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Problem Statement: Devise a physical model 
and testing procedure to measure the thermal 
effect of radiofrequency energy from 
Stryker’s Spetzler-Malis Bipolar Forceps during 
tumor resection electrosurgery.
Goal and Objectives:
• Develop a testing procedure with a synthetic 

tissue alternative to verify bipolar forceps’ 
performance
 Synthetic tissue stable up to 60 ˚C
 Able to monitor temperature up to 60 ˚C
 Physical similarity to human brain 

tissue within 5% margin of error
 Testing set up time < 15 min
 Withstand 24 W for duration of testing

Constraints:
• Replicate thermal and mechanical 

properties of brain tissue
• Compatible with current surgical techniques 

and Stryker facilities
• Comply with FDA and ISO medical device 

testing standards

Due to its lower cost and ability to see clear 
peaks using the thermocouple procedure, it is 
recommended to use the evaporated milk agar 
in benchtop testing and save the PAG with 
BSA as a visual aid for demonstration 
purposes. To further confirm these results, the 
team recommends building an industrial grade 
fixture and testing with a fresh pig brain. The 
testing fixture, outlined procedure, and 
evaporated milk agar model allow for an 
analysis of bulk tissue heat transfer as a result 
of using bipolar forceps These deliverables will 
ultimately help Stryker understand the effect of 
thermal energy from the device under surgical 
application.

2. Three thermocouples (labeled A, B, and C) 
inserted through the bottom of the model to 
record bulk temperature

3. A histological analysis performed on pig 
brain to analyze tissue damage

A weighted decision matrix was made to 
evaluate four tissue phantom options. The 
criteria, in order of importance as determined 
by the client, were:
• Similarity in thermal properties
• Similarity in mechanical properties
• Short set-up time
• Facility compatibility
• Cost
• Reusability.
The top two scoring designs are described 
below. The client recommended testing both to 
determine if the visualization properties of the 
PAG with BSA warranted its increased cost.
• Polyacrylamide gel with bovine serum 

albumin (PAG with BSA)
 Stable at high temperatures
 Solidifies and changes color if > 60 ˚C
 Similar electrical properties, specific 

heat capacity, and density
 $94.65 per liter

• Evaporated Milk Agar
 2% agar, 25% evaporated milk
 Similar thermal conductivity, specific 

heat capacity, and density
 Shortest set up time
 $13.15 per liter

An abnormal growth of cells can occur 
throughout the body, including in brain tissue. 
This results in a brain tumor which, benign or 
malignant, can cause pressure and edema 
inside the cranial cavity. In 2019, about 
87,000 people will receive a primary 
brain tumor diagnosis (National Brain Tumor 
Society, 2019a). Brain tissue is crucial for 
human function and cannot regenerate, so it is 
critical that neurosurgical devices are designed 
to limit damage to healthy tissue. 

Stryker's Spetzler-Malis Bipolar Forceps use 
radiofrequency (RF) ablation to coagulate 
blood and remove tumorous brain tissue during 
electrosurgery. RF waves generate a 
circuit, causing ions in the tissue to vibrate and 
generate heat. At 60 ˚C cell death occurs 
instantaneously (Munro, 2012). The device 
operating parameters are:
• Frequency range of 250 kHz – 5 MHz
• Energy applied for 0.5-5 s
• Electrosurgery operating power is 9-12 W
In order to test their tools, Stryker is seeking a 
synthetic tissue phantom that behaves similarly 
to human brain tissue in a surgical setting.
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Testing Procedure Cont.

Component Estimated Cost ($)
PAG with BSA 675.00
Evaporated milk agar 39.00

Thermal testing equipment 257.00

Test fixture 101.00
Histological analysis 12.00
Transportation 91.00
Total 1175.00

Figure 2: Completed models of the PAG with BSA 
(left) and the evaporated milk agar (right)

Results
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Figure 5: Thermocouple readings (A, B, and C) 
showing bulk material temperature changes

Figure 3: Testing fixture with model in place and 
holes for thermocouples (left) and prepared slide 

for brain histological analysis (right)

Figure 4: Thermal camera images after one hit for 
the PAG with BSA (left) and evaporated milk (right)

Testing Procedure
For all tests, the device was set to 24 W and 
energy was applied for ten, five-second- long 
hits with 20 s between each hit. These extreme 
settings tested how the models withstood RF 
energy. Two trials of the test were performed 
on the two selected models, and one test was 
performed on a pig brain to compare results to 
a biological sample. The thermal testing 
procedure involved three components:
1. Thermal camera images to characterize 

surface heat spread (not used on brain 
tissue due to biosafety restrictions) 

The results from the histological test showed 
no cell damage. It also described the brain as 
heterogeneous with particles of ground bone.

Conclusion

trend of heat accumulation in the bulk of the 
material. For all tests, distinct peaks were 
visible for each application of energy, best 
seen in the evaporated milk. Both models 
withstood the applied energy; but the 
evaporated milk displayed a lower melting 
point, which could alter the physical properties 
of the model. Other sources of error for 
thermocouple testing include human error 
when centering the model and forceps. The 
histological analysis result of no cell death 
agrees with the thermocouple data, as the 
threshold of 60 ˚C was not passed. Although 
the PAG with BSA  did not exceed 60 ˚C during 
testing, the change in opacity was visible after 
continuous energy application.

Discussion Cont.

Table 1: Expenses for the components of the project

Figure 1: Spetzler-Malis bipolar forceps

Discussion
PAG with BSA showed a closer similarity to pig 
brain compared to the evaporated milk. 
However, the pig brain was previously frozen, 
which altered its consistency and could explain 
why neither model is a close match.
The thermal camera images show that the 
spread of energy was minimal beyond the tips 
of the forceps.The thermocouple testing of 
both models and pig brain showed an upward
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