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Dhruv Nadkarni - Sep 05, 2025, 6:17 PM CDT

Last Name First Name |[Role E-mail Phone Office Room/Building

. . . M1073 Engineering
Johnson Russ IAdvisor russ.johnson@wisc.edu N/A o

Centers Building
Botros Ms. Nada Client nbotros@wisc.edu UW School of Medicine
414-687-9117 and Public Health -

Cho Dr. Daniel Alternate client  |chod@surgery.wisc.edu Division of Plastic Surgery
Heaton Bryan Leader bmheaton@wisc.edu 952-367-6597 N/A
Kaminski Meghan ICommunicator mfkaminski@wisc.edu 630-549-4521 N/A
Evers Serena BSAC skevers@wisc.edu 262-665-4562 N/A
Nadkarni Dhruv BWIG dnadkarni@wisc.edu 978-793-5560 N/A
Gunasekar Harshad BPAG hgunasekar@wisc.edu 630-730-6531 N/A
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“‘ Project description

SERENA EVERS - Dec 09, 2025, 10:31 PM CST

Course Number: B M E 400

Project Name: HeadVac: Negative pressure incisional dressing for rhytidectomy

Short Name: HeadVac

Project description/problem statement:

Newly reconstructed ears after microtia reconstruction surgery are fragile, prone to destructive fluid buildup, and difficult to dress securely. Clinicians
need a conformal negative-pressure wound therapy device that holds a foam dressing over the ear, maintains consistent negative pressure over
complex 3D geometry, and safely collects drainage from existing drains to reduce complications and support consistent healing. Current temporary
drains often lose suction and dressings fail to seal around the ear’s contours which increases a burden on clinical staff. A device specifically shaped for
postoperative ear anatomy would provide a more stable seal, more reliable pressure delivery, more reliable wound drainage, and greater protection
during the critical early healing period.

About the client:

Dr. Daniel Cho is a pediatric plastic surgeon at UW Health. He specializes in the treatment of infants and children with craniofacial
differences. Ms.Nada Botros is a medical student at the Medical College of Wisconsin doing a dedicated research year with Dr. Cho in the CRANILab.
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“ 9/11/2025 - First Client Meeting

BRYAN HEATON - Sep 11, 2025, 9:47 AM CDT

Title: First Client Meeting Notes
Date: 9/11/2025

Content by: All

Present: Team + Ms. Botros
Goals:

1. Gain initial understanding of the problem
2. Gain understanding of clinical usage of NPWT
3. Gain understanding of challenges with using NPWT in craniofacial applications

Content:

A list of questions was generated by the team prior to the client meeting. Questions that were asked are underlined,
with their answers in bullet points below. Questions to be asked / reconsider asking are not underlined. Additional notes
from the meeting are found below the questions.

» Are there specific patient populations or risk factors that make this device especially important?

« What is the priority for outcomes they are hoping to improve — cosmetic sustainability, healing time, complication
rates, etc.?

» Images?

o Rhytidectomy, pre-auricular, post-auricular, and temporal are all varieties
o Not accounting for all facelifts, should cover EAR AS PRIMARY FOCUS on both sides
o PRE-AURICULAR IS PRIMARY INTEREST
« Maximum and minimum dimensions/size?
« What are the main limitations or frustrations with current post-rhytidectomy dressing techniques?
o Wound dressing changed frequently, hair another big difficulty for applying a seal
« Who is the target patient, or does it range? Should the headband be adjustable?
» Are there specific incision patterns or variations we need to accommodate?
o Usually hidden
o In front of the ear or behind the ear
o Depends on surgery
» Should pressure be constant or intermittent? RE-ASK Dr. Cho
o Constant
« Optimal pressure level?
= Look up Pressure levels on the incisional wound vac

» Material constraints?

« Power supply?

« Restraints on the location of the headband?

» It was stated in the problem statement that negative pressure wound therapy has not yet been explored for
rhytidectomy and other facial aesthetic surgery healing processes, partly because of challenges in adapting devices
to the unique and curved anatomy of the head and face. Are there any other challenges you are worried about for
this project, specifically related to the rhytidectomy surgery or healing process?

o Other challenge: Getting tape to stick on hairy surface

» Do you have an NPWT machine that we could look at?

o Yes!
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« Is heat buildup from electronics a safety concern?

« Does the system need active/passive cooling to avoid harming the healing tissue?

« Which type of rhytidectomy procedure should the headband work with? (Traditional Facelift: Targets the full face and
neck. Involves extensive incisions (ears, hairline, chin). SMAS Facelift: Tightens the muscle layer (superficial
musculoaponeuraotic system) — relevant for deep tissue healing. Mini-Facelift: Less invasive, used for early signs of
aging.)

o Where the incision is placed is what's important

= Different types usually use same incision

« What is the typical drainage volume after rhytidectomy, and what range should the device be designed to handle?
« How should the device handle blockages, leaks, or pump failures (e.g., alarms, auto shut-off)?

o Should the device include fail-safes to prevent over-suction or prolonged use?
» Do you see this as a device primarily for high-risk patients or as a standard of care for all rhytidectomy patients?

o Face lift - Standard of care t

o Neurosurgical - High-risk

o Does the surgical team collect risk factor data prior to surgery? Could be helpful if we want to make a

personalized solution.
= Epic has all medical history

= Theoretically way down the line we could have an aspect of personalization, but we
should stay focused on one aspect when developing the prototype.
» How would success be measured from the clinician’s point of view (complication reduction %, cosmetic satisfaction
surveys, reduced clinic revisits)?
o Testing in animal models & humans
o Stick to different contours
o Hair shouldn’t be a problem
o FORMS A SEAL - most important
» Do you see broader applications (scalp, craniofacial, neurosurgery) as important future directions?
o Facelift
o Scalp surgery,
» What infection control standards must be considered?

-Blood vessels feed structures in face

-facelift relies on little blood vessels of face, fluid build up occludes blood vessels and causes complications (necrosis,
-if you cant close wound in surgery (skin too tight, infection) invented at wake forest “wound vac” sponge over an area with clear
plastic adhesive strip in middle and vacuum thru hole

-problem with wound vac for facelift and scalp incisions: contour of face is difficult

Solutions: Headbandvac (hole for ear) , Hatvac w/ strap?

-different surgeons have different techniques for incisions

-facelift is cosmetic and scalp incisions usually for tumor removal

-$1000 funding

- 414-687-9117

-Nurses need to be able to change the headband

-first step: proof of concept

-cadaver testing to ensure a seal can be formed around an incision

-main target area is on cheek and ear area

-watch video of rhytidectomy

-look at images of post op

- look up pressure levels on an incisional wound vac

Conclusions/action items:

« Continue contact with client as PDS is drafted
o Consider constraints / guidance from clients as PDS is drafted
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.‘ 9/18/2025 - Pre-PDS Completion Client Meeting

BRYAN HEATON - Sep 18, 2025, 1:54 PM CDT

Title: Client Meeting

Date: 9/18/25

Content by: Meghan, Bryan
Present: Team + Clients

Goals:

1. Finalize understanding of preliminary research
2. Continue to dial in the scope of the project, optimizing for maximal impact in ORs

Content:

» A more specific vision for the final product would be really helpful
o Should we focus on the around the ears incisions?
= Wearable version of NPWT device
= Facelift and ear incisions are most important (focus)
» Adjustable headband or different sizes?
o Adjustable, elastic, velcro maybe?
- Do we want the headband to be reusable / sterilizable between patients?
o Disposable
o JP drain?
o For shelf-life section of PDS
= And patient-related concerns section
o PDS size specification: Clinicians must be able to easily inspect and replace dressings without dismantling the

headband OR the device must allow for simple removal and reapplication ???
= Will be single use
= Headband disposable. Tubing also disposable. Vacuum already exists and will be reusable.

o Probably dependent on the material/ npwt device we use.
o put down the most basic FDA standard for a device sitting on a shelf.
« Do you envision this to be used one time the day after the patient’s facelift surgery or would it be a "recurring” service where the
patients comes back multiple times?
o For facelift, only one application
« Likes/dislikes/preferences with surgical techniques, NPWT devices, etc.

o No preferences, as long as it works
o Hair bearing region
o Can be adjustable
o No specific constraints
o Can we cover our ears
= Muffs would be so cool
= Follow up with doctor Cho
o Overall specific opinions on the project concept/usage of the product
o Preferred shape of the headband/npwt device
e Are we making our own NPWT device?
o No incisional wound vac
o Bulser(ball of guaze) and head wrap for dressings
¢ Any weight specifications?
o Lightweight and ambulatory
o Not restrictive
« What is the typical drainage volume after rhytidectomy, and what range should the device be designed to handle?
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o Shouldn’t be much, ~20 mls a day

o What variable are we going to test our products success on?

o Just make something that seals and works for now, variables for success can come later.

o Should the device include fail-safes to prevent over-suction or prolonged use?

o Bar on vacuum that indicates if seal is present or if over-suction is occuring
o Bar usually at 100% during usage

Questions STILL TO ASK for Dr. Cho:

Notes:

Are there specific patient populations or risk factors that make this device especially important?
What is the priority for outcomes they are hoping to improve — cosmetic sustainability, healing time, complication
rates, etc.?

o
Maximum and minimum dimensions/size?
Who is the target patient, or does it range? Should the headband be adjustable?
Restraints on the location of the headband?
It was stated in the problem statement that negative pressure wound therapy has not yet been explored for
rhytidectomy and other facial aesthetic surgery healing processes, partly because of challenges in adapting devices
to the unigue and curved anatomy of the head and face. Are there any other challenges you are worried about for
this project, specifically related to the rhytidectomy surgery or healing process?

o Other challenge: Getting tape to stick on a hairy surface
Is heat buildup from electronics a safety concern?

New possible avenue:
o Microtia, harvesting cartilage
o Have to suction out the extra air in the “skin pocket”
o SOMETHING THAT IS VARIABLE
Sports/Elastic Headband, Velcro Adjustable or comes in different sizes
o Can't be super tight on the face
o Disposable Headband, 1 per patient
JP Drain
o Bulb/Plastic Balloon, squeezes everything out of a fluid-filled cavity
Do not make any technology that has already been made, like the vacuum unit itself

Conclusions/action items:

¢ Schedule in-person meeting to see NPWT setup
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‘ ‘ 9/25/2025 - Client Meeting at Hospital - Project Shift

BRYAN HEATON - Sep 30, 2025, 12:48 PM CDT

Title: Client Meeting at Hospital - Project Shift
Date: 9/25/2025

Content by: All

Present: All

Goals:

* Explore possible engineering solutions for concerns with rhytidectomy device
« See what avenue would have most impact

Content:

Summary: The project focus has shifted to a microtia surgery recovery device. This simplifies the team's objective as they no longer have to consider
hair at the site of adhesion, applying negative pressure to the delicate inner ear structures, and complex incisions. The team will likely go towards a
design which resembles an ear muff, applying negative pressure to the entire external ear. The design must also feature a y-connector on the vacuum
tube which will function to both drain fluid from inside the ear and pull the new skin flap over the newly structured ear.

