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Abstract

Health systems face pressure to strengthen resilience against supply chain disruptions
while maintaining cost-effective service delivery. This mixed-methods study describes
a pilot project that integrated 3D printing services into a Canadian provincial health au-
thority. Quantitative data were derived from internal clinical engineering work orders,
where a scenario-based economic analysis compared original equipment manufacturer
(OEM) procurement with modelled 3D-printed parts. Using conservative assumptions,
selected non-electronic structural parts were assigned a fixed unit cost. Qualitative data
were collected from two focus groups with clinical engineers and other end-users. Results
from an exploratory scenario-based economic analysis suggest that substituting selected
structurally simple clinical engineering parts with 3D-printed alternatives would be associ-
ated with modelled cost impacts ranging from a 67.4% net increase (OEM prices halved
and 3D-printing costs doubled) to a 69.6% cost reduction (OEM prices increased by 10%
and 3D-printing costs decreased by 20%). Demand changes affected absolute savings but
not the percent difference (58.1% under ±50% quantity changes), and a pessimistic pro-
curement scenario (OEM prices decreased by 30% and 3D-printing costs increased by 50%)
reduced savings to 10.3%. Focus groups highlighted perceived benefits and implementation
challenges associated with integrating additive manufacturing. Implementation was facili-
tated through an outsourcing model, which was perceived to shift certain responsibilities
and risk-management functions to the vendor. Long-term adoption will require clearer
communication and targeted education. This pilot study suggests that, under constrained
regulatory scope and scenario-based assumptions, additive manufacturing may contribute
to supply chain resilience and may be associated with modelled cost advantages for selected
low-risk components.

Keywords: additive manufacturing; 3D printing; healthcare innovation; supply chain
resilience; economic evaluation; clinical engineering

1. Introduction
The vulnerabilities associated with a globally distributed supply chain have garnered

attention in recent years. These vulnerabilities have at times resulted in delays in key
supplies used clinically. It has been recommended that health systems explore solutions to
increase resilience against uncertain logistical conditions [1–3].

Additive manufacturing (AM), or 3D printing, can enable on-demand manufacturing
supplies and may reduce reliance on complex, global supply chains [4]. The COVID-19
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pandemic illustrated the benefits of this approach, as healthcare facilities rapidly deployed
3D printers to produce personal protective equipment (PPE) and ventilator components
locally, improving resilience during critical periods [5,6]. By supporting a decentralized
model of production, additive manufacturing can minimize transportation needs and lead
times, potentially resulting in a more streamlined supply chain that may be faster and more
adaptable to the dynamic needs of healthcare systems [7].

In addition, additive manufacturing can enhance supply chain efficiency by enabling
virtual warehousing where digital files of components are maintained instead of physical
stock, and products are manufactured as needed. This approach can reduce storage costs.
Since materials are added layer by layer, 3D printing can reduce waste; this means there is
a reduction in excess compared to traditional manufacturing [8].

The technology has also been argued to allow for customization and improved innova-
tion capacity, making it possible to produce patient-specific implants and medical devices
rapidly and cost-effectively tailored to individual needs [9,10]. These advantages have been
argued to suggest that integrating additive manufacturing into healthcare supply chains
may support more responsive and sustainable solutions, offering flexibility in addressing
the demands of healthcare environments and improving readiness for unforeseen system
stressors (like a global pandemic) [11]. To leverage the benefits of additive manufacturing,
Nova Scotia Health (NSH) partnered with a private vendor providing 3D printing solutions
through a CANHealth funding opportunity as part of a pilot project. CANHealth is a
national network in Canada that aims to build an integrated marketplace for Canadian
health technology companies to develop, test, and scale innovative health solutions.

For this pilot, the scope was limited to low-risk devices. This was done to simplify
implementation, solution screening, and to avoid the use of 3D-printed parts being im-
plemented in unsuitable situations during the trial. Health Canada’s class system was
used to structure our additive manufacturing scope [12]. We limited use to non-medical
devices, class 1 medical devices, and non-functional components of class 2 medical devices.
These scope limitations were intentionally selected to reduce regulatory risk, avoid post-
market medical device modification concerns, and operate within areas where regulatory
expectations for 3D-printed components are comparatively better established.

Table 1 summarizes the in-scope and out-of-scope device classifications with examples.
All devices of higher risk classes were excluded from participation in the pilot. All designs,
either custom or already established in the vendor’s catalogue, were approved for use
within NSH by both clinical engineering and Infection Prevention and Control (IPAC)
to ensure they met the above criteria and infection control policies. Table 2 provides a
detailed description of the considerations taken into account for the functionality and
materials of the parts used in this test and try. During a permanent deployment, additional
clinical engineering resources may be implemented to provide ongoing risk assessments of
3D-printed solutions.

Table 1. Summary of in-scope and out-of-scope Health Canada medical device classifications for the
3D-printing test and try at NSH with examples.

Scope Medical Device Classifications Examples

Within scope Non-medical devices Lab equipment (specimen racks, test tube racks, slide
holders, etc.), and containers

Within scope Class 1 and accessories Device mounts and holders, rehabilitation/usability aids
Within scope Class 2 (non-functional Parts) Battery covers, probe holders, knobs, and tube covers
Out of scope Class 2 (functional components) Internal structural components, patient applied parts
Out of scope Class 3 All devices and components
Out of scope Class 4 All devices and components
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Table 2. Summary of considerations taken into account for the test and try with regard to object
performance characteristics and material requirements.

Object Property Considerations

Dimensional Accuracy Adherence of the manufactured object to the design tolerances was addressed through the AM
provider’s Quality Control (QC) programme.

Object Strength

Designs and materials were selected to meet the needs of the resultant solution. Test objects were
manufactured and iteratively checked to support meeting the requirements by the AM service

provider within the pilot scope. Ongoing compliance with the design tolerances was ensured by the
AM provider’s QC programme. Test objects were relatively inexpensive allowing for multiple, rapid

iterations to ensure the resultant designs met the functional needs of the solution.

Object Durability

Produced objects were intended to withstand a reasonable useful life and reasonable abuse. The
length of the study was not long enough to define the reasonable lifespan of a part. During the study
timeframe we did not observe parts being remade due to failure. Future examination and analysis

should be conducted to quantify the point where multiple replacements of a weaker, cheaper part are
required and then compared to the cost of an expensive durable component.

Material Selection Standard material additive manufacturing selections were provided [PLA, ABS, PETG, etc.].

Material Purity Material suppliers were screened by the AM provider for material compliance.

Biocompatibility Any objects produced were to be used external to the body, in contact with intact, non-injured skin,
and for limited timeframes, so biocompatibility was not assessed.

