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Function/Problem Statement:

Severe joint pain in the hands due to osteoarthritis and other inflammatory conditions is now frequently
treated using low-dose radiation therapy (LDRT). Current LDRT protocols require high setup reproducibility
across 6 treatment sessions. Existing positioning systems are overly complex, use complicated indexing
systems, and compress digits 2-5 together. This causes significant discomfort for patients and creates
unnecessarily long setup times. This project aims to develop a hand positioning device to be used in a clinical
setting that minimizes setup time and patient discomfort while ensuring exact hand placement for each

treatment session.

Client requirements:

e Consistent joint placement in the field within a tolerance of 2-3 mm.

e Maximize patient comfort with finger separation and a natural hand posture.

e One therapist can set up the device in about two minutes.

e Minimize the amount of material used to not interfere with the radiation beam.
e C(leanable with hospital disinfectants.

e Simple, repeatable attachment to the treatment couch.

e Fits left and right hands and most adult hand sizes.

Design requirements:

1. Physical and Operational Characteristics
a. Performance requirements
i.  The device must maintain the patient’s hand position during treatment and across all 6

sessions. It must maximize patient comfort and be set up by only one technician in <2
minutes.

il.  Average hand sizes of patients 45 and older must be accommodated. This is defined by a
length of 6.8-7.6 inches, a breadth of 3.1-3.5 inches, and a circumference of 7.0-8.6
inches [1].

iii.  The device must hold up under repeated CT scans and LDRT. It will be used 7 times for
each patient (initial CT scan and 6 subsequent LDRT sessions). The radiation exposure

time will be approximately one minute per session.
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iv.  The device must withstand repetitive loading in hand positioning locations without
bending or fracturing. The average weight of one hand is 400 g [2].

v. It must be possible to fully disinfect the device according to clinical standards.

b. Safety

1. The device is classified as a Class Il medical device and must comply with all standards
and specifications listed in section 3a.

ii.  The device must not pinch patients’ hands, restrict circulation, or cause excess pressure.
It must not have sharp edges that could injure the patient.

1ii. It must be possible to remove the patient’s hand in under 10 seconds if rapid removal is
necessary.

iv.  The device must sit securely on the table or couch arm and completely immobilize the
hands to ensure that radiation is accurately directed and normal tissue exposure is
minimized [3].

v.  The device must not alter radiation concentration unpredictably due to attenuation [4].
Radiation and X-ray exposure must not cause an adverse reaction between device
material and the patient’s skin.

c. Accuracy and Reliability

1. The device must replicate the exact initial hand position and orientation from CT scan
within £2-3 mm for each subsequent treatment round [3].Setup time for each hand must
be consistent across patients within one minute.

d. Life in Service

1. The device must be able to undergo 6 micro radiation dose sessions of 0.5 Gray (Gy) over
the course of 2-3 weeks per patient without any structural damage [5].

ii.  The devices must retain accuracy after use, ensuring replicable and comfortable hand
positioning for the patients, without interference with radiation.

e. Shelf Life

1. The device must be stored in relatively dry environments due to the tendency for 3D
printing materials to soak up water from the air [6].

ii.  PLA has an average shelf life of 1-3 years, and PETG has an average shelf life of 5-10
years once both are exposed to air and printed. The product’s shelf life will be close to
this range as well to ensure accuracy and structural integrity [6].

iii.  The device must be stored at room temperature and without any direct sunlight. PLA

specifically will weaken under UV contact, while PETG will be more UV-stable [6].



BME Design: 200/300

f. Operating Environment

L

11.

iii.

1v.

Vi.

The hand positioning device will be used in hospitals and clinics that perform low-dose
radiation therapy (LDRT) for treatment of osteoarthritis in hand joints.

The device will be exposed to six radiation treatments of 0.5-1.0 Gy per treatment, for a
total expected treatment dose of 3-6 Gy, without significant degradation or loss of
structural integrity [7].

The device must maintain dimensional stability and positioning accuracy following
exposure to the expected 3-6 Gy treatment dose.

The device must operate in a CT imaging environment with a temperature range of
approximately 64-75°F (18-24°C) and relative humidity of 30-70% [8].

