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ABSTRACT

Development of a new and improved method for securing surgical drains can improve the
lives of patients who need them after surgery to prevent accumulation of bodily fluids. The
current method of securing surgical drains is to attach them to the body using a single suture.
This method can be very uncomfortable for patients as the drain tends to get tugged on and can
pull on the single suture site. Additionally, the tugging can lead to drain displacement, slowing
down the overall healing process. After extensive research on current methods, a design has been
created that aims to distribute the pressure at the suture site and secure the surgical drain in place.
The final design must be comfortable for the patient and also effective at decreasing tension at
the suture site for the duration that the drains need to be used. After evaluating the preliminary
designs, plans for fabrication and testing were created to evaluate the design’s effectiveness.
These plans included obtaining all materials, creating a surgical drain site model, and testing the
effectiveness of the design in securing the drain in place. Following testing, the team decided to
move forward with the hydrocolloid clip design. This design is the most reliable for holding the
drain in place and utilizes the most reliable adhesive material. Future work needs to be done to
ensure this design will be comfortable and to determine if further modifications are necessary.
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1 INTRODUCTION

1.1 Motivation / Global Impact

Surgical drains are commonly used for a variety of purposes: therapeutically, palliatively,
diagnostically, prophylactically, and for monitoring fluid output [1]. There were an estimated
75.5 million drains sold in 2020 with projections reaching 95.5 million by 2030 [2]. However,
because of their current methods of fixation, surgical drains are reported to be uncomfortable,
with tugging on the sutures that hold them in place. This is particularly relevant when the drain
must be in place for extended periods of time, as drainage must consistently be less than 25-30 cc
of fluid a day before removal, which can take up to 1-5 weeks [3], [4].

1.2 Existing Devices & Current Methods

Surgical drains are secured using many different methods based on the attending’s
preference and the equipment available. However, by and large, the most common method
involves using sutures. Sutures are tied with various techniques (Figure 1) [5]–[9], but they will
all encounter the same patient comfort issue of tugging on the sutures. Tape (Figure 2) [9] or
disposable adhesive devices (Figure 3) [10]–[12] may be used instead to increase patient
comfort. They function by attaching a locking mechanism (e.g., clip, locking tie, etc.) to an
adhesive. The locking mechanism attaches to the drain tube, holding it in place while the
adhesive fixes the device to the skin around the drain insertion site. These techniques, though,
only last for approximately a week before requiring removal as the adhesive wears down.

Figure 1: A non-exhaustive diagram of suturing used to secure surgical drains including Purse
String (PS), Roman Sandal (RS), Jo’burg (JO), through the tube (TH), one-pass locking tie

(PT1), and two-pass locking tie (PT2) [9].

https://www.zotero.org/google-docs/?mbwlW3
https://www.zotero.org/google-docs/?Gs7Eyd
https://www.zotero.org/google-docs/?JuUkW2
https://www.zotero.org/google-docs/?22R8TI
https://www.zotero.org/google-docs/?3CsWdY
https://www.zotero.org/google-docs/?RMmD4O
https://www.zotero.org/google-docs/?0FIsVS


5

Figure 2: A tape fixation method for securing surgical drains using Leukoplast tape [9].

Figure 3: Disposable tube attachment devices from (A) Changzhou Haiers Medical Devices Co.
Ltd. [9] and (B-D) Hollister Incorporated [12].

1.3 Problem Statement

Suturing is the most prevalent method of securing surgical drains after they are placed to
prevent the accumulation of fluids and gasses [13]. These sutures, though, cause pain and
discomfort due to the tension at the suturing site [3], [14]. However, alternative methods of
attaching drains [9]–[12] are for aiding in comfort for short-term drain usage. Therefore, a new
method of fixing surgical drains to the body will be developed to increase patient comfort when a
long-term drain is placed.

https://www.zotero.org/google-docs/?ujHNrq
https://www.zotero.org/google-docs/?f2vzkn
https://www.zotero.org/google-docs/?JgZfAp
https://www.zotero.org/google-docs/?CF5QyE
https://www.zotero.org/google-docs/?4d0lBF
https://www.zotero.org/google-docs/?gfx9zQ
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2 BACKGROUND

2.1 Anatomy and Physiology

Surgical drains are generally needed after surgery in order to try and prevent a build-up of
fluid, or a seroma, from forming in the body. Seromas occur when there is a collection or
build-up of fluid in an open space or pocket below the skin [15]. They usually develop in areas
where tissue has just been removed through surgery. An empty space between tissues can form if
the wound does not heal correctly. This along with damage to the lymphatic system around the
empty space can cause leakage of fluid, which results in a seroma forming in the skin [16].
Seromas can have a negative impact on the healing of the surgical wound. In the case of a
mastectomy, the buildup of fluid causes the flaps of the chest wall to elevate and interferes with
their adherence to the tissue bed. This can cause dangerous complications such as delayed wound
healing, wound infection, hematoma, flap necrosis, wound reopening, longer hospitalization
time, delayed recovery time, and are at risk of becoming infected which causes an abscess [17].
The most effective postoperative way that seromas can be prevented is by the use of surgical
drains [18].

2.2 Client Information

Dr. Katie Kalscheur is a professor at the University of Wisconsin-Madison. She has her
Ph.D. in Civil and Environmental Engineering and currently teaches the interdisciplinary
freshman design course at the College of Engineering. She has tasked the team with developing
an improved method for a more comfortable securement of surgical drains.

