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ABSTRACT

The United States healthcare system is in a unique quandary in that it lacks the necessary resources to meet the demands of
its rural population. A study conducted prior to the COVID-19 pandemic reported that nonmetropolitan healthcare systems
needed an additional 17,600 physicians to properly serve its communities; and that staffing levels across positions were in
perpetual shortage. Shortages of medical equipment and pharmaceuticals are annual problems in the United States. M3D X
envisions creating a competitive medical manufacturing company that will domestically produce medical devices at
reasonable costs within the United States. The purpose of this study is to investigate the applications of 3D Printers and their
ability to enhance efficiency in delivering rural health services. This research question leads to the proposal’s hypothesis that
if Portable X Ray Machines are used in the diagnosis of orthopedic fractures in rural health systems, and 3D Printers are used
to manufacture casts during long distance patient transportation, then the availability of beds in rural health systems will
increase, as organizations meet the objectives of Triple Aim. In essence, the following is a Feasibility Research Proposal to
investigate the viability of 3D Printers and Portable X-Ray Machines in meeting the demands and gaps of rural health
systems. By utilizing 3D printers, the research team plans to investigate the new technology’s flexibility and applicability to
healthcare with respect to access and the objectives of Triple Aim.
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INTRODUCTION

The United States healthcare system is in a unique quandary
in that it lacks the necessary resources to meet the demands
of its rural population. A study conducted prior to the
COVID-19 pandemic, reported that nonmetropolitan
healthcare systems needed an additional 17,600 physicians
to properly serve its communities; and that staffing levels
across positions were in perpetual shortage [1]. Looking at
the dispersion of the American population by residency, the
National Library of Medicine reports that 19% of
Americans, or approximately 62,700,000 people (more than
twice the population of Texas), live in rural America; and
these same regions only have 1% of all the ICU beds in the
United States [2]. The Food and Drug Administration (FDA)
indicates that two of the largest challenges domestic medical
manufacturers face are the United States’ high labor costs
and strict environmental regulations [3]. Advanced
manufacturing is a term used to describe innovations in
medical manufacturing which improve quality while
addressing shortages by shortening the time to market [4].
Shortages of medical equipment and pharmaceuticals are
annual problems in the United States. For example, in 2021,
there were 400 products requiring government intervention
in order to maintain an adequate supply chain [5]. M3D X,

envisions creating a competitive medical manufacturing
company that will domestically produce medical devices at
reasonable costs within the United States. To do this, the
organization will work closely with the FDA and National
Institute of Health (NIH) under the Emerging Technology
Program (ETP) to bolster essential medical supply lines
through automation. Researchers agree the only way to
competitively manufacture medical devices in the United
States is to automate the process through Continuous
Manufacturing and 3D printing [3]. In accordance with the
Everett Rogers Diffusion of Innovation Theory, M3D X
immediately becomes an Innovator in the medical
manufacturing industry as they attempt to seize an untapped
gap in the market and apply long overdue manufacturing
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processes that have yet to be adopted by the medical supply
industry [6]. One study conducted by the Right Care
Alliance Patient Council reports the largest concern amongst
Americans, is the cost of care and their ability to afford it
[7]. Prior to the Pandemic, the American College of
Healthcare Executives’ annual survey that identifies the
largest issues confronting hospitals, had ranked financial
issues as their biggest challenge for 15 consecutive years [8].
The biggest concern within the financial challenge section in
2021 is the increasing cost of care for things, such as staff,
supplies and equipment. The flexibility of computer aided
software and magnetic resonance imaging allows the
organization’s design team to make changes to production
lines without the need of changing equipment or tools; it is
all made of the same 3D filament [9] confronted with local
healthcare systems that are lacking in both manpower and
resources, plan to investigate the applications of emerging
technologies and their ability to support rural healthcare
systems. Printing in 3D can best be conveyed as a type of
advanced manufacturing process that is able to produce three
dimensional objects through the precise layering of printing
materials. By utilizing computer aided software and
magnetic resonance imaging technology, 3D technicians are
able to produce a variety of medical devices and products
that can support hospital operations. In rural communities,
where resources are constrained, this can be extremely
helpful. Some of these applications include:

e  External Wearable Devices, such as Hearing Aids,
Prosthetics and Dental Products

