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Project Information/Team contact Information

.‘ Team contact Information

4 0f 138

Lael Warren - Sep 09, 2022, 2:20 PM CDT

Last Name First Name [Role E-mail Phone Office Room/Building
Skala Melissa IAdvisor mcskala@gmail.com Meeting Location at Aldo's
Elgin Timothy Client telgin@wisc.edu

Sheth Tanishka Co-Leader tsheth@wisc.edu 224-337-9317

Finn ISophia Co-Leader svfinn@wisc.edu 114-426-4592

Agoudemos Loukia ICommunicator agoudemos@wisc.edu (414)502-5597

ISaivarshini Rishi BSAC srishi@wisc.edu 608-609-4613

Kramar Claire BWIG ckramar@wisc.edu (608) 218 - 3656

\Warren Lael BPAG awarren2@wisc.edu 952-201-1596
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“‘ Project description

CLAIRE KRAMAR - Oct 10, 2022, 6:04 PM CDT

Course Number: BME 300

Project Name: Neonatal 22-23-Week Premature Infant Simulation Mannequin

Short Name: Premature Infant Mannequin

Project description/problem statement: There are currently no 22-23 week neonatal simulation mannequins on the market, though it is vital
for medical professionals to practice the skills needed to resuscitate an infant at this age. As a result, it is critical to develop a simulation for
medical personnel to practice their skills and ease the learning curve to learn in an environment that is less chaotic and high stakes than the first
real event. This simulation mannequin must be able to be intubated, support central umbilical line placement, and include IV access. Including a
chest cavity and rib structure that allows for additional training in thoracentesis and pericardiocentesis would be ideal.

About the client: Dr. Timothy Elgin, Neonatal Physician, working at UW Department of Pediatrics
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“‘ 2022/9/15 Client Meeting 1

TANISHKA SHETH - Sep 15, 2022, 3:19 PM CDT

Title: Client Meeting 1

Date: 9/15/2022

Content by: Tanishka Sheth

Present: Team + Dr.Elgin

Goals: Understand what the client expects from us and ask any/all clarifying questions
Content:

« What progress was made on the prototype last semester and what resources about its development can we have
access to?

o Additionally, could we see the prototype?
= He has a prototype + sheet with specs + mold that was used to make it
» What aspects of this model should we try to make true-to-life? AKA, what functions of the model are most essential?
o Size is okay, skin and texture could be improved
o Size could even be smaller if possible
o Nice to put a breathing tube, synthetic umbilical cord, vital signs, etc
« What budget are we aiming for with this model?
o No specific number but under a few thousand
= He has grant money, money not an issue right now
« What dimensions should the model be?
o Length not as important but ~1 foot
o 400-500 grams
» How durable should the model be?
o May only last 6 months- year but would be easily reproducible
» How often can we expect the model to be used?
o 3-5 years are the products at market
o Should be low cost but reproducible
» Should the model be easily sanitized?
o Take cord out clean w g-tip
» What kind of electronic components should be included in the mannequin?
o He will follow up on this question later
« What are current methods for practicing resuscitation techniques on premature infants?
o Many places don't resuscitate for extremely premature infants
o Current methods are flawed and not of good quality

» How would you recommend testing to be done?
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Team activities/Client Meetings/2022/9/15 Client Meeting 1
o What kinds of testing do you require to be done?

= Base has to handle bag and mask so pressure testing
= Tolerant of umbilical cord insertion etc.
« Is there a weight/size restriction on the mannequin?
o 400-500 grams approximately
o Some extra weight is okay, especially with potential new tech
« What kind of conditions does this mannequin need to be able to withstand?
o Survive breathing tube pressure
o Fill expand lungs
o Umbilical cord area
« What are some differences between adult skin texture versus 22-23 week premature baby’s skin?
o Texture and feel is very important to him
o Skin is very gelatinous
o Very wet and almost sticky

o Skin can tear easily

What are the breathing tube dimensions we will be using?
o 2.0- 2.5 mm diameter
» How often would you like to meet with the group?
o What days/times work the best for you?
= Every other week meetings

= Atleast one in person meeting to see the physical mannequin (soon)

« We have found some new born anatomical texts; however, these may not as accurately show premature babies. Do

you have any suggestions for articles or texts?
o No
» Make a lot of prototypes prior to deadline

Conclusions/action items:

7 0f 138

We were able to get a better understanding of what the client required out of the model. Additionally we were able to see the prototype that was

previously created by prior groups. These gave us better insight into what further research
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“ 2022/10/21 Client Meeting 2

TANISHKA SHETH - Dec 13, 2022, 8:08 PM CST

Title: Client Meeting 2

Date: 10/21/2022

Content by: Tanishka

Present: Team + Dr.Elgin

Goals: Discuss purchasing requests and client's opinion on how we should move forward with scanning a competing design
Content:

We will be receiving the funding information via email.

Client is okay with us scanning Premature Anne and creating a scaled down prototype version.

Conclusions/action items:

We will set up a meeting time to scan Premature Anne.
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“ 2022/9/16 Advisor Meeting 1

TANISHKA SHETH - Sep 16, 2022, 1:16 PM CDT

Title: Advisor Meeting 1

Date: 9/16/2022

Content by: Tanishka

Present: All + Dr.Skala

Goals: Understand expectations and what our upcoming deadlines are
Content:

-Weekly notebook checks

-PDS due next week

Conclusionsl/action items:

We discussed our expectations for each of the different assignments. We are also going to start working on the PDS for next week.
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“ 2022/9/23 Advisor Meeting 2

TANISHKA SHETH - Oct 09, 2022, 5:06 PM CDT

Title: Advisor Meeting 2
Date: 9/23/2022

Content by: Tanishka
Present: All

Goals: Discuss next steps
Content:

Discussed with advisor about potentially going in to see a NICU. Also discussed that it would be best to reach out to client and create a drop off
time to receive the prior group's work. It might be best to rely on client's input than find external research if it is a very sparsely researched topic.

Conclusions/action items:

Connect with client to try and receive the prior group's model and information.
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“ 2022/10/14 Advisor Meeting 3

TANISHKA SHETH - Dec 13, 2022, 8:14 PM CST

Title: Advisor Meeting 3

Date: 10/14/2022

Content by: Tanishka

Present: All + Dr.Skala

Goals: Check in and discuss what we've prepared for preliminary presentations

Content:

No major issues. Progress looks good and we should continue working and starting to look into purchasing.
Conclusionsl/action items:

Begin coming up with prototyping plan.
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‘ ‘ 2022/10/21 Advisor Meeting 4

TANISHKA SHETH - Dec 13, 2022, 8:17 PM CST

Title: Advisor Meeting 4

Date: 10/21/2022

Content by: Tanishka

Present: Team + Dr.Skala

Goals: Discuss whether 3D scanning is an acceptable way to come up with our mold/model

Content:

Dr.Skala will check in with Dr.P about ensuring that we are not breaking patent laws by scanning and printing based on an existing model.
Confirmed with Dr. Skala that we will be meeting with client to discuss funding.

Conclusions/action items:

Meet with Dr.Elgin and figure out how to purchase things.
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“ 2022/11/18 Advisor Meeting 5

TANISHKA SHETH - Dec 13, 2022, 8:19 PM CST

Title: Advisor Meeting 5

Date: 11/18/2022

Content by: Tanishka

Present: Team + Dr.Skala

Goals: Check in and discuss what we are getting done prior to Thanksgiving break
Content:

Told her about how mold will be printed and Dr.Skala was impressed and happy. She is hoping we can get a prototype by the first week of
December so it's testable prior to presentations.

Discussed how we are creating samples of the skin to be tested. Dr.Skala is asking Dr.P about MTS testing.
Conclusions/action items:

Pick up the mold once it's printed. Wait to hear back about MTS testing samples of the materials.
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“ 2022/12/2 Advisor Meeting 6

TANISHKA SHETH - Dec 13, 2022, 8:20 PM CST

Title: Advisor Meeting 6

Date: 12/2/2022

Content by: Tanishka

Present: Team + Skala

Goals: Update Dr.Skala about how our testing is going

Content:

Showed Dr.Skala the mold that we'd picked up and she was impressed. Updated her on the fact that we've MTS testing samples of the materials.
Conclusionsl/action items:

Start creating final deliverables.
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. ‘ 12/13/2022 Previous Group's Final Presentation

LOUKIA AGOUDEMOS - Dec 13, 2022, 10:26 PM CST

Title: Previous Group's Final Presentation & Project Overview

Date: 12/13/2022

Content by: Previous Design Group

Present: N/A

Goals: Show the previous group's design process for their neonatal mannequin model.
Content:

Please see the attached file for the previous group's work.

Conclusionsl/action items:

With regard to the design project, this information could be used in conjunction with our final design for the next design group, pulling the strengths
of both design groups into one!

LOUKIA AGOUDEMOS - Dec 13, 2022, 10:23 PM CST

Micro Mike

HNeonatal Training Model
Te: 3

W | Trler Hemphill | Eathesine Wi
Download

Final_Presentation_Micro_Mike.pdf (10.5 MB)
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Neonatal_Prior_Info.pdf (2.53 MB)
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‘ ‘ 2022/12/11 - Cost Chart

CLAIRE KRAMAR - Dec 11, 2022, 8:26 PM CST

Title: Cost Chart

Date: 12/11/2022

Content by: Claire Kramar
Present: self

Goals: document the expenses of creating our prototype

Content:
ram oo e anamberowe G comcn otk |
Skin
Slyguard Silicone Elastomer Needed to make the layer of skit WPI 11/4/2022) 1| $286.00| $286.00 https://www.wpiinc.com/sylg18
Agar Agar Powder Needed to make the protective { The Seaweed Solution 11/4/2022) 1 $14.99 $14.99 https://www.amazon.com/Agar|
Petri Dishes Needed to work on differnt conc LabAider 11/13/2027 1 $14.98 $14.98 https://www.amazon.com/Steril
3D Printing
Mold Needed mold in order to make rf Makerspace 11/22/2027 1 $123.00 $123.00
$0.00
TOTAL: | $438.97

Conclusions/action items: We stayed within the budget our client gave us.
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“‘ 2022/12/11 - Methods

CLAIRE KRAMAR - Dec 11, 2022, 8:29 PM CST

Title: Methods

Date: 12/11/2022

Content by: Claire Kramar

Goals: describe the fabrication of our prototype

Content:

The first step in building the prototype was to 3D scan Premature Anne at the MakerSpace. Then, the file was processed and sent to the
team. From there, the members modified the files using a combination of SolidWorks, MeshMixer, and Blender to remove the limbs from
the scan, slice it in half, and then extrude a box so that the scan became the negative space. The team 3D printed the mold at the
MakerSpace. Meanwhile, the team began to test skin materials to use for the prototype. It was determined that the Sylgard would suffice
for the design, but the Agar was too wet to be used in the mannequin. The next prototyping step was to pour the Sylgard into the mold
and cure it. Afterwards, a balloon mechanism was inserted to simulate a breathing mechanism, and the two halves of the molds were
glued together. The balloon mechanism consisted of a tube that was able to fit the required 2mm intubation tube, a balloon, and a rubber
band connecting the two such that no air could escape.

Conclusions/action items: We completed a prototype that satisfied some of our initial design criteria. We discussed many ways to improve the
design in the future.


http://www.labarchives.com/

Team activities/Fabrication/12/13/2022 - Previous Group's Fabrication Protocol 19 of 138

“ 12/13/2022 - Previous Group's Fabrication Protocol

LOUKIA AGOUDEMOS - Dec 13, 2022, 10:28 PM CST

Title: Previous Group's Ecoflex Protocol

Date: 12/13/2022

Content by: Previous Design Group

Present: N/A

Goals: Show the previous group's testing protocol for pouring mold using eco flex to show a comparison of our Sylgard curing protocol.
Content:

Outer shell
Materials needed:

1. smooth-on body double release cream

2. PLA print of half baby (right and left)

3. Internal mouth and throat mold (left and right)
4. Internal abdominal cavity mold (left and right)
5. Ecoflex 00-30

6. Flesh-colored Silc Pig coloring

7. Metal wire

8. Hot glue gun

9. Ruler

- Lightly coat the external walls of the mouth and abdominal cavity molds with
release cream

- Cut 6 metal wires the width of the shell mold

- Using a hot glue gun, secure 2 metal wires parallel to the top surface of to each of
the mouth molds spacing them evenly (this will allow the molds to be suspended

in the ecoflex without touching the bottom of the shell mold)

- Warning: if internal molds touch the external body mold there will be a

hole in the shell

- Following the same process, glue the remaining 4 wires (2 per mold) to the
internal abdominal cavity mold

- Once the glue is set, start to place the right side internal molds in the right side
external mold (do the same for the left)

- Preceding with caution, use the ruler to make sure all internal components are
lined up properly

- Note: we glued the right mouth and abdominal cavity components

together, measured and repeated this process for the left (this helped

eliminate some of the placement errors)

- Once all parts are lined up properly, secure the wires to the external mold using
hot glue

- Use hot glue or a popsicle stick to fill a space for the umbilical cord between the
internal abdomen mold and outer shell mold

- Mix 180g each part A and part B of Ecoflex 00-30 pigmented with “flesh” Silc Pig
and pour slowly into the external molds

- Allow models to sit at least 24 hours before removing molds

- Halves will be glued together with more Ecoflex 00-30 once all internal
components are properly installed

Airway

Materials needed:

1. 3D printed trachea

2. 3D printed esophagus (should be 2 parts that fit together)
3. 4 mm tubing (the same type used for u.cord)

4. Infant CPR bags

5. Heat gun

6. Hot glue gun
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7. Metal wire

8. Pliers

9. Sharpie marker

10. Ecoflex 00-30

11. Silc pig skin coloring

12. 50 mL syringe

13. smooth-on body double release cream

Trachea:

- Using bright yellow colored Ecoflex 00-30, dip the 3D printed trachea 5-7 times
waiting 15 minutes between each dip

- Wait a full 24 hours after the last dip before removing the trachea from the
mold.

Esophagus:

- Drill a hole into the top of the mold (use a drill bit large enough for the 50 mL
syringe to fit into

- Coat both internal walls of the mold with smooth-on body double release cream
- Hot glue the two halves of the esophagus mold together and allow 5 minutes for
it to set

- While glue sets, mix together 10 mL Ecoflex 00-30 colored red

- Using a syringe, inject Ecoflex 00-30 into the hole in the top of the esophagus
mold, tap or flick the mold to release air bubbles

- Wait at least 24 hours to remove the esophagus from the mold

Lung Bag:

- Using the infant CPR bag, draw a wishbone shape on the bag (2 rectangles ~2"x1"
connected by a long/skinny rectangle ~0.5"x4.

- Cut about a 5" section of wire and bend it into a triangle with a 0.5” long handle
on the top (needs to be held by the pliers).

- Using the pliers, hold the metal triangle so that the bottom is in front of the heat
gun. Hold for 30-60 seconds. (wire must be hot enough to melt and fuse the
plastic bag together).

- Once hot, press the wire firmly against the bag following the outline you have
drawn.

- Repeat the 2 steps above until the wishbone is completely sealed at all edges
- Cut about 1mm outside of the line along with the wishbone shape and then cut
the wishbone in half along the long/skinny rectangle.

- You now have 2 lung bags.