2.3 Product Design Specification

Since the drain is placed in an open wound, the device should be replaceable and
removable until the drain collects less than 23-30 cc of fluid, this can take between 1-5 weeks [3]
[4]. This device should also prevent any tube displacement that is caused by any tugging on the
tubing and relieve the tension that is caused by sutures at the drain site. It should not cause any
additional irritation or inflammation to the area nor should it inhibit the flow of the fluid that is
passing through the tube. This device should hold the tube in place while preventing
displacement greater than 3.6 ± 1.0 mm [7]. This device should be able to last for up to 1 week
after it is installed on the patient and withstand typical, everyday activities such as walking,
sleeping, stretching, and exercise. Since this device is placed near an open wound, it will need to
maintain its function while exposed to body temperatures, this means that the device should
remain secure at a body temperature of  98.3 ± 4.0°F [19]. The device should accommodate
surgical drains with diameters ranging from 0.6-2.5 cm and should not weigh more than 28.35 g
in order to remain competitive with other devices and not to increase discomfort on the patient's

https://www.zotero.org/google-docs/?XWi15W
https://www.zotero.org/google-docs/?zgTAKZ
https://www.zotero.org/google-docs/?HFt9XP
https://www.zotero.org/google-docs/?rNvcvy
https://www.zotero.org/google-docs/?lnhARH
https://www.zotero.org/google-docs/?btydmx
https://www.zotero.org/google-docs/?Sen7KN
https://www.zotero.org/google-docs/?oZ38ta
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skin [4][20]. In order for this device to be successful, it must not interfere with the natural
wound-healing process or evoke an immune response [21]. This device should cost no more than
$35 in order to remain market competitive [22]. A complete set of product design specifications
can be found in Appendix 8.1.

3 PRELIMINARY DESIGNS

3.1 Design 1 - Adhesive Bandage with Clip

One method for improving the fixation of surgical drains is to use a clip that will be
attached to an adhesive bandage. This adhesive bandage with a clip design would be used
alongside the suture placed by the surgeon to hold the drain in place. The adhesive would be
made from a hydrocolloid bandage, as they are designed to be worn for up to a week [23]. The
hydrocolloid bandage consists of an outer layer that acts as a barrier to protect the wound from
bacterial contamination and foreign particles [23]. The hydrocolloid adhesive layer is used to
absorb moisture from the wound and create a hydrogel that promotes healing [23]. This bandage
would be placed right over the wound site and would encourage proper wound healing while the
patient has to wear it. Since surgical drains are typically in place for 1-5 weeks, this bandage
would need to be replaced weekly to ensure proper cleanliness at the drainage site [4]. To prevent
irritation at the suture site, a gauze pad would be attached at the bottom of the bandage where the
adhesive touches the skin. This would lead to less tugging directly at the suture site, and would
also prevent any adhesive from pulling on the suture or drain during bandage replacement.

The clip would be made from high-density polyethylene since this material absorbs little
water and is typically used as the plastic material for most medical devices [24]. The clip would
be attached to a platform made from high-density polyethylene to allow for easy attachment to
the adhesive portion of the design. The clip mechanism also allows for adaptability between
different drain sizes, ranging from 6.35-25.4 mm in diameter [4]. This can be seen at the bottom
of Figure 4.

Since this design would be made from a waterproof material, the patient will be able to
shower and conduct their daily activities without having to replace the bandage as often.
Replacing the design would be needed and would increase the price of this product. The use of
adhesive material with multiple replacements may irritate the patient's skin over time.

https://www.zotero.org/google-docs/?JhY3t4
https://www.zotero.org/google-docs/?eRTPtF
https://www.zotero.org/google-docs/?1PjbWT
https://www.zotero.org/google-docs/?5VAK6b
https://www.zotero.org/google-docs/?OkyStq
https://www.zotero.org/google-docs/?eZyFTX
https://www.zotero.org/google-docs/?7OdtkK
https://www.zotero.org/google-docs/?8V3dsq
https://www.zotero.org/google-docs/?eAb42o
https://www.zotero.org/google-docs/?pPLOI4
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Figure 4: Drawing of the adhesive bandage with clip design placed at the drainage site. The clip
would wrap around the surgical drain tubing exiting the patient's skin.

3.2 Design 2 - Interior Pressure Distributing Flaps

Another method for securing the surgical drain would be to replace the use of sutures
with another device. This device consists of a rigid tube that would be made from high-density
polyethylene to fit the diameter of the surgical drain tubing. The high-density polyethylene was
the chosen material since it is a rigid plastic that is biocompatible [24]. The flaps would be made
from silicone since silicone is a flexible material that is also biocompatible [25].

The device would be placed around the tubing of the surgical drain and implanted when
the surgeon places the surgical drains. The flaps would be pulled up and flattened to allow them
to be placed into the wound site as seen in Figure 5. Once under the skin, the rigid tube would be
pulled up to allow the silicone flaps to flatten out underneath the skin as seen in Figure 6. Each
flap would be used to distribute the pressure under the skin in different spots. A locking tie or

https://www.zotero.org/google-docs/?yTsD5e
https://www.zotero.org/google-docs/?Wn6cS2
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clip would be wrapped along the edge of the tube outside the body to prevent the tube from
getting pushed back further into the patient's body, and to prevent the displacement of the device.

This device would remain in place for the entire duration the surgical drains would need
to be in place. One drawback of this design would be that it could increase the chances of
infection since the surgical drain tubing could not be stripped where the rigid tube is. It would
also be difficult to remove this device and an extra incision would be needed to remove it. This
device is also not adjustable as it would be slid on once the drain is in place and multiple sizes
would need to be created to accommodate different drain sizes.

Figure 5: The silicone flaps in their upright position against the rigid tube for insertion at the
wound site.

Figure 6: The silicone flaps are flattened underneath the skin with a tie around the rigid tube to
hold the device in place outside the patient's skin.
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3.3 Design 3 - Exterior Pressure Distributing Flaps

The third design would be used alongside the sutures that the surgeon typically uses to
hold the drain in place. This design consists of pressure-distributing flaps made from a material
similar to elastic therapeutic tape. Elastic therapeutic tape is made from a cotton-woven base that
allows for a more breathable bandage [26]. Elastic therapeutic tape is very porous allowing for
moisture to seep through the bandage, preventing the degradation of the adhesive material [26].
This allows for elastic therapeutic tape to remain in place for up to a week at a time. This is ideal
for this project as this will reduce the cost of the device and allow for the patient to continue to
do daily activities such as showering and physical therapy exercises that may be assigned by
their doctor without having to constantly replace the tape. Each flap would distribute the pressure
evenly on the patient's skin away from the suture site.

