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ABSTRACT

Background and Purpose: Barriers of
interdisciplinary work between physical
therapists and engineers persist including
limitations in understanding each other’s
professions, time, and perceived value. The
purpose of this paper is to offer a stepwise
approach to establishing interdisciplinary
work. Methods: Phase I: Physical therapy
faculty and students held a roundtable dis-
cussion and simple project discussions during
engineering coursework. Phase II: Year-long
human-centered problem-based design in an
engineering capstone course with consulta-
tion from physical therapy faculty and stu-
dents. Findings: Positive student feedback
ensured mutual value in collaboration, fol-
lowed by robust problem-solving to design a
clinically useful device. Clinical Relevance:
A single site, stepwise progression in an
academic setting is offered to introduce the
value of physical therapy to engineers as part
of an interdisciplinary team to design clini-
cally useful devices. Conclusion: Physical
therapists can successfully engage with engi-
neers as part of an interdisciplinary team in
developing clinically useful technologies that
accurately measure the intended activity, are
purposeful, and are easy to use.

Key Words: bioengineering, biomedical,
multidisciplinary

INTRODUCTION

Technology is advancing at an exponen-
tial rate. Wristwatches and smartphones that
tell users how many steps they take each day
and collect metadata on places that people
patronize are now widely available and used.
As technology advances, so do the possi-
bilities in the medical profession. Cameras,
accelerometers, microchips, and miniatur-
ized robots that can measure joint move-
ment as well as community navigation are

becoming more and more prevalent in clini-
cal practice. In the orthopaedic setting, it is
more important than ever for the engineers
designing the next technological innovation
to become familiar with the physical therapy
profession. Physical therapists with their
knowledge and expertise in human move-
ment are well poised to assist in the develop-
ment and implementation of technology. By
including physical therapists in an interdisci-
plinary team to design new devices, the effec-
tiveness of our ability to measure, assess, and
intervene to optimize movement strategies in
patients can be highly improved.

Understanding the reciprocal benefit of
collaborative initiatives has led to several
calls to increase interdisciplinary education
and community outreach programs. Nor-
land and colleagues demonstrated the lack
of awareness of regenerative rehabilitation
among physical therapists and called for
physical therapy programs to establish an
active approach to learning new technolo-
gies.! Trumbower and Wolf highlighted the
importance of collaborations between physi-
cal therapy and engineering disciplines. They
encouraged educational programs to support
partnerships as a means to simultaneously
accelerate biotechnologies and the profession
of physical therapy.? While the Commission
on Accreditation on Physical Therapy Educa-
tion (CAPTE) Standards and Required Ele-
ments for Accreditation of Physical Therapy
Education Programs requires interprofes-
sional education, incorporation of engineers
as an interdisciplinary team member contin-
ues to remain sparse.

Some physical therapy programs have
been able to bridge the academic silos within
institutions and have successfully established
interdisciplinary events and projects. Faculty
at the University of North Florida established
a successful relationship between the School
of Engineering and Physical Therapy pro-
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gram, designing rehabilitation technology
for children with disabilities.> Emory Uni-
versity established an interdisciplinary course
involving lecture and team-based design
challenges to those with functional mobil-
ity limitations.* While these exemplars are
laudable, there are limitations in the capacity
to model these programs due to challenging
constraints.

For an academic partnership to be viable,
it is ideal that the academic physical ther-
apy program and the academic engineering
program be located in the same institution.
Though physicality is a significant barrier,
both partners must see value in establish-
ing an interdisciplinary relationship.’ If an
engineering program is unfamiliar with the
profession of physical therapy, willingness
to collaborate may be low. Perhaps the most
extensive availability of engineering students
is at the undergraduate level, while physical
therapy degree earners are at the post-second-
ary level. This educational mismatch may be
a challenge to establish a mutual curriculum
that offers similar levels of value for each part-
ner. Scheduling and course rigor are barriers
to successful interdisciplinary work.® Physi-
cal therapy students may have high levels of
anxiety’ due to an already intense curriculum
and the faculty may be less likely to increase
student burden by adding yet another activ-
ity or project.