« Microtia TOTAL SHIFT YAAAAAYYY!!I
« Widely applicable besides microtia
« Prevena incisional vac
« Compatible for kids
Suction drain and something under the skin
Grade 3
No ear and lumps of cartilage
Associated with oral atresia (no ear hole)
1-2 inches shaven around the ears in every case
Don'’t need to worry about adhesive on hair
Ribs carved for ear attachment
One device that connects two tubes to one vac
An earmuff that is flexible
Incisional vac sponge
Suction on top and underneath the skin
Two tubes connected to the same vacuum
Incisional vac sponge designed to go directly onto the skin
Duaderm tape
The uncommonness of microtia main reason why this hasn't been done yet
Incisional vac compatibility for this device
Problems with using the drains currently:

» Drain put in below the ear
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o Cheaper, disposable vac IS ANOTHER GOAL in the future?
Suction getting blocked was a big problem

The phlebotomy tube is not having enough pressure another problem

Adjustable pressure in y-connecter would be cool, but not necessary
Not bulky ideally
Masticol: tree sap derived liquid to help the sponge stick for longer
Layers of vac application (dressing):

o Duaderm tape protects the skin

o Sponge on top

o Adhesive on top top

DISPOSABLE AND COST EFFECTIVE PART

125mmHG Sustained

New demographic - kids

No ear hole opening

Dont have to worry about suction on a ear drum

Complex geometry with Incsisional vac component
o Dressings needs to run along decision

Subcutaneous drain that sucks fluid down

DRessings + Wound Drain + Wound Drain

Combined all into one

Earmuff, That when sucks puts pressure thats %2

Drain, that sucks underneath the skin %2

Wraps around head

Vaccupressure tubes - needles

Constant Pressure - Replace containers

13 of 256
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Conclusions/action items:

¢ Update the PDS accordingly
* Prepare for advisor meeting to discuss this shift
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“‘ 10/24/2025 - Client Meeting

BRYAN HEATON - Oct 24, 2025, 12:44 PM CDT

Title: Client Meeting Notes

Date: 10/24/2025

Content by: Bryan, Meghan, Harshad, Dhruv
Present: All

Goals:

1. Ask more technical questions regarding crushing the ear
2. Gain insight on client vision for design

Content:
Technical questions:
« How do you currently dress the ear to accommodate pressure being put on the flap
o Would a sponge around the ear and behind provide enough support
« Do you foresee NPWT doing damage to the cartilage of the ear

« How much pressure would be ideal for the wound drain, could you foresee there being contradictions between the
pressure

o Our research indicates varying pressures with the average being about 80mmHg sub atmospheric, but the
worry stems from crushing the newly built ear. Would they happen to know if 50 or 60 mmHg sub
atmospheric would be enough?

« Wallvac/do they have anything we can use to create a negative pressure environment

Resource requests:
» Do they have the Prevena wound vac specifications sheet at the hospital?? (otherwise email solventum guy)
« CAN WE GET PREVENA TUBING CAD FILES?
« Can we get a human model?
« Structure/parameters of wound drain/ example of typical wound drain
« Any skin-like materials we can use for testing?

o Silicone

Notes:
« Solventum meeting:
o Bolster (Ball of gauze) typically
= Cotton with oil to get into crevices, bolster is applied on top of that
= Some foam behind the ear, so
= HOT DOG BUN

= Ear is the hot dog
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= KELOID EARING (inspiration)

« Design:
o Beats headphones, outside
o Replaceable adhesive on the outside of the headphone circumference to prevent buildup of Natural oils
o Nada likes the foam on the outside of to headphones
= Foam + Adhesive = Difficult to seal
o Imagining the sticker on the headphone like a goggle-like material
o Mastazol
o Avoid skin touching to skin
¢ In current bolsters, they use a “hot dog bun” type of design for the foam
o Good! This aligns our current thoughts
« Foam behind ear should be good to prevent damage to the ear, necrosis, breakdown of skin
o Score the inside part of the “hot dog”, allowing flexible adhesion to the intricate outer ear
» Wall Vac:
o Similar to vacuum tubes in chem labs, only know of manual ones though
o UW OR - Gauge for pressure desired
= Could just use manual wall vac with pressure sensor for testing
o Proof of concept: Use wall vac to prove it works
o ECB Lab, Portable Suction generator(Expensive), Giant syringes to create some suction as well
= For testing
= Controlling how the VAC sucks would be great for the demo
o NADA WILL FIND MANNEQUIN WOOOOOHOOO0O0O00000000000000
= Silicone very close substrate to ear cartilage
= Styrofoam head (Silicone Ear)

= Similar to human skin - FOR DHRUV TO REMEMBER: Make the test methods that
require skin like material based on silicone.

« WOUND DRAIN
o Surgeon preference in tubing size
o Universal tubing size?
o 8 or 10 french (Fr) size tube (10 is largest)
= Proceed with 10 french
o Can build in one way valve into the drain
= Check with my blood lab at JnJ

= We might have a way to prevent backflow. It's an addition to the Y connector that will help with
the backflow issue.

o 100 mmHG instead of 125,

« Could add stopcock to the tubes
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« 2 wound drains - both under skin pocket

o

o

1 in front of cartilage

1 behind cartilage

« Interference with headphones

=]

NON-EXISTENT DESIGN IS GOOD

« TESTING

o

o

4 hours a day
After testing - Should
Week-long vs day-long test, no difference according to nada

= For the long durability tests, we can have a tension and compression movement form the MTS
machine to simulate a child jumping, running, etc...

Dr. Cho is okay with a week long, | think we should still include the MTS compression and tension
movements to add some variability.

SHOP VAC with adjustable Pressure for testing

SILICON EAR MODEL

» ADHESIVE

=]

o

Skin glue, Dermabond
= Might be our answer
Research alternative gluing methods
= Dermabond is heat-activating , NO DERMABOND

= Mastacol would be used by surgeon if needed for extra adhesion of headphone to adhesive
layer

« Consider NOT RIGID headband, safari drawstring hat

=]

Combats kids being kids

« Mastisol

EAR MOLDING Technology - EAR WELL

Infant ear - use as inspiration

« Ear Well vs InfantEar Device

« Theoretically could make both tubes same diameter

o

10 French for both?

17 of 256
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o Def look into this

» Flow rate doesn't matter
o 10 ccs of fluid at most
o WoundVac tube inner diameter ~ 3.5mm, wound drain = 10 french = 3.3mm 0O O 0000 0O 000 O O 0DOO0O
Conclusions/action items:
» Research any relevant pressure sensor compatible with wall vacuum (as found in chem lab, BME design lab)
« Begin design of foam in “hot dog” design
» Look into models for ear, silicone is ideal
« Look into Earwell - could be huge inspo for inner headphone design, could create sticker via this design
o Inspo for adhesion to skin, allowing device to stick to ear

o InfantEar more modular
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.‘ 11/24/25: Client Meeting before break

MEGHAN KAMINSKI - Dec 07, 2025, 8:28 PM CST

Title: Client Meeting before break
Date: 11/24/25

Content by: Meghan

Present: Meghan, Serena, Nada
Goals: Update clients on all deliverables
Content:

Brief meeting with Nada

+ General checkup on design changes
+ No concerns from Nada regarding design
« Confirmed all materials were being ordered
o Excel sheet with material information sent from Nada
¢ Updated Nada on all upcoming dates

Conclusions/action items: Continue working on final deliverables. Keep in contact with Nada for upcoming orders.
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‘ ‘ 9/26/2025 - Meeting Post-Microtia Shift

BRYAN HEATON - Sep 30, 2025, 12:51 PM CDT

Title: Meeting Post-Microtia Shift
Date: 9/26/2025

Content by: All

Present: All

Goals:

1. Present new project focus and discuss implications of shift
2. Gain insight into potential new engineering challenges with design

Content:

Notes from Russ:

Think about pressure differences of the drain and the vac and how that might affect the drainage and the possibility of
infection

» Devices to look at
o The House institute dressing

Infection is an issue

o Try to combat fluid flowing back into the wound
« Pressure level differential in front and behind ear could increase infection risk
Conclusions/action items:

* Consider new challenges with design
* Delegate new research to teammates
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‘ ‘ 10/10/2025 - Advisor Meeting

21 of 256

Title: Advisor Meeting

Date: 10/10/2025

Content by: Bryan Heaton

Present: Bryan Heaton + Meghan Kaminski
Goals:

1. Update advisor with information from Solventum meeting
2. Collect insight on design ideas
3. Identify priorities moving forward

Content:
» Drawings were a little difficult to comprehend, CAD was good
« GET PROTOTYPING!
o Even without final materials
« Don't wait too long to do outreach, do this semester if possible
« Continue to prioritize labarchives entires
« From Solventum meeting:
o Oval sponge over whole ear would crush the ear
o What magnitudes of pressure would do this?
» FInd a way to stabilize ear with the use of NPWT
Action Items:
« Look at ENT dressings for ears
o Medtronic
o Olympus
» Ask for a head model

« Research magnitudes of NPWT used

Questions for clients:

BRYAN HEATON - Oct 12, 2025, 4:06 PM CDT

« Clarify main use for NPWT: is it to drain the fluid from the wound or to apply physical pressure to the external ear, or are

both equally important?

« What is the main problem seen from the Vietnam trip that prompted the NPWT idea?

« What is the optimal negative pressure magnitude for the oval to still work?

Conclusions/action items:

« Action items listed above
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‘ ‘ 10/17/2025 - Advisor Meeting

22 of 256

Title: Advisor Meeting
Date: 10/17/2025
Content by: All
Present: All
Content:
Questions for clients:
« What is the tube size of the wound drain? How does it differ from the main NPWT
Notes:
» Jackson Pratt vs Cathater for wound drain
o Tube Diameter Discrepancies -
« Tegaderm?
« Pressure Synchronization:
o Diameter of tubes
o Flow
o Pressure
= Ensure Fluid Trap at the bottom of the vacuum is the lowest pressure
o Serena can work on this Fluid Dynamics O®
Conclusions/action items:
« Start making sponge varieties to investigate crushing problem
» Look into wallvac (from Nada)
« Look into woundvac specs
o Leakage alarms

« 3D print custom y-connector?

BRYAN HEATON - Dec 10, 2025, 1:28 PM CST
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‘ ‘ 11/14/2025 - Advisor Meeting

23 of 256

Title: Advisor Meeting
Date: 11/14/2025
Content by: All
Present: All

Content:

BRYAN HEATON - Dec 10, 2025, 1:29 PM CST

« Piece-by-piece connection of tubing to dressing should work for different diameter tubing

« Use 1002 vacuum for now
» Use a regulator for wall vacuum
o Eliminates need for in-line pressure sensor
« Time for testing next semester
Conclusions/action items:
« CAD sealing ring for 10-french tubes?
» Purchase vacuum
o Find one that specs down to -50 mmHg
» Touch base with “healing in alignment” team
o Serena reach out to Jacob
« Find regulator - could not even need the in-line sensor with this
o Reach outto Dr. P
= Meghan did this
o Check with rockwell lab

= Bryan to do
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‘ ‘ 11/21/2025 - Advisor Meeting

BRYAN HEATON - Dec 10, 2025, 1:30 PM CST

Title: Advisor Meeting
Date: 11/21/2025
Content by: All
Present: All
Content:
« No necessary data for poster
« Less words!!
Conclusions/action items:
» Use head / body model from teaching lab
« Cut to the chase on the poster, use pics
o High-level explanation
« Lots of images little text
« Keep it very straight to the point for the speaking
« Comfort test
o Pad for the other side of the headphone so it doesn’t create a pressure wound

« Qualitative test of how to ear looks after removing the device
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. ‘ 11/20/2025 - Initial Dressing Prototyping

BRYAN HEATON - Nov 21, 2025, 1:19 PM CST

Title: Initial Dressing Prototyping

Date: 11/20/2025

Content by: Bryan Heaton

Present: Bryan, Harshad, Meghan, Serena
Goals:

1. Being cutting foam and securing duoderm inside
2. Confirm proof of concept for slit in foam idea

Content:

¢ The team met and cut into the given foam and duoderm samples
« Determined that this should work, especially when negative pressure is applied

Conclusions/action items:
* Need to make headphone interior deeper / wider to accommodate dressing

* Make document outlining how we think dressing will be applied after surgery, steps to do so

BRYAN HEATON - Nov 20, 2025, 3:27 PM CST

Download

IMG_0351.jpg (4.42 MB)

BRYAN HEATON - Nov 20, 2025, 3:27 PM CST
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“ 12/4/2025 - Dressing Prototyping for Poster Presentation
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BRYAN HEATON - Dec 04, 2025, 1:27 PM CST

Title: Dressing Prototyping for Poster Presentation
Date: 12/4/2025

Content by: Bryan Heaton

Present: Bryan Heaton

Goals:

1. Recreate the dressing from our initial prototypes, with cleaner more measured cuts

Content:

¢ The dressing is shown below.