The silicone ring of the design is used to hold the drain securely in place. Silicone was
chosen for this as it is very flexible and will not compress the surgical tube enough to stop the
flow of fluid out of the drain [27]. The gauze padding would be placed on the underside of the
adhesive where the wound site and suture site are as can be seen in Figure 7. This ensures that
the wound site and suture are not being tugged on by the adhesive material.

This design would be beneficial in distributing the pressure evenly on the patient's skin.
The elastic therapeutic tape material is not waterproof and this means the patient would have to
replace it when showering or when it begins to fall off. This would increase the cost of this
design.

Figure 7: The pressure-distributing adhesive flaps with a top and bottom view.

https://www.zotero.org/google-docs/?Idwxnc
https://www.zotero.org/google-docs/?bMrYF4
https://www.zotero.org/google-docs/?5dIrcz
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4 PRELIMINARY DESIGN EVALUATION

4.1 Design Matrix

The criteria for the designs are ranked in importance based on the client's needs.
Effectiveness is ranked the highest because the design needs to be able to hold the surgical drain
tubes in place and prevent any displacement from occurring. In addition, if effectiveness is low,
it could bring up other problems relating to safety and comfort. Patient comfort is ranked next, as
this is emphasized by the client as a problem with the current method of attaching surgical drains
to a patient. This criterion is scored on how comfortable the design will be once it is installed on
the patient. Additionally, it is rated on how well the design will ideally be able to alleviate the
pain that occurs at the wound site. The next criterion used to score the designs is the ease of use.
Ease of use is described as how easily the design is able to be installed and the amount of
maintenance required once it is installed. The cost is then used to assess the necessary expenses
to fabricate and maintain the design. Lastly, adaptability analyzes how well the design is able to
be used in various locations on the patient's body.

Figure 8: The preliminary design matrix.

4.2 Evaluation of Preliminary Designs

The adhesive bandage with clip design and pressure-distributing flaps outside scored
highest for effectiveness. This is because the two designs would still implement sutures to attach
surgical drains [5]. Both designs would increase the stability and support of the surgical drains at
the wound site. For patient comfort, the pressure-distributing flaps scored the highest due to its
use of elastic therapeutic tape which would help with comfortability and disperse the pressure

https://www.zotero.org/google-docs/?yeVY6X
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when surgical tubes were tugged on. The second design scored low because some components
would be under the skin, which could cause pain if the tubes were tugged on. In addition,
inflammation could occur due to foreign body reactions of the silicone flaps going under the skin
[28]. As for ease of use, the second design scored the highest since it does not require sutures to
attach the tubes and requires little maintenance once it is installed. This is different from the first
and second designs because these designs require the need for sutures and adhesives which
would need to be changed on a daily basis. This reasoning is also applied to the cost criterion
resulting in the second design scoring the highest. Lastly, for the adaptability criterion, the first
design scored the highest. This is because this design uses a clip mechanism that is adjustable for
the use of different-diameter drains.

4.3 Proposed Final Design

After analyzing each design using the criteria generated above the adhesive bandage with
clip design was chosen as the final design. This design was chosen because of its ability to
provide added support for the surgical drain tubes at the wound site and prevent their
displacement. In addition to the added support, this design is able to relocate the tension that
occurs at the suture site to lessen the discomfort that the patient experiences. A gauze ring will
also be implemented in this design to collect any fluid that is released from the wound. Lastly,
the device is adaptable for different diameter drains and can be attached to different areas of the
body.

5 DEVELOPMENT PROCESS
5.1 Materials

The materials used in the design process included four initial prototypes made from
different bandage materials that were tested using an MTS machine. The materials used were a
hydrocolloid dressing, elastic therapeutic tape, a waterproof adhesive, and a silicone bandage.
These materials were all tested to determine whether they were isotropic or not, an important
mechanical property of the skin. The hydrocolloid bandage was chosen due to its ability to stay
adhered to the skin for long periods of time and its capability to help promote wound healing.
The elastic therapeutic tape was chosen for its ability to stretch without rupture and its
compatibility with skin in both wet and dry environments. The waterproof adhesive was to be
used in conjunction with the elastic therapeutic tape, as a two-layer bandage. The silicone
bandage was chosen because of its antimicrobial properties, promotion of wound healing, and
decreased pain with removal. Once all of the materials had arrived, the team obtained the
mechanical properties of each material to determine the ideal dressing.

Once initial testing was completed, the team decided to use a hydrocolloid dressing, an
elastic resin material, and a cyanoacrylate adhesive for the final design. The hydrocolloid, as
mentioned above, was chosen as the final bandage material due to its isotropic properties, its

https://www.zotero.org/google-docs/?ay3CMh
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ability to promote wound healing, and its ability to remain on the skin for extended periods of
time. The elastic resin was chosen as the material for the 3D-printed clip as it is rigid enough to
secure the drain tube in place with minimal displacement while also being soft and flexible
enough to minimize patient discomfort while in use. A general cyanoacrylate adhesive was used
for an initial prototype to adhere the clip to the bandage. However, in the future, the team plans
to look into a double-layered adhesive that would secure the clip to the bandage. A
comprehensive list of all materials and their costs can be found in Appendix 8.2.

5.2 Fabrication Methods

To begin the fabrication process, the team obtained a set of large hydrocolloid bandage
sheets. After testing various geometries in FEBio, it was determined that the geometry of the
bandage does not have a significant effect on force distribution. The team decided to proceed
with an oval shape to allow for a greater distance between the clip and drain site. Detailed testing
procedures and results for both material choice and bandage geometries can be found in the
following two sections.

Methods to fabricate the correct shape of the hydrocolloid bandage involved the use of a
Cricut Maker 3. The use of the Cricut machine allowed precise and uniform cuts of the bandage.
The bandage shape, drain tube opening, and slit for easy application were all created using this
fabrication method. The proposed clip design was rendered in Solidworks and printed in the UW
Makerspace using a Formlabs Form 2 SLA printer. The clip was printed with an elastic resin,
allowing for a structured clip with moderate flexibility to accommodate different tubing
diameters.