While the barriers exist, academic insti-
tutions should emphasize the benefits of
teamwork to both physical therapists and
engineers alike. Interdisciplinary education
improves perceptions of one’s profession and
the ability to work with others.® Surveys of
faculty in academia, including the health sci-
ences, have a favorable opinion of teamwork
and interdisciplinary education.® Authors
suggest that previous positive experiences,’
and an understanding of other professions,’
lead to optimal interdisciplinary conditions.
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It is the view of the authors that physical
therapists can capitalize on the academia-
wide optimism by physical therapists being
the first to cross the bridge to engineering.
The authors of the current study feel it is
essential to establish physical therapists as the
provider of choice in consultation of design
user interface for technology intended to
assess, track, and provide feedback regarding
human movement.

In this article, the authors describe a
stepwise approach to collaborations between
physical therapy and engineering programs.
In these first two phases, the progression of
physical therapy to engineers was introduced
to establish a baseline of understanding of
our profession. A working relationship, by
demonstrating value in team-based activities
was developed, using tangible human-cen-
tered problems that required interdisciplin-
ary teams to provide solutions.

METHODS
Phase I
Interdisciplinary between

biomedical engineering and physical therapy

experiences

students and faculty were built into an exist-
ing engineering course, Capstone Design.
The course is a requirement for undergradu-
ate students in their final year of the Bio-
medical Engineering Department. On two
separate occasions, faculty and students from
the physical therapy program participated in
the engineering class sessions. Initially, physi-
cal therapy students and faculty participated
in a roundtable discussion about the profes-
sion of physical therapy, the scope of practice,
and physical therapists’ educational training.
Engineering students were encouraged to ask
questions about clinical experience and the
role of equipment in typical patient encoun-
ters. The roundtable session concluded with a
discussion, guided by the engineering faculty,
regarding device design and usability from
the perspective of a physical therapist.

The physical therapy students and the
faculty returned two weeks later to the Cap-
stone Design class for the second interdisci-
plinary activity. Before this class period, small
groups of biomedical engineering students
were charged with the task of designing a
simple physical ankle model, incorporating
objects readily available in the home. Physi-
cal therapy faculty and students used the class
period to circulate through the groups to
provide feedback on each of the engineering
groups models. They provided feedback on
the accuracy of the anatomic and kinesiologic
properties of each ankle model. In turn, the
engineering student groups communicated
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the limitations of materials available to pro-
duce a more accurate model. The engineering
students discussed the design decisions that
were made based on ranking the importance
of specific ankle anatomical or kinesiologic
properties while practicing communication
skills necessary to work with future clients.

Both physical therapy and engineering
students completed surveys on their partici-
pation in the various collaborative opportu-
nities, lessons learned on communication,
integration of suggestions into design, provi-
sion of constructive feedback, and experience
with interdisciplinary collaboration. The
survey was disseminated after the culmina-
tion of the class.

Phase I1

The intent of Phase II was to build upon
student feedback that tangible examples of
design issues were helpful when collaborat-
ing with other disciplines. It was decided to
continue to use the Capstone Design course
in the Biomedical Engineering curriculum
to achieve this while opening the opportu-
nity to the mechanical engineering Capstone
Design class as well. During this phase, fac-
ulty from the physical therapy program were
invited to pitch a problem statement. The
engineering students then created a prod-
uct that would solve the problem statement
given by the physical therapist. Four differ-
ent projects from the physical therapy faculty
were pitched and selected, each involving
different areas of physical therapy practice
ranging from orthopaedics, pediatrics, neu-
rologic, and pain science (Figure 1).

The orthopaedic physical therapy practice
problem statement was: “Accelerometery has
the potential to detect those at risk for overuse
running injuries such as shin splints. Feed-
back regarding an individual’s tibial accel-
eration may even be a treatment to reduce
the risk of shin splints. Currently, published
literature and the only commercially avail-
able device measures only one leg at a time,
limiting the capacity to assess what might be
happening on the contralateral limb.” The
problem statement was available to both Bio-
medical Engineering and Mechanical Engi-
neering student Senior Design courses.