The device must operate in a radiation-treatment room with a temperature range of
approximately 68-75°F (20-25°C) and relative humidity of 40-60% [9]. The device must
withstand repeated hospital sanitation and disinfection procedures without measurable
degradation, warping, cracking, corrosion, or loss of functionality [7].

The device must remain structurally stable while being transported between the CT
scanner and medical linear accelerator (LINAC) and will maintain the patient’s hand

position during transportation.

g. Ergonomics

L.

1l.

iii.

1v.

V1.

Vii.

viil.

The device must accommodate a patient hand-size range of 17.2-19.3 cm in hand length
and 7.9-8.9 cm in hand width, based on the expected clinical patient population [10]
The device must maintain the patient's prescribed hand position for the duration of the
treatment session without requiring the patient to exert a continuous holding force [11].
Patient-contact surfaces must not produce a measurable pinching or excessive localized
pressure.

A clinician must be able to position and secure the hand of the patient in <2 minutes.
The device must maintain hand positioning within a maximum translational error of
+1lmm [12].

The device must maintain hand positioning within a maximum rotational error of +1°
[12].

The clinician must be able to verify correct hand positioning using alignment features
with a verification accuracy.

The materials of the device must not produce clinically significant interference with CT

imaging or radiation delivery [12].
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h. Size
1. The device must not exceed a maximum footprint of 40cm x 40cm to remain within the
available CT and radiation-treatment workspace.
ii.  The device must have the minimum practical thickness necessary to provide adequate
structural stiffness and positioning accuracy.
iii.  The primary positioning plate must have a target thickness of 1-2mm.
iv.  The device must remain within the required radiation beam geometry and must not
obstruct the treatment field or interfere with LINAC operation [12].
v.  The device must be capable of being transported by one clinician between the CT scanner
and LINAC without assistance.
vi.  The device must minimize overall thickness and weight while maintaining the required
structural stiffness and positioning accuracy.
1. Weight

1.

ii.

1il.

Low material and device weight must support ease of handling the product during
low-dose radiation therapy set-up.

The product must be kept to a light weight to support storage and transportation of the
device to other clinics.

Having a high-density material will affect the radiation beam, even under low doses, and
will cause attenuation, which can lead to under-dosing the target area and cause
unnecessary radiation exposure to healthy skin in the event of secondary electron scatter

[13].

j.  Materials

1.

11.

1il.

1v.

The amount of material used for the device must be minimized to keep costs and weight
to a minimum.

For the product's hand fixtures, PLA or PTEG must be used to ensure the material does
not affect the radiation beam. PLA and PTEG do not degrade in their physical and
mechanical properties when put under a high-dose radiation beam [14]. However,
low-density foam is also a valid substitute [15].

The base plate that the hand will rest on must be made of a low-density carbon fiber or a
radiation-transparent plastic material so as not to interfere with the radiation [13]. This is
especially important since the radiation will come from above and below the device.
Absolutely no metals will be placed where the radiation beam hits, as this will be harmful

to the patient [16].
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k. Aesthetics, Appearance, and Finish
1. Advanced indexing, such as the one on the Dexalign Hand Positioner, can be overly
complicated. The product must avoid unnecessary features so that the set-up for low-dose
radiation therapy does not take more time than is necessary [17].
ii.  The product must not have any sharp edges or components that could pinch the patient or
the clinician setting up the device.
iii.  The density of the entire product must be similar to the density of water (1g/cm?) so that
the product doesn’t cause harm to the patient through accidental beam attenuation [13].
iv.  The base plate of the SteadyHand product will be white or gray to maintain simplicity. It
must also have a few black index marks to assist the physician in placing the patient’s
hand.
2. Production Characteristics
a. Quantity
1. The design will consist of one base plate that will have all of the necessary components
and indexing to hold the patient’s hands comfortably and with recurring accuracy.
ii.  Only one device is necessary. However, documented instructions of the fabrication
process must be provided to ensure accurate reproducibility by other clinics.
b. Target Product Cost
i.  The budget for the product will not exceed $200. The budget will include costs for
materials to produce the product as well as prototypes. There will be an additional $50
budget available for 3D printing in the Wendt Design Innovation Lab.
ii.  The product will be cost-effective and reproducible for other clinics. The cost of the
device will aim to be lower than the cost of current competitors.
3. Miscellaneous
a. Standards and Specifications
i.  SteadyHand will be classified as a Class Il Medical Device Accessory under FDA 21
CFR 892.5050 [18]. Accessories that sit directly in a radiation beam path and come into
direct contact with human skin are considered moderate-risk devices that require certain
standards to guarantee safe performance [19].
ii.  AAPM Task Group 176 provides guidelines for assessing the radiological safety of
patient immobilization devices. Their findings validate that a 1 to 2mm carbon fiber base
and printed PLA components maintain high radiolucency, preventing beam attenuation