The complete bandage assembly process involved the attachment of the clip to the
bandage. For the purpose of prototyping and testing, the clip was adhered to the bandage using a
generic cyanoacrylate adhesive. The use of a non-medical grade adhesive was used to create a
prototype for proof of concept rather than for medical-grade patient use. The team plans to
explore the fabrication of a double-layer adhesive that would allow for the base of the clip to be
secured between the layers. This would decrease the rigidity of the bandage at the site where the
adhesive is attached.

5.3 Testing

The team began testing by constructing a testing apparatus to closely mimic the drain site
when the drain is sutured into the patient. To fabricate the testing apparatus, the team used a
practice suture kit designed for medical students and first responders. The suture kit was used to
mimic the layering of skin, fat, and tissue without the need to involve a real patient [32]. The
team has also obtained several Jackson-Pratt drains with 100cc drain bulbs [33]. This is the same
drain type that is used in mastectomy procedures and is the starting point for designing a
prototype.

https://www.zotero.org/google-docs/?vd6G5Z
https://www.zotero.org/google-docs/?A5QlSM
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To create the physical apparatus, the team met with Dr. Lee Wilke to have the drain
professionally sutured into the suture kit. Her suturing expertise helped remove a potential source
of error in creating the model. This model served as a basis for determining how well our device
would secure around the surgical drain tubing. It also allowed for visualization of the surgical
drain site for a conceptual understanding of prototype performance.

The next priority for testing was to determine what adhesive material would be best for
the design. MTS testing was conducted to determine the mechanical properties of each material.

16 different samples were created using a dog bone cutout. The materials that tested were the
hydrocolloid bandage, the elastic therapeutic tape parallel to and perpendicular to the direction of

its fibers, the elastic therapeutic tape parallel to and perpendicular to the direction of its fibers
with a waterproof adhesive layer, and generic silicone bandages. Three samples were tested for

each material and the elastic modulus of each material was determined using MATLAB.

Figure 9: MTS testing setup for hydrocolloid bandage.

Testing for Poisson’s ratio and shear modulus was also conducted for the required inputs
in FEBio. This was done by drawing squares on the materials and measuring the displacement of
the lines when the bandages were stretched.  For full testing protocols, see Appendix 8.3.  These
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properties were then used to test different geometries of the materials in FEBio to determine
what shape would distribute the pressure the best. This testing did not show a significant
difference in distribution between the geometries, but it did show that the hydrocolloid bandage
was the best for the purposes of our design (See 5.4 Results).

Lastly, once prototyping was completed, two mechanisms for securing the drains needed
to be tested, the Grip-Lok® design and the clip design. Both designs were expected to hold the
drain tubing in place relatively well, but force testing was conducted to determine which
mechanism would secure the drain better. This force testing was conducted by adhering the
hydrocolloid to a clean vertical surface, in this case, a whiteboard was used. Then water was
slowly added to the bulb of the drain and allowed to hang freely from the securement
mechanism. Water was pipetted into the bulb using a serological pipette, adding 10 g (10 ml) at a
time until the drainage bulb was full. If this amount of weight did not displace the bulb, 50 ml
centrifuge tubes were taped onto the bulb and 10 g of water was added to incorporate additional
weight. More water was pipetted into the tubes, 10 g at a time until the surgical drain was
completely displaced from the mechanism of securement. This testing provided the max weight
that each mechanism could hold until the drain tubing would be displaced. The clip mechanism
secured more weight and the statistical results can be seen in 5.4 Results. All analyses were
performed in MATLAB. The complete script can be found in Appendix 8.4.

Figure 10: Force testing setup for Grip-Lok® design.
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Figure 11: Force testing setup for clip design.

Future testing of the design includes an adhesive wear test that will need to be developed
to ensure that the design is easily removable and replaceable as needed for daily drain site
cleaning [21]. The design will also be tested on pig skin or untanned sheepskin to mimic the
adhesion properties on human skin and for testing how long the device will be able to adhere to
the skin [31]. When using an adhesive, it will also be important to confirm there are no adverse
effects in material choice, and that removal and reapplication of the design do not create
unnecessary irritation to the patient’s skin. For user purposes, a protocol for the removal of the
design would need to be created, and a potential topical removal solution may need to be
considered, based on testing results.

5.4 Results

Following the collection of the mechanical properties of hydrocolloid bandages,
waterproofed, and non-waterproofed elastic therapeutic tape, the team modeled the bandages to
perform finite element stress analyses. To know whether to model elastic therapeutic tape as an
isotropic or orthotropic material, a two-tailed T-test was performed on the elastic moduli of the
directions parallel to and perpendicular to the fibers. This was conducted for both the
waterproofed and non-waterproofed elastic therapeutic tape with a significance level of 0.05.
Both materials showed a significant difference in elastic modulus between the two directions

https://www.zotero.org/google-docs/?BSsJGX
https://www.zotero.org/google-docs/?5lg5VI
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(waterproofed: tstat=-10.933, df=4, p=0.000398; non-waterproofed: tstat=-3.141, df=4,
p=0.0348), proving that both should be modeled as orthotropic for finite element analysis.

FEBio was used to conduct simulations of a 20 N load applied to bandages of various
materials (hydrocolloid, elastic therapeutic tape, and waterproofed elastic therapeutic tape) and
geometries (circle, 1:0.75 oval, 3:1 oval, 2:1 oval, and four-petal flower). The complete table of
results can be found in Appendix 8.5. Using visual analysis, the distribution of stress did not
change between trials. Therefore, the team analyzed how effective stress (the stress calculated
using the maximum distortion energy theory) changed due to bandage geometry and material. An
ANOVA was performed using the maximum effective stress between both bandage geometry
and bandage material. A significance level of 0.05 was used. The team found no significant
difference between bandage geometries (F=0.754, df=4, p=0.583), but a significant difference
was found between bandage materials (F=6.098, df=2, p=0.0246). Use of the MATLAB
multcompare() function showed a difference between the waterproofed and non-waterproofed
elastic therapeutic tape, but no significant difference between either elastic therapeutic tape and
the hydrocolloid.