From September 2024 to April 2025, NSH used additive manufacturing services to
streamline the design, creation, and ordering of essential components for repairing and
extending the functional lifespan of health system equipment and provide personalized
solutions to patients. This study sought to understand the implementation context and
potential cost savings of additive manufacturing in NSH through a convergent mixed-
methods design [13].

2. Materials and Methods
This evaluation featured an economic analysis (the effect of additive manufacturing

on costs for the clinical engineering team) as well as a qualitative exploration of imple-
mentation strategy (designing and integrating additive manufacturing workflows within
the clinical engineering team, as well as other end-users of the system). A convergent
mixed-methods approach was employed [13]. Qualitative data collection explored forma-
tive (i.e., implementation) considerations, including elements of communication, feedback,
settings, and perceived utility of additive manufacturing, and was grounded in relevant do-
mains of the Consolidated Framework for Implementation Research (CFIR) [14]. Together,
the data elucidated the value proposition of additive manufacturing as a service and its
potential in the NSH context. Figures 1 and 2 provide a summary of the implementation
timeline and the AM part ordering workflow.

 

Figure 1. Summary of key implementation events for the 3D printing service pilot at NSH.
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Figure 2. Process flow chart for ordering 3D-printed parts. The process starts from a need being
identified. Depending on the availability of the part in the 3D printing service provider’s online
catalogue, an order or a design idea would be submitted to the vendor. In case of availability, the
order would be printed, quality-checked, and shipped to the requestor at NSH. In the absence of an
existing part, additional information will be acquired by the vendor, a prototype will be developed,
and upon finalization of the prototype and quality assurance, the final product will be shipped to
the requestor at NSH. All designs, either custom or already established in the vendor’s catalogue,
were approved for use within NSH by both clinical engineering and Infection Prevention and Control
(IPAC) to ensure they met the above criteria and infection control policies. For more information
about the limitations and in-scope vs. out-of-scope parts, refer to Tables 1 and 2.

2.1. Economic Analysis

The economic analysis employed a retrospective, exploratory scenario-based design
to explore the potential cost savings that could be realized if select clinical engineering
parts were substituted with 3D-printed alternatives within NSH. While actual substitution
may not yet be widespread, the analysis modelled a plausible real-world implementation
scenario using data from this pilot implementation. The analysis was conducted from the
perspective of NSH, serving as the payer of the service. The analysis modelled a scenario
in which structurally simple, frequently used clinical engineering parts are hypothetically
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replaced with 3D-printed alternatives, components considered potentially amenable to
additive manufacturing.

Work order data were extracted from the service management system of NSH and
included part names, quantities, unit costs, work order identifiers, labour hours, and
facility information. In total, 546 internal clinical engineering work orders were reviewed
during the study period. Records with incomplete cost or part information were excluded
prior to screening. The remaining records were screened to identify structurally simple,
non-electronic components potentially amenable to additive manufacturing. This process
yielded a final set of 19 unique parts that were deemed suitable for inclusion in the scenario-
based economic analysis.

Candidate parts were identified using a two-step screening process. In the first step, a
keyword-based screen was applied to work order part names to flag structurally simple,
non-electronic components potentially amenable to additive manufacturing. Keywords
included ‘tray’, ‘holder’, ‘clip’, ‘mount’, ‘bracket’, ‘rail’, ‘cover’, ‘panel’, ‘door’, ‘cap’, ‘la-
bel’, ‘enclosure’, ‘tab’, and ‘funnel’. Second, flagged items were manually reviewed using
a predefined rubric to remove false positives, specifically, parts indicating electronic or
electromechanical content, moving assemblies or mechanisms, and items whose functional
requirements, based on the available description, were unlikely to be compatible with AM.
A manual review also confirmed alignment with the pilot’s observed printing use cases. To
reduce the likelihood of false negatives, we also reviewed a small subset of high frequency
unflagged items, with the view of adding any qualifying candidates identified through this
review. The comparator scenario reflected the continued use of original equipment manu-
facturer (OEM) parts, while the intervention scenario modelled hypothetical replacement
with 3D-printed equivalents.

Cost assumptions for the 3D printing scenario were derived from the pilot implemen-
tation, which reported 3478 h of print time at a total cost of CAD 55,654, corresponding
to CAD 16 per print hour, inclusive of materials, machine time, and vendor-managed
post-processing. For the reference case, 5 print hours per unit (CAD 80/unit) was used,
selected as a pragmatic central estimate for mid-sized maintenance parts (e.g., mounts,
trays) while recognizing that smaller items (e.g., caps and labels) typically require fewer
hours and larger covers and enclosures may require more. To reflect this heterogeneity and
uncertainty, one-way sensitivity analyses were conducted by varying print time per unit to
2 and 8 h (CAD 32 and CAD 128 per unit).

Design and prototyping costs were excluded to represent a steady-state substitution
scenario in which suitable digital files already exist or require only minor adaptation. Instal-
lation labour cost was assumed to remain unchanged between scenarios as a conservative
simplification; in practice, additive manufacturing could plausibly increase installation
labour cost in cases of fit adjustment, troubleshooting, and reprints.

Functional equivalence between original equipment manufacturer (OEM) and 3D-
printed components was assumed for modelling purposes only. Importantly, this study
does not attempt to establish clinical, mechanical, or safety equivalence, and this was
an assumption made for the economic analysis. We later discuss real-world decision
constraints that persist in the Regulatory Environment subsection within the Discussion.
The primary outcome was the total cost per part, defined as the sum of procurement
and labour costs, while the secondary outcome was the absolute and percentage savings
realized through 3D printing.

Descriptive statistics were used to summarize costs, quantities, and savings, with
incomplete records excluded, and no discounting or inflation adjustments were applied,
given the one-year modelled time horizon. We conducted deterministic, scenario-based
sensitivity analyses and one-way sensitivity analyses to assess the sensitivity of the eco-
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nomic findings to plausible variations in OEM pricing, 3D printing costs, demand, and per
unit print time to bracket plausible cost outcomes. The scenarios were (in addition to the
reference case):

• Optimistic: OEM costs increased by 10%, 3D-printing costs decreased by 20%, and
quantities remained unchanged.

• Pessimistic: OEM costs decreased by 30%, 3D-printing costs increased by 50%, and
quantities remained unchanged.

• Demand increases: Quantities increased by 50% with OEM and 3D unit prices held constant.
• Demand decreases: Quantities decreased by 50% with OEM and 3D unit prices held constant.
• Shock: OEM costs halved, and 3D-printing costs doubled, quantities unchanged.

Table 3 summarizes the economic analysis cost components and assumptions.