Assemble airway:

Materials needed:

. Esophagus

. Trachea

. Ecoflex 00-30

.4 mm tubing

. Lung bag

. 4 popsicle sticks

. Small rubber bands

- Start by cutting a “u” shaped flap into the ridge of the esophagus (|_])

- Cut a hole in the trachea that lines up with the cut in the esophagus, this should
simulate the epiglottis leading to the trachea

- Using an intubation tube, see that the placement is correct and apply Ecoflex
00-30 to adhere the trachea to the esophagus. Hold the trachea and esophagus
together with small rubber bands and popsicle sticks

- Once dry (about 24 hours later), insert the 4mm tubing into the bottom hole of
the trachea and attach the lung bag to the other end with hot glue

~No O~ WwWwNBRE

Additionally, please see attached for the group's umbilical cord fabrication process.
Conclusions/action items:

This may be a useful resource for groups who attempt to do this project in the future and consider this group's streamlined, but the
complex process for pouring the mold as opposed to our process.
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LOUKIA AGOUDEMOS - Dec 13, 2022, 10:29 PM CST
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“ 12/02/2022 Agar Hydrogel Compression Testing Protocol

LOUKIA AGOUDEMOS - Dec 13, 2022, 8:40 PM CST

Title: Agar Hydrogel Compression Testing Protocol

Date: 12/02/2022

Content by: Loukia Agoudemos

Present: Tanishka Sheth, Sophia Finn

Goals: Describe the testing protocol used for MTS compression testing on our agar hydrogel so testing could be repeated in the future.
Content:

Compression testing is a mechanical test to characterize the mechanical properties of the desired material. This involves applying vertical load over
time, measuring the displacement of the material, and creating a stress-strain curve from this data until mechanical failure. This makes it easy to
characterize the elastic modulus of the agar hydrogel and the greatest load it can hold before failure.

The protocol is as follows:

1. Select 3 samples of agar hydrogel of appropriate thickness and area for use on the MTS machine in ECB, and do your best to ensure
that the sample is as uniform as possible within the sample and among the other sample.

2. Equip appropriate compression testing plate heads onto the MTS testing loads.

3. Power up the MTS machine and open the MTS software. Open a new test.

4. For each sample, conduct the following...

1. Measure and record the length, width, and thickness of the agar sample.
2. Put this information in the appropriate text-entry prompts in the MTS software for your new test.
3. Place the sample centered on the compression plates.
4. Double-check that everything is looking right before you run the test.
5. Unlock the machine and select run test.
6. Collect compression testing data until failure-- should look like a sudden dip in displacement.
7. Stop the machine and take picture of a sample where you believe failure to be located.
5. Use data analysis to identify elastic modulus and failure load following this example.

1. Elastic Modulus and Ultimate Strength --Yield point does not apply to the elastic material.
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Citation:

[1]*What is Modulus of Elasticity — Elastic Modulus - Definition,” Material Properties, Jul. 31, 2020. [Online]. Available: https://material-
properties.org/what-is-modulus-of-elasticity-elastic-modulus-definition/. [Accessed: Dec. 13, 2022]

Conclusions/action items: Use this testing protocol to conduct any future compression testing on hydrogel samples to identify the most
appropriate hydrogel choice for the composite skin model. Compression testing can be conducted on elastomer and any other material used in the
mannequin.
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LOUKIA AGOUDEMOS - Dec 13, 2022, 8:29 PM CST

Title: Agar Hydrogel Compression Testing Data & Results

Date: 12/02/2022

Content by: Loukia Agoudemos

Present: Tanishka Sheth, Sophia Finn

Goals: Present data in an effective way for agar hydrogel MTS compression testing.
Content:

Graphic Data:

Load versus Extension

.
Le WJ'|.!~|1,’|'.}|Ir:‘f'll|llll [

» m“"{ Illllrl}l.J"{:hl |

Extension mm

Test Run 1
Modulus Line

Calculations: Agar withstood maximum of 0.25 N on average of 3 trials, Young's Modulus of 360 kPa (.25N/.69mm) where .69 mm was the average

of 3 trials

Conclusions/action items:

Based on our calculations, our agar hydrogel is within industry standards and its mechanical properties could be used in the mannequin prototype,
given that the elastic modulus of the hydrogel in the application does not need to be very high. Further testing of the mechanical properties must be

conducted to understand whether or not our choice of materials is appropriate for use in the mannequin.
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DAQ-_Crosshead_-_Timed_.txt (29 kB) Raw data from MTS machine.
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“‘ 2022/9/16 Team Meeting 1

TANISHKA SHETH - Sep 16, 2022, 1:39 PM CDT

Title: Team Meeting 1

Date: 9/16/2022

Content by: Tanishka

Present: All

Goals: Discuss our prior research findings and begin coming up with ideas for what our mannequin will need to include
Content:

-Discussed that we want to include electronic components that show the pressure and how hard we're pushing down
-Start looking into other mannequins that exist and try to tear them apart to see what's inside

-Discussed getting access to CPR dummies

-Get access to MATC to see the labor and delivery area

Conclusions/action items:

-Start working on the PDS

-Start reaching out to Dr. Elgin and others to try and get a CPR dummy and get access to MATC
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“‘ 2022/9/23 Team Meeting 2

CLAIRE KRAMAR - Dec 11, 2022, 8:34 PM CST

Title: Team Meeting 2

Date: 9/23/2022

Content by: Claire Kramar

Present: whole team

Goals: continue getting to know the team, assign research roles

Content:

We discussed the PDS and determined who was going to study which topic.

Conclusions/action items: The next course of action is to research the topics decided on and work on the PDS.
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“ 2022/09/30 Team Meeting 3

CLAIRE KRAMAR - Dec 13, 2022, 3:56 PM CST

Title: Team Meeting 3

Date: 09/30/2022

Content by: Claire Kramar

Present: whole team

Goals: split team into 3 subgroups to narrow research
Content:

3D mold and limbs: Tanishka and Claire

Intubation and Chest Cavity: Sophia and Sai

Skin: Loukia and Lael

Conclusions/action items: The number of things we want to accomplish this semester is high, so we thought splitting up the work to focus our
research and efforts would be beneficial.
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“ 2022/10/07 Team Meeting 4

CLAIRE KRAMAR - Dec 13, 2022, 4:00 PM CST

Title: Team Meeting 4 - Preliminary Presentaion

Date: 10/07/2022

Content by: Claire Kramar

Present: whole team

Goals: give our preliminary presentation to advisor and other groups in our room
Content:

Link to presentation slides: https://bmedesign.engr.wisc.edu/projects/f22/neonatal_mannequin/file/view/4330c155-3efb-44d4-8329-
9a051fec9a64/Neonatal_Mannequin_Poster_Presentation.pdf

Conclusionslaction items: Our presentation went well. Our next course of action is to continue researching and begin to prototype our design.
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“ 2022/10/14 Team Meeting 5

CLAIRE KRAMAR - Dec 13, 2022, 4:21 PM CST

Title: Team Meeting 5

Date: 10/14/2022

Content by: Claire Kramar

Present: whole team

Goals: decide on final design from our preliminary design

Content:

We are prioritizing 3 main aspects of the mannequin: realistic skin, intubation and a chest cavity, and limbs for IV insertion.

Conclusions/action items: The next steps are to continue researching in their specific topics and find materials to buy for prototyping.
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“ 2022/10/21 Team Meeting 6

CLAIRE KRAMAR - Dec 13, 2022, 4:23 PM CST

Title: Team Meeting 6

Date: 10/21/2022

Content by: Claire Kramar

Present: whole team

Goals: receive and discuss feedback from preliminary deliverables
Content:

Overall, we were happy with our scores on our preliminary deliverables. We did not receive much constructive criticism and are excited to continue
with our ideas.

Conclusions/action items: continue working on our prototype


http://www.labarchives.com/

Team activities/Team Meetings/2022/10/28 Team Meeting 7 320f 138

‘ ‘ 2022/10/28 Team Meeting 7

CLAIRE KRAMAR - Dec 13, 2022, 4:18 PM CST

Title: Team Meeting 7

Date: 10/28/2022

Content by: Claire Kramar
Present: whole team

Goals: finalize mold for 3D printing
Content:

Modifying the 3D scan has been our biggest road block. We have not been able to extrude a box from the surface to make the scan the negative
space, forming the mold.

Conclusionslaction items: We have tried problem-solving as a team, so the next course of action would be to find someone who has more
expertise in 3D modeling to help us solve our problem.
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“ 2022/11/04 Team Meeting 8

CLAIRE KRAMAR - Dec 13, 2022, 4:14 PM CST

Title: Team Meeting 8 - Show and Tell
Date: 11/04/2022

Content by: Claire Kramar

Present: whole team

Goals: get feedback from peer groups
Content:

The most valuable feedback we received was about our 3D modeling. Some groups suggested we try using Blender or Meshmixer to modify the
3D scan.

Conclusionslaction items: Our next course of action is to take the feedback and act on it, especially with the mold.
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“ 2022/11/18 Team Meeting 9

CLAIRE KRAMAR - Dec 13, 2022, 4:15 PM CST

Title: Team Meeting 9

Date: 11/18/2022

Content by: Claire Kramar

Present: whole team

Goals: make a gameplan for how to finish final deliverables in the given time
Content:

We determined we needed to meet that weekend in order to test the skin in a timely manner. The mold was also finalized and 3D printing began at
the MakerSpace.

Conclusions/action items: We next need to test the skin, pick up the mold, and pour the skin into the mold to build the prototype.
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“ 2022/11/20 Team Meeting 10

CLAIRE KRAMAR - Dec 13, 2022, 4:09 PM CST

Title: Team Meeting 10

Date: 11/20/2022

Content by: Claire Kramar

Present: Claire, Sai, Sophia, Tanishka
Goals: cook sample of skin materials
Content:

We cooked the Sylgard in different quantities for different amounts of times to see what worked. We also made the Agar from the Agar powder and
determined that it was very wet, too wet to adhere to any other skin material.

Conclusionslaction items: We decided not to use the Agar due to the amount of water it retained. The Sylgard seemed to work well. The next
course of action is to test the skin and pour it into the mold.
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‘ ‘ 2022/12/02 Team Meeting 11

CLAIRE KRAMAR - Dec 13, 2022, 4:11 PM CST

Title: Team Meeting 11

Date: 12/02/2022

Content by: Claire Kramar

Present: whole team

Goals: build our prototype and test skin
Content:

Some members of the team used the MTS machine to complete tensile and compression testing for the skin. Other members worked on curing the
test samples of Sylgard and experimenting with the pigment. The other members worked on the poster presentation.

Conclusionslaction items: The skin would not cure with the pigment in it, so we had to drop the idea of using a pigment to make the baby look
more realistic. The sample was also not degassed fully, potentially leading to incorrect testing results.
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. 2022/11/11 Tong Lecture: How to Evolve an Entrepreneurial
“ Mindset

TANISHKA SHETH - Nov 11, 2022, 12:35 PM CST

Title: Tong Lecture

Date: 11/11/2022

Content by: Tanishka

Present: All

Goals: Learn about entrepreneurship and how to apply that in the future
Content:

* >50% of 18-24 year-olds want to start their own business
* Entrepreneurial Mindset:
o engineers play a critical role by addressing problems and creating solutions
o this role requires collaboration, leadership, technical skills, curiosity, connecting knowledge, and value creation
o EM in common with habitual entrepreneurs
= passionately seek new opportunities
= pursue opportunities with discipline
= pursue only the best opportunities
= focus on execution
= engage in energies of everyone in their domain
» 2/3 of students believed entrepreneurship education would broaden career prospects, while only 1/2 of faculty believed
entrepreneurship education is valuable

Conclusions/action items:

I will now look into entrepreneurial opportunities at the university
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<. 2022/09/14 Normal Development of the Lung and Premature

“ Birth

TANISHKA SHETH - Sep 14, 2022, 9:21 PM CDT

Title: Normal Development of the Lung and Premature Birth

Date: 9/14/2022

Content by: Tanishka Sheth

Present: Tanishka Sheth

Goals: Understand chest structure in premature infants to try and understand how our mannequin should start to look
Content:

L. J. Smith, K. O. McKay, P. P. van Asperen, H. Selvadurai, and D. A. Fitzgerald, “Normal development of the lung and premature birth,”
Paediatric Respiratory Reviews, 25-Jan-2010. [Online]. Available:
https://www.sciencedirect.com/science/article/abs/pii/S1526054209001006?via%3Dihub. [Accessed: 14-Sep-2022].

-Lung development is still within saccular period in infants born between 24-32 weeks
-In adults, the chest wall will spring outward which will reduce the extent of lung collapse
-In newborns the ribs are so compliant that significant collapse of alveoli occurs

-Infants will have difficulty breathing and often go into RDS and increase morbidity

Conclusions/action items:

There is a notable lack of research regarding infants born at 22-23 weeks of gestation, thus research is proving to be difficult. However, looking into
typical premature infants is aiding in my understanding of what characteristics need to be included in the mannequin.
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. ‘ 2022/9/29 Survival Among Infants Born at 22-23 Weeks

TANISHKA SHETH - Oct 09, 2022, 5:01 PM CDT

Title: Survival Among Infants Born at 22 or 23 Weeks’ Gestation Following Active Prenatal and Postnatal Care
Date: 9/29/2022

Content by: Tanishka

Present: Tanishka

Goals: Better understand the survival odds for infants born at 22-23 weeks of gestation since this is what the project focuses on.

Content:

Mehler K;Oberthuer A;Keller T;Becker I;Valter M;Roth B;Kribs A; “Survival among infants born at 22 or 23 weeks' gestation following active
prenatal and postnatal care,” JAMA pediatrics, 23-May-2016. [Online]. Available: https://pubmed.ncbi.nim.nih.gov/27214875/. [Accessed: 29-
Sep-2022].

The survival rates for neonates born at 22-23 weeks of gestation is fairly low (1 in 4 survives without severe complications). However, there is some
variability depending on the neonatology unit. This can be something that can be aided with the use of simulation mannequins. The article stresses
that future research should be done regarding the environment in the hospital and delivery management services.

Conclusions/action items:

This article better explains how our project is necessary. Though it was conducted in Germany, the information remains relevant and reflects what
we were told by the client. Knowing this, we can move on to best define what components within the mannequin are most necessary to include.

TANISHKA SHETH - Oct 09, 2022, 4:54 PM CDT
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. ‘ 2022/10/25 IV Access in Neonates

TANISHKA SHETH - Dec 13, 2022, 7:44 PM CST

Title: IV Access Points in Neonates

Date: 10/25/2022

Content by: Tanishka

Present: Tanishka

Goals: Determine what IV access points are necessary so we can choose which to include within the prototype
Content:

N. Baik-Schneditz, G. Pichler, B. Schwaberger, L. Mileder, A. Avian, and B. Urlesberger, “Peripheral intravenous access in preterm neonates
during postnatal stabilization: Feasibility and safety,” Frontiers in Pediatrics, vol. 5, 2017.

In terms of IV access, typically during resuscitation the IV is inserted peripherally. This means on the back of hands or feet. Ideally we would
include this kind of access to the neonatal model we are creating.