« All head models in the BME fab lab did not have protruding ears, therefore the model did not fit on them

o The model heavily relies on the protruding structure of the ear to be stable when applied
¢ The dressing (foam, duoderm) measures 110mm (I) x 72 mm (w) x 29 mM (t)
o 38mm max depth of cut out (crescent shape)

o Cut into foam for ear fit goes until risk of perforating other side

Notes post-fabrication

¢ The adhesive is extremely sticky and tedious to work with.

¢ We will have to see how much of the adhesive layer is minimal to ensure stickage to desired surface, hopefully area around ear is
enough.

Conclusions/action items:

e N/A
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‘ ‘ 2025/11/03 - Budget Spreadsheet

HARSHAD GUNASEKAR - Dec 10, 2025, 7:37 PM CST

Title: Budget Spreadsheet
Date: 11/3/2025
Content by: Harshad Gunasekar (BPAG)
Present: Team and Client
Goals: Keep track of materials and expenses throughout the project life-cycle

Content:

Conclusions/action items:
- Keep track of items next semester as well
- Gather more materials if needed and keep recording materials

Ensure we are remaining on track for being under our budget of $1000

HARSHAD GUNASEKAR - Dec 10, 2025, 1:57 PM CST

Download

BPAG_Expense_Spreadsheet_-_Sheetl.pdf (110 kB)
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. ‘ 10/22/25-Initial SolidWorks Design

MEGHAN KAMINSKI - Dec 08, 2025, 1:04 PM CST

Title: Initial SolidWorks Design

Date: 10/22/25

Content by: Meghan, Dhruv

Present: N/A

Goals: Create initial design for headband and earmuff
Content:

See attachment

Conclusions/action items: 3D print in PLA for show and tell

MEGHAN KAMINSKI - Dec 08, 2025, 12:52 PM CST

Download

Headband_preliminary_3DPrint_1.SLDPRT (242 kB)
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. ‘ 10/27/25-Initial earmuff update

MEGHAN KAMINSKI - Dec 08, 2025, 1:03 PM CST

Title: Initial earmuff update

Date: 10/27/25

Content by: Meghan

Present: N/A

Goals: Update the earmuff according to new dimensions
Content:

See attachment

Conclusions/action items: 3D print in PLA to test dimensions

MEGHAN KAMINSKI - Dec 08, 2025, 12:52 PM CST

Download

ear_muff_update_1.SLDPRT (236 kB)
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“ 2025/10/28 - Male Connection SolidWorks Model

Dhruv Nadkarni - Oct 28, 2025, 6:09 PM CDT

Title: 1/2 SolidWorks Model

Date: 2025-10-28

Content by: Dhruv Nadkarni

Present: Meghan Kaminski

Goals: Create the connection points for the headphones
Content:

Attached is solidworks model.

Conclusions/action items:

Create an assembly once both sides are created.

Dhruv Nadkarni - Oct 28, 2025, 6:09 PM CDT

g

Download

DhruvSolidWorksMaleComponent.SLDPRT (486 kB)
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.‘ 11/13/25-Headband with updated connection site

MEGHAN KAMINSKI - Dec 08, 2025, 1:02 PM CST

Title: Headband with updated connection site
Date: 11/13/25

Content by: Meghan

Present: N/A

Goals: Update SolidWorks with new connection site
Content:

See attachment

Conclusionsl/action items: 3D print in PLA to test connection site

MEGHAN KAMINSKI - Dec 08, 2025, 12:50 PM CST

Download

2024headband.newconnectionsite.SLDPRT (306 kB)
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. ‘ 11/13/25- Earmuff with updated connection site

MEGHAN KAMINSKI - Dec 08, 2025, 1:02 PM CST

Title: Earmuff with updated connection site
Date: 11/13/25

Content by: Meghan

Present: N/A

Goals: Update SolidWorks with new connection site
Content:

See attachment

Conclusionsl/action items: 3D print in PLA to test connection site

MEGHAN KAMINSKI - Dec 08, 2025, 12:50 PM CST

Download

2024earmuff.newconnectionsite.SLDPRT (293 kB)
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.‘ 11/24/25-Scaled earmuff piece

MEGHAN KAMINSKI - Dec 08, 2025, 1:05 PM CST

Title: Scaled earmuff piece

Date: 11/24/25

Content by: Meghan

Present: N/A

Goals: Resize pieces to create space for dressing
Content:

See attachment

Conclusions/action items: 3D print in PLA to test dimensions

MEGHAN KAMINSKI - Dec 08, 2025, 12:52 PM CST

Download

scaled.earmuff.newconnectionsite.SLDPRT (343 kB)


https://www.labarchives.com/
https://mynotebook.labarchives.com/share_attachment/BME%2520Design-Fall%25202025%2520-%2520BRYAN%2520HEATON/MjcwLjQwMDAwMDAwMDAwMDAzfDExOTAyMDUvMjA4LTM1My9UcmVlTm9kZS8zODY5OTk5NDI0fDY4Ni40
https://mynotebook.labarchives.com/share_attachment/BME%2520Design-Fall%25202025%2520-%2520BRYAN%2520HEATON/MjcwLjQwMDAwMDAwMDAwMDAzfDExOTAyMDUvMjA4LTM1My9UcmVlTm9kZS8zODY5OTk5NDI0fDY4Ni40

Team activities/Fabrication/11/24/25-Scaled headband piece 39 of 256

. ‘ 11/24/25-Scaled headband piece

MEGHAN KAMINSKI - Dec 08, 2025, 1:05 PM CST

Title: Scaled headband piece

Date: 11/24/25

Content by: Meghan

Present: N/A

Goals: Resize pieces to create space for dressing
Content:

See attachment

Conclusions/action items: 3D print in PLA to test dimensions

MEGHAN KAMINSKI - Dec 08, 2025, 12:52 PM CST

Download

scaled.headband.newconnectionsite.SLDPRT (379 kB)
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. ‘ 12/3/25-Final Headband SolidWorks Model

MEGHAN KAMINSKI - Dec 08, 2025, 1:00 PM CST

Title: Final Headband SolidWorks Model

Date: 12/3/25

Content by: Meghan

Present: N/A

Goals: Create SolidWorks model to be 3D printed
Content:

See attachment

Conclusions/action items: 3D print in thermoplastic polyurethane

MEGHAN KAMINSKI - Dec 08, 2025, 12:49 PM CST

Download

finalheadband.newconnectionsite.SLDPRT (359 kB)
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. ‘ 12/3/25- Final earmuff SolidWorks model

MEGHAN KAMINSKI - Dec 08, 2025, 1:01 PM CST

Title: Final Earmuff SolidWorks Model

Date: 12/3/25

Content by: Meghan

Present: N/A

Goals: Create SolidWorks model to be 3D printed
Content:

See attachment

Conclusions/action items: 3D print in thermoplastic polyurethane

MEGHAN KAMINSKI - Dec 08, 2025, 12:49 PM CST

Download

finalearmuff.newconnectionsite.SLDPRT (265 kB)
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“ 2025/10/23 - Negative Pressure Transmission Protocol

Dhruv Nadkarni - Dec 09, 2025, 9:04 PM CST

Title:

Negative Pressure Transmission Test Protocol
Date: 2025-10-23

Content by: Dhruv Nadkarni

Present: N/A

Goals: Document steps for a test procedure.
Content:

Overview: The purpose of the continuous negative pressure transmission test is to assess the vacuum's ability to apply pressures of -60
to -120 mmHg for a continuous 1 hour whilst remaining accurate to the intended value. The tests will have the vacuum apply pressures
of 60, 80, 100, and 120 mmHg below atmospheric pressure. Each pressure value will be tested for 1 hour. During each trial, the
measured pressure values must not exceed +/- SmmHg of the applied pressure values. Additionally, the intended pressure must be
maintained for a minimum of 8 hours. Should the device meet both conditions, the test will be considered a pass. Any deviation will be
noted.

Procedure:
1. Turn the vacuum on and set the pressure applied to 60mmHg below atmospheric pressure.

2. Let the vacuum run for 1 hour. Monitor the pressure value via an external pressure meter. Also record the
pressure displayed via the vacuum.

3. Should the displayed pressure and measured pressure exceed +/- 5mmHg of the intended pressure, the test
would fail. Additionally, if the vacuum does not continuously suction for 1 hour, the test will fail.

4. Repeat the test for 80, 100, and 120 mmHg below atmospheric pressure.
Conclusions/action items:

Continue writing other test procedures.
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“ 2025/10/23 - Consistent Vacuum Seal Protocol

Dhruv Nadkarni - Dec 09, 2025, 9:04 PM CST

Title:

Consistent Vacuum Seal Protoco

Date: 2025-10-23

Content by: Dhruv Nadkarni

Present: N/A

Goals: Document steps for a test procedure.
Content:

Overview: The purpose of the consistent vacuum seal test is to assess the durability and viable duration of the seal following
application of the NPWT dressing. The test setup will involve the entire seal (duoderm, foam, and adhesive) in addition to the vacuum
tubing. The test will be run at our maximum potential pressure magnitude (-120 mmHg) and will run for 1 hour. To assess durability,
the seal must not show any tears, rips, or openings during and after the test. Should any deviation occur, the length and characteristics
of tear and time at which the tear occurred will be noted. The test will be run a minimum of 7 times, with an average number of tears,
length of tears, time of tear, and location of tear being documented. Should the seal not show any tears, the test will be considered a
pass.

Procedure:

1. Attach the seal to a skin like material. The seal order is as follows from closest to skin to furthest: duoderm,
foam, and adhesive tape.

2. Connect one end of the fluid tubing to the vacuum and the other end to a hole in the seal.
3. Turn the vacuum on and set the pressure applied to 120 mmHg below atmospheric pressure.

4. Let the vacuum run for 1 hour. Assess to see if the seal shows any tears, rips, or openings during and after the
test.

5. The test will be run a minimum of 7 times, with length of tears being the most documented.
6. If no tears show, the test will pass.
Conclusions/action items:

Continue writing other test procedures.
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“ 2025/12-09 - Strength of Seal Test

Dhruv Nadkarni - Dec 09, 2025, 9:04 PM CST

Title: Strength of Seal Test

Date: 2025-12-09

Content by: Dhruv Nadkarni

Present: N/A

Goals: Document steps for a test procedure.
Content:

Overview: The purpose of the strength seal test is to assess the tensile strength of the adhesive, foam and duoderm seal. The test setup
will consist of the adhesive, foam, and duoderm sample being applied to a “skin like material”. A 15mm by 70mm sample will be cut
from the entire seal. The adhesive seal will then be gripped on the top claw of the MTS machine, while the skin material will be
gripped to the bottom claw. The machine will pull the seal apart. The applied force to break the seal must not be below 5N, as that is
the strength required to rip off a bandaid. The test will be run on 4 sides of the seal, with each force being documented. The test will be
run a minimum of 15 times. Should the average force be greater than 10N, the test will be considered a pass. Additionally, the standard
deviation must not exceed +/- 0.5N.