Table 3. Summary of the cost components and assumptions of the economic analysis.

Parameter Assumption Rationale/Source

Three-dimensional
printing cost per hour CAD 16/h Derived from PolyUnity pilot:

CAD 55,654 ÷ 3478 print hours
Three-dimensional
print time per unit 5 h Assumed average across all

printed parts
Three-dimensional
print cost per unit CAD 80/unit Calculated as CAD 16/hour × 5 h

Time horizon 1 year Duration of available work
order data

Discount rate 0% Not applied due to the short-term
nature of the analysis

Perspective Health system
(payer/provider)

Costs borne by Nova Scotia
Health only

Inflation adjustment Not applied All costs are treated as 2024

Structural parts only Flagged by keyword
(e.g., “mount”, “tray”)

Screened using a part-name
keyword heuristic, followed by

manual review for
3D-printable candidates

Functional
equivalence Yes

Assumes the 3D-printed part
performs the same function

as OEM

Labour time Unchanged Conservative assumption: time
savings not modelled

2.2. End-User Focus Groups

To solicit interest in focus groups, the evaluation team engaged in purposive sam-
pling [15]. The implementation project team (clinical engineers within NSH) was consulted
for relevant names of individuals who used the service and would be willing to discuss
their experiences. Additionally, end-users outside of the clinical engineering department
(including but not limited to laboratory, rehabilitation, and home care nursing) were so-
licited using a list of users who had submitted design ideas or print orders to the service.
Using this list increased the likelihood that informants were familiar with the service,
allowing for robust discussion. Recruitment occurred via email, with assenting participants
invited to a Microsoft Teams meeting.

Two focus groups were held with the end users of the 3D printing service (one
with NSH clinical and mechanical engineers and technologists, and the other with NSH
clinical stakeholders). Focus groups were structured to gather information regarding the
implementation and perceptions of additive manufacturing. The Consolidated Framework
for Implementation Research (CFIR) informed the semi-structured focus group guides
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(Appendix A) [14]. The focus groups were facilitated by SP and MoH, who were members
of the independent evaluation team assigned to assess the pilot programme. Neither
facilitator was part of the implementation team responsible for developing or delivering
the 3D printing service. While this evaluative role may have shaped the framing of
the interview prompts and interpretation of findings toward programme improvement,
reflexive discussions within the team were used to mitigate potential bias and ensure
that participants’ perspectives were represented as faithfully as possible. The role of the
aforementioned facilitators was limited to evaluation activities, including data collection
and analysis, in order to reduce potential social desirability bias and encourage candid
discussion among participants.

The composition of the sample reflects purposive recruitment of individuals with
direct experience using or attempting to use the AM service, rather than a representative
cross-section of all potential users. Qualitative findings are most reflective of individuals
with exposure to the service to articulate concrete experiences and may underrepresent per-
spectives of disengaged or minimally involved users. As such, the findings included in this
study should be interpreted as informative but not statistically or experientially exhaustive.

Qualitative data were analyzed using a structured thematic analysis approach com-
bining deductive and inductive strategies. Initial coding was guided deductively by the
CFIR, enabling systematic categorization of data across predefined implementation do-
mains [14,16,17]. In parallel, inductive coding was undertaken to identify patterns, tensions,
and concepts not fully captured by CFIR. These inductive codes were iteratively refined
and consolidated into higher-order themes through repeated engagement with the tran-
scripts [16,17]. This process emphasized pattern recognition across participants rather than
exhaustive enumeration of individual perspectives.

Primary coding of all transcripts was conducted by one evaluation team member (SP)
using NVivo 14. Following the initial coding phase, a second evaluation team member (MoH)
conducted a structured analytic review of the coded data, emerging themes, and interpretive
summaries. This review focused on interrogating theme boundaries, identifying alternative
interpretations, and strengthening analytic abstraction beyond descriptive accounts.

Iterative discussions and analytic memos between analysts (SP and MoH) were used
to resolve differences in interpretation and refine theme definitions, with the final thematic
structure reflecting consensus [18]. An explicit audit trail of coding decisions, theme
definitions, and analytic memos was maintained within Microsoft Word to document
the evolution of the analysis across iterative rounds of review (CFIR informed deductive
analysis to final synthesized themes). While formal inter-rater reliability testing was
not conducted, the analytic approach prioritized transparency, reflexivity, and coherence,
consistent with qualitative methodological guidance for exploratory and implementation-
focused studies [16,19].

Given the limited number of focus groups and the formative, evaluation scope of
the project, thematic saturation was not an analytic goal [19]. Instead, the analysis aimed
to generate contextually grounded insights into implementation dynamics, barriers, and
enablers associated with integrating AM within a provincial health system. While thematic
saturation was not an analytic goal, the focus group guides (Appendix A) were intentionally
designed to elicit disconfirming and critical perspectives. Both clinical engineering and
clinical end-user focus groups included explicit questions and probes regarding perceived
challenges, concerns, and scepticism. Participants were also asked to reflect on what
they would do differently if the service were reimplemented and to identify barriers
to sustainability and scalability, thereby encouraging reflection on limitations alongside
perceived benefits.
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Ethics approval exemption was granted by the Nova Scotia Health Research Ethics
Board (REB Approval #: 1031321).

3. Results
3.1. Usage and Adoption Metrics

During the pilot, an increase in the uptake of the AM service was observed, particularly
among localized champions and early adopters. Over the implementation period, 37 unique
3D-printed products were ordered. These included functional components ranging from
equipment mounts to lab infrastructure and clinical supports.

The programme logged 3478 h of print time. Four departments engaged directly with
the additive manufacturing system through ordering parts or submitting design requests.
Figure 3 depicts the trends of design and production hours from October 2024 to March 2025
and shows the impact of wider dissemination across NSH starting in January 2025.
Figure 4a–e depicts a subset of printed products used within NSH.

Figure 3. Time trends of 3D printing design and production hours.
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Figure 4. Examples of 3D-printed items: (a) Anaphylaxis kit container is an organizer that helps
secures kit contents and helps simplify access to essential items during an emergency; (b) adaptive
clamp for medical pen dialling is a table-mounted solution that helps patients recovering from stroke
to insert and adjust insulin pens with one hand; (c) patient lift charger port that was discontinued by
the OEM, challenging charging and operation of lifts that impacted patient mobility. The 3D-printed
solution reportedly assisted in decreasing equipment downtime; (d) strum assist is a lightweight,
ergonomic tool for people with limited hand dexterity who are unable to strum with precise finger
control, intended to help them to strum using simple arm movements; (e) bespoke holder for Masimo
patient monitors in the emergency department that allows for organized configuration.