and unwanted skin dose disruptions during radiation therapy [13].
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11l

1v.

Since SteadyHand will come into direct contact with human skin, it must comply with
ISO 10993-1, which deals with biocompatibility and skin contact, specifically
cytotoxicity, irritation, and sensitization [20]. The nature of contact is with intact skin for
a limited duration (< 24 hours). Devices that contact intact skin only and use low-risk
materials no longer require biocompatibility test reports if a safe history of use is
documented [21].

Since SteadyHand will be used in clinics, it must adhere to CDC / AAMI ST79 [22]. This
standard mandates that all surfaces can withstand hospital-grade chemical disinfection
without the material degrading. If PLA or other 3D-printed materials are used, layer lines

must be sealed or post-processed to prevent pathogen entrapment.

b. Customer

1.

ii.

Clinicians and radiation therapists will be using the device to immobilize patients’ hands
during LDRT. The device must allow therapists to set up patients quickly and in the same
position for every treatment. One therapist should be able to set up the device in about
two minutes.

Patients are typically in their mid-forties or older. They all have painful hand joints from
osteoarthritis or something similar, and awkward hand positions are hard to hold.
SteadyHand must minimize patient discomfort by allowing a relaxed hand position.
Digits 2-5 should not be compressed together, and the device should allow for space

between the palm and base plate.

c. Patient-related concerns

.

11.

iil.

The product will be manufactured to ensure patient comfort and prevent irritation. The
device will consider finger placement, adjustability, and natural hand positions to
maximize patient experience.

The product will withstand typical hospital disinfectants to ensure sterility and minimize
potential contaminants.

The device will not contain any metal parts or other materials that interrupt radiation flow

or alter the consistency of the treatment.

d. Competition

1.

Dexalign Hand Positioner is the prominent solution used for patients undergoing
low-dose radiation therapy. The device allows for consistent placement for each session

for over 95% of hand sizes and types [8]. The hand positioning product aligns with
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ii.

iil.

radiation therapy requirements and advertises a rapid setup time for a seamless
experience. Dexalign immobilizes both hands without enclosing the whole extremity.
Orfit Extremities System is another device used for patients undergoing low-dose
radiation therapy. The device will allow patients to lie down or sit upright while
immobilizing their hand using a thermoplastic mask. The device streamlines setup and
ensures comfort with soft cushions [10].

Extremity Lock by CDR Systems provides a device to lock limbs in a fixed position for a
prolonged period of time. The device uses imaging-compatible material to accurately
reproduce ideal positions for low-dose radiation therapy [23]. In addition to LDRT, the

product is used for CT scans, MRI’s, and on-board imaging.



BME Design: 200/300

References

[1]J. Fletcher, “Average hand size: Adults, children, and relation to height,” Medical News Today, Aug. 22,

2023. [Online]. Available: https://www.medicalnewstoday.com/articles/average-hand-size#adults.

[2] E. R. Ferr¢, J. Joel, D. Cadete, and M. R. Longo, “Systematic underestimation of human hand weight,”
Current Biology, vol. 33, no. 14, pp. R758-R759, Jul. 2023, doi: 10.1016/j.cub.2023.05.041.

[3] OncoLink, “Radiation therapy immobilization devices,” Cancer Resources from OncoLink. [Online].

Available:

https://www.oncolink.org/cancer-treatment/radiation/support/radiation-therapy-immobilization-devices.
Accessed: Sep. 12, 2026.

