x PBS/pen-strep 
solution, and frozen for 3-5 days. This last experimental condition will test on spots that 
have been previously tested on, identified by any remaining and visible prior markings.  
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Pre-study Preparation  

Calibration 

1) On the morning of testing day, calibrate load cells using the array of known weights 
in the blue container. 

2) Start by running the data collection software, and using the signal conditioners to 
tare both load cells within +/- 0.01 V 
a) Use the small futek screwdriver to adjust tare offset 

3) Collect data on the 10, 20 (both), 50, 100, 200 (both), and 500 g weights. Save this 
to the calibration folder with the date of the testing. 

 

Stock Cart and Prepare Supplies 

Stock cart with supplies indicated in checklist. Ensure 100x pen-strep solution is thawing 
in the fridge the morning of the experiment. 

Study Preparation 

1) Ensure load cells were calibrated 
2) Setup hardware and software 

a) NI DAQ breakout connected to PC 
b) Futek conditioners connected to NI DAQ breakout 
c) Scissors connected to Futek conditioners 
d) Confirm all 3 data channels collecting and in range: Force & Position, both jaws 

3) Setup video collection 
a) Make sure GoPro camera is charged 
b) Setup tripod 

4) Open software 
a) Located in ~/Documents/scissors_console 

5) User sets destination directory for data 
a) Usually ~/Documents/[today’s date eg. 20190220]/ 

6) Install XL nitrile gloves over ends of scissors 

Study Role Sheets 
Indicated below. 
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Computer person 

1) Set filename for trial [XYZ]  - timestamps automatically recorded 
a) Study coordinator will indicate this to you 
b) X - tissue 

i) 1 = liver 
ii) 2 = spleen 
iii) 9 = Calibration synthetic (red) 

c) Y - experimental setup 
i) 0 = in-vivo, in-situ 
ii) 1 = ex-vivo, in-situ 
iii) 2 = ex-vivo, ex-situ, fresh 
iv) 3 = ex-vivo, ex-situ, post 24 hour refrigeration cycle in 1x PBS/pen-strep 

solution (tolerance minimum 18 hours, maximum 36 hours) 
(1) Duration is defined as time put into fridge, and time at which tissue is 

completely heated and at physiological temperature (37 C) in water bath 
v) 4 = ex-vivo, ex-situ, post >72 hour freeze-thaw cycle (tolerance minimum 72 

hours, maximum 5 days) 
(1) Duration defined similarly as above 

d) Z - trial number 
i) 0 - 9 

2) Start test when indicated by others 
a) Confirm start of data acquisition 
b) Confirm index pulse was triggered (encoder values look consistent from trial to 

trial usually ranging between 100 and -900) 
c) Confirm end of data acquisition 
d) Confirm filename of last recorded trial 

3) Stop test when indicated by others 
4) Monitor sensor feed for anomalies (sensor flatlining, erratic noise, large (> 0.1 V) 

offset between load cell values, etc etc) 
a) Indicate to study coordinator if present 
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Scissors wielder 

1) Setup 
a) Setup computer and software for computer person 

i) Open program 
ii) Set folder paths and filenames 
iii) Ensure operator understands their role 

b) Install gloves onto scissors 
c) Mount Futek signal conditioners to arm 
d) Install biohazard bag over scissors, futek conditioners, and arm 

i) Allow small hole in bag for scissors to extend through 
2) Calibration Grasp 

a) Do 10 “practice grasps” on synthetic tissue standard (for reference point before a 
trial) 

b) Conduct this on the Red tissue puck that is located with the data collection cart 
c) Do this prior to starting or ending with an organ 

3) Perform a single Trial: Perform a target of 10 grasps on tissue in specific site - region 
indicated by the tissue holder 
a) Wait for tissue holder and study coordinator to signal readiness 
b) Begin trial by flexing scissors from fully open to fully closed (through air) 

i) Do this at least 3 times 
ii) Confirm with computer person that the index pulse was triggered 

c) Grasp at a speed such that 3 grasps (open -> close -> open = 1 grasp) are 
completed in roughly 5 seconds 

d) Within a grasp, continue squeezing tissue until the onset of a “membrane 
squishing/popping” sensation is felt and then backoff for the next grasp 

e) Count grasps out loud 
f) Minimum acceptable grasps without significant anomalies is 7 for liver, 5 for 

spleen. 
i) Significant slippage, significant tissue tearing/damage, equipment failures, 

sensor flatlining, other unforeseen trouble etc 
4) Once complete, signal to others that trial is done; confirm computer person stopped 

data collection 
5) Blot grasping site clean, and mark with designated marker 

a) Black on in-vivo test, silver on all others 
6) Prompt study coordinator for new site; room permitting 
7) Repeat steps 5-7 until tissue holder confirms completion of trials on the particular 

organ 
8) At the conclusion of testing all organs, conduct a final calibration grasp on the 

synthetic 
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Tissue holder 

1) Stand on the opposite side of the OR table relative to the scissors wielder 
2) Identify tissue of interest 

a) Liver 
b) Spleen 

3) Prompt study coordinator for next tissue site 
4) Hold and expose tissue such that a “lobe” can be grasped within the region of 

interest 
a) MINIMIZE Palpation, and handling of tissue.  Ideally spot that grasper goes 

on should NEVER be touched beforehand. 
b) Do not hold tissue artificially taut i.e. do not stretch 
c) Also do not compress/squish tissue 