Engineering students rated all submitted
projects from high to low (1 to 5, respec-
tively). Students were placed into groups
based on which projects they ranked the
highest. Once placed in design teams, the
contact information of the faculty member
that proposed the design problem state-
ment was given to the group. Each design
team scheduled monthly meetings with the
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faculty and any physical therapy students
that are working as research assistants with
the faculty. Meetings facilitated discussions
regarding the clinical applicability of poten-
tial design ideas and iterations. Design teams
were also encouraged to use electronic com-
munication as needed.

FINDINGS
Phase I

Student representative quotes from engi-
neering and physical therapy students are
provided in Table 1. General themes that
emerged from student feedback were: Ben-
efits of Collaboration, Refining Communi-
cation, and Learning and Growing. When
breaking down feedback related to subcom-
ponents of Phase I, students overwhelmingly
reported that large group discussions on the
knowledge base and education of a physical
therapist were helpful. These interactions
allowed the engineering students to concep-
tualize clinical needs and feedback from their
physical therapist partner. The engineering
students felt that roundtable discussions
helped generate additional human factors
that might affect the design process. Small
group discussions and repeated interactions
between physical therapy and engineering
students encouraged meta-cognition. Finally,
project-based interactions provided real sce-
narios in which many of the previously men-
tioned benefits occurred.

Phase IT

Biomedical engineering students chose
the pediatric, neurologic, and pain-science
projects. A mechanical engineering student
group selected the orthopaedic project. Each
of the 4 design groups consisted of 4 to 5
final year engineering students. Each group
similarly scheduled regular meetings with
the physical therapy faculty and students
that proposed the problem statement. The
mechanical engineering group is discussed
as the exemplar. Key aspects of the students’
design process discussed during meetings are
summarized in Table 2.

The first
between engineering and physical therapy

interdisciplinary  meeting

members was to discuss the overall problem,
prevalence, and impact. This open dialogue
facilitated a robust discussion regarding
the potential application of the device that
would serve to solve the problem statement.
The team identified that tibial stress fractures
are among the top 5 most common running
injuries with as high as a 10.6% recurrence
rate.!®!! Once a tibial stress fracture occurs,
an individual will feel pain during weight-
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Figure 1. Description of physical therapist and faculty with engineering students and

faculty in two integrative phases.

bearing activities that is relieved with rest.
The rehabilitation period following a stress
fracture ranges about 4 to 12 weeks.'? During
these weeks, runners are more vulnerable to
creating habits of physical inactivity. Contin-
ued physical inactivity is a known risk factor
for cardiovascular disease, depression, certain
cancers, and high blood pressure.” Preven-
tion of tibial stress fractures can help prevent
athletes from slipping into a cycle of physical
inactivity.

The expanded problem statement then
led to the framework of a solution to the
problem, incorporating principles relevant to
both engineers and physical therapists. Previ-
ous research demonstrated excellent reliability
and validity using wearable devices to mea-
sure tibial acceleration unilaterally.'* Tibial
acceleration data can estimate forces placed
on the tibia, and in turn, monitor the risk of
tibial stress fractures. The exact link between
tibial acceleration and bone strain has not yet
been figured out completely through research
but is currently used as a proxy measurement
by clinicians and researchers. Tibial accelera-
tion is affected by similar factors that would
effect bone strain, such as running technique,
velocity, surface, and lower extremity stiff-

ness.”” A study by Milner et al' revealed that
runners with a history of tibial stress fractures
had significantly higher tibial accelerations
than participants without them. Due to the
current research findings, tibial acceleration
can be used to monitor potential injury risk.

Even in healthy populations, asymmetries
exist between lower extremities.'” The exist-
ing literature has conflicting results regarding
the significance of limb asymmetries. Poten-
tially, asymmetries can impact lower extrem-
ity stiffness and loading rates, which relates
to the risk of injuries. Furthermore, there is
mixed evidence surrounding the effects of
fatigue on symmetry between limbs."° The
inclusion of both lower limbs while measur-
ing tibial acceleration can potentially increase
the ability to detect the risk of tibial stress
fractures. The design team then made the
decision that a critical feature of the new
system would be to have the capacity to mea-
sure tibial acceleration of both lower extremi-
ties simultaneously.