[4] R. Lv et al., “Dosimetric effects of supine immobilization devices on the skin in intensity-modulated
radiation therapy for breast cancer: A retrospective study,” BMC Cancer, vol. 21, no. 1, p. 386, Apr. 2021,
doi: 10.1186/s12885-021-08115-3. Accessed: Sep. 12, 2026.

[5] A.-J. Donaubauer et al., “Low dose radiation therapy induces long-lasting reduction of pain and
immune modulations in the peripheral blood—Interim analysis of the IMMO-LDRTO1 trial,” Frontiers in

Immunology, vol. 12, p. 740742, Oct. 2021, doi: 10.3389/fimmu.2021.740742.

[6] “How long does 3D filament last? (Full guide),” JLC3DP. [Online]. Available:
https://jle3dp.com/blog/how-long-filament-lasts. Accessed: Sep. 13, 2026.

[7] A. Hoveidaei, M. Karimi, A. Salmannezhad, Y. Tavakoli, S. P. Taghavi, and A. H. Hoveidaei, “Low-dose
radiation therapy (LDRT) in managing osteoarthritis: A comprehensive review,” Current Therapeutic

Research, Clinical and Experimental, vol. 102, p. 100777, Feb. 2025, doi: 10.1016/j.curtheres.2025.100777.

[8] DirectMed Imaging, “CT scanner installation process guide,” DirectMed Imaging, May 5, 2025.
[Online]. Available: https://directmedimaging.com/ct-scanner-installation-process/.

[9] S. Ingale, “Radiation oncology department design: Infrastructure essentials,” Actiss Healthcare, Jan. 16,

2026. [Online]. Available:
https://www.actisshealthcare.com/radiation-oncology-infrastructure-design-essentials.

[10] Orfit, “Extremities immobilization for radiotherapy,” Orfit, 2026. [Online]. Available:
https://www.orfit.com/radiation-oncology/solutions/the-extremities-solution. Accessed: Sep. 13, 2026.


https://www.medicalnewstoday.com/articles/average-hand-size#adults
https://www.oncolink.org/cancer-treatment/radiation/support/radiation-therapy-immobilization-devices
https://www.oncolink.org/cancer-treatment/radiation/support/radiation-therapy-immobilization-devices
https://jlc3dp.com/blog/how-long-filament-lasts
https://jlc3dp.com/blog/how-long-filament-lasts
https://directmedimaging.com/ct-scanner-installation-process/
https://www.actisshealthcare.com/radiation-oncology-infrastructure-design-essentials
https://www.orfit.com/radiation-oncology/solutions/the-extremities-solution
https://www.orfit.com/radiation-oncology/solutions/the-extremities-solution

BME Design: 200/300

[11] B. Alvarez et al., “Low-dose radiation therapy for hand osteoarthritis: Shaking hands again?,” Clinical

and Translational Oncology, vol. 24, no. 3, pp. 532-539, Mar. 2022, doi: 10.1007/s12094-021-02710-w.

[12] T. Ohno et al., “Enhancing patient positioning precision: A comparative analysis of surface-guided
radiation therapy systems,” Radiological Physics and Technology, vol. 18, no. 3, pp. 833-850, Sep. 2025,
doi: 10.1007/s12194-025-00937-8.

[13] A. J. Olch, L. Gerig, H. Li, I. Mihaylov, and A. Morgan, “Dosimetric effects caused by couch tops and
immobilization devices: Report of AAPM Task Group 176,” Medical Physics, vol. 41, no. 6, p. 061501,
May 2014, doi: 10.1118/1.4876299.

[14] A. Jreije et al., “Modification of 3D printable polymer filaments for radiation shielding applications,”
Polymers, vol. 15, no. 7, p. 1686, Mar. 2023, doi: 10.3390/polym15071686. Accessed: Sep. 12, 2026.

[15] A. Dove et al., “ARS appropriate use criteria: Appropriate use of radiotherapy for treatment of
osteoarthritis,” American Radium Society® Appropriate Use Criteria. [Online]. Available:

https://cdn.ymaws.com/www.americanradiumsociety.org/resource/resmet/auc/nmd/full website document-

oa.pdf.