5) Identify target tissue 
6) Indicate grasping site 

a) Criteria Are: 
i) Avoid slippery spots 
ii) Accessible 
iii) Avoid extraneous anatomy (gallbladder) 
iv) Diversity in location 
v) Spots that aren’t too close to edge (1 cm away) 
vi) Spots that haven’t been grasped before (1 cm away) 
vii) Use up available real estate 

b)  Mesentery on spleen 
i) Ok to test over 
ii) Can also cut in-situ if necessary for access 

7) Signal readiness to others 
8) Wait for scissors wielder to finish test 
9) Work with scissors wielder to mark the most recently grasped site 
10) Prepare for next grasp at direction of study coordinator 
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Study Coordinator 

1) Arrange for all pre-study checklists to be completed for day of study 
a) See experimental checklist document 

2) Ensure computer person and tissue holder understand their roles 
a) Make sure tissue handler understands handling criteria i.e. as soft and gentle as 

possible, while providing access 
3) What progress of study protocol, ensure enforcement 

a) Use Experimental Checklist document to record compliance with protocol 
4) Ensure calibration grasp is conducted 
5) As scissors wielder is counting out grasps (1 to 10) check camera footage for focus, 

clear field of view, and lighting.  
6) Ensure scissors wielder blots and marks last grasp spot with marker 
7) Note any remarks by scissors wielder, or any observations of anomalies, etc on 

experimental checklist 

Data Exclusion Criteria 
1) Anomalous Grasps due to sensor issues or unusual trajectories by user: 

a) Grasps with excessive mean speeds are not considered for analysis 
b) Grasps with exceedingly slow mean speeds are not considered for analysis 
c) Grasps with peak forces exceeding 10V are not considered for analysis 
d) Grasps with peak forces below 1V are not considered for analysis 
e) Grasps on tissues below thickness resulting in less than 100 encoder ticks are 

not considered for analysis 
f) Grasps on tissues above thickness resulting in greater than 1500 encoder ticks 

are not considered for analysis 
g) Incomplete trials or trials where video review confirms non-compliant conditions: 

tissue slip or shear, incomplete grasps or unintended events like ‘bumps’ or 
‘pulls’, lost grip, etc. 

h) Anomaly of sensation reported by scissors wielder on video during experiment 

Inclusion Criteria 
1) Organs of interest (in order of priority) 

a) Liver 
b) Spleen 
c) Artery? 
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Appendix B: 
Winter 2019/2020 In-Vivo Update 

1) Major Points 
a) All testing complete 
b) Data analysis moving forward 
c) Paper submitted and accepted to DMD conference regarding grasper 

2) Testing 
a) In-situ (VHL) Pictures: 

 
b) In-situ (VHL) Pictures: 
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c) Testing User Interface 

 

 
3) Data analysis 

a) Still in the process of completing data analysis. The code that was initially made 
and testing using the calibration puck runs into issues when analyzing testing 
completed on tissue. The code segments an entire trial of 10 grasps and then 
automatically flags grasps based on changes in force and grasper angle, but we 
are finding that it is flagging small bumps as grasps even though they weren't 
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testing grasps. What we are doing now is refining how we flag grasps in the code 
so we can rerun the code for every trial we did across all five pigs instead of 
having to manually unflag the poor grasps and reflag correct grasps that were 
split due to improper grasp flagging. Shown below is a trial where our grasp 
flagging code misflagged some grasps.  

(a) By looking at the force plot you can see that there are 13 grasps 
flagged but only 10 actual grasps. What is happening is that its 
flagging a small jump in force, probably due to closing the grasper 
fully or bumping tissue, at the very beginning as a grasp. Grasps 5 
and 11 are also misflagged grasps that we need to filter out which are 
happening because the grasps before are not continually increasing in 
force, so the program things that there is another grasp in the middle 
of grasps 4 and 10. We just found out about this issue last week and 
we have ideas on how to work around this issue which we should be 
able to implement within a week or  
so.  

 
b) In regard to generating figures, we are still processing all of the data so there are 

not many updates on that front. Shown below are plots that will be similar to the 
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final ideal plots. We want to generate histograms of the alpha times beta values 
for each tissue/state/pig to note any differences between tissues, states, or pigs. 
You might have already seen these figures last time you were in town. Keep in 
mind that these plots do not account for the exclusion of poor trials or outliers.  
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4) Papers and Conferences 

a) We have submitted a technical brief paper to the DMD conference at the 
University of Minnesota and it was recently accepted. This paper focuses on the 
grasper itself, its design, and potential uses. This will allow us a reference when 
writing the future papers regarding tissue data collection. 