To determine whether the clip or the Grip-Lok® could support more weight, a two-tailed
T-test was performed using the maximum supported weight of the two attachment methods. A
significance level of 0.05 was used, and a significant difference was found between the two
(tstat=3.450, df=4, p=0.0261), with the clip supporting more weight (mean=577.38g,
std=50.51g) than the Grip-Lok® (mean=474.40g, std=11.07g).

5.5 Discussion

The statistical analysis done through material comparison indicated that there is a
significant difference between the mechanical properties of materials. The results indicate that
both the waterproof and non-waterproof elastic therapeutic tape have orthotropic properties,
while the hydrocolloid bandage has isotropic properties, making it the ideal choice for this
design. While the statistical analysis to determine if there is a difference in the bandage geometry
did not reveal any statistically significant differences, the team decided on an oval shape for the
bandage since it allows for space for the drain to be secured within the clip, slightly away from
where the tube exits the body. This distance aims to move the site of possible tugging away from
the suture site. Testing to compare the weight that the Grip-Lok® and clip can support showed
that the clip is able to hold more weight than the Grip-Lok®. This supports the team’s decision to
use the clip in the final design. Further testing should be completed once a new clip with a larger
diameter hole for the drain can be reprinted in order to reaffirm the results that the clip is able to
hold more weight than the Grip-Lok®. Due to technical difficulties while printing the clip, the
dimensions of the hole that was used in testing slightly compressed the drain tubing, which could
cause a source of error in the results.

For ethical considerations for this project, the team did not want to conduct any clinical
testing until confirming through pre-clinical testing that this design is able to be assembled while
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maintaining the sterility of the bandage. All initial testing plans should be completed before this
step. This includes performing an adhesive test, longevity test, waterproof/sweat test, and a test
of fluid flow through the drain tube. Once these tests are completed and the sterility of the
bandage is confirmed, the team would transition to clinical testing.

5.6 Final Prototype

Figure 12: Top View of final prototype highlighting the important features.
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Figure 13: Final clip design with dimensions.

After analyzing the results from the various tests, the team decided on the hydrocolloid
bandage with a clip as the final design. The design implements a slit to easily place the
hydrocolloid bandage around the surgical drainage tube at the insertion site. The surgical drain
will then come from the sutured site through the exit hole to be secured into the 3D-printed clip.
The clip is designed to hold the surgical drain in place and resist any movement that will occur if
the surgical drain tube were to be pulled on. As a result, this would minimize the tension
experienced at the suturing site, overall reducing pain caused by surgical drains.

6 CONCLUSIONS

Suturing is the most common method for securing surgical drains for the prevention of
the accumulation of fluid in the body. These sutures are the single point of contact on the
patient's skin to hold the drain in place and may cause pain and discomfort. Alternative methods
have been designed for attaching drains but only last for up to a week before the surgical drain
has to be removed. A new and improved method of securing surgical drains to the body allows
for increased patient comfort when a surgical drain is placed. The final design that has been
detailed works alongside the suture to secure the surgical drain in place using a clip mechanism
attached to an adhesive hydrocolloid bandage. This clip mechanism utilizes an adaptable
open-top design that can accommodate the diameter of different drain sizes. By using a bandage
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design around the suture site, the pressure at the suture site should be reduced. Fabrication and
testing methods for this device are described in detail in Section 5, and detailed testing plans are
provided in Appendix 8.3. The final goal of this design is to provide a more comfortable
experience for the patient for the duration of time they need a surgical drain.

The aforementioned design has various components that plan to be modified in the future,
as well as various additional testing protocols that will be explored as the project continues. An
adhesive test will be performed to test the strength of the adhesive under ideal conditions. A
longevity test will be performed on pig or chicken skin to mimic daily activities that may be
conducted while the bandage is in use. This includes, but is not limited to, artificial sweat
exposure, water exposure, and movements such as twisting or bending. These tests will confirm
that the design does not limit the patient from showering or practicing physical therapy activities.

The current clip design was shown through testing to support a mean weight of 577.38 g
and outperformed the Grip-Lok® when tested with the 4 mm diameter tubing. A redesign of the
clip will be done to decrease the thickness and rigidity for added comfort and accessibility for a
larger range of tubing diameters. Once the clip has been remodeled, a test on various diameters
will be conducted in the form of a fluid flow test. The fluid will mimic drainage with small clots
and will be compared to drainage through an unsecured tube to ensure the clip does not impose
on drainage ability.

Following additional testing and modifications to the design, the team must explore
manufacturing protocols. A double-layer adhesive will be explored to allow for the securement
of the clip between the layers, replacing the current cyanoacrylate adhesion of the clip. Prior to
the fabrication of the hydrocolloid bandages into ovular shapes, the bandage is sterile in
packaging. The bandage must be removed from the packaging to cut proper shapes and secure
the clip, eliminating the sterility aspect. In order to market this device, plans to sterilize and
package the fabricated product need to be explored in the future.
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8 APPENDIX

8.1 Product Design Specifications

Function:

Surgical drains are used to keep certain fluids and air from accumulating in a dead space that is
created during surgery [1]. These are attached to patients using sutures which are stitches that
attach and hold the tube in the patient's skin [1]. However, these sutures cause pain and
discomfort due to tension at the suturing site [2][3]. The created device will address this problem
by reducing the amount of tension produced at the suturing site. This problem will be addressed
with two approaches. One approach will be to develop a device that improves the attachment of
the surgical drains to the skin. The other approach will be to create a housing for the drain tubing
and bulb. As a result, the patient will have a much more comfortable and painless experience
with the surgical drains.

Client requirements:

● The device will need to work effectively in various environments including hot and cold
temperatures as well as exposure to water.

● The device should be able to work for any type of surgical drain and be placed in any
location.