[16] T. Sedaghatian, M. Momennezhad, S. H. Rasta, Y. Makhdoomi, and S. Abdollahian, “An update of
couch effect on the attenuation of megavoltage radiotherapy beam and the variation of absorbed dose in the

build-up region,” Journal of Biomedical Physics & Engineering, vol. 7, no. 3, p. 279, Sep. 2017. [Online].
Available: https://pme.ncbi.nlm.nih.gov/articles/PMC5654134/.

[17] CQ Medical, “Dexalign hand positioner,” CQ Medical, 2026. [Online]. Available:
https://cgmedical.com/Products/radiotherapy/Functional--Low-Dose-RT/Dexalign-Hand-Positioner.htm.
Accessed: Sep. 13, 2026.

[18] “21 CFR 892.5050—Medical charged-particle radiation therapy system,” Electronic Code of Federal
Regulations, 2026. [Online]. Available:

https://www.ecfr.gov/current/title-2 1/chapter-1/subchapter-H/part-892/subpart-F/section-892.5050.
Accessed: Sep. 13, 2026.

[19] Center for Devices and Radiological Health, “Medical device accessories,” U.S. Food and Drug
Administration, Aug. 26, 2026. [Online]. Available:

10


https://cdn.ymaws.com/www.americanradiumsociety.org/resource/resmgr/auc/nmd/full_website_document-oa.pdf
https://cdn.ymaws.com/www.americanradiumsociety.org/resource/resmgr/auc/nmd/full_website_document-oa.pdf
https://cdn.ymaws.com/www.americanradiumsociety.org/resource/resmgr/auc/nmd/full_website_document-oa.pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC5654134/
https://cqmedical.com/Products/radiotherapy/Functional--Low-Dose-RT/Dexalign-Hand-Positioner.htm
https://cqmedical.com/Products/radiotherapy/Functional--Low-Dose-RT/Dexalign-Hand-Positioner.htm
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-H/part-892/subpart-F/section-892.5050
https://www.ecfr.gov/current/title-21/chapter-I/subchapter-H/part-892/subpart-F/section-892.5050
https://www.fda.gov/medical-devices/classify-your-medical-device/medical-device-accessories

BME Design: 200/300

https://www.fda.gov/medical-devices/classi

Sep. 13, 2026.

-your-medical-device/medical-device-accessories. Accessed:

[20] International Organization for Standardization, “ISO 10993-1:2018,” ISO, 2018. [Online]. Available:
https://www.iso.org/standard/68936.html. Accessed: Sep. 13, 2026.

[21] C. E. Board, “FDA biocompatibility guidance (ISO 10993),” CASRAI. [Online]. Available:

https://casrai.org/guides/fda-guidance-biocompatibility. Accessed: Sep. 13, 2026.

[22] B. Kelechava, “ANSI/AAMI ST79: Guide to steam sterilization,” The ANSI Blog, Apr. 13, 2020.

[Online]. Available: https://blog.ansi.org/ansi/ansi-aami-st79-guide-steam-sterilization/. Accessed: Sep. 13,
2026.

[23] C. Denis, “Extremity Lock™—Extremity radiotherapy immobilization,” CDR Systems, Mar. 11, 2026.

[Online]. Available: https://cdrpositioning.com/products/extremity-lock/. Accessed: Sep. 13, 2026.

11


https://www.fda.gov/medical-devices/classify-your-medical-device/medical-device-accessories
https://www.iso.org/standard/68936.html
https://www.iso.org/standard/68936.html
https://casrai.org/guides/fda-guidance-biocompatibility
https://casrai.org/guides/fda-guidance-biocompatibility
https://blog.ansi.org/ansi/ansi-aami-st79-guide-steam-sterilization/
https://cdrpositioning.com/products/extremity-lock/

	Design-logo-2013-UWCrest.png 
	 
	 
	 

	Function/Problem Statement: 
	Client requirements: 
	Design requirements: 
	1.​Physical and Operational Characteristics 
	2.​Production Characteristics 
	3.​Miscellaneous  

	 
	References 