Conclusions/action items:

Brainstorm how to include (attachment, printing) limbs to a potential prototype.
TANISHKA SHETH - Dec 13, 2022, 7:41 PM CST
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“‘ 2022/9/22 CPR Mannequin

TANISHKA SHETH - Sep 22, 2022, 9:05 PM CDT

Title: CPR Mannequins

Date: 9/22/22

Content by: Tanishka

Present: Tanishka

Goals: Understand how the lights and electronics work in cpr mannequins to determine if it's viable in our project
Content:

When students are practicing CPR compressions on a Prestan® child Manikin, not only will they see when they have reached and are maintaining
the minimum recommended speed of 100 cpm, they will also see when they reach the upper limit of 120 cpm. Light indicators are as follows:

-a red light indicates fewer than 60 compressions per minute

-a yellow light illuminates when the rate is 60 to fewer than 80 compressions per minute

-a single green light comes on when the student is administering 80 to fewer than 100 compressions per minute

-two green lights let students know that they have reached 100 compressions-119 per minute, and stay on to help students maintain that rate
-two green lights and a flashing yellow light indicates the student has reached 120 + compressions per minute and needs to slow down

-two green lights and a flashing yellow light indicates the student has reached 120 + compressions per minute and needs to slow down
Conclusions/action items:

Including a rate monitor for the resuscitation mannequin of a neonatal infant would be useful feedback. As far as training models go | could
continue to look into pressure sensors and some kind of arduino code, similar to heart rate monitors from BME 310. Further, | will continue looking
through other cpr dummies to see what kind of sensors they use to generate this feedback
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“ 2022/10/5 LED Specifications

TANISHKA SHETH - Oct 09, 2022, 4:50 PM CDT

Title: 5mm LED Specifications

Date: 10/5/2022

Content by: Tanishka

Present: Tanishka

Goals: Determine if the 5mm LED would be acceptable for my design idea
Content:

“5mm LED technical specifications and power characteristics,” Make, 20-Aug-2022. [Online]. Available: https://www.make-
it.ca/Smm-led-specifications/#:~:text=The%205mm%20LED%20can%20be,common%20size%200f%20LED%?20available.
[Accessed: 05-Oct-2022].

A Super Bright 5mm LED is exceptionally bright with a wide beam angle, so they're suitable for use in your projects, illuminations, headlamps,
spotlights, car lighting, and models. The 5mm LED can be used anywhere where you need low power, high-intensity reliable light, or indication.
They go quickly into a breadboard and will add that extra zing to your project.

The 5mm T1 3/4 LED is the most common size of LED available
Conclusions/action items:

These LEDs might be too large, but can work for the initial prototype. Next steps would be to determine whether this design will be the final design
and if there are any other light components that would be more feasible.
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“‘ 2022/10/18 Ethics

TANISHKA SHETH - Dec 13, 2022, 7:58 PM CST

Title: Ethical Considerations for mannequin creation

Date: 10/18/2022

Content by: Tanishka

Present: Tanishka

Goals: Determine what ethical considerations we should be aware of when creating the prototype.
Content:

“Covid 19 essentials,” Guidelines for AHA Manikins | CPR Savers & First Aid Supply. [Online]. Available: https://cpr-savers.com/aha-manikin-
guideline. [Accessed: 18-Oct-2022].

American Heart Association requires an instrumented directive feedback device that provides audio or visual feedback on the rate and depth of
compressions during CPR training. This is not directly relevant to the mannequin that we are creating but it's something to keep in mind if we want
to put it in market.

Conclusions/action items:

Look into what kind of feedback we can provide within a potential prototype whether it's electronic or visual like a chest rising and falling
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“ 2022/10/10 Specifications for Neonatal Resuscitation Devices

TANISHKA SHETH - Dec 13, 2022, 8:04 PM CST

Title: WHO Technical specifications of Neonatal Resuscitation Devices
Date: 10/10/2022
Content by: Tanishka
Present: Tanishka
Goals: Understand what the WHO requires for resuscitation devices
Content:
WHO technical specifications for neonatal resuscitation devices. Geneva, Switzerland: World Health Organization, 2016.

There are different types of suction machines that can be used when it comes to resuscitation of neonates. As a result we would need to make sure
that what we choose for our materials for the design are able to withstand them.

Conclusions/action items:

Look into what will be able to withstand the forces that are applied when undergoing resuscitation .

TANISHKA SHETH - Dec 13, 2022, 8:04 PM CST

WHO Technical
specifications of Neonatal
Resuscitation Devices

ek

Download

9789241510264 eng.pdf (2.03 MB)
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.“ 2022/10/5 Design Idea

TANISHKA SHETH - Oct 09, 2022, 4:45 PM CDT

Title: Individual Design Idea

Date: 10/5/2022

Content by: Tanishka

Present: Tanishka

Goals: Develop a viable design idea for the design matrix and final presentation.

Content:

5mm T1 3/4 LEDs

2 mmdiameter

4 mm
diameter

Components:

LEDs connected to chest cavity
Green=proper resuscitation
Yellow=approaching incorrect technique
Red=improper resuscitation

Allows insertion of 2mm IV line

Silicone skin material

Umbilical line insertion
Conclusions/action items:

Compare to other design ideas on matrix and determine best idea.
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‘ ‘ 2022/11/4 Show and Tell

TANISHKA SHETH - Dec 13, 2022, 7:18 PM CST

Title: Show and Tell

Date: 11/4/2022

Content by: Tanishka

Present: All

Goals: Come up with ideas to create our mold
Content:

A member from the other neonatal group told us that using Meshmixer might be a good idea. | will download and attempt to use this to come up
with our mold from the 3D scan.

Conclusions/action items:

Creating the mold is proving to be a big issue especially using Solidworks, so | will visit the Makerspace and try to figure that out.
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‘ ‘ 2022/11/11 Makerspace Visit

TANISHKA SHETH - Dec 13, 2022, 7:20 PM CST

Title: Makerspace Visit

Date: 11/11/2022

Content by: Tanishka

Present: Claire

Goals: Visit the Makerspace and ask for guidance with using Blender and Meshmixer

Content:

The Makerspace was able to help create one of the halves, but not the other. | will attempt to create the other half in my own time. File attached.
Conclusionsl/action items:

Continue working on second half of the mold.

TANISHKA SHETH - Dec 13, 2022, 7:23 PM CST

ZAN

Download

BackofNeonate_1_.stl (2 MB)
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“ 2022/11/18 3D Mold of Neonate

TANISHKA SHETH - Dec 13, 2022, 7:15 PM CST

Title: 3D Mold of Neonate

Date: 11/18/2022

Content by: Tanishka

Present: Claire

Goals: Include files of the neonate that | created by using Blender and Meshmixer
Content:

Attachments included below

Conclusionsl/action items:

These files will be printed at the Makerspace using a nylon, heat resistant material so that we can cure Sylgard layers in it

TANISHKA SHETH - Dec 13, 2022, 7:13 PM CST

Download
neonateback_2_.stl (11.6 MB)

TANISHKA SHETH - Dec 13, 2022, 7:13 PM CST

AN

Download

neonatefront_2_.stl (12.6 MB)
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“‘ 2022/11/20 Sylgard Curing Protocol

TANISHKA SHETH - Dec 13, 2022, 7:09 PM CST

Title: Curing of Sylgard

Date: 11/20/2022

Content by: Tanishka

Present: Sophia, Sai, Claire

Goals: Document how we created the Sylgard 184 samples
Content:

1. Combine base and curing agent at a 10:1 ratio

2. Spread a layer of about 1mm onto an oven safe tray

3. Allow to cure in the oven at 280 degrees F

4. Remove and allow to cool

5. Remove the material from the tray and place in petri dish
6. Repeat for multiple samples

Conclusions/action items:

This can be used to create smaller samples for when we are MTS testing. This will be a good indication of whether or not Sylgard 184 will be
sufficient material.
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‘ ‘ 2022/12/2

MTS Testing Data

50 of 138

Title: MTS Testing of
Date: 12/2/2022
Content by: Tanishka

Present: All

Elastomer and Hydrogel

TANISHKA SHETH - Dec 13, 2022, 7:49 PM CST

Goals: Perform testing for chosen elastomer and hydrogel and determining whether the values that are collected fall within industry standards

Content:
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Conclusions/action items:

Sylgard :Withstood maximum of 2.0 N on average (average taken of 3 trials), Young’s Modulus of .11 MPa (2N/18mm) where 18mm was the
average of 3 trials as well

Agar: Withstood maximum of 0.25 N on average of 3 trials, Young's Modulus of 360 kPa (.25N/.69mm) where .69 mm was the average of 3 trials

I will now determine whether these values fall within industry standards by consulting literature that pertains to these specific materials.
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“ 2022/12/6 Sylgard Industry Standard Data

TANISHKA SHETH - Dec 13, 2022, 6:37 PM CST

Title: Sylgard 184 Tensile Testing Industy Standard

Date: 12/6/2022

Content by: Tanishka

Present: N/A

Goals: Determine what the industry standard values are for tensile testing of Sylgard 184
Content:

I. D. Johnston, D. K. McCluskey, C. K. Tan, and M. C. Tracey, “Mechanical characterization of bulk Sylgard 184 for microfluidics and
microengineering,” Journal of Micromechanics and Microengineering, vol. 24, no. 3, p. 035017, 2014.

Sylgard 184 elastomer should have a Young’s modulus of 1.32-2.97 MPa
Conclusions/action items:

Based on these values, it can be determined that the testing data that we collected Sylgard 184 MTS testing does not fall within industry standards
and needs to be improved on for future prototypes.
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“ 2022/12/7 Agar Industry Standard Data

TANISHKA SHETH - Dec 13, 2022, 6:42 PM CST

Title: Agar Industry Standard Data

Date: 12/7/2022

Content by: Tanishka

Present: Tanishka

Goals: Determine whether or not the agar testing data that we had collected fell within industry standards
Content:

V. T. Nayar, J. D. Weiland, C. S. Nelson, and A. M. Hodge, “Elastic and viscoelastic characterization of agar,” Journal of the
Mechanical Behavior of Biomedical Materials, vol. 7, pp. 60—68, May 2011.

Agar should have a Young’s modulus of ~30 kPa-700 kPa
Conclusions/action items:

Based on these values, we can determine that the agar values we got fall within the values that are defined by industry. This can be a valuable
addition to our prototype.
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. ‘ 2022/09/13 - Neonate Chest Cavity

Sophia Finn - Sep 14, 2022, 1:31 AM CDT

Title: Neonate Chest Cavity

Date: 9/14/2022

Content by: Sophia Finn

Present: Sophia Finn

Goals: To establish a solid foundation of knowledge for this project by researching the anatomy and complexities of the neonate chest cavity.
Content:

The loss in lung development that occurs in premature infants results in higher rates of morbidity and higher rates of lung disease (which may
continue to affect them into adulthood). (1)

There are 5 stages of lung development.

- (26-6 weeks) Embryonic phase

- (6-16 weeks) Pseudoglandular: Bronchial branching is formed by the end of this phase.

- (16-28 weeks) Canalicular: Conducting airways and terminal bronchioles form. Gas exchange basis is thus formed.

- (28-36 weeks) Saccular: Number of saccules increases, making alveoli more effective at gas exchange. Alveoli walls become more compact than
walls of alveoli. The alveoli are not uniformly present until the end of this phase.

- (36 - term) Alveolar: Double capillary structure is reduced to single capillary structure by maturity in the alveoli. Blood vessels that are in the
epithelium of alveoli and grow into air spaces fully mature (these are responsible for more gas exchange). The epithelium and interstitium walls thin
out, and the capillary network matures and becomes a single capillary network.

Prematurely born infants tend to have less elasticity in their lungs, and therefore have trouble maintaining stable gas exchange and reduced
functional residual capacity (FRC). This results in low lung volumes and "rapid desaturation" (1). .
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Tethering:

Elastic components in the alveoli walls that surround bronchi are tethered to one another and transfers tension from the "pleural surface"
(membrane that covers the lungs) to individual bronchi. The tethering process is decreased in efficiency in prematurely born infants, as the elastic
network that promotes it is not fully matured. This causes alveoli units to be more prone to collapse and makes the airway more difficult to open.

Citations:

1) Colin, A. A., McEvoy, C., & Castile, R. G. (2010). Respiratory Morbidity and Lung Function in Preterm Infants of
32 to 36 Weeks’ Gestational Age. PEDIATRICS, 126(1), 115-128. doi:10.1542/peds.2009-1381

Conclusions/action items:

I think that we should consider at least the terms learnt in this research when writing the background for this project and when discussing the
project's significance. We could also try to demonstrate concepts such as tethering in our model.



Sophia Finn/Research Notes/Biology and Physiology/2022/10/12 - Physiology of how intubation works 56 of 138

.‘ 2022/10/12 - Physiology of how intubation works

Sophia Finn - Dec 14, 2022, 5:36 PM CST

Title: Physiology of how intubation works.

Date: 10/12/2022

Content by: Sophia Finn

Present: Sophia Finn

Goals: To understand the mechanics and theory behind why intubation works.

Content:

The tube inserted into a patient during intubation is called an “endotracheal tube (ET)". It is placed into the trachea through either the mouth
or nose. If it is through the mouth, this is called an endotracheal intubation. If it is through the nose, this is called a nasotracheal intubation.
It is typically easier to perform the endotracheal intubation.

If the health care provider, however, needs to access the mouth or if there is an obstruction there, a nasotracheal intubation is performed.

The ET is connected to a ventilator, which circulates air through the lungs.

Intubation may be performed easily and not cause any symptoms in the patient. However, it may also cause symptoms such as a sore
throat or damage to the soft tissues of the throat.

Once the tube is placed in the trachea, a small balloon inflates at the end of it to create a seal that prevents air from moving outside of it.
The part of the tube extending out of the mouth is taped down

Intubating children usually requires a smaller ET. Intubating infants is difficult because the proportion of the tongue size to the windpipe size
is larger, and the respiratory organs are less flexible. Nasal intubation is usually opted for in this scenario.

Sources:

https:/lwww.verywellhealth.com/what-is-intubation-and-why-is-it-done-
3157102#:~:text=Intubation%20is%20the%20process%200f%20inserting%20a%20tube,pushes%20air%20in%20and%200ut%200f%20the%20lungs.

Conclusions/action items:

We may have other aspects we should incorporate into our design now that we know the tube needs to be inflated on one end and taped
down on the other. It is also good to know that it is actually the size of the tongue that strongly differentiates infant intubation from other age
groups.
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“ 2022/10/27 - Neonatal Intubation

Title: Neonatal Intubation

Date: 10/27/2022

Content by: Sophia Finn

Present: Sophia Finn

Goals: | want to know more about the biology of what makes neonatal intubation more challenging than the intubation of other age groups.

Content:

Health professionals have, over time, received fewer opportunities to proactive neonatal intubation. This is because of the reduction in recommendations for which intuba
of the advance of non-invasive respiratory support measures.

However, the need for the intubation of neonates is still very real. Some studies report a less than <23% success rate for first-time neonatal intubations. These inexperien
recommended time frame.

Is it not rare not an intubation to not even be attempted for a neonate who may benefit from it. This is because, due to their physiology, they may be too physiologically ur

There are theories that neonates may benefit morel due to these circumstances, from high-flow therapy through the nose. Some professionals suggest that it may also be
to execute.

Sources:

https://www.nejm.org/doi/full/10.1056/NEJMo0a2116735#:~:text=An%20intubation%20attempt%20was%20defined%20as%20the%20insertion,attempt%20was%20maded

Conclusions/action items:

We should include these challenges of neonatal intubation in our deliverables. We should also look into how we can replicate nasal intubation, should this prove to be the
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. ‘ 2022/09/24 - Intubation Mannikin Model

Sophia Finn - Sep 24, 2022, 7:14 PM CDT

Title: Intubation Mannikin Model
Date: 2022/09/24

Content by: Sophia Finn
Present: Sophia Finn

Goals: | would like to understand what current methods are on the market for mimicking intubation in training models. By doing this, | hope to
become more educated on what existing mechanisms and design methods there are for accurately simulating the intubation process.

Content:

A gearbox is used to simulate the natural rotation of the head and neck. Internal organs are represented with hard plastic and silicone materials.
The organs mimicked in the thorax should be attached to a baseplate. A tongue is included in the mouth and is made to move accurate to the adult
human tongue using a "rack and pinion mechanism". A servo motor is used for the gearbox, which uses a rechargeable, 12-volt battery. A left and
right vocal chord is included.