e  Clinical Study Devices for Drug Testing, Patient-
specific Organ models and Tissue Engineering
Applications

e Implants, such as Surgical Guides, Cranio-

maxillofacial Implants and Orthopedic Implants

The applications of 3D Printers in healthcare further grew to
prominence during the COVID-19 Pandemic. One
successful story, funded by the National Science Foundation
and USDA Rural Development, utilized 3D Printers to
manufacture medical equipment that were in dire shortage in
rural communities during the health crisis [10]. The grant
funded project highlights the advantages 3D printers can
have in supporting rural health systems by being able to
innovatively create viable products in a short amount of
time. After getting approval to start, the head of the project,
Eric Wooldridge, was able to create a viable prototype in a
matter of hours and make the state requested design changes
in less than 20 min [10]. In essence, Wooldridge was able to
make a successful impact on Kentucky’s rural healthcare
system in less than 24 hours after initiating his proposal,
when the healthcare system most needed it. The application
of 3D printers in the medical industry is on the verge of
exploding both domestically and internationally. Precedence
Research reports that the industry is estimated to increase by
428% by the year 2030; with a compounded annual growth
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rate of 17.54%. The same study by Precedence Research
found that of the 1.45 billion dollars in sales revenue in
2021, 43% of the revenue share came from the United
States. By synthesizing the economic forecasting data above,
we can estimate that the market value of the United States'
3D printing for the medical industry to be approximately
$2.67 Billion by 2030 [11]. Due to the numerous health
services that 3D printers can be incorporated into, it is
necessary to narrow the scope of this research proposal to
evaluate its applications to a single service [12]. Narrowing
the scope of the research proposal allows researchers to
conduct a more successful and detailed study on the specific
applications of 3D technology within the chosen health
service. In doing so, the research team can gather specific
data, analyze it thoroughly, and draw meaningful
conclusions about the benefits and limitations of utilizing 3D
printers with that particular service or department [13]. With
consideration to these assumptions, the service under
scrutiny in this research proposal is the transportation and
treatment of orthopedic fractures in rural health systems.
Specifically, can 3D printers and Portable X-Ray Machines
be viably used in rural health communities in the diagnosis,
transportation and treatment of simple orthopedic fractures,
with at least the same standard of care as normal procedure?

PROBLEM STATEMENT

Beginning with incidence, studies show that the number of
traumatic bone fractures is on the rise in the United States;
and that this is primarily due to a rise in automobile
accidents, an aging population, and a younger generation
that is more risk adverse [14]. Seniors are particularly at a
high risk of orthopedic fractures as they fall an average of
two times a year; and account for nearly a quarter of rural
America’s population [15]. Seniors are projected to head
over 40% of all rural households by 2030 [16]. Considering
that additional studies report rural populations generally
engage in riskier behavior than urban counterparts, and that
injury rates increase with rurality, it is safe to assume that
rural populations are more likely to experience traumatic
bone fractures than their urban counterparts; and that the rate
of incidence is likely to continue to rise [17,18]. From an
economic perspective, a study conducted by the Right Care
Alliance Patient Council reports the largest concern amongst
Americans, is the cost of care and their ability to afford it
[7]. Prior to the Pandemic, the American College of
Healthcare Executives’ annual survey that identifies the
largest issues confronting hospitals, ranked financial issues
as their biggest challenge for 15 consecutive years. The
biggest concern within the financial challenge section of
2021 is the increasing cost of care for financial
responsibilities, such as staff, supplies and equipment. Rural
healthcare executives who have limited resources and are
experiencing these constraints should be actively looking for
innovative technologies that can help support operations
while meeting the demand of the community. As discussed
in the Findings and Analysis Section, 3D Printers deserve
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consideration, as the preceding studies show promising signs
of supporting hospital operations, while adhering to the
objectives of Triple Aim [8].