3.2. Overview of Part Use and Printability

From the 546 internal clinical engineering work orders reviewed, a subset of struc-
turally suitable and commonly used parts that could be amenable to 3D printing were
identified. Based on a structured screening process and 3D-printed parts data, 19 unique
parts were flagged as viable candidates for additive manufacturing. These were grouped
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into four functional categories that reflect common 3D printing use cases in healthcare
maintenance: Brackets and Mounts, Covers and Enclosures, Trays, Holders and Clips, and
Caps and Labels (Table 4).

Table 4. Mapping of original 3D-printable parts to functional categories used in the economic analysis.

Part Name Category Rationale

Mount Rail and Pull Tab Brackets and Mounts Rigid, load-bearing shapes that do not involve
moving parts or electronics.

Funnel and Cap Assembly Caps and Labels Small, form-fitted parts used for sealing
or marking.

Water Tank Cover (New Style) Covers and Enclosures Flat or contoured panels used to protect or
shield equipment internals.

Clear Water Tank Cover Covers and Enclosures Flat or contoured panels used to protect or
shield equipment internals.

Battery Door Cover Covers and Enclosures Flat or contoured panels used to protect or
shield equipment internals.

Rail Cover Covers and Enclosures Flat or contoured panels used to protect or
shield equipment internals.

Battery Door and Tray Trays, Holders and Clips Structurally simple, non-electronic components
used for containment or support.

Alenti Bedpan Holder Trays, Holders and Clips Structurally simple, non-electronic components
used for containment or support.

Bedpan Holder Trays, Holders and Clips Structurally simple, non-electronic components
used for containment or support.

Dialyzer Holder Trays, Holders and Clips Structurally simple, non-electronic components
used for containment or support.

Bibag Holder/Connector Trays, Holders and Clips Structurally simple, non-electronic components
used for containment or support.

Dialyzer Holder Trays, Holders and Clips Structurally simple, non-electronic components
used for containment or support.

Dialyser Holder Trays, Holders and Clips Structurally simple, non-electronic components
used for containment or support.

Syringe Holder for Heparin
Pump 5008/S Trays, Holders and Clips Structurally simple, non-electronic components

used for containment or support.

Finger Clip Trays, Holders and Clips Structurally simple, non-electronic components
used for containment or support.

Holder, Sliding Inlet, 444 Nd Trays, Holders and Clips Structurally simple, non-electronic components
used for containment or support.

Syringe Holder for Heparin
Pump 5008/S Trays, Holders and Clips Structurally simple, non-electronic components

used for containment or support.

Heparin Syringe Holder Trays, Holders and Clips Structurally simple, non-electronic components
used for containment or support.

Clip Trays, Holders and Clips Structurally simple, non-electronic components
used for containment or support.

These parts appeared across multiple work orders, suggesting potentially high-impact
opportunities for cost-effective substitution. While they represent only a small portion
of all components used across the Nova Scotian system, they collectively accounted for
a non-trivial cost burden and aligned with real-world use cases observed during pilot
implementation.

3.3. End-User Focus Groups
3.3.1. Participants

Between February and April 2025, one clinical engineering and technologist (n = 3)
and one clinical end-user focus group (n = 4) were conducted. Participation rates differed
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across groups, with two of the five (40%) clinical engineering and six of the ten clinical
end-users (60%) unable to participate. Reported reasons for non-participation included
time constraints and self-assessed insufficient familiarity with the service.

3.3.2. Overview of Qualitative Findings

Qualitative analysis yielded five analytically distinct but interrelated themes describ-
ing how participants experienced, interpreted, and engaged with the AM service during
the pilot period. These themes represent recurrent patterns across participants rather than
isolated anecdotes and were identified through iterative engagement with the transcripts
guided by CFIR domains and inductive pattern recognition. Rather than presenting par-
ticipant narratives sequentially, results are organized to foreground the analytic meaning
of each theme with illustrative quotations used selectively to exemplify—not substitute
for—thematic interpretation.

Overall, participants described value in having access to the 3D printing service.
Table 5 describes the five central themes that were captured within the focus groups. The
access was primarily helpful for clinical end-users, who described designing and printing
solutions as supporting what they perceived to be a more personalized care for patients
(e.g., a personalized guitar strummer for a rehabilitating patient) or improved care provider
organization (e.g., a medication kit for home-visit nurses). Clinical engineers and tech-
nologists struggled to more readily see how the service could be used in their workflows,
with some unclear about how the 3D printing process is completed. There was a variance
in participants’ experience with using the service with regard to communication about
suggested designs. From an implementation process perspective, it was acknowledged that
the initial roll-out of the service with NSH was too narrow, and earlier engagement with a
more diverse group of interest holders might have improved awareness of the service and
may have supported engagement.

Table 5. Overview of themes captured in the end-user focus groups, as well as some of the enabling
and challenging elements of each, described by FG participants.

Theme Enablers Challenges

Access and Design

Personalized prints
and parts

Mitigating sunsetting of
OEM parts

Lack of understanding of
what additive

manufacturing is and
its capabilities

Culture and Knowledge Perceived cost of AM parts Organizational culture and
resistance to change

Regulatory Environment None

Strict and sometimes
contradictory regulatory
environment (at a federal

and provincial level)

Communication Improved engagement as
pilot project matured

Poor awareness of AM
service at the outset of

the implementation

Implementation Model
Externalizing AM to a third

party mitigated
regulatory concerns

Targeted education and
engagement with the ‘right’

teams and individuals

3.3.3. Theme 1: Access and Design

Access and Design refer to the ability of users of the AM service to access a digital
repository of bespoke parts as well as design parts that are fit for purpose and personalized
to their/their patients’ needs. Participants appreciated the creative flexibility afforded to
them by having access to additive manufacturing. Clinical end-users emphasized design
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flexibility as an enabler of patient-centred care, particularly for adaptive or assistive devices
requiring individualized form or function. In contrast, clinical engineering participants
framed access primarily in terms of functional substitution, especially where OEM parts
were unavailable, discontinued, or economically unjustifiable due to departmental and
organizational budgetary constraints. Across both groups, design access was interpreted
not merely as a technical novelty but as a mechanism for expanding the solution space
available to clinicians and technologists. However, the perceived benefits were conditional.
Participants with clear use cases articulated strong value, whereas others struggled to
translate abstract capability into an actionable application. As a clinical engineer and
clinical end-user describe below:

We were creating something that was not available otherwise. . . because you get cus-
tomizable, specific things.

My brain just started swimming with all the ideas. Because there is a lot of customization
in my job. . . The first thing I thought of was like an aid to help people strum [a] guitar.