b) We are currently trying to come up with a good submission to the MHSRS 
conference in a month or so 

c) Once data analysis is finally complete, we are going to focus on writing the ⅘ 
papers we initially had planned. 
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Appendix B: 
RUST Data Acquisition GUI and MATLAB Data Analysis Code 

Access:  

To access code necessary to run grasper device GUI console for data acquisition or the 
data analysis scripts see github.com/labmrd for necessary repositories:  

 

RUST Data Acquisition GUI Setup 

1. See Scissors_Console repository on github.com/labmrd or go directly to 
github.com/labmrd/Scissors_Console 

2. Clone repository 

3. Ensure Rust compiler is set up including VS 2019 build tools if on Windows 10  

4. Follow rust building guidelines outlined in README.me which outlines how to 
generate scissors console executable 

5. Install version 18.6 of the NIDAQ-mx drivers as outlined in README.me 

a. Linux – Install Webkit2GTK 2.8 from your distro’s package manager. Then 
follow the instructions to download and install the RPM file from NI on a 
Radhat based OS 

b. Windows – NI drivers can be installed by downloading and installing the 
NI package manager 

6. Prior to running the scissors console executable, ensure all wiring connections 
are connected as presented in the figure on the next page: 
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MATLAB Data Analysis Setup 

1. See InVivo_Data_Processing repository on github.com/labmrd or go directly to 
github.com/labmrd/InVivio_Data_Processing 

2. Clone repository 

3. Follow procedural instructions as outlined in README.txt to generate necessary 
.mat file necessary for data analysis  
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Appendix C: 
MATLAB Data Analysis Code:  
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Appendix D: 
DMD 2020 Conference Paper Accepted: “” 
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Appendix E: 
MHSRS 2020 Conference (cancelled) Abstract Accepted:  

Abstract Title (255 Chars): 
Determining Potential Changes in Tissue Mechanical Properties of Porcine Liver and Spleen from In-Vivo 
to a Laboratory Setting Post-Refrigeration and Post-Freeze to Facilitate More Accurate Medical Simulators 

Abstract (8000 Chars): 
Military medical personnel master critical lifesaving skills on simulators and live tissue. The 

continued use of live tissue is an indictment of the realism and effectiveness of current simulation 
technologies. To reduce reliance on live tissue, the DoD has invested heavily to better understand and apply 
the properties and behaviors of the tissues and structures being simulated. A majority of this research has 
been and is currently based on preconditioned deceased tissue in a laboratory setting with the assumption 
that the tissue’s mechanical properties are similar to living (in-vivo) conditions. This assumption is fairly 
common throughout medicine; however, it is important to test that assumption by comparing the mechanical 
responses of various tissues from in-vivo to ex-situ. 

This paper discusses a study in which a handheld, scissors-like grasper device capable of measuring 
applied forces and tissue thickness, via angular displacement grasper jaws, was implemented to obtain stress-
strain relationships of porcine liver and spleen at various tissue states. The tissue states tested in this study 
include an in-vivo state, a postmortem state, ex-situ immediately after removing the organs from the body, 
post tissue refrigeration, and post tissue freeze. At each state the tissue was grasped at various locations 
throughout the organ, including both previously grasped and undisturbed locations. 

The force and angle readings were used to create a stress-strain relationship for the first grasp at 
each location on the tissue. A curve-fitting approach was applied to these stress strain relationships using the 
exponential equation: 

F(t)=*([*(t)]-1) 
Fitted alpha and beta values were used to compare basic tissue mechanical properties. A one-way 

anova test was run to compare the product of the resulting alpha and beta values from the curve fitting 
functions between tissue states for both the porcine liver and spleen. The anova analyses showed that there 
was no significant difference (smallest p value = 0.5413) between the mean product of the alpha and beta 
constants across the five states for porcine liver. There was also no significant difference, but at a lower 
confidence (smallest p value = 0.0839), between the alpha/beta product for the porcine spleen. 

The results from these tests detected no significant difference in mean stress strain relationship 
between a porcine liver and spleen tissue from in-vivo through ex-vivo to a post-freeze state This supports 
the initial assumption that tissue mechanical properties do not change drastically from a living state to a dead 
state.  This also strengthens arguments that medical simulation materials based on cadaveric tissue measures 
can realistically simulate live biologic tissues.  What has not been considered thus far is the variance in tissue 
mechanical properties between states. This study analyzed the mean tissue mechanical property values and 
variance will be analyzed at a later date. 

Abstract Disclaimer (350 Chars): 
Only one method of data analysis has been implemented via the curve fitting approach. An 

additional approach makes use of required force to achieve various levels of strain and will be implemented 
for the final publication presentation.  

Learning Objectives: 
1. Understand that live and cadaveric (in-vivo and ex-vivo) tissues may feel differently (exhibit 

different mechanical responses) and that such differences are tissue-specific and potential 
shortcomings of current medical simulators as a result. 

2. Gain insight into whether the tissues tested (animal liver and spleen) do or do not change between 
live and cadaveric states.   

3. Describe the assumption that living tissue has similar tissue mechanical properties to deceased 
pre-conditioned tissue was verified from this study 
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Appendix F: 
Publication in Progress:  
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