Procedure:
1. Build the seal: duoderm, foam, adhesive layer.
2. Cut a 15mm by 70mm sample from the seal.
3. Stick half of the seal (vertically) to a hard surface, with the other half being untouched.
4. Setup the MTS machine.
1. Attach a 100N load cell into the machine.
2. Setup a tensile pull method.
3. Attach grips to both the bottom and top of the machine.
5. Attach the free half of the seal to the top grip.
6. Attach the sticky half of the seal to the bottom grip.
7. Have the machine pull the seal apart.
8. Run the test 10 times, if the average force is greater than 10N consider the test a pass.
Conclusions/action items:

Continue writing other test procedures.
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‘ ‘ 2025/12-09 - Strength of Tube/Seal Connection Test

Dhruv Nadkarni - Dec 09, 2025, 9:05 PM CST

Title: Strength of Tube/Seal Connection Test
Date: 2025-12-09

Content by: Dhruv Nadkarni

Present: N/A

Goals: Document steps for a test procedure.
Content:

Overview: The purpose of the strength of tube/seal connection test is to assess the tensile strength of the tubing to seal connection. The
tubing seal connection will be created, and then the tube will be attached to the bottom grip of the MTS, while the seal will be attached
to the top. The grips will pull apart the connection. The applied force to break the seal must not be below 5N. The test will be run a
minimum of 15 times. Should the average force be greater than 10N, the test will be considered a pass. Additionally, the standard
deviation must not exceed +/- 0.5N.

Procedure:
1. Attach the tube to a preformed seal.
2. Setup the MTS machine.
1. Attach a 100N load cell into the machine .
2. Setup a tensile pull method.
3. Attach grips to both the bottom and top of the machine.
3. Attach the tube end of the seal to the top grip.
4, Attach the seal to the bottom grip.
5. Have the machine pull the seal apart.
6. Run the test 10 times, if the average force is greater than 10N consider the test a pass.
Conclusions/action items:

Continue writing other test procedures.
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“ 2025/12-09 - Fluid Removal Rate Test

Dhruv Nadkarni - Dec 09, 2025, 9:05 PM CST

Title: Fluid Removal Rate Test

Date: 2025-12-09

Content by: Dhruv Nadkarni

Present: N/A

Goals: Document steps for a test procedure.
Content:

Overview: The purpose of the fluid removal rate test is to assess the consistent drainage flow of fluids from the seal in addition to the
amount of fluid draining. The test setup will consist of the foam component of the seal being doused with varying volume of fluid.
Each run will have a different volume. The volumes will be 10mL, 20mL, 40 mL, 80mL, and 100mL. The vacuum will be turned on
and the fluid removal process will begin. The rate of fluid draining will be measured via a flow meter. The flow meter should indicate a
constant flow rate from beginning to end. Any variation will be considered deviation; the standard deviation must not exceed +/- 1
mL/min. Additionally, a visual inspection of the foam will be conducted following the test, in which no fluid shall remain in the foam.
Fluid remaining should be around OmL, with any deviation being noted. Should the test pass all aforementioned criteria, the test will
be considered a pass.

Procedure:
1. Create a fully fledged vacuum seal.
2. Dip the seal into a bucket filled with certain volumes of water.
1.10ml
2.20ml
3.40ml
4.80ml
5.100ml
3. Have a bucket to catch fluid on the side.
4. Connect a flow meter to the end of the tube and beginning of the bucket.
5. Turn on the vacuum.
6. Monitor the flow rate for each volume of water.
7. If the deviation between each buck does not exceed 1mL/min, the test shall be considered a pass.
Conclusions/action items:

Continue writing other test procedures.
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“ 2025/12-09 - Retrograde Fluid Prevention Test

Dhruv Nadkarni - Dec 09, 2025, 9:05 PM CST

Title: Retrograde Fluid Prevention Test
Date: 2025-12-09

Content by: Dhruv Nadkarni

Present: N/A

Goals: Document steps for a test procedure.
Content:

Overview: The purpose of the retrograde fluid prevention test is to ensure no backflow of fluid will occur. Each run will consist of a
different fluid volume being doused on the foam. The volumes will be 10mL, 20mL, 40 mL, 80mL, and 100mL. The vacuum will start
and be shut off 2 minutes after start. Fluid re-entering the seal will then be collected via a new sponge. The expected amount of
retrograde fluid is OmL. Tolerance for backflow is 1 pL. If any deviation occurs, it will be noted and a design change will be conducted
to ensure no backflow.

Procedure:
1. Create a fully fledged vacuum seal.
2. Dip the seal into a bucket filled with certain volumes of water.
1.10ml
2.20ml
3.40ml|
4. 80m|
5.100ml
3. Have a bucket to catch fluid on the side.
4. Run the vacuum until the bucket is empty.
5. Transfer the seal to an empty bucket and turn off the vacuum.
6. Record the amount of water that is removed from the seal. If it is greater than 1pL, consider the test a failure.
Conclusions/action items:

Continue writing other test procedures.
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“ 2025/12-09 - SOLIDWORKS Deformation Test

Dhruv Nadkarni - Dec 09, 2025, 9:06 PM CST

Title: SOLIDWORKS Deformation Test
Date: 2025-12-09

Content by: Dhruv Nadkarni

Present: N/A

Goals: Document steps for a test procedure.
Content:

Overview: The purpose of the SOLIDWORKS Deformation test is to simulate deformation around the tubing insert of the headphones.
A fixed counter-force was placed on the interior of the headband portion of the headphones, whilst forces of varying values were
placed on the clip and external shell of the earmuff. Deformation greater than 3.33mm will need to be analyzed, as the tubing diameter
is 10Fr, equivalent to 3.33mm. If a force 100N or less demonstrates a deformation greater than 3.33mm, the team will have to re-
evaluate the material used for the headphones.

Procedure:
1. Set the fixed counter—forced on the inside of the headband portion.
2. Apply a compression force onto the clip connection point and the entire outer surface of the earmulff.
3. Run the FEA simulation with the determined material.
1.5N
2. 20N
3. 100N

4. If the deformation is greater than 3.33mm around the tubing hole of the design, consider the test a failure and
re-evaluate with a stronger material.

Conclusions/action items:

Continue writing other test procedures.
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Title: SOLIDWORKS Deformation Test Results
Date: 2025-12-04

Content by: Dhruv Nadkarni

Present: N/A

Goals: Perform the SOLIDWORKS Deformation Test
Content:

Attached are results.

Conclusions/action items:

Perform the other tests.
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.‘ 10/3/25-Preliminary Presentation

MEGHAN KAMINSKI - Dec 07, 2025, 8:41 PM CST

Title: Preliminary Presentation

Date: 10/3/25

Content by: All

Present: All

Goals: Deliver preliminary presentation to advisors and fellow students
Content:

See attachment

Conclusions/action items: Begin fabrication and testing of the initial prototypes. Continue general research on NPWT.

MEGHAN KAMINSKI - Dec 07, 2025, 8:41 PM CST

@E Negative Pressure
Wound Therapy Device
for Improved Microtia

—Surgery.Recovery..

ey Wbk

Client: D Daniel Cho & Ms. Nada Botros
Adveor: Dr. Russ Jobinsan

Download
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“ 10/8/2025 - Product Design Specifications

BRYAN HEATON - Oct 08, 2025, 10:10 PM CDT

Title: Product Design Specifications
Date: 10/8/2025

Content by: Bryan Heaton (v2), All (v1)
Present: N/A

Goals:

1. Establish quantitative criteria for the device's fabrication, testing, and design criteria.

Content:

HeadVac: Product Design Specification

Date: 09/18/2025
Project Title: HeadVac

Group Members:

Leader: Bryan Heaton
Communicator: Meghan Kaminski
BSAC: Serena Evers

BWIG: Dhruv Nadkarni

BPAG: Harshad Gunasekar

Client: Ms. Nada Botros & Dr. Daniel Cho
Advisor: Russ Johnson

Function

Design a negative-pressure wound therapy (NPWT) accessory (“EarVac”) that reliably forms and maintains a seal around incisions formed from
microtia surgery to evacuate fluid, reduce hematoma and infection formation, and promote adherence of the skin flap to the sculpted ear. The
system should deliver constant negative pressure within safe limits, be compatible with a y-connector for a second vacuum tube, and be simple for
medical personnel to apply, remove, and replace in the clinic and at home.

Client requirements

The client specified that an incision on the ear skin-flap is generated during microtia surgery. The device should provide constant negative pressure
therapy at around -125 mmHg over the entire newly formed ear structure, though the acceptable operating range of applied pressure must be
verified with the surgical team. The device must also be compatible with a y-connector, allowing negative pressure to be applied in a routine
location behind the ear’s skin flap to ensure adherence of the skin to the ear structure.

Design requirements

1. Physical and Operational Characteristics

1. Performance requirements: The performance demanded or likely to be demanded should be fully defined. Examples of
items to be considered include: how often the device will be used; likely loading patterns; etc.

1. Negative Pressure Wound Therapy (NPWT) dressings can be left in place for 24 to 72 hours, depending
on wound characteristics [1] with potential use extending up to 7 days per patient episode.

2. The system must withstand both static loading from the device's securing mechanism and dynamic
loading resulting from patient movement. Common disturbances include jaw movement during speech or
mastication, neck rotation, or coughing, each of which may disrupt the seal or induce pressure fluctuations

2].

1. The device must withstand or detect and correct such disturbances without compromising
pressure stability or therapeutic effectiveness.
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3. The system must maintain a consistent therapeutic range suitable for delicate tissues. General clinical
practice indicates that “a continuous pressure of =80 mmHg to —125 mmHg is most commonly used in
traumatic orthopaedic wounds” [3], though ranges between -50 mmHg and -150 mmHg are documented
depending on wound type and sensitivity [4]. For cranial applications, the device will be required to deliver
a continuous —125 mmHg = 5 mmHgto ensure both safety and efficacy.

2. Safety: Understand any safety aspects, safety standards, and legislation covering the product type. This includes the
need for labeling, safety warnings, etc. Consider various safety aspects relating to mechanical, chemical, electrical,
thermal, etc.

1. NPWT devices are classified as Class || medical devices, requiring adherence to FDA design controls (21
CFR 878)[5] and special controls that address risks such as infection, bleeding, and electrical hazards.
Compliance with ISO 14971 (risk management) and IEC 60601-1 (basic safety and performance) is
required for commercialization.

2. Device labeling must follow the FDA's Guidance on Medical Device Patient Labeling. Warnings about
bleeding risks, infection control, and patient monitoring requirements are mandated, and labeling should
include standardized symbols from ISO 15223-1 [6].

1. The patient labeling should contain information regarding the indications for use, directions
for use, and possible adverse reactions written in lay terms for comprehension by the
general public [7].

3. All patient-contact components must be biocompatible per ISO 10993-1. Specific hazards require
warnings on labeling per 21 CFR 801.437. The FDA also requires evidence of sterilization validation and
microbial barrier performance for disposable dressings [8].

3. Accuracy and Reliability: Establish limits for precision (repeatability) and accuracy (how close to the "true" value) and
the range over which this is true of the device.

1. Although the FDA does not provide a specific allowed deviation from the “true” value in order for a product
to be commercialized, it issues a guideline for design controls. Each manufacturer shall establish and
maintain procedures to control the design of the device to ensure that specified design requirements are
met during all steps of the design process [9]. Some major design considerations the team needs to
consider under the pretense of precision include the negative pressure system and fluid drainage system.

2. With regards to the negative pressure system, general clinical practices indicate “a continuous pressure of
-80 mmHg to -125 mmHg is most commonly used in traumatic orthopaedic wounds” [10]. However, the
normal levels can vary between -50 and -150 mmHg depending on wound type and sensitivity [11].
Currently, the FDA consensus standard is within the aforementioned range, but more focused around -125
mmHg to ensure both patient safety and product effectiveness for dense orthopedic wounds. The team's
product aims to deliver a continuous pressure to the ear, an area more delicate than normal orthopedic
wounds; hence, a continuous -125 mmHg + 5 mmHg pressure will be outputted by the pressure system to
ensure patient safety and product effectiveness in the cranial area. Negative pressure validation on a
flesh-like material must be performed before each use to ensure the suction pressure is within the defined
range.

3. With regard to the fluid drainage system, the team must ensure that fluid reflux is at a minimum. Fluid
reflux is very dangerous and could severely harm the patient if the blood is contaminated within the
drainage system, thus extensive testing and design validation must be performed. The team aims for a 0
uL backflow of fluid, with a tolerance of 1L.