The skin is able to mimic color and texture. It is made with a silicone cast with a mold. The vocal cords are also made with a silicone cast.
Sources:

AU2021103415A4 - Training Model for Upper Airway Intubation - Google Patents (see the patent imbedded in this page)
Conclusions/action items:

This patent, while helpful, is made to mimic an adult being intubated. Therefore, my next steps should include research on how this gets scaled
down for an infant. | think that we should seriously consider silicone casts to mimic various tissues in our model.
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“ 2022/09/28 - Neonatal Skin Prototypes

Sophia Finn - Oct 12, 2022, 8:34 AM CDT

Title: 2022/09/28 - Neonatal Skin Prototypes

Date: 2022/09/28

Content by: Sophia Finn

Present: Sophia Finn

Goals: To find and detail possibilities for the neonatal protype skin material.
Content:

An efficient model for the skin of mammals needs to fit certain criteria of elasticity in addition to being able to withhold moisture. A hydrogel is able
to offer the additional helpfulness of microfluidic channels. A large variety of fluids may be fed through these channels. Common elastomers used
in combination with hydrogels include “polydimethylsiloxane Sylgard 184, polyurethane, latex, VHB and Ecoflex.” (1)

Water soluble tape can be used to print onto hydrogels using Ag ink. The elastomers used in combination with hydrogels can be very thin, in this
paper, being 30 pm. (2)

References:

Skin-inspired hydrogel-elastomer hybrids with robust interfaces and functional microstructures - PubMed (nih.gov)
Ultrastretchable Conductor Fabricated on Skin-Like Hydrogel-Elastomer Hybrid Substrates for Skin Electronics - PubMed (nih.gov)

Conclusions/action items:

This research gives us information on how to print onto hydrogels, which may be useful for aesthetic purposes, and provides us with various
materials that we may use and test for the elastomer. It also gives us a potential thickness to test for the elastomer.
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“ 2022/10/07 - Electronics Materials

Sophia Finn - Oct 12, 2022, 8:45 AM CDT

Title: Electronics Materials
Date: 2022/10/07
Content by: Sophia Finn

Present: Sophia Finn

Goals: The purpose of this research is to find online solutions that may inform our problem solving when pertaining to the pressure sensor and
LED system we would like to use in our device.

Content:

The arduino does have a compatible pressure sensor. This is the MPL3115A2 digital pressure sensor from SparkFun. Sample code for the
pressure sensor given by the product website is:

#include <Wire.h> // so we can use |12C communication

#define MYALTITUDE 262 //define altitude at your location to
calculate mean sea level pressure in meters

/I Register addresses

const int SENSORADDRESS = 0x60; // MPL3115A1 address from the
datasheet

#define SENSOR_CONTROL_REG_1 0x26

#define SENSOR_DR_STATUS 0x00 // Address of DataReady status
register

#define SENSOR_OUT_P_MSB 0x01 // Starting address of Pressure
Data registers

float baroAltitudeCorrectionFactor = 1/(pow(1-
MYALTITUDE/44330.77,5.255877));

byte I12Cdata[5] = {0,0,0,0,0}; //buffer for sensor data

void setup(){

Wire.begin(); // join i2¢ bus

Serial.begin(9600); // start serial for output at 9600 baud
Serial.printin("Setup");

I12C_Write(SENSOR_CONTROL_REG_1, 0b00000000); // put in standby
mode

/I these upper bits of the control register

/l can only be changed while in standby
12C_Write(SENSOR_CONTROL_REG_1, 0b00111000); // set oversampling
to 128

Serial.printin("Done.");

}

void loop(){

float temperature, pressure, baroPressure;

Read_Sensor_Data();

temperature = Calc_Temperature();

pressure = Calc_Pressure();

baroPressure = pressure * baroAltitudeCorrectionFactor;
Serial.print("Absolute pressure: ");

Serial.print(pressure); // in Pascal

Serial.print(" Pa, Barometer: ");

Serial.print(baroPressure); // in Pascal

Serial.print(" Pa, Temperature: );

Serial.print(temperature); // in degrees C

Serial.printin(" C");

delay(1000);

}

/I Read the pressure and temperature readings from the sensor

void Read_Sensor_Data(){

/I request a single measurement from the sensor
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12C_Write(SENSOR_CONTROL_REG_1, 0b00111010); //bit 1 is one shot
mode

/I Wait for measurement to complete.

/I One-shot bit will clear when it is done.

/I Rread the current (sensor control) register

/I repeat until sensor clears OST bit

do {

Wire.requestFrom(SENSORADDRESS,1);

} while ((Wire.read() & 0b00000010) != 0);
I12C_ReadData(); //reads registers from the sensor
}

/I This function assembles the pressure reading

// from the values in the read buffer

/I The two lowest bits are fractional so divide by 4
float Calc_Pressure(){

unsigned long m_pressure = |2Cdata[0];

unsigned long ¢_pressure = |2Cdata[1];

float |_pressure = (float)(12Cdata[2]>>4)/4;
return((float)(m_pressure<<10 | c_pressure<<2)+l_pressure);
}

/I This function assembles the temperature reading
// from the values in the read buffer

float Calc_Temperature(){

int m_temp;

float |_temp;

m_temp = 12Cdata[3]; //temperature in whole degrees C
|_temp = (float)(I2Cdata[4]>>4)/16.0; //fractional portion of
temperature

return((float)(m_temp + |_temp));

}

/I Read Barometer and Temperature data (5 bytes)
void 12C_ReadData(){

byte readUnsuccessful;

do {

byte i=0;

byte dataStatus = 0O;
Wire.beginTransmission(SENSORADDRESS);
Wire.write(SENSOR_OUT_P_MSB);
Wire.endTransmission(false);

/I read 5 bytes. 3 for pressure, 2 for temperature.
Wire.requestFrom(SENSORADDRESS,5);
while(Wire.available()) 12Cdatali++] = Wire.read();
/I in some modes it is possible for the sensor

/ to update the pressure reading

/I while we were in the middle of reading it,

/I in which case our copy is garbage

I (parts of two different readings)

/I We can check bits in the DR (data ready)

/I register to see if this happened.
Wire.beginTransmission(SENSORADDRESS);
Wire.write(SENSOR_DR_STATUS);
Wire.endTransmission(false);
Wire.requestFrom(SENSORADDRESS,1); //read 5 bytes. 3 for
pressure, 2 for temperature.

dataStatus = Wire.read();

readUnsuccessful = (dataStatus & 0x60) !=0;

/I This will be unsuccessful if overwrite happened

/I while we were reading the pressure or temp data.
/I So keep reading until we get a successful clean read
} while (readUnsuccessful);

}

/I This function writes one byte over 12C

void 12C_Write(byte regAddr, byte value){
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Wire.beginTransmission(SENSORADDRESS);
Wire.write(regAddr);
Wire.write(value);
Wire.endTransmission(true);
}
@

This may be assembles into an LED circuit if need be. This can be accomplished as in one example, which uses a 547 and a 10k Ohm resistor, 5
wires, an Arduino, and a breadboard in conjunction with the pressure sensor and LED. Here is the circuitry:

And here is the code given:

=[oix]

Fle Edit Sketch Took Help

BlinktnthouwlDelay §

const int pressurePin = 40;
c . int ledPin = 6;

int pin3tace = 0;

int pinCouat = 0:

void setup () {
Serial.begin(9600) ;

tode (pressurelin, INPUT):
{ledPin, OUTPUT):

woid loop()
{

pinstate = analoghead(pressucelfing:

1f (pinState > 1)
{
pinCount = pinCount + 10;
if (pinCount > 255)
{
pinCounc = @;
F
} else
{
pinCount = 0; B
}

analogirice (ledPin, pinCount):

Serial.println(pinStace] ;
Serial.println(pinCount) :

4 i

Arduine Uno an COMT

References
Digital Pressure Sensor— Arduino Workshop - Arduino Project Hub
https://www.instructables.com/Arduino-Pressure-Switch-to-LED/

Conclusions/action items:

These two sources may help us have a jumping off point from which we can begin our electronics setup. | believe that we should work to adapt the
code and circuitry given in order to fit our pressure needs and to fit three LEDs as opposed to one for the green, yellow, and red light system we are
proposing.
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“‘ 2022/10/20 - Sylgard 184 Properties

Sophia Finn - Dec 14, 2022, 5:37 PM CST

Title: Sylgard 184 Properties.

Date: 10/20/2022

Content by: Sophia Finn

Present: Sophia Finn

Goals: | would like to understand the reasons that Sylgard 184 seems to be the industry standard when it comes to replicating the
properties of human skin texture in simple models.

Content:

The uses of Sylgard are as widespread as a “silicone encapsulant”. Some convenience is prodded by Sylgard 184 in terms of heat
capacity, as objects that are not able to withstand heat can cure in Sylgard 184 even at room temperature.

Sylgard is also able to capture more detail than its competitors. It has a low viscosity and is therefore able to fill small details in
mold and in objects that need to be encapsulates. However, the Sylgard 184 collusion should be made sure to have no gas
bubbles within it. It may cure the gas inside the solution quickly.

If you do wish to cure the Sylgard elastomer at a quicker pace, the solution functions at a temperature range of -49 F to 392 F. This
means that Sylgard is also more compatible with electronics, which will often give off heat.

Sylgard is also useful because it is clear. It allows the engineer to see errors through the cured solution and plan repairs.

Sources:

Sylgard 184 by DOW is the Top Choice for a Transparent, Silicone Encapsulant. Read Why: (gluespec.com)

Conclusions/action items:

I strongly think that we should consider Sylgard 184 as the material we will use for the skin. It seems to mimic human tissue well
and is compatible if we or any future teams want to add electronic components.


http://www.labarchives.com/
https://www.gluespec.com/blog/sylgard-184-by-dow-is-the-top-choice-for-a-transparent-silicone-encapsulant-read-why#:~:text=Sylgard%C2%AE%20184%20is%20cured%20at%20room%20temperature%2C%20and,a%2010%3A1%20ratio%20and%20pour%20into%20the%20module.
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“ 2022/11/02 - Tissue engineering applications of agar

Title: Tissue engineering applications of agar.

Date: 11/02/2022

Content by: Sophia Finn

Present: Sophia Finn

Goals: This entry attempts to find other instances where agar has been used to mimic human tissue in order to learn from their applications.

Content:

Agar was used in this study along with keratin as a scaffold. The structure was very porous, and the materials were interconnection with one another. The pores ranges f

It was also very hydrophilic, meaning it was good at retaining water. Its water retention capacity was recorded at 160 +/- 7.89%.

It was found to have antimicrobial properties. The researchers concluded that this agar and keratin scaffold could be used in tissues engineering to regenerate skin or he:

Sources:

https://www.sciencedirect.com/science/article/abs/pii/S0141813015004869#:~:text=The%20porous%20scaffold%20was%20fabricated%20from%20a%20binary,Fourier%
ray%20diffractometer%20study.

Conclusion/action items:

We should look into using gar in our design. We might also borrow the idea of putting it into a scaffold.


http://www.labarchives.com/
https://www.sciencedirect.com/science/article/abs/pii/S0141813015004869#:~:text=The%20porous%20scaffold%20was%20fabricated%20from%20a%20binary,Fourier%20transform%20infrared%20spectroscopy%20and%20X-ray%20diffractometer%20study
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“‘ 2022/11/07 - Nylon Mold Possibility

Sophia Finn - Dec 14, 2022, 5:39 PM CST

Title: Nylon Mold Possibility

Date: 11/07/2022

Content by: Sophia Finn

Present: Sophia Finn

Goals: | would like to know more about the properties of nylon in order to make an informed decision about whether or not it
should be used to 3D print our mold.

Content:

Nylon is in a class of plastics called the “semicrystalline thermoplastics”. It is easy to 3D print with because it tends to absorb
moisture. Materials printed with nylon tend to be tougher and resistant to abrasion.

It is an ideal material if you are making a product that needs to withstand a large load. It also is very resistant to organic solvents.
However, there are downsides to using nylon. Because it is so good at absorbing moisture, it may even absorb it after printing,
cause it to become defected.

For optimal sturdiness, a wall thickness of at leats 1.5 mm should be used.

Sources:

All About Nylon 3D Printing Filament: Materials, Properties, Definition | Xometry

Conclusion/ action items.

| do like that nylon is so sturdy, but | am skeptical of using it knowing that it can be easily damaged by moisture. We can’t use this
and agar, which is very moist. The team will have to pick one or the other.


http://www.labarchives.com/
https://www.xometry.com/resources/3d-printing/nylon-3d-printing-filament/#:~:text=Listed%20below%20are%20some%20common%20properties%20of%20nylon,when%20compared%20to%20common%20engineering%20plastics%20like%20ABS.
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.“ 2022/11/18 - Curing PDMS

Sophia Finn - Dec 14, 2022, 5:40 PM CST

Title: Curing PDMS

Date: 11/18/2022

Content by: Sophia Finn

Present: Sophia Finn

Goals: | want to figure out how the properties of PDMS change with different curing conditions, so that we may select the
conditions best for us.

Content:

At low temperatures, the mechanical strength of cured PDMS remains fairly high and does not fluctuate with heating time.
However, at higher temperatures, PDMS loses mechanical strength. This is because thermal decomposition begins to occur at
2000 F and caps out at 3100 F (1).

Another study selected PDMS as an in vitro model for blood vessels because of its properties. This is both because it is a
biocompatible material and because it is very elastic. They used it in a 10:1 ratio to achieve this hyperelastic effect.

Sources:
1. Influences of heating temperature on mechanical properties of polydimethylsiloxane - ScienceDirect

2. Biomechanical analysis of PDMS channels using different hyperelastic numerical constitutive models - ScienceDirect

Conclusion/ action items.

It look like we should stick with curing the PDMS at a low temperature, for however long it needs to take to solidify, and we should
do this ina 10:1 ratio between the solution and the curing agent.


http://www.labarchives.com/
https://www.sciencedirect.com/science/article/abs/pii/S0924424709000508
https://www.sciencedirect.com/science/article/abs/pii/S0093641318300570
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. ‘ 2022/11/22 - How to make a mold

Sophia Finn - Dec 14, 2022, 5:41 PM CST

Title: How to make a mold

Date: 11/22/2022

Content by: Sophia Finn

Present: Sophia Finn

Goals: | would like to understand the established ways of making a mold for PDMS to fit into.

Content:

Apparently, there are already charts out there that outline how to best achieve your desired PDMS properties.

Mo. | Base/Curing agent Curing Curing time Performance
ratio by weight temperature
1 11 20 C L.5h Soft
2 101 100 C 1h Medium
B 11 120eC 1h Hard

The main problem with curing PDMS in a mold seems to be that, depending on the materiel usd, the PDMS may bond too much to
it and become difficult to remove. In other applications, like encapsulants, there are also instances where PDMS doesn’t bond
enough. It seems that the rougher the surface, the more difficult it will be for the PDMS to bond to the object it is being cured on
top of.

Sources:
Optimal protocol for moulding PDMS with a PDMS master — Chips and Tips (rsc.org)
Conclusion/ action items.

| believe that we should experiment with the different given ratios for various PDMS samples. This way, we can see which ratio
“performance” will yield the optimal texture.


http://www.labarchives.com/
https://blogs.rsc.org/chipsandtips/2010/07/06/optimal-protocol-for-moulding-pdms-with-a-pdms-master/?doing_wp_cron=1671058813.7840929031372070312500#:~:text=Optimal%20protocol%20for%20moulding%20PDMS%20with%20a%20PDMS,with%20the%20modified%20mold%20release%20agent.%20More%20items
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“ 2022/11/30 - PDMS troubleshooting

Sophia Finn - Dec 14, 2022, 5:42 PM CST

Title: PDMS troubleshooting

Date: 11/30/2022

Content by: Sophia Finn

Present: Sophia Finn

Goals: | would like to understand why the PDMS solution seems to cure unevenly.