● The device should maintain function and provide comfort when the patient is performing
various movements and daily activities including walking, sleeping, stretching, and
exercising.

● The drainage wound site should be accessible for sanitizing using alcohol or various
soaps.

Design requirements:

1. Physical and Operational Characteristics

a. Performance requirements:

The device should be replaceable and removable for sanitary reasons until the surgical
drain collects less than 25 - 30 cc of fluid, which can take 1 to 5 weeks [2][4]. Once the
drainage amount is consistently below 25 - 30 cc of fluid, the drain can be removed. The
device should also prevent displacement of the surgical drain tube, especially during
patient movement or when pulled on. In addition, the device should relieve the tension
created at the attachment site of the surgical drain tube. It will also be necessary that the
device is biocompatible with the skin to avoid irritation when in use. Lastly, the device
will need to follow certain FDA protocols highlighted in section 3a.
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b. Safety:

This attachment device should not cause any additional irritation or inflammation to the
patient. It should not inhibit drainage flow or cause the tube to be displaced. The site
should also be able to be cleaned to ensure that it is sanitary and will not cause any
infections.

c. Accuracy and Reliability:

The attachment device should be able to hold the surgical drain in place without irritating
the patient's skin. This device should not allow for displacement greater than 3.16 +/- 1.0
mm [5]. It should also be adjustable to ensure it is adequately secured and for patient
comfort.

d. Life in Service:

This product should be able to last for the duration that the surgical drain is attached to
the patient, up to one week. This device should be able to withstand all of the activities
that accompany a normal life without any impact on its function or how secure it is.

e. Shelf Life:

While not in use, this device will be stored in a standard healthcare storage closet at room
temperature. If properly stored, the attachment device should be able to be kept for 36 to
40 months [6].

f. Operating Environment:

The attachment device will be placed near the exit site of a surgical drain and will have to
maintain its function while exposed to body temperatures, cleansing and showering, and
stripping of the drain to ensure the drain does not become clogged. The design will likely
be attached to the patient's skin and should be able to maintain its function at body
temperatures ranging from 98.3 +/- 4.0 °F [7]. This range accounts for the temperatures
the patient's body might get to if they are instructed to do light exercises while the drains
are still in place. Patients are instructed to shower while their surgical drains are in place
so the design should not lose its integrity when exposed to water [8]. Drains also need to
be regularly stripped to ensure they remain functional, so the design should not detach or
displace during this process [2].

g. Ergonomics:

The design should not detach from the patient's skin after accidental tugging or
movement [2]. The housing design should allow the patient to move around and attend to
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their daily activities without interruption. The housing design will incorporate a way to
easily hide or wrap this extra tubing. The patient should also be able to access their drain
site for the duration they need the drain which can range from 1 to 5 weeks [9].

h. Size:

Most surgical drain diameters range from 6.35 mm to 25.4 mm and are 355.6-457.2 mm
long [4][10]. The attachment device will be able to accommodate this range of diameters.

i. Weight:

The design should weigh less than 28.35 g this competes with current devices on the
market and will not cause increased discomfort on the patient's skin [11].

j. Materials:

The design must use sterile materials that do not interfere with natural wound healing.
The materials should not evoke an immune response at the drainage site. Water-soluble
materials cannot be used, as the site must be washed frequently [12]. The material should
not notably expand or contract. The design must also use durable materials to withstand
use for up to several weeks, but must be easy to remove in as little as a few days [13].
Drains are used for varying durations of time, and the design must be versatile to
represent this.

k. Aesthetics, Appearance, and Finish:

The final design must have a smooth finish to avoid any unnecessary catching on clothing
[2]. In addition to this, it should conceal the appearance of the drains. Ideally, the design
will have patterned options as well as various skin tone options for a more discreet
appearance [14]. The design should also incorporate a method of securing tubing and
drainage bulbs so that the design accounts for all portions of the drainage process, not just
at the drain-skin contact point [15].

2. Production Characteristics

a. Quantity:

Only one or two units will be needed to show proof of concept. The design should be
easily scalable to large quantities to match the rapidly growing need for surgical drains
[16].

b. Target Product Cost:
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Various other products on the market typically fall in the range of $25 to $35 [14]. Our
design should fall within this range, however, it will ideally be lower in cost than similar
products on the market. If scaled up to match market demand, the price will ultimately be
lower than the initial cost of production.

3. Miscellaneous

a. Standards and Specifications:

The FDA classifies surgical sutures [17], topical adhesives [18], and surgical drains [19]
as class II medical devices. Therefore, new attachment methods must follow the FDA’s
general and special controls. All equipment must be sterilized following FDA
sterilization guidelines [20].

b. Customer:

The housing device should prevent tugging on the drain, a source of pain and discomfort
for the patient. Additionally, it should be concealed under normal clothing or be designed
to appeal to all customers.

c. Patient-related concerns:

New attachment methods must be sterilizable prior to use and must allow visual access to
the insertion site. The housing device should be machine washable and avoid kinking the
drain tube.

d. Competition:

Many variations of surgical drain bulb holders have been patented including:

● Medical drainage pouch [21]
● Post-surgical drainage bulb support sling [22]
● Post-surgical drainage container carrier [23]
● Drain tube belt and shower pack kit [24]
● Surgical recovery brassiere [25]
● Drainage reservoir support assembly [26]
● Surgical drainage device [27]
● Abdominal binder with improved drainage bulb holding system [28]
● Apparatus and method for carrying and storing medical drains [29]
● Drain pouch caddy [30]
● Post-operative compression bra and drain apron [31]
● Surgical drain management apparatus [32]
● Drain tube holder system [33]
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● Ostomy pouch holding system [34]
● Surgical drainage reservoir support [35]
● Medical drain carrier [36]
● ** This is a non-exhaustive list **

Methods for surgical drain attachment include:

● Sutures with Tie-Lok [37]
● Adhesive device [38]
● Prolene suture with beads [39]
● Centurion sandal [5]
● Centurion sandal with two locking plastic ties [5]
● Centurion sandal with Steristrips [5]
● Double loop sutures [5]
● Multiple loop sutures [5]
● Classical suture loop and knot [40]
● Roman Gaiter suture technique [40]
● Locking-Turns suture technique [40]
● ** This is a non-exhaustive list **
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8.2 Material Expenses

Item Description Manufacturer
Part
Number Date QTY

Cost
Each Total Link

Practice Suture Kit

Complete
Sterile Suture
Practice Kit
for First Aid
Field
Emergency
and Medical
Students
Training -
Including
Large Silicone
Suture Pad and
Sterilized
Suture Tools
Threads and
Needles NeoProMedical

MN-0627
19

9/29/2
022 1 $27.99 $27.99

Practice
Suture Kit

Hydrocolloid dressing

Bandage
Hydrocolloid
Blister White
BX10 -19926

DUKAL
CORPORATIO
N

76407-78
0 (BX)

10/17/
2022 1 $5.20 $5.20

Hydrocolloid
Dressing

K-Tape

SB SOX
Original
Cotton
Kinesiology
Tape (16ft
Uncut Roll) –
Best Latex
Free, Water
Resistant Tape
for
Muscles/Joints
– Perfect for
Any Activity –
Easy to
Apply/Use,
Works Great
for Several
Days! SB SOX

B07L7N
QN3V

10/17/
2022 1 $12.30 $12.30 K Tape

Adhesive Tape

100 Pieces
Transparent
Stretch
Adhesive
Bandages Nuanchu

B099WJ4
ZXJ

10/17/
2022 1 $15.99 $15.99 Adhesive Tape

https://www.amazon.com/gp/product/B07TNRHKGW/ref=ppx_yo_dt_b_asin_title_o00_s00?ie=UTF8&psc=1
https://www.amazon.com/gp/product/B07TNRHKGW/ref=ppx_yo_dt_b_asin_title_o00_s00?ie=UTF8&psc=1
https://solutions.sciquest.com/apps/Router/Home?CatalogSearch=true&OnlyShowSearch=true&ShoppingType=materialShop&tmstmp=1666031836662
https://solutions.sciquest.com/apps/Router/Home?CatalogSearch=true&OnlyShowSearch=true&ShoppingType=materialShop&tmstmp=1666031836662
https://www.amazon.com/SB-SOX-Kinesiology-Tape-Uncut/dp/B07L7NQN3V/ref=sr_1_1_sspa?keywords=k+tape&qid=1666031247&qu=eyJxc2MiOiI1LjIyIiwicXNhIjoiNC44OCIsInFzcCI6IjQuNzcifQ%3D%3D&sr=8-1-spons&psc=1
https://www.amazon.com/Transparent-Adhesive-Waterproof-Breathable-Protective/dp/B099WJ4ZXJ/ref=sr_1_6?crid=1ED2U5CAYQ8BC&keywords=waterproof+skin+adhesive&qid=1666031283&qu=eyJxc2MiOiIzLjY3IiwicXNhIjoiMi44OCIsInFzcCI6IjIuNDEifQ%3D%3D&sprefix=waterproof+skin+ad%2Caps%2C103&sr=8-6
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Waterproof
Film Dressing
Breathable
Tape Clear
Adhesive Skin
Covers
Shower
Protective
Patch for Bath
Supplies
Swimming (4
x 5 Inch)

Silicone Adhesive
Bandages

Curad Truly
Ouchless
Extra Large
Silicone
Bandages,
Flexible
Fabric, 8
Count
Packaging
May Vary Medline

CUR5003
V1H 10/17 $1.00 $11.98 $11.98

Curad Silicone
Adhesive
Bandages

Velcro Tape

VELCRO
Brand
Extreme
Outdoor
Mounting
Tape | 20Ft x 1
In, Holds 15
lbs | Strong
Heavy Duty
Stick on
Adhesive |
Mount on
Brick,
Concrete for
Hanging,
30702

VELCRO
Brand

VEL-307
02-AMS

10/21/
2022 1 $19.99 $19.99 Velcro Tape

Grip-Lok Device

TIDI Grip-Lok
Small
Securement
Device ―
Pack of 10 ―
White ―
Flexible
Material ―
Low-Profile
Design for TIDI

3200S-10
PK

10/21/
2022 1 $30.25 $30.25 GripLok

https://www.amazon.com/Ouchless-Silicone-Bandages-Flexible-Fabric/dp/B013TBIXKK/ref=sr_1_42?crid=2XIZJW0NQNU3M&keywords=curad+silicone+bandages+x-large&qid=1666031563&qu=eyJxc2MiOiIyLjIyIiwicXNhIjoiMC4wMCIsInFzcCI6IjAuMDAifQ%3D%3D&sprefix=curad+silicone+bandages+x-large%2Caps%2C101&sr=8-42
https://www.amazon.com/Ouchless-Silicone-Bandages-Flexible-Fabric/dp/B013TBIXKK/ref=sr_1_42?crid=2XIZJW0NQNU3M&keywords=curad+silicone+bandages+x-large&qid=1666031563&qu=eyJxc2MiOiIyLjIyIiwicXNhIjoiMC4wMCIsInFzcCI6IjAuMDAifQ%3D%3D&sprefix=curad+silicone+bandages+x-large%2Caps%2C101&sr=8-42
https://www.amazon.com/Ouchless-Silicone-Bandages-Flexible-Fabric/dp/B013TBIXKK/ref=sr_1_42?crid=2XIZJW0NQNU3M&keywords=curad+silicone+bandages+x-large&qid=1666031563&qu=eyJxc2MiOiIyLjIyIiwicXNhIjoiMC4wMCIsInFzcCI6IjAuMDAifQ%3D%3D&sprefix=curad+silicone+bandages+x-large%2Caps%2C101&sr=8-42
https://www.amazon.com/VELCRO-Brand-Mounting-Adhesive-Concrete/dp/B09BNPHCZX/ref=sr_1_4_mod_primary_new?crid=3P0TJHRO5K621&keywords=velcro+tape&qid=1666373421&qu=eyJxc2MiOiI0Ljg0IiwicXNhIjoiNC4zMCIsInFzcCI6IjQuMTkifQ%3D%3D&sbo=RZvfv%2F%2FHxDF%2BO5021pAnSA%3D%3D&sprefix=velcro+tape%2Caps%2C98&sr=8-4
https://www.amazon.com/Products-3200S-10PK-Grip-Lok-Securement-Device/dp/B07HJXQ8LH/ref=sr_1_5_mod_primary_new?crid=1JECKCELJ0LK2&keywords=catheter%2Bsecurement%2Bdevice&qid=1666373993&qu=eyJxc2MiOiI1LjMyIiwicXNhIjoiNS4wOCIsInFzcCI6IjQuODcifQ%3D%3D&sbo=RZvfv%2F%2FHxDF%2BO5021pAnSA%3D%3D&sprefix=catheter%2Bsecurement%2Bdevice%2Caps%2C285&sr=8-5&th=1
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Comfort ―
Home
Healthcare ―
Medical
Supplies
(3200S-10PK)