4. Life in Service: Establish service requirements, including how short, how long, and against what criteria? (i.e., hours,
days of operation, distance traveled, no.of revolutions, no. of cycles, etc.)

1. The product will be used post-autograft of a portion of a rib to become an ear structure. The securing
mechanism and tubing will be one-time use, and will be replaced daily. The negative pressure system and
fluid collection container are reusable with a 10-year lifespan. The team is not required to develop a new
NPWT unit, so they intend to purchase and/or utilize a unit with the aforementioned lifespan. Every 6
months, maintenance and qualification will be conducted on the entire negative pressure device to ensure
it is up to standard.
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2. With regards to patient usage, the device will be used for up to a week post-surgery.

5. Shelf Life:

1. The device will need to last from the time it is shipped to the hospital until after the patient is done with its
use. Plastics used for traditional securing mechanisms do not normally degrade over time under moderate
conditions such as the conditions present in a hospital, so shelf life is not a major concern until years or
decades have passed.

2. Patients will wear the headband for up to 7 days, beginning immediately after surgery in the operating
room [12]. The device must not degrade or otherwise age in this time beyond acceptable use conditions.

6. Operating Environment: Establish the conditions that the device could be exposed to during operation (or at any other
time, such as storage or idle time), including temperature range, pressure range, humidity, shock loading, dirt or dust,
corrosion from fluids, noise levels, insects, vibration, persons who will use or handle, any unforeseen hazards, etc.

1. The device will be used and handled in a well-controlled operating room environment, which will be
controlled for temperature, pressure, humidity, and air particulate concentration.

1. Standard 15.01.02 of the American Society of Heating, Refrigerating, and Air-Conditioning
Engineers states that temperature must be maintained for “patient comfort” and “safe
equipment operation”, humidity must be between 20%-60%, and that air pressure must
remain positive to disallow “contaminants from entering sterile fields” [13]. The device must
withstand these conditions.

2. The device must also withstand a large variety of weather conditions, as the device will be worn by the
patient outside of the hospital.

3. The device will only be operated by nurses, surgeons, or other medical personnel trained specifically in
NPWT.

4. The device, particularly the segments exposed to its generated negative pressure conditions, will be
exposed to -125 mmHg pressure for many hours at a time, up to 7 days [14].

7. Ergonomics: Establish restrictions on the interaction of the product with man (animal), including heights, reach, forces,
acceptable operation torques, etc.

1. Microtia surgery is most commonly done to children. To better fit this demographic, the device must be
especially comfortable. To achieve this comfort, some level of adjustability must be possible in the device.

2. Due to the device’s usage in a delicate area immediately post-surgery, the negative pressure applied must
be high enough to be in the therapeutic range, but low enough to ensure mitigation of injury and other
complications.

8. Size:

1. The EarVac device will cover the incision on the ear produced from microtia surgery and the surrounding
ear area.

1. The device must be lightweight and non-bulky so that it fits comfortably on a patient's head
post-surgery.

2. The headband must not be tight on the skin to the point of irritation / other surface irritation
complications.

2. The EarVac device will be designated as single-patient use NPWT (sNPWT) [15].
1. The securing device will be adjustable and disposable.
2. The vacuum tubing will be disposable.

3. Tubes must not be placed on skeletal pressure points to prevent the formation of pressure ulcers [16].

9. Weight:
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1. The EarVac device must be lightweight and non-restrictive.
1. The device must not be burdensome to wear for days at a time

2. According to standard over-ear headphone weights on the market, a safe range for the
weight of the device could be 250g - 3509 [X].

10. Materials: Establish restrictions on certain materials that should be used and if certain materials should NOT be used
(for example, ferrous materials in an MRI machine).

1. The device will be secured within a headband spanning the circumference of the head.

1. The outer shell of the headband should be made of a comfortable and flexible material.
Thermoplastic polyurethane is flexible, biocompatible, and often used in medical devices
[17].

2. Alternatively, the device can be disposable with a more comfortable material choice for the
patient. Nylon and polyester textiles are commonly used as prosthetic straps and
compression garments [18].

2. The HeadVac device will utilize negative pressure wound therapy. To secure the incision sites, dressings
used in post-operative care and negative pressure wound therapy application will be utilized.

1. Non-adherent dressings are applied to the wound to create a barrier [19]. Some materials to
take in consideration are Adaptic [20], Mepitel [21], and petroleum gauze [22].

2. Polyurethane foam is utilized to fill the wound cavity, ensuring vacuum pressure is evenly
distributed [23].

3. Athermoplastic polyurethane film can be applied to secure the foam, creating a sealed
environment [24].

4. Alternatively, hydrocolloid dressings can be utilized in conjunction with NPWT devices.
Hydrocolloid dressings contain a gel-forming agent and tend to be more flexible than foam

[23].

11. Aesthetics, Appearance, and Finish: Color, shape, form, and texture of finish should be specified where possible (get opinions from
as many sources as possible).

1. Due to the novel nature of the device, the shape, color, form, and texture of the finished device will be up to the client’s
discretion.

1. In microtia surgery, incision cuts are located on the ear. To ensure variability, the EarVac will extend
around the circumference of the ear. The device will be unilateral, and will have some method of securing
the device to the head, likely extending from the ear to the top of the head.

2. Dressings and device application will occur at the end of the surgical procedure. The color of the device
will be a neutral tone. Due to the Code of Federal Regulation, Title 21 [26], neutral tones are required in
operating rooms [27].

3. The client has requested a comfortable material and texture for patients. The texture of the device must be
soft, adaptive, and supportive.

2. Production Characteristics
1. Quantity: number of units needed

1. The target prototype accounts for all head sizes with the integrated negative pressure system attached to
it, in addition to the dressing. This would enable the user, no matter the demographic, to be able to
purchase and use one singular product

2. Target Product Cost: manufacturing costs; costs as compared to existing or like products
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1.

The client has given the team a budget of $1000 to develop a prototype. The entire device can be split into 3 major
components: the gauze/dressing, the fluid container, and the negative pressure system.

. The Gauze/dressing and the fluid container retail for as low as $5.00. The headband containing the gauze and tubing is

what the team is developing, for which $400 will be allocated for the development. Cost includes purchasing materials,
sensors, and manufacturing costs of the headband.

. The team is not required to build a new NPWT unit. On the market, full-fledged units retail from $300 to $2500. The

team plans on allocating upwards of $500 to purchase a unit.

. The most common sales model for an NPWT system is a rental model, with prices upwards of $25.00 per day [28].

3. Miscellaneous

1.

2.

3.

4.

Standards and Specifications

1. This medical device will likely be listed as a class || medical device. This is due to the device’s direct
interaction with the body, but its lack of use in life-sustaining applications. The device will likely require a
501(k) premarket notification [29].

2.1S0 10993: The device must comply with this standard to meet general safety requirements for medical
devices. The device will be analyzed according to this standard to ensure general safety and fitness for
use in its applications [30].

3. 1SO 11135/11137: The device must comply with standards relating to ethylene oxide (EO) sterilization or
radiation sterilization, depending on the optimal sterilization technique used by target hospitals. If the
device is disposable, this standard is not a concern [31].

4. 1SO 13485: If the device is eventually manufactured in mass, it must comply with relevant standards for
quality and safety during use as it relates to its manufacturing processes [32].

5. ISO 14971: This standard helps identify risks and hazards associated with medical devices. This standard
specifies that the medical device’s manufacturer must establish objective criteria for risk acceptability as it
pertains to the medical device [33].

6. IEC 62366: Because of the particular, nuanced, and skill-requiring procedure required to successfully
apply NPWT, the device should be analyzed according to IEC 62366 to determine its usability in relation to
safety. This standard will assist in identifying risks in correct use and in erroneous use of the device [34].

Customer: Specific information on customer likes, dislikes, preferences, and prejudices should be understood and
written down.

1. The client does not have any specific likes, dislikes, preferences, or prejudices restricting the design of the
device. The device should be adjustable, disposable, and be applicable to multiple rhytidectomy incision
locations.

Patient-related concerns:

1. Patient-related concerns are up to the surgeon’s discretion, as microtia surgery results are highly
individualized [35].

Competition: Are there similar items that exist (perform a comprehensive literature search and patents search)?
1. NPWT in Head & Neck

1. There are medical reports and studies using NPWT for wounds in the head/neck region. For
example, “Negative Pressure Wound Therapy in the Head and Neck” (PMC) discusses use of
standard NPWT with adjustable negative pressure, dressings, etc., in this region. [36]

2. Also, Negative Pressure Wound Therapy in Head and Neck ... shows use of foam sponges,
occlusive dressings etc., for facial wounds.

2. Patents / Devices for NPWT
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1. US8663198B2: A flexible housing with a gasket, port, non-woven absorption material, wound
interface layer; foldable housing for appendages, with improved sealing mechanisms. [37]

2. US-11471585-B2: A negative pressure wound therapy device / system / method. The details
differ depending on embodiment. [38]

3. US-7534240B1: NPWT system combining the foam pad with introduction of wound-healing
agents (e.g. growth factors). [39]

4. US-9962295-B2: A wound closure device via negative pressure.[40]

5. US-11896465-B2: Smith & Nephew patent for device activation/control in NPWT (likely
includes safety features, sensing, etc.)
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Conclusions/action items:

Update accordingly as the project continues to evolve



Team activities/Project Files/10/8/25- Preliminary Report 60 of 256

. ‘ 10/8/25- Preliminary Report

MEGHAN KAMINSKI - Dec 07, 2025, 8:34 PM CST

Title: Preliminary Report

Date: 10/8/25

Content by: All

Present: N/A

Goals: Create preliminary report which follows all guidelines in the rubric
Content:

See attachment

Conclusions/action items: Use the preliminary report as a guide for fabrication and testing. Continue to update and edit a copy of the
report for the final report.
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. ‘ 12/5/25- Final Poster

MEGHAN KAMINSKI - Dec 07, 2025, 8:31 PM CST

Title: Final Poster

Date: 12/5/25

Content by: All

Present: All

Goals: Create a final poster which effectively showcases the design and progress through the semester.
Content:

See attachment

Conclusions/action items: Continue working on ideas in the future work section of the poster and finish the final report
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.“ 12/10/25- Final Report

MEGHAN KAMINSKI - Dec 07, 2025, 8:37 PM CST

Title: Final Report

Date: 12/10/25

Content by: All

Present: All

Goals: Create a final report with all important information according to the rubric.
Content:

See attachment

Conclusions/action items: Continue prototyping, testing, and future work next semester.
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.‘ 9/12/25-Progress Report 1

MEGHAN KAMINSKI - Dec 08, 2025, 11:38 AM CST

Title: Progress Report 1

Date: 9/12/25

Content by: All

Present: N/A

Goals: Update the clients on progress made in the past week.
Content:

See attachment

Conclusions/action items: As a team, delegate and attempt to complete the goals listed in the progress report
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Title: Progress Report 2

Date: 9/19/25

Content by: All

Present: N/A

Goals: Update the clients on progress made in the past week.
Content:

See attachment

Conclusions/action items: As a team, delegate and attempt to complete the goals listed in the progress report

MEGHAN KAMINSKI - Dec 08, 2025, 11:40 AM CST

Novel Negative Pressure Wonnd Therapy Deviee for
Rhyviidectomy Recovery

Ewens Sepicraber | 2 0030 Sepemier B B0

Problom St easent

Download

Progress_Report_2__Team_Facelift_ Week_of_9_15_ .pdf (148 kB)


https://www.labarchives.com/
https://mynotebook.labarchives.com/share_attachment/BME%2520Design-Fall%25202025%2520-%2520BRYAN%2520HEATON/MjczLjB8MTE5MDIwNS8yMTAtMzI4L1RyZWVOb2RlLzIwMzU4MjU5MTV8NjkzLjA=
https://mynotebook.labarchives.com/share_attachment/BME%2520Design-Fall%25202025%2520-%2520BRYAN%2520HEATON/MjczLjB8MTE5MDIwNS8yMTAtMzI4L1RyZWVOb2RlLzIwMzU4MjU5MTV8NjkzLjA=

Team activities/Project Files/9/25/25-Progress Report 3 65 of 256

. ‘ 9/25/25-Progress Report 3

MEGHAN KAMINSKI - Dec 08, 2025, 12:43 PM CST

Title: Progress Report 3

Date: 9/25/25

Content by: All

Present: N/A

Goals: Update the clients on progress made in the past week.
Content:

See attachment

Conclusions/action items: As a team, delegate and attempt to complete the goals listed in the progress report
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Title: Progress Report 4
Date: 10/2/25
Content by: All

Present: N/A

Goals: Update the clients on progress made in the past week.