Once an OEM part is no longer accessible, the monetary considerations of obtaining
one through custom manufacturing may be prohibitive. As described by two clinical
engineering and technologist participants:

The original idea I had is like a dead-end technology, and I cannot find the parts for it
anymore. That’s why I thought [the AM service would] be great to build it for me.

Something that always irked me as a tech ordering replacement parts for anything in the
healthcare industry was the cost. I don’t know what the cost of that handle was [through
the OEM], but I wouldn’t be surprised if it was CAD 300.00 for a simple handle.

Access to AM parts to replace functional OEM parts, like handles, as well as the ability
to design AM parts to personalize approaches to patient care, were both commonly cited
benefits identified in the focus groups.

3.3.4. Theme 2: Culture and Knowledge

Culture and Knowledge refer to the ingrained mental models of end-users regarding
AM parts and their function in a health setting. Knowledge of the in-scope and out-of-
scope purposes of AM parts was also variable. For example, some participants were not as
enthusiastic to use the service, mostly owing to a lack of perceived use cases. As a clinical
engineering participant recounted:

Yeah, it feels like magic to me. Like. . .making something out of thin air. . . It’s a hard
[thing to understand] and is a big learning curve.

Additive manufacturing also must unseat entrenched workflows and routines. In the
case of clinical engineering and technologists, existing inventory practices and standard-
ized ordering systems were repeatedly described as structurally easier and cognitively
less demanding than engaging in design-based problem solving. Two engineering and
technologist participants described this further:

I think it’s a challenge for the 3D printing service because manufacturers make it easy
for us to identify parts, so the service has to kind of replace that [through] education
[and] availability.

Inventory parts. . .it’s easy just to go and grab them off the shelf. Speaking from a techs’
perspective, a lot of [OEM] parts are parts that a tech is going to keep on hand in
high volume because they break a lot. It’s so easy to order 10 battery covers from the
manufacturer and just have 10 on hand.
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In contrast to theme 1: Access and Design, theme 2: Culture and Knowledge was
described as a barrier to the uptake of AM within NSH, in part due to perceptions of the
quality of AM parts as well as established workflows (i.e., ordering processes) that were
described as challenging to revise. Theme 2 reflects a tension between innovation potential
and institutional inertia. Participants did not reject AM outright. Rather, AM service uptake
was constrained by entrenched habits, limited experiential learning, and uncertainty about
when AM was preferable to traditional procurement.

3.3.5. Theme 3: Regulatory Environment

Regulatory Environment refers to perceptions around the policy and medico-legal
constraints of using AM in healthcare. Participants consistently framed AM adoption within
a landscape of perceived medico-legal risk, liability uncertainty, and regulatory ambiguity,
particularly for medical devices beyond the lowest risk classification. A key analytic insight
was that externalizing manufacturing, quality assurance, and regulatory compliance to a
third-party vendor was described as an important enabling condition. This model was
perceived to reduce individual and departmental exposure to liability and reassign certain
compliance-related tasks away from end-users. As a clinical participant said:

We’ve got all these different pieces, and [the AM service] . . .they did all the checking. I
didn’t have to do anything else. . .because for me, it’s, you know, a time management kind
of thing.

Having the 3D printing service manage the multifaceted checks was a key enabler to
using the service. The identification of the time-requirements is also worth noting, as this
was viewed as an important element of using an additive manufacturing service. Other
risks of having additive manufacturing in-house were addressed by a participant:

I know a colleague of mine was at a [regulatory] committee meeting and they had touched
upon the hazards of having 3D printing in house. You know, not only with the exhaust,
but like the porousness of the materials. That obviously is a big concern for Class 2 devices.

In the context of printing replacement parts, liability regarding the printed parts was
front of mind for FG participants. Another engineering participant put it clearly:

Liability and manufacture warranty. If the tech replaces a part on a stretcher and that
3D-printed part fails and it cracks where it’s a hard plastic, somebody cuts himself wide
open. . .who is liable?

The tension between adhering to non-negotiable regulatory requirements of medical
devices and realizing the benefits of AM, such as personalized design, was addressed
through externalizing quality assurance and medico-legal obligations to the vendor. While
externalization enabled engagement, it did not fully resolve underlying concerns about
responsibility, warranty, and regulatory interpretation.

3.3.6. Theme 4: Communication

Communication quality appeared to influence participants’ engagement. This theme
encompassed awareness of service availability, clarity of design workflows, responsiveness
of the vendor interface, and continuity of feedback during iterative design. Participants
described divergent experiences, ranging from rapid, enthusiastic engagement to complete
disengagement following perceived breakdowns in communication. Analytically, these dif-
ferences highlight that communication often acts as a gatekeeping mechanism, amplifying
or suppressing willingness to persist with the service. As a clinical participant recounts:

I don’t have [the part] yet, so I guess my take-away was I don’t consider myself terribly
apt in navigating around websites, but I did go through the bother of creating an initial
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idea with getting the specifics copy and pasted over into the portal and whatnot. And
then it just went into thin air, and then they asked me to recreate it. And I was like, you
know what? No.

Due to challenges navigating the design process, having to go back to re-designing the
part over again was not worth further time or effort for this participant, and they disengaged
from the service. Alternatively, another clinical participant had a different experience:

Heard back from [the AM service] within 12 h and they were so excited to do something
that was out of the ordinary and actually had like a truly functional intervention. . .on
the patient level.

Timely communication empowered a participant to pursue their design and further
iterate on it. On the other hand, the other participant’s negative experience led to complete
disengagement with the AM service. Ensuring consistency in communication with end-
users is an opportunity for future implementations.

3.3.7. Theme 5: Implementation Model

The implementation model, specifically the outsourcing structure and block-funded
pilot design, appeared to shape both perceived value and actual uptake. Participants
frequently described the service as “free,” reflecting how budgetary abstraction influenced
behavioural engagement during the pilot phase. As one participant describes:

I think at this point it was all free. . . so who’s ever going to talk bad about that?

Of course, the service was not free, but the model used in the pilot project (spending
CAD 100,000 upfront and then filling that budget) influenced the perception of the service
for end users. Beyond monetary cost, time emerged as a critical but often unaccounted-for
resource. Participants emphasized that effective use of AM required protected time for
design iteration and conceptual exploration, activities not easily accommodated within
existing workloads. As a participant described:

It takes time. [It] doesn’t take time to find the problem. You bump into it, but it takes time
to be able to. . . sit down and dive in.

It is noteworthy that, while having the option to use AM to solve problems is a benefit,
without protected time to sit down and dive into the problem, additive manufacturing may
be underutilized. Clear identification of a use case for additive manufacturing was not
clear to some participants. Two participants explored this:

We didn’t have that use case to say like, yeah, this is a thing we did to put on a poster.