Content:

There are a few reasons why the PDMS may not cure correctly. Contamination, especially with organic substances, might prevent
the PDMS from being activated correctly.

The PDMS will adhere to the surface it is cured on if the surface is very hydrophilic or is wet. This creates an “irreversible seal”.

The PDMS may not cure correctly as well if the environment it is in is too warm or is humid.

Sources:

PDMS Bonding - Harrick Plasma

Conclusion/ action items.

I think it may be our nylon mold that is the problem. Even though we have not elected to use the gar, the nylon is probably
hydrophilic enough to force deformations in the PDMs to occur.


http://www.labarchives.com/
https://harrickplasma.com/pdms-bonding/
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‘ ‘ 2022/12/05 - Ethical Questions

Sophia Finn - Dec 14, 2022, 5:44 PM CST

Title: Ethical Questions

Date: 12/05/2022

Content by: Sophia Finn

Present: Sophia Finn

Goals: | would like to take a step back and look more at the ethical and safety concerns that relate to our project.

Content:

There is a shocking lack of training that medical professionals get before they must perform their first intubation. This si partially
because the use of the deceased to practice intubations on has been outlawed. Therefore, it falls on expensive and scarce
intubation manikins to provide accurate models for medical professionals ion training to practice on.

A large fear when it comes to intubation is how it may injure the patient. Many say that they are uncomfortable with the idea of
being intubated due to fears that it may damage their throats or teeth. It is an invasive procedure that caused some people
surveyed about it to feel “upset”.

Sources:

[Ethical dilemmas when teaching intubation techniques--what does the population think?] - PubMed (nih.gov)

Conclusion/ action items.

If we were to address ethical concerns, | think it would be that these manikins really need to be accurate. It looks like people are
uncomfortable with the idea of such a physical and invasive produce being performed by a fairly untrained professional Mannikins
in the future should also work to train medical professionals to perform this without causing other discomforts.


http://www.labarchives.com/
https://pubmed.ncbi.nlm.nih.gov/8079250/
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’

‘ ‘ 2022/11/11 Tong Lecture Series

Sophia Finn - Dec 14, 2022, 5:45 PM CST

Title: Tong Lecture Series

Date: 11/11/2022

Content by: Sophia Finn

Present: BME Class

Goals: To listen to an experienced speaker talk to us about how entrepreneurship applies to us,
Content:

Engineers also have a place in the business world. It is not something that is just reserved for business majors. This is a relatively novel idea.
In fact, a lot of engineers who work in academic do not believe that learning business skills is useful to our careers. However, the current
generation of college students seems to widely express the idea that they would like to get involved with business endeavors.

The skills we use as engineering are applicable to business. Business is, at its core, a way to sell solutions. Engineers are taught about how
to methodically and creatively solve problems. By adding on an entrepreneurial side of learning, we can pick up other skills, such as
leadership and how to spot areas for business opportunities.

Although a lot of engineering programs in the country have already incorporated some business element to their education, UW-Madison
hasn’t done so as much.

Conclusions/action items:

I think it would be nice to look into how other engineers are becoming educated in the world of business.
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. ‘ 09/13/22 Newborn Anatomy_Vilensky & Suarez-Quian

LOUKIA AGOUDEMOS - Oct 11, 2022, 10:13 PM CDT

Title: Notes/ Main Points on Newborn Anatomy Article

Date: 09/13/2022

Content by: Loukia Agoudemos

Present: Loukia

Goals: Conduct research on some good anatomical texts for newborn anatomy

Content:
Citation:

J. A. Vilensky and C. A. Suarez-Quian, “Newborn anatomy,” Clinical Anatomy, vol. 35, no. 1, pp. 15-18, 2022, doi: 10.1002/ca.23774.
[Online]. Available: https://onlinelibrary.wiley.com/doi/10.1002/ca.23774. [Accessed: Sep. 22, 2022]

Read through Newborn Anatomy by Vilensky & Suarez. The main points | derived from this document are that there are two largely
used anatomy texts (Anatomy of the Newborn: An Atlas (1969) & and Functional Anatomy of the Newborn (1973)) on infant anatomy
that we should reference when completing the design. Additionally, | found an image showing the shape of the thoracic cavity and how
different it looks from the adult anatomy.

FIGURE 3 The shape of the
thoracic cage in the newborn is much
more cone-shaped than cylindrical-
shaped as in the adult. Crelin's
depiction is that of the adult form
whereas the image from Scammon
correctly shows the form in a newborn

For full texts with my annotations, please see the attached below.

Citation: From what is read in this article, more research must be conducted on premature baby anatomy specifically to understand the
nuance of what we would need to capture with our mannequin. While these texts would serve as useful for anatomical references that
we would scale
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LOUKIA AGOUDEMOS - Sep 13, 2022, 9:58 PM CDT
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<. 09/21/22 Premature Birth Anatomy and Symptoms from the
“ Mayo Clinic

LOUKIA AGOUDEMOS - Sep 21, 2022, 9:46 PM CDT

Title: Premature Birth Anatomy and Symptoms from the Mayo Clinic
Date: 09/21/22

Content by: Loukia Agoudemos

Present: Loukia Agoudemos

Goals: Understand some anatomical and physiological differences in premature infant anatomy in comparison to that of
term babies.

Content:

Citation: [1]“Premature birth - Symptoms and causes,” Mayo Clinic. [Online]. Available:
https://lwww.mayoclinic.org/diseases-conditions/premature-birth/symptoms-causes/syc-20376730. [Accessed: Sep. 22,
2022]

+ 25 weeks and under is an extremely preterm birth in comparison to the typical 37-week pregnancy. Our
project will be covering this extreme.
e Symptoms include
o Small size with a disproportionately large head
o sharper-looking, less rounded features because of a lack of fat storage
o lanugo (fine soft hair) all over the body
o low body temperature
o labored breathing and respiratory distress
o Lack of reflexes

Dimensions For Premature Males

Gestational Age \Weight Length Head Circumference
24 weeks 1 1b., 6.9 oz. 12.1in (31 cm) 8.7 in (22 cm)

Dimensions For Premature Females

Gestational Age Weight Length Head Circumference
24 weeks 11b., 5.2 oz. 12.6 in (32 cm) 8.3 in (21 cm)

Conclusions/action items:

With these things considered, we are conducting a project with extremely preterm babies. Some differences our team
may consider are dimensions, but also the physical effects of how being this preterm may affect their physiology, such
as more labored, faster-paced breathing, and how they are colder to the touch.
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LOUKIA AGOUDEMOS - Sep 21, 2022, 9:48 PM CDT
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“‘ 11/02/2022 - Agar Hydrogels

LOUKIA AGOUDEMOS - Nov 02, 2022, 8:29 PM CDT

Title: Agar Hydrogels

Date: 11/02/2022

Content by: Loukia Agoudemos

Present: Loukia Agoudemos

Goals: Identify some relevant properties and information about the selected hydrogels we will be formulating from Agar.
Content:

Cite:
[1]S. User, “About agar agar.” [Online]. Available: https://agar.com/en/about-agar-agar. [Accessed: Nov. 03, 2022]

- Agar is a hydrocolloid (a substance that forms a gel when exposed to water) sourced from red seaweed

Chemical Structure

[3-D-galactose

: OH o o
neoagarobiose
r -~ A Ij_] '4 OH
HO C
3,6-anhydro-c-L- galactnse o S
3,6-anhydro-a-L-galactose
OH
B-1, ;
N
agarobiose
B-D-galactose

- Compatible with other proteins!

Conclusions/action items: We can use the chemical structure of this polysaccharide on the poster presentation and the final report, and
share that it is a natural source, which is relatively sustainable.
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“‘ 11/09/2022 Agar Hydrogel Research

LOUKIA AGOUDEMOS - Nov 10, 2022, 12:16 AM CST

Title: Agar Hydrogel Research

Date: 11/09/2022

Content by: Loukia Agoudemos

Present: Loukia Agoudemos

Goals: Taking a look at a different perspective of agar gel use, where it is understood and used most commonly--in culinary!
Content:

Citation:
[1]“FS 004| Guide to Agar Gels | Stella Culinary.” [Online]. Available: https://stellaculinary.com/cooking-videos/food-science-101/fs-004-guide-
agar-gels. [Accessed: Nov. 10, 2022]

| like the pitfalls the most in this article, explaining the ways agar could underperform such as, leaking liquid and dehydrating, proper pH ranges,
and losing moisture. They also provided some fixes we could troubleshoot with in case we are seeing issues.

Conclusions/action items: Using common knowledge from culinary experts who work with agar hydrogels to be able to troubleshoot
some issues we may experience with agar hydrogel fabrication.
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‘ ‘ 09/21/2022 - Quality Management of Medical Devices Standard

LOUKIA AGOUDEMOS - Sep 22, 2022, 9:06 PM CDT

Title: Quality Management of Medical Devices Standard
Date: 09/21/2022

Content by: Loukia Agoudemos

Present: Loukia Agoudemos

Goals: Understand by official medical device standards provided by the ISO, that there is an obligation for the manufacturers and designers of the
medical device to provide quality management and correspondence for their medical devices.

Content:

Citation:
14:00-17:00, “ISO 13485:2016,” ISO. [Online]. Available:
https://www.iso.org/cms/render/live/en/sites/isoorg/contents/data/standard/05/97/59752.html. [Accessed: Sep. 23, 2022]

ISO 13485:2016(en)

¢ Creators of the device must manage the quality of their device by
o needs for quality management
o risk-based assessment of their device
o create sufficient documentation for the regulation and use of their device (ex quality manual, policy manual, procedures
required by the 1SO)
o Have a customer focus on establishing and developing a quality project.
o And more...
+ Please see the link for the article for additional regulations regarding the quality management of this device.

Conclusionslaction items: Understand that if this device is to be manufactured, the organization that produces this device will have to ensure
quality manufacturing via the above-described practices. Medical devices are, above all else, for the benefit of the customer and patient, and
should be manufactured and designed as such.
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LOUKIA AGOUDEMOS - Sep 23, 2022, 12:38 PM CDT

Title: Risk Management of Medical Devices

Date: 09/22/2022

Content by: Loukia Agoudemos

Present: Loukia Agoudemos

Goals: To understand the standard for risk management of medical devices, and to apply it to our design.
Content:

Citation:
14:00-17:00, “ISO 14971:2019,” ISO. [Online]. Available:
https://www.iso.org/cms/render/live/en/sites/isoorg/contents/data/standard/07/27/72704.html. [Accessed: Sep. 23, 2022]

ISO 14971

This standard states that risk management and design with risk considerations must be taken to account. This involves risk evaluation and the
implementation of risk control by the design team.

Conclusionslaction items: The implementation of risk control for the mannequin design would promote the safety of the clients and users of our
device, and mitigate risks associated with using a device of this caliber. Even though the device may seem unassuming, there is always a chance
someone can get hurt with incorrect usage.
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LOUKIA AGOUDEMOS - Sep 30, 2022, 12:54 PM CDT

Title: Skin Models

Date: 09/29/2022

Content by: Loukia Agoudemos

Present: Loukia Agoudemos

Goals: To find various models of human skin for use on our neonatal mannequin.

Content:

Citation: A. K. Dgbrowska et al., “Materials used to simulate physical properties of human skin,” Skin Res Technol, vol. 22, no. 1, pp. 3—-14, 2016,

doi: 10.1111/srt.12235. [Online]. Available: https://onlinelibrary.wiley.com/doi/10.1111/srt.12235. [Accessed: Sep. 29, 2022]

e Cell Culture models
o The properties are varying and not very close to real skin
o Difficult for storage and handling
o Expensive
¢ Skin Overview, 3 layers with an epidermis (20-150 um), dermis (1-4 mm) and hypodermis (fat layer)
¢ Combinations are the best
o Liquid Suspensions
= Lipid solutions (best for optical properties)--may not be helpful in this project
o Gelatinous Substances** study this one
= Polymer
= Gelatine
= Dry gelatine can be stored
= Not an accurate model alone--combine a second layer made of a different
material simulating the epidermis
= **Agar
= not very stable--low contact to light contact
» limited lifetime
= similar to skin models
= Synthesis is easy
= Polyvinyl alcohol gels
= used in medical applications--hydrogel
= similar properties to human skin
o Elastomers
= rubber-like polymers
= Silicones
= widely used
= durable over long periods of time and can be molded
= Polyurethanes
= often used for training
o Resins
= Epoxy resins
= Mixed with plasticizers and diluents
o Metals
o textiles (nano and micro fillers)
= Stimulates sweat distribution
o Albumen
o Engineered models

Good Picture to reference:

|#.Details are in the caption following the image
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Conclusions/action items: For this project we may want to focus our research on gelatinous substances and elastomers for the skin we
design for our mannequin. These materials are cheap, and best mimic the surface and mechanical properties.
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LOUKIA AGOUDEMOS - Oct 06, 2022, 9:09 AM CDT

Title: Realistic Chest Cavity With Intubation Design Idea
Date: 10/06/2022
Content by: Loukia Agoudemos
Present: Loukia Agoudemos
Goals: Come up with an idea for the design idea for a realistic and usable 22-24 week neonatal mannequin.
Content:
1. Skin: a gelatinous and elastomer polymer composite skin model

2. Electronics: Electronics that mimic the labored breathing of a neonatal infant, light signal if intubation is done incorrectly
(pressure sensor)

3. Physical features: lanugo (fine hairs on an infant on skin), accurate shading and aesthetics through airbrushing,
movable limbs (ball and stick joints), vein-like cables throughout the body, and IV insertion holes)

Arm Length = B5
mm

Abdominal
Circumference =

| 175 mm

Head
Circumference =
198 mm

Umbillical Cord
Diameter = 4 mm

I I \\u
[ ! !
abdomin Length = 104 mm \/
I J
! 1

Total Length =177 mm |

Leg Length = 73 mm

Created in BioRender.com bio

Conclusions/action items: We will evaluate this design with a design matrix based on client criteria and what our group believes will be
most accomplishable within the span of the semester.
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LOUKIA AGOUDEMOS - Oct 11, 2022, 5:59 PM CDT

Title: Painting Ideas

Date: 10/06/22

Content by: Loukia Agoudemos

Present: Loukia Agoudemos

Goals: Gather resources for making realistic-looking mannequins.
Content:

In conducting my research | have found a very interesting resource about making very life-like infant mannequins. There is a whole community of
people who make "reborn" dolls which as very accurate baby dolls with intricate painting and detail work. This may be a good resource to make the
painting and more art-centric parts of this project more convenient/

How To Make A Reborn Doll For Beginners (Video Tutorial) (littlereborns.com)

Conclusions/action items: When it comes to the airbrushing and coloring part of this project, perhaps refer to the reborn community for
assistance in making this mannequin very lifelike.
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LOUKIA AGOUDEMOS - Oct 11, 2022, 6:38 PM CDT

Title: Composite Skin Model That Does Not Dehydrate

Date: 10/11/2022

Content by: Loukia Agoudemos

Present: Loukia Agoudemos

Goals: Find a formulation for the composite polymer skin idea that we want to employ with our mannequin that does not dehydrate.
Content:

The first article | found was the following.

Citation:
“Tough new hydrogel hybrid doesn't dry out,” MIT News | Massachusetts Institute of Technology. [Online]. Available:
https://news.mit.edu/2016/tough-hydrogel-hybrid-artificial-skin-0627. [Accessed: Oct. 11, 2022]

This article highlights a research group that developed a hydrogel that does exactly what | detailed in the preliminary presentation. | want a
hydrogel that is able to synthesize with elastomers on the outside to make it anti-dehydrating and to make it more durable for clinical use.
Backtracking from this article, | found the research group's paper in Nature and will look through the document to find the synthesis of their
hydrogel.