Kinesiology Tape

SpiderTech
Therapeutic
XXL
Kinesiology
Tape Roll (6
inch - 152 mm
x 5 m) Reduce
Inflammation,
Preferred by
Athletes,
High-Grade
Water-Resistan
t Material,
Help Re-Train
Muscles
(Beige) SpiderTech Inc.

B08JHCP
QMK

11/11/
2022 1 $29.99 $29.99

Kinesiology
Tape

Hydrocolloid
Bandage

Dimora
Hydrocolloid
Dressing 4" x
4" for Wound
Care, 10 Pack
Large Patch
Bandages with
Self-Adhesive
for Bedsore,
Burn, Blister,
Acne Care,
Super
Absorbent for
Fast Healing Winner

B08F9Y9
GBV

1/11/2
022 1 $15.00 $15.00

Hydrocolloid
Bandage

TOTAL: $168.69

https://www.amazon.com/dp/B08JHCPQMK?psc=1&smid=A1FXX7548BCRKG&ref_=chk_typ_imgToDp
https://www.amazon.com/dp/B08JHCPQMK?psc=1&smid=A1FXX7548BCRKG&ref_=chk_typ_imgToDp
https://www.amazon.com/dp/B08F9Y9GBV?psc=1&smid=A2JSID4OKXY7Y8&ref_=chk_typ_imgToDp
https://www.amazon.com/dp/B08F9Y9GBV?psc=1&smid=A2JSID4OKXY7Y8&ref_=chk_typ_imgToDp
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8.3 Testing Protocols

1. MTS Testing for Tensile Properties and Elastic Modulus

Detailed Steps of testing:

1. Set up the MTS machine for tensile testing.
a. Use 100N rubber tensile grips unless otherwise specified by the instructor.

2. Obtain the bandages for testing (elastic therapeutic tape, hydrocolloid bandage,
silicone bandage, elastic therapeutic tape with waterproofing).

3. Cut each sample of each bandage type into a bone shape.
a. Bone shape size should be consistent between each material sample.

4. Load a bandage, testing in the direction of the fibers.
5. Perform a tensile test to failure.
6. Record the elastic modulus.
7. Repeat steps 3-5, loading the bandage with fibers in the perpendicular direction.
8. Repeat steps 3-6 using the next bandage.

2. Testing for Poisson’s Ratio and Shear Modulus

Detailed Steps of testing:

1. Draw or stamp on a perfect square onto the bandage. Record its dimensions.
2. Stretch the bandage using a uniaxial load. Record the square’s dimensions.
3. Repeat step 2 with the load applied in the perpendicular direction.
4. Calculate Poisson’s ratio (lateral deformation/longitudinal deformation) in both directions.
5. Assume elastic modulus and Poisson’s ratio is the same in either perpendicular

direction.
6. Calculate the shear modulus in three directions (E=2G(1+𝜈)).

3. FEBio Simulation

Detailed Steps of testing:

1. Create different geometries of the bandage in SolidWorks. Export as .STEP files.
2. Open the model in FEBio.
3. Set the material (orthotropic elastic) and its properties (density, elastic modulus in three

directions, shear modulus in three directions, and Poisson’s ratio in three directions).
4. Set the boundary condition to be on the adhesive surface, constrained in all directions.
5. Set the load at the clip location as a pressure surface load. Set the scale (as a stress).
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6. Optimize the mesh to find the one that has the best performance with the fewest elements.
7. Analyze the stress distribution using the optimized mesh.
8. Repeat steps 2-7 using each geometry.
9. Compare the distributions and the maximum stresses in each geometry. Choose the

geometry that minimizes the maximum stress.

4. Force Testing Protocol

Detailed Steps of testing:

1. Gather eight hydrocolloid bandages, four with Grip-Lok® and four with the clip
attached to them.

2. Gather uniform weights.
3. Adhere the bandage to a clean vertical surface with the hole with the slit facing

up.
4. Secure the surgical drain tube to the bandage using either the Grip-Lok® or the

clip.
5. Draw a line on the surgical drain tube relative to the top edge of the mechanism

holding it in place.
6. Attach the weight to the surgical drain tubing using tape.

a. If no weights are available, fill the surgical bulb with 10 ml of water at a
time by pipetting it into the opening of the bulb.

b. If additional weights are needed 50 ml centrifuge tubes can be taped onto
the bulb and 10 ml can be added at a time.

7. Release the weight and allow it to hang freely.
8. Record the weight and displacement of the surgical drain.

a. Measure the displacement from the line on the tubing to the top edge of
the mechanism holding the drain in place.

9. Repeat steps 3-8 using an increased amount of weight until failure (bandage falls,
tube falls out of attachment device, or something tears/breaks) and record the
weight of failure.

a. Determine the weight added by using the density conversion of water.
i. 1 g/ ml x 10 ml = 10 g for every 10 ml added.

10. Repeat steps 3-9 using another bandage.
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8.4 MATLAB Code
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8.5 FEBio Results
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