From that perspective, I think it would be far more useful for the mechanical techs where
you’re ordering plastic bumpers or plastic handles that break more often.

The implementation model used in this pilot project had a variable impact on the
uptake of AM. Participants recounted that more targeted engagement and identification of
use cases would have improved the perception of AM. The purchase of a CAD 100,000 block
of AM services facilitated uptake as users perceived the service as free. Reserving time to
design a bespoke part was also identified as an important augment to costs, beyond simple
monetary considerations. Without structural support for this work, AM risks remaining
underutilized despite recognized potential.

3.4. Economic Analysis
Potential Cost Savings from Additive Manufacturing

In the modelled reference scenario, assuming a fixed 3D printing cost of CAD 80 per
unit, the total projected cost associated with 3D-printed equivalents of selected parts was
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CAD 4000, compared to CAD 9556 under traditional OEM procurement (Table 6). In the
model, this hypothetical substitution yields CAD 5556 in cost savings, a mean reduction of
58.1% across all amenable parts (Table 6).

Table 6. Scenario-based and one-way sensitivity analysis of total cost differences between OEM
procurement and modelled 3D-printed substitution.

Analysis Component Scenario OEM
Cost (CAD)

Three-Dimensional
Printing Cost (CAD) Savings (CAD) Percent Savings (%)

Scenario-based
sensitivity analysis

Reference case 9556 4000 5556 58.1
Optimistic (OEM costs

increased by 10%, 3D-printing
costs decreased by 20%,

and quantities
remained unchanged)

10,512 3200 7312 69.6

Pessimistic (OEM costs
decreased by 30%, 3D-printing

costs increased by 50%,
and quantities

remained unchanged)

6689 6000 689 10.3

Demand increase while unit
prices remain unchanged. 14,334 6000 8334 58.1

Demand decreases while unit
prices remain unchanged. 4778 2000 2778 58.1

Shock (OEM costs halved, and
3D-printing costs doubled,

quantities unchanged)
4778 8000 −3222 −67.4

One-way sensitivity
analysis

Per-unit print time decreases
from 5 to 2 h 9556 1600 7956 83.3

Per-unit print time increases
from 5 to 8 h 9556 6400 3156 33.0

Before presenting the scenario-based sensitivity analysis, we first examine how cost
impacts vary across part categories, independent of procurement and demand scenarios. By
category, Trays, Holders and Clips show the largest modelled absolute savings (CAD 3133),
Caps and Labels achieve the highest percentage reduction (91.7%), Brackets and Mounts
remain favourable (50.7%), and Covers and Enclosures turn negative at this per-unit
3D cost (−23.9%), highlighting where 3D printing may not be cost-advantaged at CAD
80/unit (Figure 5).

Sensitivity analyses bracketing plausible procurement conditions indicated the follow-
ing: Under an Optimistic case (OEM costs rise 10%, 3D-printing costs fall 20%), savings
increased to CAD 7312 (69.6%). Under a Pessimistic case (OEM costs drop 30%, 3D-printing
costs rise 50%), savings narrowed to CAD 689 (10.3%), indicating vulnerability to simultane-
ous OEM discounting and 3D cost inflation. Pure demand swings scaled total dollars while
leaving efficiency unchanged: a 50% increase in quantity resulted in CAD 8334 in savings
(58.1%), whereas a 50% decrease resulted in CAD 2778 in savings (58.1%). A Shock test
(OEM prices cut in half, 3D-printing costs doubled) reversed the modelled cost advantage,
with a net deficit of CAD 3222 (−67.4%). Overall, the reference and optimistic scenarios are
consistent with a bounded and highly context-dependent case that may warrant further
investigation for 3D printing. In contrast, the pessimistic and shock conditions highlight
where the potential, modelled savings can erode (Table 6). One-way sensitivity analyses
on print time per unit showed that reducing print time from 5 to 2 h increased savings
to CAD 7956 (83.3%), whereas increasing print time to 8 h reduced savings to CAD 3156
(33.0%) (Table 6).
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Figure 5. Percent savings of amenable 3D-printable parts by item category.

4. Discussion
This convergent mixed-methods evaluation explored whether additive manufacturing

could potentially generate operational cost savings within clinical engineering by mod-
elling the hypothetical substitution of structurally simple components that are high-cost,
frequently replaced, or difficult to source (Tables 1 and 2). The qualitative findings should
be interpreted as contextually bounded implementation insights rather than representa-
tive accounts of all potential users. The themes identified reflect patterned experiences
among participants who engaged directly with the service during the pilot period and are
most appropriately understood as explanatory mechanisms, highlighting how regulatory
uncertainty, organizational culture, communication quality, and time constraints shaped
adoption behaviours within this specific institutional context.

The exploratory scenario-based economic analysis suggested that many candidate
parts could yield modelled savings under certain conditions. The projected savings were
scenario dependent. Across pre-specified procurement scenarios, the model estimated
cost impacts ranging from a 67.4% net cost increase under adverse conditions (OEM
prices halved and 3D-printing costs doubled) to a 69.6% cost reduction under favourable
conditions (OEM prices increase by 10% and 3D-printing costs decrease by 20%), with the
reference case indicating a 58.1% reduction. This range suggests that the modelled savings
are strongest for certain part categories and procurement conditions and can erode, or
reverse, when OEM pricing falls, and additive manufacturing unit costs rise. However, the
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feasibility and scalability of additive manufacturing adoption are strongly mediated by
regulatory uncertainty, post-market device modification constraints, and institutional risk
tolerance within safety-critical healthcare environments. Observed uptake and perceived
utility should not be interpreted as evidence of mechanical or safety equivalence, but rather
as indicators of contextual feasibility under constrained scope conditions.

The estimated modelled savings in this scenario analysis are driven entirely by part
replacement, with no assumed change to labour time. The model did not require labour sav-
ings to produce cost advantages, but real-world implementation may still entail workflow
change. Parts such as the Battery Door and Tray, Dialyzer Holder, and Mount Rail and Pull
Tab emerged as high-impact candidates in the model with potential economic advantage
and practical plausibility under hypothetical substitution. These results are consistent with
the potential for additive manufacturing to support supply chain resilience, especially for
expensive, custom-built, or discontinued components [20]. As Canada’s expenditure on
health continues to climb as a percentage of GDP, introducing manufacturing efficiencies
could help mitigate increasing costs [9].

There is limited literature regarding the structured or coordinated implementation of
an additive manufacturing service in a hospital setting. Many articles discussing additive
manufacturing in health are reviews, educational articles, or descriptive in nature [20]. Our
study contributes to the existing, relevant implementation considerations for realizing the
potential of additive manufacturing, as well as economic indicators which suggest available
cost savings for specific parts. Outside of fragmented case-studies in the literature, our
findings suggest the possible benefits of a centralized service—one that can manage the
extensive regulatory environment of medical engineering in Canada [21].