Citation:

H. Yuk, T. Zhang, G. A. Parada, X. Liu, and X. Zhao, “Skin-inspired hydrogel-elastomer hybrids with robust interfaces and functional
microstructures,” Nat Commun, vol. 7, no. 1, p. 12028, Jun. 2016, doi: 10.1038/ncomms12028. [Online]. Available:
https://www.nature.com/articles/ncomms12028. [Accessed: Oct. 11, 2022]

Looking through this article, we find that the formulation the team wants to most closely mimic is that of the group's anti-dehydration coating text.

* The exact methods of the process are detailed in the article, however, there are some big ideas we want to capture.
* Using a thin layer of ecoflex on the outer layers of the model

¢ treating that with a benzophenone solution.

* Create hybrid with PAAm-alginate hydrogel pre-gel solution

« UV irradiation to crosslink together.

While this formulation may be our group's best bet, | do have some concerns as to how we will make it form on either side or if it all mixes together.
There is a method for making it on either side however If it is the latter, it makes the skin synthesis process a lot easier. Perhaps there is a way we
can swap the molds and then make it so we can coat the other side.

Conclusions/action items: Conduct more research on how to make this synthesis and ask more hydrogel experts to make the synthesis
possible.
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LOUKIA AGOUDEMOS - Oct 11, 2022, 6:38 PM CDT

Download

ncomms12028.pdf (1.87 MB)
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LOUKIA AGOUDEMOS - Oct 27, 2022, 10:15 AM CDT

Title: Looking for a Cheap Hydrogel

Date: 10/27/2022

Content by: Loukia Agoudemos

Present: Loukia Agoudemos

Goals: Finding a formulation for a relatively cheap hydrogel in comparison to a PEGDA or collagen gel.
Content:

May 14, 2022 | Can anyone please suggest a cheap hydrogel brand available to buy for 3D cell culture? | ResearchGate Looked at this forum post
to find a relatively cheap hydrogel recipes.

Found:

¢ Sodium Alginate with a cost-effective cross linker (sodium alginate and calcium chloride make beads. --sodium alginate would be
best; however | do not want to go with calcium chloride as out cross linker as | want the gels to be really soft.

¢ Other example given was tissue labs hydrogel products! MATRIXPEC HYDROGELS | TissuelLabs-- could use their gelma, if we were
to go this route, we would probably additionally need a risky or expensive crosslinker.

* Agar-agar after in water*** another great option

Conclusions/action items:

To make a cost-effective hydrogel, ideally, we would make a gel out of sodium alginate or agar. All of these options would be cost effective and
readily available for purchase or making!


http://www.labarchives.com/
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LOUKIA AGOUDEMOS - Sep 16, 2022, 1:51 PM CDT

« Talk to Tim about a baby CPR -- asking about purchasing about cpr dummy or one that you want one
replicated scaled down
o Ask about potentially touring his facility
¢ Talk to MATC about touring their area
¢ Talk to Dr. Skala about anyone she would know about baby models
o Talk to Ashley
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“ 2022/09/12-Premature Infant Physiology

CLAIRE KRAMAR - Sep 12, 2022, 8:46 PM CDT

Title: Premature Infant Physiology

Date: 09/12/2022

Content by: Claire Kramar

Content:

-neonates have smaller oral cavities and a large, flat tongue with limited lateral movement => could cause airflow obstruction
-neonates, especially premature, have fewer alveoli => are at risk of collapsing

Conclusions/action items: This source was generally unhelpful in determining the anatomy and physiology of a 22-23 week premature infant but
helped me gain insight on how and why premature infants are at such a high risk of health complications, especially those related to the heart and

lungs

Citation (MLA): Saikia, Diganta, and Bandana Mahanta. “Cardiovascular and respiratory physiology in children.” Indian journal of
anaesthesia vol. 63,9 (2019): 690-697. doi:10.4103/ija.l1JA_490_19
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CLAIRE KRAMAR - Sep 21, 2022, 7:55 PM CDT

Title: Development of Infant at Each Week of Pregnancy
Date: 09/21/2022

Content by: Claire Kramar

Present: self

Goals: discover what has developed by the age of 22-23 weeks and what was supposed to still be developed in the womb that will now have to be
developed outside of the womb

Content:

(pictures below)

-lungs are fully formed at 24 weeks, but the baby is not ready to breathe outside of the womb yet
-skin looks less wrinkly at 25 weeks, so at 22-23 weeks the baby's skin will still be very wrinkly
-baby's brain, liver, and lungs are still developing and growing up until 38 weeks of pregnancy
Conclusionsl/action items:

According to this website, at 22-23 weeks, the premature infant should be structurally the same as a full-term newborn, just with less developed
lungs, brain, and liver, and with all dimensions sized down to about 5-8 inches and weighing about a pound.

Website: https://www.marchofdimes.org/pregnancy/week-by-week.aspx#38
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CLAIRE KRAMAR - Sep 21, 2022, 7:32 PM CDT
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“ 2022/10/10-Resuscitation of Extremely Premature Infants

CLAIRE KRAMAR - Oct 10, 2022, 6:01 PM CDT

Title: Resuscitation of Extremely Premature Infants

Date: 10/10/2022

Content by: Claire Kramar

Present: self

Goals: determine the age at which doctor's start attempting to resuscitate extremely premature babies and gather statistics on their survival rates
Content:

-survival rates at certain gestational ages:

* 25 weeks: 59% - 86%
o 24 weeks: 31% - 78%
o 23 weeks: 1% - 64%
o 22 weeks: <10%

-factors to consider in resuscitation decision:

 survival rate statistics

e parents preference

¢ doctor's preference

« risk of permanent disabilities and diminished quality of life

-decisions truly vary from case to case

Conclusions/action items: There is not a set age that doctors will not attempt resuscitation at if the infant is born before that age, but each
individual case creates a tricky ethical dilemma, impacted by many factors.

Citation (IEEE): A. Cavolo, B. Dierckx de Casterlé, G. Naulaers, and C. Gastmans, “Physicians’ Attitudes on Resuscitation of Extremely
Premature Infants: A Systematic Review,” Pediatrics, vol. 143, no. 6, p. €20183972, Jun. 2019, doi: 10.1542/peds.2018-3972.
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‘ ‘ 2022/09/20-Competing Laerdal Premature Mannequin

CLAIRE KRAMAR - Sep 29, 2022, 3:39 PM CDT

Title: Competing Design (Laerdal Premature Anne Task Trainer Manikin)

Date: 09/20/2022

Content by: Claire Kramar

Present: self

Goals: see what premature mannequins are available on the market and find out what functions they can perform
Content:

Premature Anne is advertised to be:

« realistically proportional to a 25-week premature infant

« anatomically accurate and allows for placement of ET tube
¢ provides realistic training experience

« align with objectives of NRP course curriculum

» highly mobile

Conclusions/action items: This mannequin is very close to what we are trying to create, just a couple weeks too big. We may also want to add
some sort of electronics to check for vital signs and for sure add lungs that rise and fall. | believe this mannequin is the closest competing design to
what we are trying to make.

Citation: https://www.aedsuperstore.com/laerdal-290-00050-290-00150-premature-anne-task-trainer-manikin.html|?
select2=1&gclid=CjwKCAjwyaWZBhBGEIwWACsIQo_4mzYyYMkp3m8MMYulRJJItFzZtHRCXsqZo_ZSNmZgXn9AB5K-Ig8RBoCxIYQAvVD_BwE

“Premature Anne,” Laerdal Medical. https://laerdal.com/us/products/simulation-training/obstetrics-pediatrics/premature-anne/ (accessed Sep.
23, 2022).
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“ 2022/09/29-Competing Universal Medical C.H.A.R.L.I.E. Design

Title: Competing Universal Medical C.H.A.R.L.I.E. Design
Date: 09/29/2022
Content by: Claire Kramar

Present: self

Goals: evaluate the competing design and get inspiration for our own design

Content:
Charlie is advertised to contain these features:

« Airway, breathing, intubation, and ventilation
¢ Birth anomalies

¢ Chest tube placement

¢ CPR

* ECG simulation

* Gastrointestinal (Gl) tube

¢ Interchangeable genitalia

* Intraosseous infusion

¢ |V hand and foot

¢ Observation and measurement

* Palpable manual pulse points in 7 locations
¢ Patent umbilicus with venous and arterial access
e PICC site in arm

¢ Urinary catheterization

-besides this description, | can find few pictures, videos, or reviews about Charlie

-intended age of mannequin is unknown, probably bigger than what we would want

-comes with iv bag, needles, umbilicus, blood, etc.

CLAIRE KRAMAR - Sep 29, 2022, 3:39 PM CDT

Conclusions/action items: A lot of the features included in Charlie are ones we will want to consider adding, such as the IV hand and foot, the
intubation areas, airway and breathing mechanisms, etc. We may also want to include a design that is sold with extra features, such as the IV,

blood bag, etc.

Citation: “CPR Simulators | CPR Training Manikin.” https://www.universalmedicalinc.com/all-products/education/anatomical-

models/medical-training-models/cpr-simulators.html (accessed Sep. 23, 2022)
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‘ ‘ 2022/09/29-Competing Trucorp TruBaby X Design

CLAIRE KRAMAR - Sep 29, 2022, 3:47 PM CDT

Title: Competing Trucorp TruBaby Design

Date: 09/29/2022

Content by: Claire Kramar

Present: self

Goals: evaluate this competing design and gain inspiration for our own design
Content:

Advertised Features:

» Realistic & durable AirSim X airway with a 5-year warranty

» Realistic movement including head tilt, chin lift & jaw thrust

« Interchangeable head in case of repairs

» Realistic rib structures including xiphoid process & clavicle

» Palpable landmarks in the 2nd intercostal space midclavicular line & 5th intercostal space mid-axillary line
» Palpable vertebrae landmarks

» Lumbar puncture can be practiced at L3-L4 & L4-L5 spine locations

» Proximal tibia interosseous needle insertion site

« Contains tibial tuberosity anatomy & patella anatomy

» Realistic anatomy to practice inserting catheter tube to extract urine

» Option for interchangeable male and female genitalia

» Fully enclosed fluid management system giving realistic blood flashback & flow

« Allows needle cannulation at various locations in hand, arm & foot with realistic blood flashback
» Realistic look & feel of tissues

« Lifelike responsiveness during procedure training

« Set-up time is less than 5 minutes

-mannequin appears large and unrealistic compared to a 22-23 week premature baby, but the simplicity of this design may be more
feasible for our team to create in one semester

-highlights chest rise and fall, multiple IV insertion areas, and intubation techniques
-has life-like blood coming out of the mannequin

Conclusionsl/action items: This design seems like a more realistic goal for our team to accomplish, but the size and skin could be
much improved.

Citation: “TruBaby X | Infant CPR Manikin | Pediatric Manikin,” Trucorp. https://trucorp.com/product/trubabyx/ (accessed Sep. 23, 2022).


http://www.labarchives.com/
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‘ ‘ 2022/11/10-3D Scans of Mannequin

CLAIRE KRAMAR - Nov 10, 2022, 10:50 AM CST

Title: 3D Scans of Mannequin

Date: 11/10/2022

Content by: Claire Kramar

Present: individual

Goals: 3D scan Laerdal's Premature Anne
Content:

attachments below

Conclusions/action items: The model, due to its lack of rigidity, did not scan as well as we had hoped.

CLAIRE KRAMAR - Nov 10, 2022, 10:49 AM CST

ZAN

Download

Neonatal_Mannequinn_Whole_2_.stl (5.64 MB)

CLAIRE KRAMAR - Nov 10, 2022, 10:50 AM CST

AN

Download

Neonatal_Mannequinn_NoZipper_1_.stl (5.54 MB)
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“‘ 2022/11/18 - 3D Molds

CLAIRE KRAMAR - Nov 18, 2022, 1:29 PM CST

Title: 3D Molds

Date: 11/18/2022

Content by: Claire Kramar
Present: self

Goals: create molds
Content:

files attached below
Conclusionsl/action items:

Making the mold was our biggest road block so far. Now that we got it figured out, we need to print the mold and create the chest cavity.

CLAIRE KRAMAR - Nov 18, 2022, 1:28 PM CST

ZAN

Download
FrontofNeonate_1_.stl (2.24 MB)

CLAIRE KRAMAR - Nov 18, 2022, 1:28 PM CST

AN

Download

BackofNeonate_1_.stl (2 MB)
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. ‘ 9/11/2022 Neonatal Pulmonary Physiology

Lael Warren - Sep 11, 2022, 8:44 PM CDT

Title: Neonatal Pulmonary Physiology Article

Date: 09/11/2022

Content by: Lael Warren

Present: N/a

Goals: Learn more about the development of the lungs in a fetus.

Content: Details how the lungs grow inside the chest cavity from conception to approximately 8 years of age. It also details why assisted
ventilation might be needed in a neonatal patient. Finally, details how complications with pulmonary development cause premature birth and some
complications that arise with premature birth.

Neonatal Pulmonary Physiology.

Conclusions/action items: The development of the chest cavity is important for many reasons, one of them being the growth and development of
the lungs. Complications with this can cause serious health issues and could cause health professionals to have to step in and take serious action
to sustain life.
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Implications

ﬁ 9/20/2022 Skin Physiology of the Neonate and Infant: Clinical

Title: Skin Physiology of the Neonate and Infant: Clinical Applications

Date: 09/20/2022
Content by: Lael Warren

Present: n/a

Goals: To better understand the skin physiology of the neonate and how it differs from infants and adults.

Lael Warren - Sep 20, 2022, 10:26 AM CDT

Content: This article details how the skin of a neonatal baby differs from the skin of a infant or a child and adult. Big take aways listed in the table

below.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4593874/

Table 1.

Structural and functional differences between infant and adult skin

Infant Adult

Reference

Structural differences

Epidermal thickness

Cell attachments and epidermal cellularity
Dermoepidermal junction
Lipids
Melanin
Functional differences
Sweat
Water content
Natural moisturizing factor concentration
pH
TEWL

Thinner  Thicker

No significant differences

Less More
Flat Undulating
Less More
Less More
Less More

Higher Lower
Lower Higher
Higher Lower
Lower Higher
Higher Lower

No significant differences

o

oo

Conclusionsl/action items: Find a way to replicate the skin of a neonatal baby in a synthetic form for our doll.
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.‘ 9/27/2022 CPR Mannequin

Lael Warren - Sep 27, 2022, 8:03 PM CDT

John Puccine - Nov 03, 2014, 3:20 PM CST

Title: Real-Time Visual Feedback Device Improves Quality Of Chest Compressions: A Manikin Study
Date: 09/27/2022

Content by: Lael Warren

Present: n/a

Goals: To learn how CPR mannequins help improve compressions.

Content: https://www.ncbi.nim.nih.govipmclarticlesIPMC7468227/

This article details how being able to practice compressions and take vitals on mannequins was able to improve health care professional's
abilities in the field. This is a good reason why being able to do CPR and take vital signs should be included in our baby doll mannequin.

Conclusions/action items:


http://www.labarchives.com/
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Lael Warren/Research Notes/Biology and Physiology/10/5/2022 Intubation in Neonates 117 of 138

. ‘ 10/5/2022 Intubation in Neonates

Lael Warren - Oct 05, 2022, 3:08 PM CDT

Title: Two Complications of Tracheal Intubation in a Neonate: Gastric Perforation and Lung Collapse
Date: 10/05/2022

Content by: Lael Warren

Present: n/a

Goals: Understand why correct intubation is needed

Content:

This article describes why correct intubation in neonates is important and how incorrect intubation can damage the lungs and chest cavity. It
describes proper techniques and improper techniques of intubation.

https:/lpubs.asahq.orgl/anesthesiology/article/115/4/858/12851/Two-Complications-of-Tracheal-Intubation-in-a

Conclusions/action items: Start looking into how to improve intubation on current mannequin.
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. ‘ 2022/11/20- Competing Lung Design

Lael Warren - Dec 14, 2022, 11:51 AM CST

Title: Competing Lung Design

Date: 11/20/2022

Content by: Lael Warren

Present: N/A

Goals: Look at competing lung designs of other neonatal mannequins
Content:

https://www.redcross.org/store/baby-anne-airways-24-pack/130-10150.html?cgid=manikins-and-lung-bags#start=29&cgid=manikins-and-
lung-bags

Lungs that are used in many of the baby mannequins are small rectangular and made of plastic. They connect to a tube that would be
inserted through the mouth.