At this stage of the design process, many
different ideas started to emerge, as this
device could not only be used as an assess-
ment device for clinical analysis, but also
as feedback to the user for both assessment
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and training purposes. The duality of pur-
pose spurred a meaningful interdisciplinary
conversation regarding the graphical user
interface. Design parameters were prioritized
to provide essential information for real-
time feedback while other information was
processed offline. Robust discussions for
prioritization occurred through analysis of
both motor control principles, as well as pos-
sibilities and limitations of the system com-
ponents. The team continued to build off
previous literature finding that runners using
real-time audio feedback from a tibial acceler-
ometer were able to significantly reduce their
positive peak tibial accelerations in as lictle as
5 minutes. Moreover, 10 minutes of biofeed-
back allowed runners to maintain their gait
adaptations even without the real-time feed-
back temporarily.” Likewise, runners using
visual feedback were able to reduce positive
peak tibial acceleration, vertical impact peak,
vertical instantaneous loading rate, and verti-
cal average loading rate. Users reported that
the modifications to running gait felt natu-
ral after just a few sessions and their changes
were maintained for at least one month after
cessation of biofeedback.??

Concurrently, the team chose the accel-
erometer that would minimize size and
mass while collecting and communicating
the signal to a central processing device at
sufficient speeds to maintain a meaningful
signal. With each progressive decision-mak-
ing step, a needs and brainstorming ses-
sion occurred, followed by an assessment of
device components that would improve the
device. Needs ranged from the type of signal
that was desired, the type of data process-
ing that would be necessary, file storage size,
method of user interaction desired, prevent-
ing reproducing an already existing system,
and potential add-on uses for the system in
the future to apply readily integrated new
questions and needs that arise. At the final
stage, the engineering team wrote an app in
Java for an Android smartphone communi-
cated with two accelerometers embedded
onto a chip with Bluetooth technology. The
accelerometers were individually housed in a
sealed enclosure consisting of a 3-D printed
flexible material in serial with a strap that
was secured to the individual’s distal shank.
The process was iterative and an example of
interdisciplinary knowledge culminating in a
new device to answer a pressing clinical need.
Studies will follow that investigate simultane-
ous lower limb kinetics to establish a symme-
try index of acceleration, detect deviations,
and serve as an intervention tool.
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Table 1. Phase I Student Responses. Representative quotes from student feedback

following phase I activities.

Categories

Representative Quotes

Benefits of Collaboration

“The experiences definitely showed the value of having multiple
groups from different backgrounds collaborating to solve a
common problem.” (SEng)

“Insightful time to integrate our professions.” (SPT)

Refining Communication

“I was able to practice providing feedback to group members
constructively and listening to the concerns of people with
different perspectives/list of concerns.” (SPT)

“I think capstone in general was good for me to break this old
teaching [of not questioning] and, while treating people with
respect you can still elaborate on ideas.” (SEng)

Learning and Growing

(SEng)

“It was helpful to think through all the aspects a physical
therapist would be concerned with and then prioritize those ideas
with what the engineers are concerned with. By comparing the
two perspectives it helped me solidify my own clinical thinking
for physical therapy.” (SPT)

“Working with individuals in the physical therapy profession
really taught us to put our primary focus on [user needs] and not
get so lost in the design that the needs of the users are not met.”

Community Engagement

“It opened my eyes to this idea of real world problem solving and
that we have so much to learn from each-others disciplines and
interests.” (SEng)

Abbreviations: SPT, student physical therapist; SEng, engineering student

Table 2. Phase IT Design Components. Examples of design component matched to

necessary specifications and considerations for the device. Collaborations between

engineering and physical therapy students and faculty drove decisions for final

design components.

Design Concept

Decisions Regarding Design Specifications

System

Processor capacity necessary to collect and process data

Sensor specifications necessary to capture and transmit wanted data

Graphical User Interface

Necessary information to be input by the user

Essential, desirable, and nice-to-have real-time feedback to the user

Essential, desirable, and nice-to-have delayed feedback to the user

Sensor Selection

Data streaming and storing capabilities

Sensor size and weight

Sensor-User Interface Sensor location

Protection of the device in all situations of device use

Comfort of the material and fit of interface

CLINICAL RELEVANCE

A single-site, stepwise progression in an
academic setting to introduce the value of
physical therapy to engineers as part of an
interdisciplinary team, facilitated an under-
standing of the physical therapy program
through roundtable discussions and a “mini-
design” project. The value of the interdis-
ciplinary partnerships increased through
contributions by physical therapy faculty and
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students in Capstone Design projects with
undergraduate final year mechanical and bio-
medical engineering students.