Specific to this pilot project, there are several implementation findings which are
relevant to future efforts to integrate additive manufacturing services within NSH or other
health systems or hospitals. While the original vision for the service was to supplement
engineering services across NSH, engaging other interest holders earlier in the implementa-
tion may have yielded better engagement at the outset of the implementation. For example,
lab services, technologists, and mechanical engineering teams were potential populations
who would benefit from additive manufacturing who should have been consulted earlier
through targeted engagement. Figure 3 is consistent with a temporal association with
broader education and engagement, with design and print hours significantly increasing
after dedicated education was implemented as part of this pilot project. This is consistent
with published implementation guidance [22,23]. As seen in other research, relating an
innovation to workflows through education has been associated with improved uptake [24].
Integrating case studies—relevant to the populations or departments being engaged—is
one way to leverage education and help NSH staff conceptualize the ‘art of the possible’.
Considering collaborative design ‘retreats’ [25] or otherwise protecting time for NSH staff
to engage in ideation and design phases of creating a part would also benefit the use of
the service, as a key challenge to using additive manufacturing is the time to ‘dive in’ to
the problem.

Another finding of the qualitative component of the evaluation is the strict regula-
tory environment which dictates uptake of novel products, manufacturing techniques, or
innovative practices (Section 3.3.5). Medical device regulations are purposefully strict to
maintain patient safety, which may unintentionally impede the integration of AM at scale
due to their conservative nature [26,27]. Several participants highlighted the external regu-
latory conditions which limit the implementation of additive manufacturing at scale. Using
the 3D printing service in some ways mitigated these challenges, because it externalizes
these concerns or ‘checks’, which the end-user is responsible for taking into consideration
throughout the process.
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4.1. Regulatory Environment

The implementation of additive manufacturing services in hospitals is complicated
by a fragmented and evolving regulatory environment, particularly with respect to post-
market medical devices. In Canada, Health Canada regulates medical devices under a
risk-based classification framework (Classes 1–4), with regulatory obligations increasing as
device risk increases, but current guidance offers limited specificity on the permissibility
of 3D-printed replacement parts for devices already on the market [12,27]. While Health
Canada provides clear expectations for manufacturers placing new devices on the market,
the regulatory status of replacement or modified components introduced post-market,
especially when produced outside the original manufacturer, is not consistently articulated
in formal guidance [21,27]. This regulatory ambiguity has been noted in the medical
device and additive manufacturing literature, where post-market modification, repair, and
customization remain areas of regulatory uncertainty [21,26,27].

Recent legislative developments in Canada, including amendments to the Copyright
Act and the passage of “right-to-repair”-oriented bills (e.g., Bills C-244 and C-294), have ex-
panded device owners’ legal ability to repair or reproduce parts [28,29]. Importantly, these
legislative changes are focused on intellectual property constraints and appear not to alter
existing medical device safety, performance, or regulatory compliance requirements [27].
As a result, while hospitals may now face fewer copyright-related barriers to reproduc-
ing parts, the regulatory acceptability of installing non-OEM components, particularly
those produced by third-party manufacturers, remains largely undefined within Canada’s
medical device regulatory framework [21].

This lack of clarity is especially consequential in the context of medical electrical
equipment. Canadian Standards Association (CSA) and International Electrotechnical
Commission (IEC) certification requirements are typically tied to the original device config-
uration, meaning that the addition or replacement of components, including components
that are non-functional or external to the device’s primary operation, may invalidate exist-
ing electrical safety certifications [27]. Health technology regulators and standards bodies
have cautioned that post-market modification of medical devices can shift regulatory re-
sponsibility and liability to the modifying entity [26,27]. Accordingly, alterations to device
housings, mounts, or enclosures are typically approached following consultation with the
OEM or a certified manufacturer, a precaution that is reflected in international discussions
of medical device modification and risk allocation [21,27].

In the absence of explicit national guidance, decision-making around the use of 3D-
printed replacement parts is often deferred to individual healthcare institutions, where it is
shaped by local risk tolerance, institutional expertise, and legal interpretation [21,26]. Such
institutional discretion has been observed in other jurisdictions facing similar regulatory
gaps and has been associated with heterogeneous adoption patterns and conservative
implementation strategies, particularly within safety-critical clinical environments [26,27].

Within NSH, limited internal experience with medical device design, validation, and
manufacturing further constrained the feasibility of in-house additive manufacturing for
regulated components. Prior studies have shown that healthcare organizations without ma-
ture quality management systems (QMS) may face heightened regulatory and liability risks
when undertaking device manufacturing activities internally [21,27]. Consequently, con-
tracting an external additive manufacturing provider with an established quality assurance
and quality control framework may have allowed NSH to leverage existing regulatory in-
frastructure while reducing institutional exposure to liability and patient safety risks [9,21].

The outsourcing model is also broadly consistent with approaches described in in-
ternational best practices, observed in centralized hospital-based additive manufacturing
programmes, where regulatory compliance, documentation, and traceability are managed
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by specialized entities rather than frontline clinical teams [9,21]. While the long-term
economic and operational sustainability of externally delivered additive manufacturing
services remains insufficiently studied, the existing literature suggests externalization can
be a pragmatic short-term strategy for navigating regulatory uncertainty, enabling con-
trolled adoption, and familiarizing healthcare organizations with additive manufacturing
workflows under managed risk conditions [21].

4.2. Limitations

This mixed-methods evaluation has several limitations which should be acknowl-
edged. The qualitative component of this evaluation has several methodological limi-
tations that should be explicitly considered when interpreting the findings. Purposive
sampling prioritized participants with direct experience using or attempting to use the
AM service, introducing selection bias and limiting representativeness. Additionally, a
high non-participation rate, particularly among invited clinical end-users, suggests that
perspectives of less engaged or more sceptical staff may be underrepresented. These limita-
tions constrain the generalizability of the findings. The qualitative results are intended to
illuminate implementation dynamics, decision-making processes, and perceived barriers
within a real-world health system context, rather than to estimate prevalence or consensus.

The exploratory economic analysis has limitations consistent with early implemen-
tation modelling. We assumed functional equivalence between OEM and 3D-printed
components for the subset of structurally simple, non-electronic parts considered; formal
comparative durability testing and failure-rate tracking were not available for all items
and should be incorporated in future evaluations. The reference-case costing represents
a steady-state substitution scenario and excludes one-time design, prototyping, internal
quality assurance, and regulatory overhead, which may be material for novel parts or low-
volume items. Furthermore, for discontinued OEM parts, reverse engineering, iterative
prototyping, and verification may be non-trivial and could reduce or delay cost savings
during initial implementation.