Conclusions/action items: Find or make something similar


http://www.labarchives.com/
https://www.redcross.org/store/baby-anne-airways-24-pack/130-10150.html?cgid=manikins-and-lung-bags#start=29&cgid=manikins-and-lung-bags

Lael Warren/Design Ideas/12/1/2022 Red Cross Inflatable Infant Lungs 119 0f 138

.‘ 12/1/2022 Red Cross Inflatable Infant Lungs

Lael Warren - Dec 01, 2022, 9:32 PM CST

Title: Inflatable Lungs

Date: 12/1/2022

Content by: Lael Warren

Present: NA

Goals: Find lungs for infant mannequin
Content:

https://www.redcross.org/store/training-supplies/manikins-and-lung-bags

Contains different inflatable lung sizes for infants to adults that we could use for our mannequin.

Conclusions/action items: Do more research


http://www.labarchives.com/
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4%, 9/15/2022-Resuscitation of extremely preterm infants -
“ controversies and current evidence

SAIVARSHINI RISHI - Sep 16, 2022, 1:22 PM CDT

Title: "Resuscitation of Extremely Preterm Infants - Controversies and Current Evidence

Date: 9/15/22

Content by: Saivarshini Rishi

Present: NA

Goals: My goal is to learn about key factors to keep in mind during resuscitation for premature infants and their effects.
Content:

https://www.ncbi.nim.nih.gov/ipmc/articles/PMC4857228/

» Important biological processes after infant born
o Getting a certain residual capacity
o Gas exchange
o Adapting to oxygen-dependent metabolism
o Making sure body temperature in appropriate range
» 22-23 week premature infants especially have difficulties in those processes compared to non-premature infants

« Actions by nurses/doctors to aid premature infants in these processes must be done with extreme care as there is also the
risk of organ damage due to inflammatory and oxidative cascades

» Neonatal resuscitation reduces the risk of death

« Antenatal corticosteroids aid in the rapid development of the lungs, especially useful for premature infants
o Not much research for 22-26 week infants regarding their effects on reducing risk of morbidity and mortality
o Forinfants less than 26 weeks, it is shown that steroids decrease occurrence of intra ventricular hemorrhage

o Corticosteroids can be used for infants from 23 weeks and above but for 22 weeks or below there is not
enough evidence/data

» Delaying umbilical cord clamping can help premature infants

o Blood supply continues to the heart helps left ventricular output which allows for continued blood flow
throughout the body

o Reduces the need for transfusion
o Improves circulatory stability
o Reduced intra ventricular hemorrhage
o Reduces risk of necrotising enterocolitis
o Not as much information regarding benefits of delaying umbilical cord clamping for extremely premature infants
o Time after which umbilical cord clamping must be delayed by is controversial
« Hemoglobin levels greater than 12 g/dL reduces mortality/morbidity rates for premature infatns less than 32 weeks
» Maintaining normal temperature range

o Lack of enough amount of brown adipose tissue for premature infants resulting in not able to maintain normal
temp range


http://www.labarchives.com/
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o Losing heat due to

Evaporation of amniotic fluid

= Conduction of heat from body to cooler surfaces

= Convection (due to cooler environment)

Radiation (due to cooler environment)

o Higher risk of hypothermia

o Essential to increase ambient temp of the room to minimum 26 degrees celsius

« ventiliatory/respiratory support

o Higher cases of bronchopulmonary dysplasia for premature infants

o Premature infants have “noncompliant” chest wall and immature lungs

o Suggested to use positive and expiratory pressure (PEEP) in intermittent positive pressure ventilation (IPPV)
or continuous positive airway pressure (CPAP)

o CPAP improves pulmonary hemodynamics

» Oxygenation

Majority of the NRP/NLS resuscitation guidelines support CPAP

Studies looking into CPAP effects didn’t include infants less than 23 weeks and just 1 for infants at
24 weeks

50% of infants at 24 weeks can be stabilized with CPAP but most infants less tha 24 weeks used
intubation

But even with CPAP for extremely premature infants, BPD or death rates are high (from 41-64%)
at 36 weeks postmenstrual age

It is not recommended for CPAP to replace using positive pressure ventilation

o Premature infants lack anti oxidative protection so at high risk of oxygen toxicity

o Pulse oximetry required to be on right hand/arm to look at preductal oxygen levels and heart rate
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Conclusions/action items: Preterm infants, especially periviable infants, are at a higher risk of morbidity/mortality due to respiratory related issues
caused by their underdeveloped respiratory system and other biological systems. To lower these rates, various techniques must be used right after
birth to ensure that the infant is able to adapt to their surroundings until the infant is able to undergo these biological processes on their own. These
techniques include utilizing corticosteroids, delayed umbilical cord clamping, maintaining proper temperature levels in the room and for the infant

and providing proper ventilatory/respiratory support.

Action items:

» continuing research on periviable infants after birth and resuscitation
* research on anatomy and physiology of periviable infant
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.‘ 9/22/22-Extremely Preterm Infant Skin Care

SAIVARSHINI RISHI - Sep 22, 2022, 3:02 AM CDT

Title: "Extremely Preterm Infant Skin Care"

Date: 9/22/22

Content by: Saivarshini Rishi

Present: NA

Goals: My goal is to learn about how the skin of a preterm infant is like and the extra precautions that must be taken to protect it.
Content:

https://journals-lww-
com.ezproxy.library.wisc.edu/advancesinneonatalcare/Full Text/2016/10001/Extremely_Preterm_Infant_Skin_Care__A.5.aspx

« Skin underdeveloped and weak barrier function

« In NICU it's important to take special care of the skin because can affect in long term due to chances of infection and
allergen sensitization

» Gentle adhesives (ex: silicone tapes and hydrogel backed electrodes) can be used instead to decrease skin injuries caused
by medical adhesives

e Stratum corneum = outermost skin layer
o Made of keratinocytes and lipid
o Made kind of like bricks and mature is from 10-20 layers
o Serves as barrier

= Does not allow for transepidermal water loss and evaporative hypothermia

Microbe protection

Allergen infiltration
= Toxin absorption
o Underdeveloped in extremely premature infants (less than 2-3 layers)
o The drier environ causes accelerated skin maturation and more durable skin (visually) in 14 days
= Accelerated skin maturation from 2-8 weeks
» Junction between dermis and epidermis layers underdeveloped
o Layers connected by fibrils
o fibril s weaker, fewer and more spaced out compared to mature skin
» Tissue edema
o Caused by less collagen
o Bond between epidermis and dermis weakened due to excess fluid collecting in between layers
o Causes decreased elasticity of skin and higher chance of blistering from friction
« Skin acidification occurs at birth for all infants
o Causes acid mantle (protection from invasive microorganisms)

o Acid mantle formation is endogenous process that happens for all infants starting after delivery


http://www.labarchives.com/
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o Skin pH ranges from >6 to little over 7 after birth and after first week reduces to 5.5

o 3 weeks later it drops more to 5

o Alkaline products like soaps can cause increase in numbers of skin microbes and cause change in bacterial
species present

= Can also cause increase in transepidermal water loss affecting barrier function even more
o Acidic skin surface causes barrier to function properly and prevents infection
« Medical adhesive related skin injuries
o Contact dermatitis
o Moisture maceration
o Mechanical skin injury when separated epidermis and dermis
= Tension blisters, tears and denudement due to epidermal stripping
» Epidermal stripping most common type of MARSI

= Due to bond between adhesive and epidermis stronger than that of epidermis and
dermis

« Silicone tape and hydrogel adhesives are more gentle and can be used for nonlife lines and devices causing frequent
rotation

o Keep aggressive adhesives like silk, paper tapes and clear film dressings for critical tubes/lines (including
endotracheal tubesand central lines)

« Anetoderma of prematurity: permanent atrophic patches of skin that look of different pigmentation and/or texture
o Consequence of medical adhesives
o Mostly ventrally located (places affected after long term use of medical adhesives/devices)
» Ex: chest and abdomen due to electrodes
o Lesions not seen right after certain skin injury and instead seen from several weeks to 5-10 months

o Anetoderma of prematurity result of subclinical dermal injury caused by long term traction and pressure of
device (ex: electrocardiographic monitoring patches and umbilical lines)

o Mechanism not fully known

o Higher chance of subclinical iatrogenic dermal injury is caused by focal hypoxemia and/or inflammatory
response, affecting elasticity and development of dermis

o To prevent this can make sure there is no traction on affixed lines and wires and decreasing prolonged
pressure by preventing infants from lying on electrodes and to use low profile electrodes

o Can also try to prevent electrodes from being used on cosmetically sensitive areas (ex: breast)

o Can use hydrogel electrodes

« When infant/child sensitized to allergen, antibody circulates through bloodstream and goes to other parts of the body like

nasal and lung mucosa

o Increase in rate of TEWL causes increase in rate of allergen infiltration and sensitization to allergens (study in
children with atopic dermatitis)

= In AD there is intrinsic epidermal barrier weakness causing allergen penetration (can also lead to
asthma)

» Due to premature infants’ lower/almost absent barrier function, have to make sure things like diaper wipes and other
products looked beforehand for things that could be allergens

o Lesser ingredients the better
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» When antiseptic needed to reduce risk of bloodstream infection before central line place it also increases risk of chemical
dermatitis and/or absorption of toxins

» Skin emollients can make barrier function better (reduces TEWL) but can also increase the likelihood of infection from
hospital

« Central line related blod s tream infections have 25% risk of mortality
o Can affect neurodevelopment
o Main risk factor is skin flora concentration at insertion site
o Antisepsis required before central line inserted

» Chlorhexidine gloconate cleansing before central venous lines placed better choice as it reduces infection rates compared
to iodine based solutions

o CHG shouldn’t be used younger than 2 months due to less data

o For preterm infants, alcohol can cause skin breakdown and significant contact dermatitis can occur with
aqueous and alcohol CHG

» Chemical erosions or burns can occur for less than 26 weeks of age mostly on abdomen after umbilical line placement
« Preterm infants at highest risk for CHG absorption and chemical erosions in first two weeks

» Preterm infants also at high risk for too much iodine as alternate to CHG because of less renal clearance and not able to
uptake iodine into thyroid

o Uptaking iodine maturity at 36-40 weeks
o High risk for transient hypothyroidism goiter and other neurodevelopment problems

» Using iodine or CHG products very carefully (like not allowing it to stay on skin surfaces and skin creases reduces risk of
chem burns)

 Sterile water or saline can be used as extra precaution to remove the product and recommended

» Topical application of emollients has improved the skin condition but prophylactically applied topical emollients have caused
higher chance of hospital acquired infection

» Should be careful in bathing for preterm infants
o Acidication of skin after birth important and should make sure that that is not affected by cleansers
o For first 2 weeks of extremely premature infants they should only be bathed with sterile water
o Risk of hypothermia and worsening respiratory distress so should be careful

o Only 2 to 3 times per week for premature infants when they show clinical stability

Conclusions/action items: This article discussed about the various characteristics of the skin in preterm infants and how those characteristics
result in a higher risk for things like infections, burns, tears, etc. For example, the underdeveloped stratum corneum weakens the barrier function
and increases the risk for things like infection and TEWL. Because of this, there must be extra precautions when doing actions directly involving the
skin including when attaching electrodes which can cause anetoderma of prematurity. Gentler approaches and products are required to protect the
skin as much as possible as these can have long term consequences/effects.

Action items:

« research more about the respiratory system of preterm infants
e work on the PDS document
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@, 9/29/22-"Plastics in Robots: A Degradation Study of a Humanoid
“ Skin Mask Made of Soft Urethane Elastomer”

SAIVARSHINI RISHI - Oct 12, 2022, 12:05 AM CDT

Title: "Plastics in Robots: A Degradation Study of a Humanoid Skin Mask Made of Soft Urethane Elastomer"
Date: 9/29/22

Content by: Saivarshini Rishi

Present: NA

Goals: My goal is to learn about the different materials/chemicals in the mask of robot (particularly the robot used in the study) and what caused
the damage of the mask in the long run.

Content:

https:/lheritagesciencejournal.springeropen.com/articles/10.1186/s40494-021-00636-8

¢ Polyurethane (PUR) conservation is difficult due to degradation
o Polyurethane elastomers have risk of degrading right after they are produced
= j.e. skin of robot SAYA
= Tears, discoloration and stickiness occurred in 8 years
= Discoloration due to material’s instability most probably from degradation

= Pigment white 6 or titanium dioxide found which increases photosensitivity of PUR substrates in UV
light

= ATR-FTIR spectroscopy revealed the PUR composition of the skin, phthalates used as plasticizers
and also that the quinone chromophore formations in polymer due to photo oxidation have all
caused the yellowing of the skin/mask

= Made of methylene diphenyl diisocyanate PUR ether elastomer
= Styrene acrylonitrile in mask could also cause the chemical instability of the skin mask

= UV stabilizer and phthalates in higher concentration were found at surface compared to inside
which resulted in stickiness

= Degradation of mask due to MDI PUR ether and SAN light susceptibility and due to higher
photochemical activity of anatase

¢ Since had to have facial expressions like in humans, the mask had to be deformable, soft and almost like real skin texture
o Soft PUR or synthetic silicone rubber mostly used for humanoid skin masks
=  Made by mould technology
= Production of human face mould
= [njection of elastomer in mould
= Release of skin and finish manufacture by trimming, painting and making up
¢ Polymerization of diisocyanate, polyester or polyether polyols and chain extenders makes PUR elastomers

o Casting procedure: mix two low viscous liquid components (usually polyol mixture and isocyanate) in certain ratio and cure at
room temperature

o Plasticizer can be added in addition to achieve certain softness

o Things like UV absorbers, antioxidants and pigments added in polyol at start of moulding


http://www.labarchives.com/
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Things made with PUR tend to degrade more compared to other plastic things

Aging of PUR foams or PUR coatings related/due to ether or ester composition of polymer

PUR ether polymers have higher sensitivity to oxidation causing discoloration and losing mechanical properties

PUR ester polymers degradation through hydrolysis due to moisture, heat and light

SAYA mask replaced
o “Skin...transferred onto a new inert mannequin that was made of polypropylene...”
o Actuators inside skull were able to control movements in the face through metal connections to the inner surface of skin mask
o Velcros secured mask and skull

Study looked at effectiveness of gluing stripes for stabilization of tears on new mannequin and stabilize/minimize more deformations

o Goals: “...restabilize adhesion between the tears and connect the mask outward bent edges with the mannequin for keeping its
original shape”

o Made of Japanese paper
= Make sure that the ripped long fibered paper would let there be smoother transition between edges
= Make sure that the paper would give enough strength because of the Kozo fiber length
o Adhesives had to be water soluble in order to prevent PUR exposure to harsh solvents
= Would allow for flexibility and elasticity for longer period of time
= Cellulose base adhesives tested

= Synthetic polymer based adhesive (aqueous PUR dispersion that lacked free isocyanate groups) also was thought
to be tested

In one test, the paper strips embedded with adhesive solutions and dried
o Adhesives didn't delaminate so was able to keep original shape and flexibility was also maintained

After cleaning PUR and PP surfaces with lightly damped polyurethane sponge, the adhesives were added in drops on paper strips and lightly
pressed on testing surface with flat short haired brush

o Then dried

o After 7 days found that the paper’s flexibility with adhesives by controlling cracks that resulted from shrinkage/failure after manual
tension test

PUR elastomer sensitive to light
Migration of plasticizers to surface causes stickiness that can occur in plastics like PVC
In discoloration two parts observed in SAYA:
o Pink color: carbon and oxygen present
o yellow discoloration: other elements like magnesium, aluminum and silicon present
= Shows that chance of aluminosilicates attach to sticky surface
TiO2 crystalline used for pigmentation
o Might have influence on photo stability of different polymers
o Anatase has photo sensitizing effect and could cause higher susceptibility of photo oxidation for elastomer
PUR adhesives benefits
o Good adhesion on different substrates
o Toughness

o Flexibility
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o Durability

o Water resistant
¢ PUR forms hydrogen bonds and covalent bonds when hydrogen present
e The glue is like barrier against oxygen that slows yellow discoloration process
¢ Plasticizer migration caused the aging of mask and stickiness but plasticizer usage necessary to reproduce human skin
¢ In study two main degradation processes
o Photo oxidation of MDI-PUR elastomer causing yellow discoloration and impacting physical/mechanical properties
= Anatase form and SAN present
o UV stabilizer and phthalates migrating to surface causing stickiness and dust particles to stick

Conclusions/action items: This article looks at a study of the skin of a robot called SAYA and analyzes what resulted in the degradation of the
mask later on. The mask was made out of polyurethane which though has a stronger durability and waterproof, it can undergo oxidation or
hydrolysis depending on whether you are using polyurethane ether polymers or polyurethane ester polymers respectively. Things like
aluminosilicates attaching to the surface can cause stickiness of the mask over time which is something to keep in mind of during the project.