Productive collaborations between physi-
cal therapists and engineers in the literature
do exist and have the opportunity to make
important changes in patients’ lives. For
those with neurologic conditions, inertial
sensing systems are being developed to moni-
tor movement in the community.?® Com-
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puterized methods to measure limb volume
are validated for those with lymphedema
due to breast cancer,? increasing the ease of
diagnosis and monitoring the effects of treat-
ment. Environments used in pediatric and
early intervention are being enriched using
robotic interactions,” and virtual reality
environments are being used to measure and
26 Recent
orthopaedic examples include using exercise

decrease fall risk in elderly patients.

equipment embedded with sensors to moni-
tor home programs following joint replace-
ment,” sensors that communicate with a
mobile phone to measure knee movement
remotely,”® and using depth-sensing cam-
eras to assess gait.”’ The unique needs of the
orthopaedic patient population should con-
tinue to be addressed through developments
in technology and design. The orthopaedic
physical therapist should continue to be a
part of the team that develops technology to
assist in accurate diagnosis, treatment, and
ongoing reassessment of their patients.

When surveyed, clinicians have identified
barriers to using technology in the clinic. Bar-
riers include a lack of time when technology
takes longer than traditional methods, addi-
tive cost of devices and software, lack of stan-
dardization of measurements and methods,
and poor interpretability or understanding of
the results.® Clinicians do agree that wear-
able monitoring technology could enhance
physical therapy assessments. Still, they feel
that a single device or measuring a separate
function does not meet the diverse scope of
patient needs and treatments.’’ When explic-
itly discussing technology-driven feedback to
patients undergoing orthopaedic rehabilita-
tion, clinicians perceive the significant value
to the patient but identify the technical chal-
lenges of tailoring rehabilitation to the indi-
vidual.?? Although optimism exists towards
the potential of technology to improve reha-
bilitation, physical therapists need to directly
engage with those that are developing the
technologies to improve the ability to apply
technologies to patients.

This study has demonstrated a successful
iterative approach to engage physical therapy
and engineering faculty and students in the
academic setting actively. Establishing an
understanding of each others professions
is an essential component of interdisciplin-
ary work.> This was accomplished through
round table discussions and a limited scope
group project. Surveying students in both
fields supported positive interactions and
experiences. After evidence of successfully
completing the first phase, a second phase
of proven strategy in interdisciplinary work



resulted in problem-based learning in small
groups.®® During the problem-based interac-
tions, physical therapy proposed a clinical
problem for engineering senior design stu-
dents. Physical therapy faculty and students
served as consultants for the project design
during monthly meetings. This structure
facilitated engineering students and faculty
to work together to optimize the design of
clinician-supported and  patient-friendly
technology. Further, the request to expand
problem-based learning to more than one
engineering  discipline (biomedical and
mechanical), is further evidence of the suc-
cess of this iterative approach.

Future directions for these programs will
include establishing a mechanism in which to
allow physical therapy students to earn course
credits for collaborative work with engineer-
ing design teams. Although few universities
have been able to achieve this, it will enable
physical therapy students, not only engineer-
ing students, to reward the invested time
through course credits instead of being vol-
unteer-based for the student physical thera-
pists. Continued future directions would also
involve a post-design year for each technol-
ogy developed. Depending on the intent of
the technology, this post-design year would
assess the clinical or research application and
encourage quality improvement and rede-
velopment processes critical to ensuring the
optimal usability for patients and clinicians.

CONCLUSIONS

This is an academic example of a step-
wise approach to engage engineers by first
establishing a baseline understanding of
each other’s professions and then engaging
in meaningful problem-based cases. Physical
therapists must continue to strive to engage
with engineers as part of the interdisciplinary
team in developing clinically useful technolo-
gies that are accurate, purposeful, and easy to
use.
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