Content:

See attachment
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Title: Progress Report 5
Date: 10/9/25
Content by: All

Present: N/A

Goals: Update the clients on progress made in the past week.

Content:

See attachment

MEGHAN KAMINSKI - Dec 08, 2025, 12:42 PM CST

Conclusions/action items: As a team, delegate and attempt to complete the goals listed in the progress report

EarVac: Negative Pressure Wound Therapy Device for
Improved Microtia Reconstruction Surgery Recovery
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Progress_Report_5__Team_EarVac_Week_of _10_06_.pdf (149 kB)
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Title: Progress Report 6
Date: 10/16/25
Content by: All

Present: N/A

Goals: Update the clients on progress made in the past week.

Content:

See attachment

MEGHAN KAMINSKI - Dec 08, 2025, 12:43 PM CST

Conclusions/action items: As a team, delegate and attempt to complete the goals listed in the progress report

EarVac: Negative Pressure Wound Therapy Device for
Improved Microtia Reconstruction Surgery Recovery
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Progress_Report_6__Team_EarVac_Week_of _10_13_.pdf (144 kB)
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Title: Progress Report 7
Date: 10/26/25
Content by: All

Present: N/A

Goals: Update the clients on progress made in the past week.

Content:

See attachment

MEGHAN KAMINSKI - Dec 08, 2025, 12:44 PM CST

Conclusions/action items: As a team, delegate and attempt to complete the goals listed in the progress report

EarVac: Negative Pressure Wound Therapy Device for
Improved Microtia Reconstruction Surgery Recovery
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Title: Progress Report 8
Date: 10/30/25
Content by: All

Present: N/A

Goals: Update the clients on progress made in the past week.

Content:

See attachment

MEGHAN KAMINSKI - Dec 08, 2025, 12:44 PM CST

Conclusions/action items: As a team, delegate and attempt to complete the goals listed in the progress report

EarVac: Negative Pressure Wound Therapy Device for
Improved Microtia Reconstruction Sargery Recovery
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Title: Progress Report 9
Date: 11/6/25
Content by: All

Present: N/A

Goals: Update the clients on progress made in the past week.

Content:

See attachment

MEGHAN KAMINSKI - Dec 08, 2025, 12:46 PM CST

Conclusions/action items: As a team, delegate and attempt to complete the goals listed in the progress report

EarVac: Negative Pressure Wound Therapy Device for
Improved Microtia Reconstruction Sargery Recovery
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MEGHAN KAMINSKI - Dec 08, 2025, 12:47 PM CST

Title: Progress Report 10

Date: 11/13/25

Content by: All

Present: N/A

Goals: Update the clients on progress made in the past week.
Content:

See attachment

Conclusions/action items: As a team, delegate and attempt to complete the goals listed in the progress report

MEGHAN KAMINSKI - Dec 08, 2025, 12:46 PM CST

EarVac: Negative Pressure Wound Therapy Device for
Improved Microtia Reconstruction Surgery Recovery
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MEGHAN KAMINSKI - Dec 08, 2025, 12:47 PM CST

Title: Progress Report 11

Date: 11/20/25

Content by: All

Present: N/A

Goals: Update the clients on progress made in the past week.
Content:

See attachment

Conclusions/action items: As a team, delegate and attempt to complete the goals listed in the progress report

MEGHAN KAMINSKI - Dec 08, 2025, 12:47 PM CST

EarVac: Negative Pressure Wound Therapy Device for
Improved Microtia Reconstruction Surgery Recovery
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MEGHAN KAMINSKI - Dec 08, 2025, 12:47 PM CST

Title: Progress Report 12

Date: 12/4/25

Content by: All

Present: N/A

Goals: Update the clients on progress made in the past week.
Content:

See attachment

Conclusions/action items: As a team, delegate and attempt to complete the goals listed in the progress report

MEGHAN KAMINSKI - Dec 08, 2025, 12:48 PM CST

EarVac: Negative Pressure Wound Therapy Device for
Improved Microtia Reconstruction Sargery Recovery
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‘ ‘ 10/16/2025 - Team Alignment Meeting

BRYAN HEATON - Oct 16, 2025, 6:28 PM CDT

Title: Team Alignment Meeting
Date: 10/16/2025

Content by: Bryan Heaton
Present: All

Goals:

1. Align on current SOLIDWORKS designs
2. Determine next steps for CAD modeling / fabrication

3. Align on notes from Solventum meeting, Bryan / Meghan's conversation about implications
4. Align on advisor meeting from last Friday

Content:

Solventum

¢ We now have a 3M Prevena sticker
¢ Foam over entire ear may crush the ear
o How much negative pressure would allow for optimal compression without crushing the ear to the head?
o How do you currently dress the ear to accommodate pressure being put on the ear so not to crush the new auricle?
¢ Proposal to fix issue: sponge going over the whole ear still with slit to allow holding the ear up
* Layer on the skin: Soft wicking layer with silver
* Sticky layer: acrylic and silicone
« If we don't have the wound drain completely sealed, could set off alarms
o Need to find a way to seal the wound drain in
¢ Prevena sponge is finer, a lot less rough on the skin
o Need soft polyurethane for sponge

Advisor Meeting
« Research magnitudes of NPWT used

o What's the lowest therapeutic pressure we can use?

Is it to drain the fluid from the wound or to apply physical pressure to the external ear, or are both equally important?

« What is the main problem seen from the Vietnam trip that prompted the NPWT idea?

What is the optimal negative pressure magnitude for the oval to still work?
Fabrication

* Headphone and sticker packaged together ideally
¢ Print just headphone part soon to get ideas of what we'll need to change

Conclusions/action items:

¢ Ask Dr. Cho about budget

¢ Print preliminary headphone design after Harshad re-designs hole in design
* Collect client question list for next Friday

* Make plan for client meeting
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‘ ‘ 10/29/2025 - Adhesive Options to Research

BRYAN HEATON - Oct 29, 2025, 10:09 PM CDT

Title: Adhesive Options to Research
Date: 10/29/2025

Content by: Bryan Heaton

Present: Bryan Heaton

Goals:

1. Collect adhesive options mentioned from meetings for research
1. Adhesive will be to adhere the headphone part to the outer part of the adhesive sticker

Content:

From meeting_notes

+ 3M adhesive spray
o Solid option
o Mentioned that our adhesive now does not have to be the final one, we just need one for
prototyping
Adhesive should be replaceable to counteract natural oil buildup on ears

Mastacol would be used by surgeon to have extra adhesion if needed
« DO NOT USE DERMABOND!

+ 3M adhesive spray comes in many forms, strengths, etc.
o Super 77 multipurpose spray solid for light-duty materials (cleared for both fabric and plastic,
what we'll likely have for headphone)
o Link is here
o Can buy at home depot around Madison
o Be careful with application technique if used
o 3M Adhesive 24 is also a good option, more specialized for fabric to other substrates
o Linkis here

Conclusions/action items:

« Could buy both adhesives and see which works better, leaning towards 24


https://www.labarchives.com/
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. ‘ 9/22/2025 - Hematoma and Their Presence in Facelifts

BRYAN HEATON - Sep 22, 2025, 11:35 PM CDT

Title: Hematoma and Their Presence in Facelifts
Date: 9/22/2025

Content by: Bryan Heaton

Present: Bryan Heaton

Goals:

1. Better understand how hematomas form post-rhytidectomy
2. Gain understanding of hematoma to better analyze the client situation

Content:

Certain factors predispose certain patients to more hematoma risk
o Being male [1]
o prior hypertension [1]
« Postoperative blood pressure elevation is most common cause of increasing risk of hematoma [1]
o Therapies to help with post-operation hypetension exist [1]:
= anti-hypersensitive agents
= calcium channel blockers
o Post-operative anxiety, full bladder, and nausea and vomiting increase BP [1]
¢ Hemostatic net decreased rate of hematoma from 14.2% to 0% [2]
o This article also discusses the difficulty with drains, tissue glues, and other attempted therapies for hematomas

+ Hemostatic net appears work intensive for surgeons, occurs while patient is anesthetized [2]
* No necrosis or other scarring of the skin occurred for any patient post net [2]
¢ Photograph of full hemostatic net below:

¢ Decision to use nets dependent on surgeon-specific rates of hematoma, varying in cost-efficiency [1].
¢ Maintaining patient systolic BP below 120 mmHg reduced risk of hematoma to 0.5% [1].

Conclusions/action items:
¢ Research the ability of NPWT to be used around the ear

References:

[1] F. Nahai, B. Bassiri-Tehrani, and K. B. Santosa, “Hematomas and the facelift surgeon: It's time for us to break up for good,” Aesthetic surgery
journal, https://pmc.ncbi.nim.nih.gov/articles/PMC10501745/ (accessed Sep. 22, 2025).
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[2] A. A. LA;, “Hemostatic net in rhytidoplasty: An efficient and safe method for preventing hematoma in 405 consecutive patients,” Aesthetic plastic
surgery, https://pubmed.ncbi.nim.nih.gov/23949130/ (accessed Sep. 22, 2025).
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Title: Understanding Microtia
Date: 10/5/2025

Content by: Bryan Heaton
Present: Bryan Heaton

Goals:

1. Identify primary demographic and higher impacted populations with microtia
2. Understand the extent to which microtia impacts the ears

Content:

* Microtia can vary in severity from minimal to the ear fully missing (anotia) [1]
* Microtia likely not caused by lack of vascularity in the embryo

* Multiple genetic factors involved with microtia development
¢ 15%-60% of microtia cases born with comorbid conditions
o cleft palate most common
o mostly facial deformities

Conclusions/action items:
« Continue to research background of microtia

References:

BRYAN HEATON - Oct 05, 2025, 4:29 PM CDT

Microtia tied to many conditions in the mother, including type | diabetes, anemia, or exposure to certain chemicals

[1] C. Gendron, A. Schwentker, and J. A. van Aalst, “Genetic advances in the understanding of Microtia,” Journal of pediatric genetics,

https://pmc.ncbi.nim.nih.gov/articles/PMC5123892/#sec20 (accessed Oct. 5, 2025).
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Title: Microtia Reconstruction Process Research
Date: 10/5/2025

Content by: Bryan Heaton

Present: Bryan Heaton

Goals:

1. Identify and understand how the microtia reconstruction process works
1. Ideally understand main variances between patients

Content:

* Wait until the patient is ~6 yrs. old for
o full size alternate ear for better shaping of new ear
o cartilage is of correct size
o patient can understand implications of surgery
« Post-insertion of new ear, drain in place to suction skin to new structure
o drain remains in place for 2 days

BRYAN HEATON - Oct 05, 2025, 4:51 PM CDT

¢ Seems like most variance in the operation is due to presence of ear canal and other factors that influence the yes/no of the surgery, not

impacting the specifics of the surgery itself

Conclusions/action items:

* Research the specific dimensions of auricle area before and after surgery to begin fabrication

References:

[1] R. A. Bly, A. D. Bhrany, C. S. Murakami, and K. C. Y. Sie, “Microtia reconstruction,” Facial plastic surgery clinics of North America,

https://pmc.ncbi.nim.nih.gov/articles/PMC5950715/ (accessed Oct. 5, 2025).
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Title: Competing Designs' Vacuum Magnitude
Date: 12/10/2025

Content by: Bryan Heaton

Present: Bryan Heaton

Goals:

1. Investigate the magnitude of negative pressure used in competing designs
2. Identify a lower bound value that may be suitable for auricular INPWT

BRYAN HEATON - Dec 10, 2025, 5:13 PM CST

3. Identify differences in lower bound values for negative pressure magnitude between normal NPWT and incisional NPWT

Content:

« Several studies have used the PICO system for INPWT at -80 mmHg [1]
¢ Prevena operated at -125 mmHg usually [1]

¢ This meta-analysis suggests little difference in healing between NPWT operated at -75 mmHg and -125 mmHg incisionally

Conclusions/action items:
¢ Investigate cases of lower magnitude negative pressure application
References:

[1] https://jamanetwork.com/journals/jamasurgery/fullarticle/2702088
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BRYAN HEATON - Dec 10, 2025, 5:26 PM CST
Title: Deeper Dive into INPWT Pressure Magnitudes
Date: 12/10/2025
Content by: Bryan Heaton

Present: Bryan Heaton

Goals:

1. Investigate the magnitude of negative pressure used in competing designs
2. Identify a lower bound value that may be suitable for auricular INPWT

Content:

¢ This study suggests a drop-off in applied wound pressure of ~50% in the first 20 minutes of NPWT operation even with constant vacuum
unit pressure [1].

o Operation at -50mmHg would correspond to a longer term (over the 7 days) of just -25 mmHg

However, this same study indicates "Even low external negative pressure (about 50 mmHg) led to relevant negative pressure within the wound" [1].
o Infers -50 mmHg still applies negative pressure to the wound

Conclusions/action items:
* More thorough studies indicating therapeutic range of NPWT might be required
* The lowest magnitude iINPWT device on the market seems to go to -80 mmHg, so that could be an alternative target if -50 mmHg doesn't
work.

References:

[1] https://onlinelibrary.wiley.com/doi/10.1155/2018/7058461
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“ 9/10/2025 - Negative Pressure Wound Therapy

BRYAN HEATON - Sep 10, 2025, 4:29 PM CDT

Title: Negative Pressure Wound Therapy (NPWT) Overview
Date: 9/10/2025
Content by: Bryan Heaton
Present: Bryan Heaton
Goals:
1. Gain a preliminary understanding of NPWT and the specifications for its usage
Content:

e NPWT init's current state (as of 9/23) is composed of a porous dressing through which persistent OR
intermittent suction is applied, down to 125 mmHg below ambient[1].
o More modern systems offer a range of pressures from -40mmHg to -200mmHg [1].
¢ Also called Vacuum-Assisted Closure (VAC) [1].
* Only usable by trained professionals, usually in the operating room [1].
* The porous foam is usually made of "polyurethane (PU) (black) or polyvinyl alcohol (PVA) (white)" [1].
+ Disposable VACs exist for smaller wounds
o Do we want ours to be disposable?
o NPWT heals in a few different ways [1]:
o macro deformation: Wound shrinkage simply via the vacumming, can reduce wound size by up
to 80%
o micro deformation: Stress on the wound wall --> hypoxia of wound wall cells --> growth factor
release --> faster wound healing
o Direct transport of exudate away from the wound, alleviating fluid pressure in the wound
« NPWT technique [1]:
o Closed wounds require a sealed area (duh) to apply the negative pressure
o The dressing should be entirely covered by the sealant tape
Hypersensitivity to the foam materials has been reported
o What kinds of groups have this hypersensitivity? Something to consider?

Conclusions/action items:
NPWT is a very versatile therapeutic method, so will likely have good benefit for rhytidectomy recovery.
Are there specific groups of people that are extra sensitive to the risks of NPWT? How should we account for this?

Is disposable VACs something we want to consider? With the custom-tailored dressings, will they be disposable or
moldable?

References:

[1] V. Zaver, “Negative pressure wound therapy,” StatPearls [Internet]., https://www.ncbi.nim.nih.gov/books/NBK576388/
(accessed Sep. 10, 2025).
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@, 9/17/2025 - Operating Conditions for Rhytidectomy Treatment
“ via NPWT

BRYAN HEATON - Sep 17, 2025, 9:26 PM CDT

Title: Operating Conditions for Rhytidectomy Treatment via NPWT
Date: 9/17/2025

Content by: Bryan Heaton

Present: Bryan Heaton

Goals:

1. Identify specific operating conditions for NPWT as pertaining to NPWT
1. Identify conditions the device may be exposed to during usage, storage, or at any other time

Content:

« The device will be operated in a surgical operating room, which are standardized in their temperature,
humidity, and air quality
o According to ASHRAE standard 15.01.02 [X]
o Humidity remains between 20%-60% in ORs
o Temperature must be maintained for optimal patient comfort, likely around room temp (~25C)
o Air pressure must remain positive to not allow particulate entry into OR space
= NPWT operation must be strictly regulated and only turned on if a seal is tight so as
to not violate this standard
+ The device will be operated by highly trained nurses, surgeons, or other personnel with sufficient knowledge
and experience with NPWT.
+ Segments of the device in proximity to the vacuum entry will be exposed to negative pressure conditions
(125 +- 5 mmHg) for many hours at a time up to 7 days before a dressing change [X].

Conclusions/action items:
o Relay this information to the PDS
References:

[1] ACHC, “Temperature, Humidity, and Airflow in Your ASC Operating Rooms,” ACHC. [Online]. Available:
https://achc.org/temperature-humidity-and-airflow-in-your-asc-operating-rooms/

[2] “Prevena Bandage Patient Guide,” Scribd. [Online]. Available:
https://www.scribd.com/document/865175809/prevena-bandage-patient-guide
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. ‘ 9/17/2025 - Standards and Specifications relating to NPWT

BRYAN HEATON - Sep 17, 2025, 9:32 PM CDT

Title: Standards and Specifications relating to NPWT
Date: 9/17/2025

Content by: Bryan Heaton

Present: Bryan Heaton

Goals:

1. Identify and research standards and specifications related to NPWT and
1. The design of the HeadVac
2. The manufacturing of the HeadVac
3. The safe and effective use of the HeadVac
4. The sterilization of the HeadVac (if reusable)

Content:

e This medical device will likely be listed as a class Il medical device. This is due to the device’s direct interaction with the body but
its lack of use in life-sustaining applications. The device will likely require a 501(k) premarket notification [1].

e |SO 10993: The device must comply with this standard to meet general safety requirements for medical devices. The device will

be analyzed according to this standard to ensure general safety and fitness for use in its applications [2.

e |SO 11135/11137: The device must comply with standards relating to ethylene oxide (EO) sterilization or radiation sterilization
depending on optimal sterilization technique used by target hospitals. If the device is disposable, this standard is not a concern [3,
4].

e |SO 13485: If the device is eventually manufactured in mass, it must comply with relevant standards for quality and safety during
use as it relates to its manufacturing processes [5].

e |SO 14971: This standard helps identify risks and hazards associated with medical devices. This standard specifies that the
medical device’s manufacturer must establish objective criteria for risk acceptability as it pertains to the medical device [6].

e |EC 62366: Because of the particular, nuanced, and skillful nature required to successfully apply NPWT, the device should be
analyzed according to IEC 62366 to determine its usability in relation to safety. This standard will assist in identifying risks in

correct use and in erroneous use of the device [7].
Conclusions/action items:
¢ Relay this information to the PDS
References:

[1] Arterex, “What to Know About FDA Medical Device Classes,” Arterex Medical, Feb. 7, 2024. [Online]. Available:
https://arterexmedical.com/what-to-know-about-fda-medical-device-classes/

[2] ISO, ISO 10993-1:2018 - Biological evaluation of medical devices — Part 1: Evaluation and testing within a risk
management process, International Organization for Standardization, 2018. [Online]. Available:
https://www.iso.org/standard/68936.html
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[3]1S0, ISO 11135:2014 — Sterilization of health-care products — Ethylene oxide — Requirements for the development,
validation and routine control of a sterilization process for medical devices, International Organization for
Standardization, 2014. [Online]. Available: https://www.iso.org/standard/56137.html

[4]1SO, ISO 11137-1:2025 — Sterilization of health care products — Radiation — Part 1: Requirements for the
development, validation and routine control of a sterilization process for medical devices, International Organization for
Standardization, 2025. [Online]. Available: https://www.iso.org/standard/81721.html

[5] ISO, ISO 13485:2016 — Medical devices — Quality management systems — Requirements for regulatory purposes,
International Organization for Standardization, 2016. [Online]. Available: https://www.iso.org/standard/59752.html

[6] 1ISO, ISO 14971:2019 — Medical devices — Application of risk management to medical devices, International
Organization for Standardization, 2019. [Online]. Available: https://www.iso.org/standard/72704.html|

[7]1 IEC, IEC 62366-1:2015 — Medical devices — Part 1: Application of usability engineering to medical devices,
International Electrotechnical Commission, 2015. [Online]. Available: https://www.iso.org/standard/63179.html
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Title: Suction Cup Integrated Headband
Date: 9/23/2025

Content by: Bryan Heaton

Present: Bryan Heaton

Goals:

1. lllustrate an idea for the NPWT headband

Content:
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Conclusions/action items:

¢ Bring to team discussion for design deliberation
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Title: Plan for device application
Date: 11/14/2025

Content by: Bryan Heaton
Present: Bryan Heaton

Goals:

1. Draw out plan for dressing application and it's fit with the headphone.

Content:
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Conclusions/action items:

START MAKING IT
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.“ 2024/3/5 - Machining Permit

BRYAN HEATON - Mar 12, 2024, 11:16 PM CDT

Title: Machining Permit

Date: 3/5/2024

Content by: Bryan Heaton

Present: Bryan Heaton

Goals:

Show my documentation for machining

Content:

w = Profile - Grainger

< @ [1 % shops.engrwiscedu 2| ® A O B ewn =

® Myuw @ Top Hat LabArchives A4 UW Madison Grade... @ WhenToWork.com -... Calendar %A E-book - Organic C.. [#% BME Track Course R... B All Bookmarks

Grainger Engineering

E Design + Innovation Labs n w A (& BVHEATON

Fostering hands-on, interdisciplinary design

P My Memberships
Membership Type Start Date Expiry Date Renew Card Info
Machining Sun, Jan 1 2023 Permanent Not Renewable N/A
BRYAN HEATON Lab Orientation Sun, Jan 1 2023 Tue, Dec 30 3000 Not Renewable N/A
ID Number: 908404570
8 Laser Cutter Sun, Jan 1 2023 Tue, Dec 30 3000 Not Renewable N/A
Eligibility: CoE Shop Tools Sun, Jan 1 2023 Tue, Dec 30 3000 Not Renewable N/A

Students

Profile
Bookings
Membershins

2:43 PM
3/5/2024 =

G DD

Conclusions/action items:

« Utilizing the lathe and mill in the TEAMIab will be essential for fabrication of our sample holder and other
design projects
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.‘ 10/28/2025 - Training Record (Animal Safety)

BRYAN HEATON - Oct 28, 2025, 9:47 AM CDT

Title: Animal Safety Training Record
Date: 10/28/2025
Content by: Bryan Heaton
Present: Bryan Heaton
Goals:
1. Record training completion for animal safety

Content:

A IACUC~ Services¥ Protocols¥ Tools & Guides» Anesthesiaand Analgesia~  Policies» My Profile & Resources «

Home / My Profile / Training Record Log out Bryan Michael Heaton

Contacts

Training Record and Phones

Animal use status: Expires on 10/28/2030

Education v

Experience by Species v

Phones v

Completed

Resources

Animal User Orientation 10/28/25

Conclusions/action items:

N/A
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. ‘ 2024/3/9 - Biosafety & Chemical Lab Safety Training

BRYAN HEATON - Mar 12, 2024, 11:17 PM CDT

Title: Biosafety & Chemical Safety Training Documentation
Date: 3/9/2024

Content by: Bryan Heaton

Present: Bryan Heaton

Goals: N/A

Content:

w W apps.research.wisc.edu/TILT/De X =+

< C N % apps.research.wisc.edu | ® A 3 0 @ eveN

® Myuw @ Top Hat LabArchives A4 UW Madison Grade... @ ‘WhenToWork.com -... Calendar A& E-book - Organic C.. [ BME Track Course R... B All Bookmarkd

VCRGE Training Information Lookup Tool University of Wisconsin-Madison

WISCONSIN

UNIVERSITY OF WISCONSIN-MADISON

This certifies that Bryan Heaton has completed training for the following course(s):

Course Assignment Completion Expiration
Biosafety Required Training Biosafety Required Training Quiz 2024 3/8/2024 3/8/2029
Chemical Safety: The OSHA Lab Standard Final Quiz 2/29/2024

Data Last Imported: 03/09/2024 03:11 PM

© 2024 - The Board of Regents of the University of Wisconsin System

= a ‘ \ - 314 PM E
- - . @ NG D@ oo, R

Conclusions/action items:

+ Biosafety and Chemical training will be essential for individual and coursework in laboratory settings in the
future.
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ﬁ 10/28/2025 - OVERALL TRAINING RECORD (minus animal
training)

BRYAN HEATON - Oct 28, 2025, 10:01 AM CDT

Title: Animal Safety Training Record
Date: 10/28/2025
Content by: Bryan Heaton
Present: Bryan Heaton
Goals:
1. Record overall training completion

Content:

WISCONSIN

UNIVERSITY OF WISCONSIN-MADISON

This certifies that Bryan Heaton has completed training for the following course(s):

Course Assignment Completion Expiration

2023-24 HIPAA Privacy & Security Training HIPAA Attestation 5/20/2024

2024-2025 HIPAA Privacy & Security Training 2024-2025 HIPAA Privacy & Security Training 12/3/2024

Biosafety 102: Bloodborne Pathogens for Biosafety 102: Bloodborne Pathogens Safety in 5/9/2024 5/9/2025

Laboratory and Research Research Quiz 2024

Biosafety 106: Autoclave Use Biosafety 106: Autoclave Use: Safety and Efficacy  11/21/2024 No Expiration
- Verification Quiz

Biosafety Required Training Biosafety Required Training Quiz 2024 3/8/2024 3/8/2029

Chemical Safety: The OSHA Lab Standard Final Quiz 2/29/2024

Data Last Imported: 10/28/2025 09:24 AM

Conclusions/action items:

N/A
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“ 10/2/2025 - Draft NDA for Industry Rep

BRYAN HEATON - Nov 14, 2025, 1:13 PM CST

Title: Draft NDA for Industry Rep
Date: 10/2/2025

Content by: Bryan Heaton
Present: Bryan Heaton

Goals:

1. Draft an NDA for the meeting with the industry rep
1. Ensure the rep cannot utilize design, need, or other information pertinent to designs

Content:
NON-DISCLOSURE AGREEMENT (NDA)
This Non-Disclosure Agreement is entered into as of October 9th, 2025, by and between:

Disclosing Party: Team EarVac (1550 Engineering Drive, Madison, Wisconsin 53706, +1 (630) 549-4521)
Receiving Party: Solventum Corporation (2510 Conway Ave., St. Paul, MN 55144, +1 (612) 842-1263)

1. Purpose
The Disclosing Party intends to share certain confidential information with the Receiving Party for the purpose of evaluating potential
collaboration, technical feedback, or business opportunities related to medical vacuum device technology.

2. Definition of Confidential Information

“Confidential Information” means any non-public information disclosed by the Disclosing Party, whether written, oral, or electronic,
including but not limited to research data, project concepts, technical designs, prototypes, intellectual property, business strategies,
and related materials.

Confidential Information does not include information that:

(a) is or becomes publicly available through no fault of the Receiving Party;

(b) is rightfully received from a third party without breach of any obligation of confidentiality;

(c) is independently developed by the Receiving Party without reference to the Confidential Information.

3. Obligations of Receiving Party

The Receiving Party agrees to:

(a) maintain the confidentiality of the Confidential Information with at least the same degree of care it uses to protect its own
confidential information (and no less than a reasonable degree of care);

(b) not disclose the Confidential Information to any third party without prior written consent of the Disclosing Party; and

(c) not use the Confidential Information for any purpose other than the Purpose stated above.

4. Term
This Agreement shall commence on the date first written above and remain in effect for two (2) years. The obligations of
confidentiality shall survive termination of this Agreement for five (5) years thereafter.

5. Return or Destruction of Materials
Upon written request, the Receiving Party shall promptly return or destroy all materials containing or derived from the Confidential
Information.

6. Ownership
All Confidential Information remains the sole property of the Disclosing Party. Nothing in this Agreement grants the Receiving Party
any rights or licenses to the Confidential Information except as expressly stated herein.

7. No Warranty
All Confidential Information is provided “as is.” The Disclosing Party makes no representations or warranties, express or implied,
regarding its accuracy or completeness.
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8. Governing Law
This Agreement shall be governed by and construed in accordance with the laws of the State of Wisconsin, without regard to its
conflict of laws principles.

9. Entire Agreement
This Agreement constitutes the entire understanding between the parties regarding the subject matter herein and supersedes all prior
discussions or agreements.

IN WITNESS WHEREOF, the parties have executed this Agreement as of the Effective Date.

Disclosing Party:
Signature:

Name (printed):

Date:

Receiving Party:
Signature:

Company: Solventum

Name:

Date:

Conclusions/action items:

« Continue to investigate the necessary components to make an NDA legally binding
« Deploy the NDA at meeting with industry representative



Bryan Heaton/11/7/2025- Tong Lecture

<

“ 11/7/12025- Tong Lecture

96 of 256

Title: Tong Lecture

Date: 11/7/2025

Content by: Bryan Heaton

Present: All

Goals:

Content:

e 15% (!!) of GDP spent on healthcare per year

o Alot of it (25%) wasted
¢ advice: follow hard problems and you don't need to know your end outcome
¢ Challenges of healthcare system:

=]

o

o

=]

o

IT is not ideal

Patent system being so slow
Fragmented financing

Misaligned incentives ? (fee for service)
Inequities between regions in US

« Telehealth could be a big solution for a lot of these problems

¢ Clinicians being rewarded for OUTCOMES instead of time spent with patients key

¢ Thinking about system design is what healthcare needs right now
* Work hard and build range

o Take on the hardest projects, classes, experiences
« Explore diverse opportunities

¢ Choose people wisely

* Know and protect your values

 Embrace challenge

Conclusions/action items:

BRYAN HEATON - Nov 07, 2025, 12:50 PM CST
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Title: Team Delegation Ideas
Date: 10/23/2025

Content by: Bryan Heaton
Present: Bryan Heaton
Goals:

1. Compartmentalize the remaining project into different modules
2. |dentify people most fit for each module
3. Prepare for delegation meeting (10/24)

Content:
Ideas for project compartmentalization:

1. Headphone part
o Current phase: fabrication (v1)
o Need to fabricate, identify issues, refabricate

o Align with headband part team mate to ensure correct connection
= Try not to alter connection too much after created unless necessary

2. Headband part
o Current phase: modeling

o Need to design in CAD, align with headphone teammate, refabricate

3. Y-connector (if necessary)
o Current phase: research

BRYAN HEATON - Oct 23, 2025, 5:57 PM CDT

o 3D print if we need to make a custom part, could look online to see options with varying tube size

o Fluid dynamics? Check with Serena

o Need to figure out sizing of tubing for drain and woundvac

= |s this changeable or very standard?

= Let's start with concrete numbers so we can get headphone part correctly sized, change if necessary

4. Sticker
o Current phase: research
o Need to come up with plan
= Based on 3M prevena from solventum email?
= What would we need to change from that design?
o Likely requires the most research still
5. Foam configuration
o Current phase: Ready to fabricate?

o Need to align with final product to ensure no crushing of auricle

o Start with oval w/ slit to fit front and behind ear?

y-connector: Serena has done research already
Sticker & foam: Meghan and me / Meghan and Shad

Conclusions/action items:

¢ Continue to consider team strengths for delegation

¢ Discuss plans with team, identify target dates for next steps for everything

* Make master doc with progress on everything?

headband / headphone: SolidWorks experience could be especially useful: me and dhruv / Meghan and dhruv?
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Title: Initial Dressing Prototyping

Date: 11/20/2025

Content by: Bryan Heaton

Present: Bryan, Harshad, Meghan, Serena
Goals:

1. Being cutting foam and securing duoderm inside
2. Confirm proof of concept for slit in foam idea

Content:

¢ The team met and cut into the given foam and duoderm samples
« Determined that this should work, especially when negative pressure is applied

Conclusions/action items:

* Need to make headphone interior deeper / wider to accommodate dressing
* Make document outlining how we think dressing will be applied after surgery, steps to do so

BRYAN HEATON - Dec 10, 2025, 5:48 PM CST
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BRYAN HEATON - Dec 10, 2025, 5:48 PM CST

Title: Dressing Prototyping for Poster Presentation
Date: 12/4/2025

Content by: Bryan Heaton

Present: Bryan Heaton

Goals:

1. Recreate the dressing from our initial prototypes, with cleaner more measured cuts

Content:

¢ The dressing is shown below.

« All head models in the BME fab lab did not have protruding ears, therefore the model did not fit on them

o The model heavily relies on the protruding structure of the ear to be stable when applied
¢ The dressing (foam, duoderm) measures 110mm (I) x 72 mm (w) x 29 mM (t)
o 38mm max depth of cut out (crescent shape)

o Cut into foam for ear fit goes until risk of perforating other side

Notes post-fabrication

¢ The adhesive is extremely sticky and tedious to work with.

¢ We will have to see how much of the adhesive layer is minimal to ensure stickage to desired surface, hopefully area around ear is
enough.

Conclusions/action items:

e N/A
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‘ ‘ 2025/09/25 - Long-term complications of microtia reconstruction

Dhruv Nadkarni - Sep 25, 2025, 10:23 PM CDT

Title: Long-term complications of microtia reconstruction: A systematic review
Date: 2025-09-25

Content by: Dhruv Nadkarni

Present: N/A

Goals: Understand microtia and current solutions to the defect

Content:

[1] E. M. Ronde, M. Esposito, Y. Lin, F. S. van Etten-Jamaludin, N. W. Bulstrode, and C. C. Breugem, “Long-term complications of microtia
reconstruction: A systematic review,” Journal of Plastic, Reconstructive & Aesthetic Surgery, vol. 74, no. 12, pp. 3235-3250, Dec. 2021, doi:
https://doi.org/10.1016/j.bjps.2021.08.001.

* Microtia is a congenital malformation where an absence of the external ear occurs.
o Ranges from minor defects to complete absence of the ear.
« Current methods for reconstruction include autologous costal cartilage (AAC) and porous polyethylene (PPE) implants.
¢ AAC is the most common technique and the "golden standard" of today.
o Steep learning curve
¢ PPE have become slightly more common, but are less favored due to high exposure rates.
« Holistic review of numerous studies performing both AAC and PPE found inconsistent results.
o AAC had a sub 10% long term complication rate.
o PPE had a sub 15% complication rate.
o However many studies left out certain comparable traits.
* When developing a test methods, we should consider the following for our solutions:

o framework extrusion or exposure, graft loss, framework resorption, wire exposure and scalp/auricular scar complications
Conclusions/action items:

For the next client meeting, bring up the aforementioned test parameters and how relevant it is for microtia in children. Also consider these parameters
to test when we develop test methods in the spring.
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