Although installation labour time was conservatively assumed to be unchanged,
future work should quantify potential rework, scrap, and quality-related time costs and
incorporate these into cost estimates. Future work should also prospectively track part-
level outcomes (for example, failures, reprints, time-to-install, rework, and service-life) and
incorporate these parameters into a formal cost model.

The deliberate focus on low-risk devices and the use of an external additive manu-
facturing provider limit the generalizability of findings to higher-risk medical devices or
in-house additive manufacturing models operating under different regulatory conditions.

5. Conclusions
This study describes the organizational experience and the observed outputs of a

pilot additive manufacturing service within hospitals. While findings indicate potential
modelled cost advantages and increased innovation capacity, more robust and longitudinal
analysis is needed to better understand the impacts of the service over time. Adoption
and uptake of additive manufacturing appeared stronger among clinical teams with clear
use cases. Expansion will require strategic targeting of high-yield applications, consistent
communication, and proactive management of regulatory and operational challenges. With
these conditions in place, additive manufacturing may have the potential to improve
personalized care for patients, facilitate innovative solutions to challenges in engineering
and clinical settings, and potentially reduce costs.
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Appendix A.
Appendix A.1. Clinical Engineering End-User Focus Group Guide

Demographic Information

1. Going around the table, could you tell us your role, and the number of years of
experience you have in this role with Nova Scotia Health?
Consolidated Framework for Implementation Research Domains
Intervention Characteristics

2. How does using this service compare to your traditional methods of obtaining and/or
ordering replacement parts?

3. How well does the services/products provided by PolyUnity adapt to your depart-
ment’s specific needs?
Outer Setting

4. How do the Nova Scotian regulatory requirements outside of the organization (i.e., ex-
ternal to NSH) affect the implementation?

5. How did you address compliance requirements during implementation?
6. What external support or resources facilitated the implementation?

Inner Setting
7. How was the implementation championed in NSH?
8. How were challenges and barriers to implementation, if anything, managed?

a. Probe: What organizational changes were/are needed to (better) support
the implementation?

b. Probe: What were the key concerns from those who were sceptical about the
implementation and if anything what were the key strategies employed to
change their opinion?

9. How confident are you in using the PolyUnity service?
10. How confident are you in the quality of the products manufactured by PolyUnity?

Process
11. How did you handle troubleshooting during the implementation?

a. Probe: Were the appropriate support staff (technical, engineering) clearly
identified and made available.

12. What implementation strategies needed adjustment along the way?
13. How adequate was the training you received on how to use the platform?
14. How has the services/products provided by PolyUnity affected your job satisfaction?
15. Has there been a perceptible difference in the cost of parts using an additive manufac-

turing service, compared to before the service was implemented?
Miscellaneous Implementation Questions

16. Walk us through the activities you partook in to maintain staff engagement during
the implementation?

17. What do you see as key barriers to the sustainability and scalability of the intervention?
18. What aspects of the 3D printing/additive manufacturing service are most valuable to

your facility?
19. What additional features or improvements to the service would you like to see?
20. If you could reimplement PolyUnity in your team, what would you do differently?

a. How could the service better meet your department’s needs?
b. What additional materials or capabilities would you like to see offered?

Appendix A.2. Clinical End-User Focus Group Guide

Demographic Information
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1. Going around the table, could you tell us your role, and the number of years of
experience you have in this role with Nova Scotia Health?
Consolidated Framework for Implementation Research Domains
Intervention Characteristics

2. How did using this service empower you to personalize your care to the individual
needs and challenges of your patient or client?

a. Probe: What problems does having access to services provided by PolyUnity
solve for you (or if applicable, for those you care for)?

3. Have you received any finished products from the idea(s) you had submitted?
4. How did you become aware that 3D Printing was a service you could use/what were

your initial thoughts/reaction?
Outer Setting

5. How do the Nova Scotian regulatory requirements outside of the organization (i.e., ex-
ternal to NSH) affect the implementation?

6. How did you address compliance requirements during implementation?
7. What external support or resources facilitated the implementation and use of the

PolyUnity service?
Inner Setting

8. How was the implementation championed in NSH?
9. How were challenges and barriers to implementation and utilization of the service managed?

a. Probe: What organizational changes were/are needed to (better) support
the implementation?

b. Probe: What were the key concerns from those who were skeptical about the
implementation and if anything what were the key strategies employed to
change their opinion?

10. How confident are you in using the PolyUnity service?

a. Probe: How confident are you in the quality of the products manufactured
by PolyUnity?

11. Do you foresee any challenges or concerns using 3D-printed parts in your work?

a. Probe: What do your other colleagues think about having access to this service?

Process
12. How did you handle troubleshooting during the implementation?

a. Probe: Were the appropriate support staff (technical, engineering) clearly
identified and made available.

13. What implementation strategies needed adjustment along the way?
14. How adequate was the training you received on how to use the platform?

Miscellaneous Implementation Questions
15. What do you see as key barriers to the sustainability and scalability of the intervention?
16. What aspects of the 3D printing/additive manufacturing service are most valuable to

your facility?
17. If you could reimplement PolyUnity in your team, what would you do differently?

a. Probe: How could the service better meet your department’s needs?
b. Probe: What additional materials or capabilities would you like to see offered?

18. Is there anything else you would like to share about your expectations, hesitations, or
experiences having access to 3D printing services?
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Appendix A.3. Consent

This study complies with the Tri-Council Policy Statement: Ethical Conduct for Re-
search Involving Humans (TCPS 2) to ensure ethical standards are met in protecting your
rights, safety, and well-being as a participant.

What Participation Involves
If you agree to participate:

1. You will be part of a focus group discussion lasting approximately 60–90 min.
2. The session will be audio-recorded and will involve note-taking to accurately capture

your responses.
3. Participation is voluntary, and you may choose not to answer specific questions or

withdraw from the study at any time without penalty.
Confidentiality

We are committed to protecting your confidentiality. Measures include:

• Audio recordings and notes will be stored securely on encrypted, password-protected
devices.

• Any identifiable information will be anonymized in transcripts and reports.
• Only the research team will have access to raw data.
• Data will be retained for 3 years and securely destroyed afterward.

While every effort will be made to ensure your anonymity, please note that confiden-
tiality cannot be guaranteed in a group setting due to the presence of other participants.
We kindly ask all participants to respect the privacy of others by not sharing information
discussed during the focus group outside the session. Do you have any questions before
we continue?
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