PURPOSE OF THE STUDY

The purpose of this study is to investigate the applications of
3D Printers and their ability to enhance efficiency in
delivering rural health services. This research question leads
to the proposal’s hypothesis that if Portable X Ray Machines
are used in the diagnosis of orthopedic fractures in rural
health systems, and 3D Printers are used to manufacture
casts during long distance patient transportation, then the
availability of beds in rural health systems will increase, as
organizations meet the objectives of Triple Aim. By
embarking on this study, researchers are looking for concrete
opportunities to diversify both the American health system’s
domestic medical manufacturing and their service
capabilities by comparing the results of the study to
traditional standards of care. The Center of Disease
Control’s National Center for Chronic Disease Prevention
and Health Promotion reports that the leading causes of
death and disability amongst adults in the United States is
caused by preventable illnesses stemming from chronic
conditions. The 2020 U.S. census data reveals that 77.9% of
the U.S. population, or 258.3 million people, are adults.
Also, 60% of adults in America have at least one chronic
condition, while 40% have at least two. In addition to
examining the applications of 3D Printers in enhancing
efficiency in rural healthcare services, this study also aims to
investigate the potential economic benefits that can be
yielded through their utilization. Specifically, the study will
compare the costs of utilizing 3D Printers for orthopedic
services to traditional care procedures across a patient's
journey. By analyzing the costs of care across a patient's
journey from transportation to their final follow-up
appointment, researchers will be able to determine if 3D
Printers are able to provide a more sustainable and
affordable care process. The knowledge acquired from this
study will ultimately inform healthcare professionals, policy
designers and other stakeholders on the viability and
potential benefits of incorporating 3D Printers to healthcare
operations.

SIGNIFICANCE OF THE STUDY

The U.S. health system has a serious access problem when
one synthesizes the observations above. Sixty-two million
risk adverse Americans are aging while having access to
only 1% of total ICU beds. Triple aim rural healthcare
systems who aspire to meet the demands of their
communities must prioritize promoting efficiency in their
operations; 3D Printers are a potential venture to efficiently
meet that demand. This proposal asserts that by
incorporating 3D Printers and its supplementary imaging
software to the production of its corresponding medical
supplies and services, such as casts and braces for
orthopedic trauma, organizations can further improve access
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and efficiency regarding the treatment of orthopedic trauma
in rural health systems. Numerous studies have already
incorporated 3D Printers to orthopedic services and these
studies show promising signs of reducing burden on both
clinicians and inventory in a clinically viable timeframe
[20].

CONCEPTUAL FRAMEWORK

If Portable X Ray Machines are used in the diagnosis of
orthopedic fractures in rural health systems, and 3D Printers
are used to manufacture casts during long distance patient
transportation, then the availability of beds in rural health
systems will increase. With respect to Triple Aim, this
proposal hypothesizes that bed availability will increase, and
clinician burden will be reduced for two reasons. The first
reason being that negative x-ray results will reduce the
quantity of patient transportation, admissions and radiology
orders utilized. Less services utilized for negative testing of
patients will ultimately save an organization time and
money, while allowing healthcare personnel to focus on
patients who require more pressing urgent care. Less patients
in a health system will not only reduce clinician burden, but
can also improve the outcomes of the remaining patients in
the healthcare system, as well [20]. With this context, it is
evident how the research proposal respects Triple Aim’s
mission of reducing costs. while improving both the
outcomes and experiences of those involved in the study.
Patients get more time and attention from healthcare
providers, while the providers themselves can better manage
their patients with a smaller patient volume. The second
reason being the other side of the spectrum, those who are
confirmed to have an orthopedic fracture from an x-ray, can
have both their x-ray assessed and cast constructed during
patient transportation. This is done by sending two files
ahead of the patient’s arrival. The first being the patients x-
ray results and the second being a 3D printer file that
contains a 3D replica of the injury site constructed using
structured light technology [21]. This 3D replica of the
injury site, a simple broken arm for example, is used in 3D
printing software as a digital mold to build the cast around.
By the time the patient arrives at the hospital and is
admitted, the patient can immediately get their bone reset
because the x-ray has already been taken and reviewed by a
physician. As discussed in the Data Collection and Measures
Section, a workflow analysis denoting time will be
constructed for both the experimental group receiving the
3D printed casts and the control group receiving the
traditional standard of care. Results will be compared by
time, outcomes, complications, and cost.