Action items:

+ Continue to research about the skin
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N 10/6/22- "Structural, physicochemical and biodegradable
‘ ‘ properties of composite plastics prepared with polyvinyl alcohol
(PVA), OSA potato starch and gliadin"

SAIVARSHINI RISHI - Oct 11, 2022, 11:59 PM CDT
Title: "Structural, physicochemical and biodegradable properties of composite plastics prepared with polyvinyl alcohol (PVA), OSA potato starch
and gliadin"
Date: 10/6/22
Content by: Saivarshini Rishi
Present: NA

Goals: My goal is to learn about the different components that make up composite plastics with PVA and the advantages/disadvantages of different
ratios of them.

Content:

Structural,_physicochemical and biodegradable properties of composite plastics prepared with polyvinyl alcohol (PVA), OSA potato starch and gliadin -
ScienceDirect (wisc.edu)

¢ With octenyl succinic anhydride (OSA) esterified potato starch, gliadin and polyvinyl alcohol in solvent casting method allows for making ternary
plastics

e Composite plastic’s elastic modulus, water resistance and degradability larger compared to in pure PVA
e Adding OSA potato starch and gliadin helps with biodegradability of PVA plastics
e Polyvinyl alcohol

o Linear polyhydroxy polymer

o Strong polarity

o In highly humid conditions, easier to cause plasticization with the water molecules

o Mixing it with different biopolymers that have differing physical and chemical properties can make composite plastics which have
good strength, flexibility and degradation rate

o High light tranmittance
e Starch

o Degradable composite

o Has Free hydroxyl groups

o Using native starch doesn't give a good water resistance and strength

o OSA esterified starch better choice

= Better thermoplasticity and hydrophobicity

o Cheaper price
e PVA + potato starch base makes the water resistance better

o PVA and starch not compatible so have to use other substances in addition
e Gliadin

o Proline rich protein

o Hydrophobic and hydrophilic regions

o glycerol/water mixture part of plasticization process


http://www.labarchives.com/
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o Good water resistance
e OSA starch/gliadin ratio replacing PVA increasing causes rough/uneven surface of composite plastic
o When ratio was 1/1 and PVA replacement ratio was 25% there was a uniform/smooth structure
= Crack free
o Higher compatibility of composite plastics causes better mechanical strength
e OSA starch and gliadin added led to bumps in images because of intermolecular accumulation
¢ OSA starch/gliadin ratio 3:1 with replacement ratio of PVA 75% resulted in darker areas on composite plastic surface
o Three composites good compatibility
¢ With only OSA starch and PVA, there were bright and dark spots and there were bumps
o Shows importance of gliadin
e Particular proportion of gliadin resulted in less roughness in composite plastic
e Composite plastics had less bumps in comparison to pure PVA plastic
e OSA starch + gliadin + PVA composite plastics decrease crystallization and increase smoothness
¢ Three components => less hydroxyl groups in composite plastics leading to more water resistance
¢ Light transmittance
o Reflects resistance to light
o Lower in composite plastics compared to in pure PVA after addition of OSA starch and gliadin

= |.e. when ratio of the starch to gliadin was 3:1 and replacement ratio of PVA 25%, light transmittance lower in pure
PVA compared to OSA starch but higher in other composite plastics

o Increasing ratio of OSA starch/gliadin replaced PVA resulted in less light transmittance
= Since PVA transparent and smooth and increases light transmittance
e Starch molecs can be hydrophilic because of presence of hydrophilic hydroxyl groups
o OSA starch makes starch particles more hydrophobic
o OSA starch and gliadin cause composite plastic interaction that leads to network structure

¢ Intermolecular hydrogen bonds between the OSA starch/gliadin/PVA and dense structure of composite plastics might cause more mechanical
strength

e OSA starch can lead to more degradation

¢ Can change the proportions of the components depending on the specific requirements

Conclusionslaction items: This article discussed about the analysis of plastics made of OSA potato starch, gliadin and polyvinyl alcohol and the
different chemical characteristics of each component. Different ratios of the compounds resulted in differing observations of the plastic, thus
affecting, light transmittance, pigmentation and texture. The lower OSA starch/gliadin ratio and replacement ratio of PVA resulted in a smoother
plastic. For our project, we need to keep in mind if we are using OSA starch that using it might add on to the water proof aspect of the skin but also
result on more degradation.

Action Items:

¢ Ask about 3D scanning solidworks design at the makerspace
« Look into fabrication techniques
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S

10/21/22-“ Hydrogel: Preparation, characterization, and
applications: A review”

Title: “ Hydrogel: Preparation, characterization, and applications: A review”

Date:

10/21/22

Content by: Saivarshini Rishi

Present: NA

Goals: My goal is to learn about hydrogels and the processes involved in the synthesis

Content:

https://www-sciencedirect-com.ezproxy.library.wisc.edu/science/article/pii/S2090123213000969

Hydrogel products are hydrophilic
o Group of polymeric materials
Synthetic hydrogels have larger water absorption capacity compared to natural
o Longer life also
o Stronger gel strength
Hydrogels are made of polymer networks
“Water-swollen and cross-linked polymeric network”
Monomers undergo rxn that produces the hydrogel
o Polymerization
o Parallel cross linking of multifunctional monomers
Can hold a lot of water in the structure
o Due to functional groups being hydrophilic
it cannot dissolve when placed in water
o Due to cross links in the network chains
Flexibility
Can be made from synthetic materials
Withstand temperature fluctuations
Usually Mass fraction of water that is held inside hydrogel > mass fraction of polymer
o Occurs when hydrogel is “swollen”
Water soluble synthetic polymers that are not cross linked => more swelling
Polymeric composition classifications
o Homopolymeric hydrogels
= The polymer network comes from one certain type of monomer
= Homopolymers may or may not have cross linking
o Copolymeric hydrogels
= Made of two or more varying monomers

= Monomers have minimum 1 hydrophilic portion

SAIVARSHINI RISHI - Dec 14, 2022, 12:53 PM CST
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= Monomer arrangement possibilities
= Random arrangmenet
= Block arrangment
= Alternating arrangement

o Multipolymer interpenetrating polymeric hydrogel (IPN)

= Synthesized from two independent cross linked polymer components that could be either synthetic, natural or both

= semi-IPN hydrogel

= One polymer component is cross linked while the other isn’t

¢ Configuration classification
o Amorphous
o Semicrystalline
o Crystalline
¢ Type of cross linking classification
¢ Physical appearance classification
o Matrix
o Film
o Microsphere
o *depends on how polymerization occurs
¢ Network electrical charge classification
o Nonionic
o lonic
o Ampbhoteric electrolyte with acidic and basic portions
o Zwitterionic with anionic and cationic portions of the monomers
¢ Natural polymers that are used when synthesizing hydrogel are
o Proteins
= Collagen
= Gelatine
o Polysaccharides
= Starch
= Alginate

= Agarose

¢ Polymerization techniques produce synthetic polymers that are used when synthesizing hydrogel
¢ Volume collapse/phase transition: when hydrogel either retains or loses water capacity due to environmental factors

¢ Even hydrophobic monomers are used for synthesizing hydrogels for certain purposes

o But mostly use hydrophilic monomers
e Synthetic polymers

o Hydrophobic
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o Higher chemical strength compared to natural
= Causes lower degradation rate
= Durable
e Elastic structure
¢ Anything that causes cross linking in polymer will be able to synthesize hydrogel
e copolymerization/cross linking free radical polymericzations
o Reaction of “hydrophilic monomers with multifunctional cross-linkers”
o Popular way of hydrogel synthesis
¢ Methods of synthesizing hydrogel from cross linked linear polymers that are water soluble:
o Chem rxn that links polymer chains
o |onizing radiation
= =>main chain free radicals that “can recombine as cross-link junctinos”
o Physical interactions
= Entanglements
= Electrostatics
= Formation of crystallite
e Main parts in synthesizing hydrogels:
o Monomer
o Initiator
o Cross linker
¢ Diluents (i.e. aqueous solutions like water) can control properties of hydrogel and also the heat of polymerization

e After the preparation has been completed, the hydrogel has to be washed so that there are not any impurities (i.e. nonreacted monomer,
initators, cross linkers, waste products) present

¢ Most of the time monomers that are polar are used
¢ Possible methods of preparation:
o Graft polymerizaiton
o Cross linking polymerization
o Networks formation of water soluble polymer
o Radiation cross linking
¢ Most hydrogels are:
o copolymers of acrylate and acrylic acid that are only lightly cross linked
o Grafted starch acrylic acid polymers
o Preparation includes:
= Inverse suspension
= Emulsion polymerization
= Solution polymeriation

¢ Bulk polymerization:
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o

=simplest way as it only has one monomer and monomer soluble initiators
Cross linking agent is only added in small quantity
Initiation of polymerization rxn occurs via radiation, ultraviolet or chemical catalysts
Due to large monomer concentration, the rate and degree of polymerization is also large
Rxn viscosity increases
= Due to conversion causing heat during the rxn
= | ow conversions reduces viscosity
The polymerizationresults in polymer matrix that is:
= Hard
= glassy/transparent

= Becomes soft and flexible when it is placed in water (retention of water also)

e Solution polymerization/cross-linking

ionic/neutral monomers added with multifunctional cross linking agent
(thermal) Initiation: UV irradiation or redox initiator system

Hydrogels washed using distilled water to remove reactants and other things

Formation of hydrogel occurs when when water in polymerization is higher than amount of water of swelling

Possible Solvents:
= Water
= Ethanol
= Water ethanol mixture

= Benzyl alcohol
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Conclusions/action items: This article discussed the properties of hydrogels and the preparation of them. Understanding the chemical properties
will help us synthesize them and utilize them in the skin of the mannequin.

Action items (at the time of the research): adding hydrogel to the skin and perfecting the texture
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<, 11/10/22-“Development of a Neonatal Thoracic Cavity Model and
.‘ Preliminary Study”

SAIVARSHINI RISHI - Dec 02, 2022, 1:59 AM CST

Title: “Development of a Neonatal Thoracic Cavity Model and Preliminary Study"
Date: 11/10/22 (Lab Archives entry on 12/2/22)

Content by: Saivarshini Rishi

Present: NA

Goals: My goal is to learn about the different elements that can be added to a thoracic cavity model by examining the model in the study and
learning about the different characteristics it had.

Content:
https:/lwww.jstage.jst.go.jplarticle/jscas/18/2/18 80/ pdf/-charlja
https:/lwww.jstage.jst.go.jplarticle/jscas/18/2/118_80/ article/-charljal
¢ Modeling of neonatal thoracic cavity
o For simulation of thoracoscopic repair for esophageal atresia
o Making of ribcage of patient who is 13 days old
o Esophagus model inside ribcage
= Polyvinyl alcohol tube that is 8mm
= Top part attached to force sensor
¢ Model will help pediatric surgeons practice
¢ 3D printed neonatal thoracic cavity model developed by Barsness et al.
o For training for surgery
o Also developed by Harada et al. for 1 year old patient
= Included force sensor inside ribcage
e Surgical skill assessments used to find the validity of the models
e Construct validity
o Type of objective validity
o =looks at how much a test measures what it wants to measure

o If there is statistically significant difference between beginners and experts utilizing a simulator shows that there is construct
validity

¢ “Thoracoscopic repair of esophageal atresia” extremely hard to perform in neonates
o \ery intricate
o Have to be careful especially since the esophageal wall is thin and fragile
¢ Using CT volume data was able to construct simplified model for patient who was 13 days old
o Included posture of patient during surgery into model
e 3d printing of ribcage
o Two materials

= Polyamide nylon and glass beads used for rib bones


http://www.labarchives.com/
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= Thermoplastic elastomer used for base
= Causes there to be more gap in between rib bones in port insertion

o Synthetic elastomer sheet (10mm thickness) covered the ribcage

= Allowed for three ports allowing insertion of endoscope, needle driver and forceps

= Ports sutured into sheet
o Elastic PVA tube for esophagus

= Inside ribcage

= On 3D printed heart

= Wet

= Length = 60mm

= Quter diameter = 8mm

= Inner diameter = 5mm

= Highly resembled mechanical properties of esophagus

Higher stiffness compared to real esophagus

Conclusions/action items: In this article, it described a thoracic cavity model that they created, including the different elements they incorporated,
materials and characteristics. Their model consisted of a 3D printed ribcage (made of polyamide nylon, glass beads, thermoplastic elastomer and
synthetic elastomer sheet) and esophagus model (made of polyvinyl alcohol tube representing the esophagus). Their model was primarily used for
replicating surgical procedures so they also included a force sensor and ports for inserting different tools. Though not all of these may apply to our
project, definitely a lot of the materials they used could be used in our model too like the PVA (used in the esophagus) that was described as being
wet and stiff.

Action items:

* work on prototype
* work on testing
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“‘ 2014/11/03-Template - Copy

SAIVARSHINI RISHI - Sep 15, 2022, 2:42 PM CDT

Title:

Date:
Content by:
Present:
Goals:

Content:

Conclusions/action items:
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‘l ‘l 2014/11/03-Entry guidelines

John Puccinelli - Sep 05, 2016, 1:18 PM CDT

Use this as a guide for every entry

* Every text entry of your notebook should have the bold titles below.
« Every page/entry should be named starting with the date of the entry's first creation/activity, subsequent material from future dates
can be added later.

You can create a copy of the blank template by first opening the desired folder, clicking on "New", selecting "Copy Existing Page...", and then select
"2014/11/03-Template")

Title: Descriptive title (i.e. Client Meeting)

Date: 9/5/2016

Content by: The one person who wrote the content

Present: Names of those present if more than just you (not necessary for individual work)
Goals: Establish clear goals for all text entries (meetings, individual work, etc.).

Content:

Contains clear and organized notes (also includes any references used)
Conclusions/action items:

Recap only the most significant findings and/or action items resulting from the entry.
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