LIMITATION OF THE STUDY

As a quasi-experimental study that looks at the outcomes of
two different methods of treating simple orthopedic
fractures, there are a few considerations that need to be
addressed. As discussed in the Proposed Study Design
Section, study participants will be voluntary, decide which
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group they will be part of, and will not be blinded. This is
due to ethical considerations and the feasibility of the study.
It is impractical to blind subjects for a period of months to
prevent them from knowing the type of cast they receive.
The casts are fundamentally different, and participants will
easily be able to tell them apart; subjects will therefore
realize which group they are a part of. It is important to
mention that knowing which group participants are a part of
might influence their answers in their VAS and exiting
surveys.

Participation in the study will be naturally occurring, as
researchers will have to wait for injuries to occur before
asking for participation. The research team expects to have a
limited sample size of participants, and of those participants,
there will be a natural variation regarding the severity and
site of injury. To mitigate this issue, the length of the
proposed study will be 18 months to ensure a large enough
sample size can be attained for statistical comparison; and an
independent t-test will be used for statistical analysis, as it is
optimal for sample sizes under 30. Due to the natural
variation in injury severity and site, it is also important to
limit study participants to simple orthopedic fractures.
Severe complex fractures may require surgery, and
potentially would only be eligible for traditional plaster
casts. Because of this limitation selection bias is present, as
eligible participants will only be those with simple
orthopedic fractures. The combination of voluntary
participation and limiting eligible candidates increases
selection bias. This might weaken the validity and
generalizability of the study results, as it might not represent
the entirety of rural populations.

RESEARCH DESIGN AND METHODS

In essence, the following is a Feasibility Research Proposal
to investigate the viability of 3D Printers and Portable X-
Ray Machines in meeting the demands and gaps of rural
health systems. By utilizing 3D printers, the research team
plans to investigate the new technology’s flexibility and
applicability to healthcare with respect to access and the
objectives of Triple Aim. The population understudy will be
rural patients who utilize the Portable X Ray Machines; with
a focus on the elderly.

The Objectives of this Research Proposal are as follows:

e Investigate the impact of providing portable X-Ray
machines to rural communities; specifically, Rural
Emergency and Radiology Departments.

e Increase access to examinations and hospital beds by
reducing the number of transfers from nursing homes
and or clinics to the main hospital.

e  Compare the study trial group to a control group that
represents traditional orthopedic procedures by:

e  Triple Aim
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. Outcomes
. Time
PRELIMINARY DATA

A SWOT Analysis can best be described as a situational
analysis that assesses an organization's internal strengths and
weaknesses, in juxtaposition to its external threats and
opportunities within an industry [11] (Table 1). From a
macro perspective, previous SWOT analyses of 3D printing
technologies have scored highly in all four categories:

Table 1. SWOT: Rating Comparison of 3D Printing
Technology.

3D Printing Technology
SWOT Factors

(Scale: 1-10)
Strength 9
Weakness 7
Opportunity 8
Threat 7
Overall Scoring Value 31

Source: Reference [9]

Universities from around the world collaborated and
published their SWOT outlook of the 3D printing industry.
As seen in Table 1, researchers agree that even though 3D
printing scored relatively high in all four categories, the
strengths and opportunities of 3D printing outweigh its
weaknesses and threats. Located in the Findings and
Analysis Section is a series of data sets that show promising
signs on the applications of 3D Printers to treat orthopedic
fractures. It compares the costs and outcomes of a control
group that uses traditional standards of care to an
experimental group that uses 3D Printed casts. An
independent sample T- test is used to compare the average
outcomes and costs of each group in the study. In doing so,
researchers have the opportunity to see the degree of
precision, or variability of each group and compare their
means. This data analytical technique will be used in this
research proposal and is discussed in further detail in the
section below.

DATA ANALYSIS TECHNIQUES

In addition to patient perception surveys and a time-based
workflow analysis, the study will compare all the measures
identified above through an independent sample t-test. As
mentioned briefly in the Preliminary Data Section, an
independent samples t-test is a statistical method that
researchers use to compare the average outcomes and costs
of the experimental and control groups in a study. In
utilizing this method, one can determine the level of
variability between the averages of the two groups of
measures. By comparing the averages of the two groups on
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measures, such as complications, patient perceptions, and
time in healthcare system, researchers will be able to
determine which aspects of each care process are most
effective. Comparing the experimental and control group
based on averages is preferable, due to the natural variability
that will occur during the experiment, such as environmental
factors, biological factors such as genetics, the severity of
the injury, and its location.

PROPOSED STUDY DESIGN

Being a feasibility study that compares the effectiveness of a
new procedure to that of a normal standard of care, this
research proposal, in essence, is a quasi-experimental study
that will follow patients over time, as their bones heal. For
rightful ethical reasons, researchers will be evaluating
orthopedic fractures that differ in severity and location, as
they become part of the study. Injuries will naturally differ
between subjects in both the control and study groups as
researchers are not allowed to cause harm to participants.
Due to the fact researchers are observing orthopedic
fractures and their outcomes as they arise, each participant in
the study group will have their outcomes evaluated to
patients who have experienced similar injuries; specifically,
simple orthopedic fractures. Spanning for the duration of a
year, prospective, eligible subjects will be asked if they
would like to voluntarily participate in the study.
Experimental clinical studies often have high levels of
ethical risk and informed consent will therefore be required
for participation. Due to the fact that the materials and
processes used in traditional, and 3D printed casts are
different, blinding subjects and researchers for the months
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and weeks it takes for a fracture to heal is unrealistic.
Therefore, eligible candidates will have the opportunity to
select which group they will be part of. From the patient's
perspective, the only difference between the control and
study groups will be:

1.  Where they receive their X-Ray:

a. Control;: (Standard of Care Practice) At Emergency
Department after transportation and admission

b.  Experimental: On site at the nursing home (or clinic
depending on sponsor)

2. The type of cast they will receive:
c.  Control: Traditional Plaster Cast
d.  Experimental: 3D Printed Cast

*Note that where subjects decide to get their X-Ray and
which type of cast they receive will not have an impact on
their care plan after being discharged.

FINDING AND ANALYSIS

A t-test that compares the overall costs of each group's
utilization suggests that 3D Printed casts can feasibly be
delivered at relatively the same cost as standardized plaster
casts [14] (Table 2). The large p values indicate no
statistical differences regarding costs between traditional
plaster casts and 3D printed casts (3D-AS) across the
average patient's journey; from the intervention to their final
follow-up appointment:

Table 2. Orthopedic Fractures: Comparing the Cost of Traditional Plaster Casts to 3D Printed Casts.

Item TP Group (n=13)
Intervention

TP 33.61+12.58
3D-AS /

Primary health care sector
Rehabilitation physiotherapy
Transportation fees

146.63 (51.32-344.57)
29.33 (18.33-51.32)

Medicine 13.53+12.34
Other* 30.34+22.58
Subtotal 237.54 (146.63-406.89)
Secondary health care sector

Outpatient** 161.57+52.11
Emergency 98.13+107.02
Surgery 347.51 (274.93-397.36)
Medicine 351.91 (326.98-396.63)
Examination fees 172.12+43.21
Other*** 101.62+21.59
Subtotal 1247.52+243.62
Total 1439.88 (1262.46-1671.55)

3D Group (n=14) P Value
J 0.337
38.12+11.39 ‘
150.29 (104.11-241.94) 1
27.86 (15.21-45.82) 0.65
15.61+12.37 0.667
23.57+£14.97 0.364
232.40 (152.13-311.22) 0.867
162.13+54.58 0.979
96.88+84.11 0.973
313.05 (293.99-361.07) 1
339.44 (306.45-419.35) 0.583
173.54+49.90 0.938
111.65+22.99 0.255
1252.93+242.42 0.954
1426.69 (1249.27-1812.32) 0.981

Mean + SD; "Other, includes specialists or necessary examination; “outpatient, includes postoperative re-examination fees;

*okk

other, includes nursing care and bed charges [14]
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When conducting a t-test by outcomes of the two groups, it
is important to note that no statistical differences were found
regarding overall healing time [14]. However, statistical
differences were identified regarding complications,
reported pain (VAS) post-surgery, patient satisfaction, and
range of motion (ROM) 14 months after discharge [14]
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(Table 3). In these categories, the experimental (3D) group
was found to be a more successful and favorable journey
than that of the traditional standard of care (TP) control
group across every metric; this can be seen below by the
corresponding bolded P Values below a value of .05:

Table 3. Comparing the Outcomes of Traditional Plaster Casts to 3D Printed Casts.

Item TP Group (n=13) 3D Group (n=14) P value
Fracture union time (weeks) 18.08+3.00 18.96+2.80 0.434
Incision infection 4/13 0/14 *0.041
L Non-union 0/13 0/14 -
Complications
Fragment
) 4/13 0/14 *0.041
displacement
VAS (Reported Pain) post-surgery 64.19+5.72 52.75+6.50 *0.000
Patients’ satisfaction degree (%) 87.31+3.88 91.71+5.02 *0.018
Wrist 58.00+6.76 63.21+5.89 *0.042
) Elbow 99.31+7.03 109.21+11.74 *0.014
Range of Motion (14
Ankle (plantar
Weeks Later) ) 38.46+3.43 39.07+3.15 0.634
flexion)
Knee 115.23+4.51 114.86+5.97 0.857

Mean £ SD; * - P < .05 i.e. Statistically Significant; VAS: Visual Analogue Pain Scale [14].

The data in Table Two further supports this research
proposal's hypothesis that 3D Printers can be feasibly
incorporated into the treatment of orthopedic fractures in
healthcare systems. Vital to the analysis of this research
proposal is an evaluation of the impact of the experimental
group's independent variables with respect to triple aim’s
objectives. The experimental group above for example,
reported less pain post-surgery and feeling more satisfied at
the end of their journey. This suggests 3D Printed casts are
more effective at improving the patient’s experience than
traditional plaster casts. Table 2’s data on Complications
and ROM also indicate that 3D Printed casts are less risky
and improve the health of the population more effectively
than traditional plaster casts. As seen in Table One, these
improvements to the orthopedic fracture care procedures can
all be achieved without placing additional costs on the
patient or organization. Findings from other observational
studies such as Leyi [22] concluded that there was no
significant difference between two groups in respect to
general conditions, such as age, gender, fracture type, time
from injury to operation, injury cause, and combined injury.
About one hundred thirty-seven patients with unstable pelvic
fracture’s studies, between 2014 to 2016, based on the usage
of 3D printing technology for preoperative simulation
surgery analyzed were included in the studies. These two
groups were assigned to 3D printing group (n=65) and

control group (n = 72). The group were then assessed in
terms of operative time, intraoperative fluoroscopy,
postoperative reduction effect, fracture healing time, and
follow-up function. The effect of 3D printing technology
was evaluated through minimally invasive cannulated screw
treatment. Another study used methods that can shorten the
preoperative preparation time significantly by analyzing two
groups with the same 21 patients, who underwent surgery
for traumatic anterior pelvic ring fractures. In Group 1, the
direct reconstruction plates were preoperatively contoured
according to the anatomical 3D-printed pelvic model. In
Group 2, the fixation plates were contoured according to the
3D printed plate templates, which were created based on the
simulated plate templates by the OOOPDS software. The
processing time, including the 3D printing time for the
pelvic models in Group 1, the 3D printing time for the
fixation plate templates in Group 2, and the pre-contouring
time for the plates in both groups, was recorded. The result
shows the mean time of pre-contouring for the curved
reconstruction plates in Group 2 was significantly less than
in Group 1 (-55 min; P < 0.01). The mean time of 3D
printing for the 3D plate template model in Group 2 was
significantly less than that for the 3D pelvic model in Group
1 (-869 min; P < 0.01). Experimental results showed that the
printing time for the plate pre-contouring and the 3D plate
templates could be effectively reduced by approximately

SciTech Central Inc.
J Nurs Occup Health (JNOH)

492



J Nurs Occup Health, 4(3): 487-495

93% and 90%, respectively [23]. A review of twenty articles
by Assink, et.al. (2021) evaluated 948 patients treated with
3D-assisted surgery and 126 patients with conventional
surgery were included. Five different concepts of 3D-
assisted surgery were identified: '3D virtual visualization',
‘3D printed hand-held fracture models', 'Pre-contouring of
osteosynthesis plates', '3D printed surgical guides', and
'Intra-operative 3D imaging'. 3D-assisted surgery resulted in
reduced operation time (104.7 vs. 126.4 min; P < 0.01), less
blood loss (241 ml vs. 306 ml; P < 0.01), decreased
frequency of fluoroscopy (5.8 vs. 9.1 times; P < 0.01). No
differences in functional outcome was found (Hospital for
Special Surgery Knee-Rating Scale: 88.6 vs. 82.8; P = 0.23).
This result proved that 3D-assisted surgery may have a
positive effect on operation time, blood loss, and
fluoroscopy frequency. Finally, Seung [24] reported their
experience of preoperative plate contouring for periarticular
fractures using three-dimensional printing (3DP) technology
and describe its benefits by enrolling 34 patients, including
11 with humerus midshaft fractures, 12 with tibia plateau
fractures, 2 with pilon fractures, and 9 with acetabulum
fractures. The entire process of plate contouring over the
3DP model was videotaped and retrospectively analyzed.
The total time and number of trials for the intraoperative
positioning of precontoured plates and any further
intraoperative  contouring events were prospectively
recorded. The mismatch between the planned and
postoperative plate positions was evaluated. The average
plate contouring time was 9.2 min for humerus shaft, 13.8
min for tibia plateau fractures, 8.8 min for pilon fractures,
and 11.6 min for acetabular fractures. Most precontoured
plates (88%, 30/34) could sit on the planned position without
mismatch. In addition, only one patient with humerus shaft
fracture required additional intraoperative contouring.
Preoperative patient specific periarticular plate contouring
using a 3DP model is a simple and efficient method that may
alleviate the surgical challenges involved in plate contouring
and positioning.

CONCLUSION AND RECOMMENDATIONS

This research proposal aims to study the impact of utilizing
3D Printers in the manufacturing process of casts for
orthopedic fractures. If the proposal is successful, and the
hypothesis is proven to be true, the study could have
significant impacts on future research and clinical outcomes
regarding the field of orthopedics and fractures. The use of
3D Printers and portable medical equipment additionally has
the potential to revolutionize care in rural communities. The
portability and flexibility of the equipment in the proposal
has the potential to reduce the cost of delivering care by
making it more efficient. Patient transportation can be
reduced and free up bed access through negative test results
identified at rural locations. Those who do require
transportation can have their casts manufactured during
transportation to get them out of the healthcare system
faster. If the research proposal proves to be beneficial for the
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healthcare system based on outcomes and Triple Aim in a
time efficient manner, the continual study of this technology
and procedure could lead to widespread adoption and
innovation in the healthcare industry beyond the field of
orthopedics. During their final appointment, participants
were asked to take a patient satisfaction survey asks patients
a series of questions regarding their experiences during their
care process, their perceptions on the quality of care they
received, and their outcome. To be able to compare answers,
the study itself asks patients to circle their answer via a
numerical scale, 1-5, denoted as Very Dissatisfied to Very
Satisfied. The mean of each answer of both groups can then
be compared to see which aspects of their care process are
preferred by the community. The survey helps researchers
attain data that help them accomplish the proposals third
objective with respect to Triple Aim’s theme of prioritizing
the patients experience and identifying how their outcomes
and time in the hospital influenced their perceptions.
Additionally, to evaluate the overall feasibility of the
procedure under study, the experimental procedure will be
compared to the traditional standard of care process via a
workflow analysis that denotes time at each stage. Time is
crucial for a feasibility study to evaluate if the new process,
or at least part of it, can be performed in a realistic,
permissible timeframe. By comparing time spent at each
stage of the care process of both groups, researchers will be
able to identify the components of the care process that are
most efficient, identify the stages where adverse events
arise, and generate opportunities for improvement during the
analysis phase of the study [25]. Additionally, researchers
will be able to see differences between groups, such as the
number and types of staff members involved, the resources
consumed, and the location of where these resources and
staff members are utilized. The Workflow Analysis of the
study directly addresses the first two objectives of the
research proposal. By providing rural senior living
organizations and or clinics with Portable X Ray Machines
and conducting a workflow analysis, researchers will be able
to measure how much time and resources are saved when
negative X Ray results bar the need of patient transportation
and ED admission. The time, costs and impact on bed access
can all be extrapolated from a workflow analysis through the
observations made from each patient's journey. Lastly, it will
be important to monitor and record the number and types of
complications that arise amongst study participants. In doing
s0, the study analyzes results by outcomes; if one group has
more complications than another, it will suggest the
alternative care process is more effective than the other.
Complications that could arise include infections and
improper bone graphing.
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