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Warsaw, Ind. - The
Orthopedic Capital of
the World®

The University | Industry Advisory Board (UIAB) is composed of senior level
industry members and administrators from the Indiana colleges and universities
that have joined OrthoWorx as members for the purpose of creating stronger,
mutually beneficial connections between Indiana s academic assets and the
globally significant orthopedic medical device industry cluster in northern
Indiana.
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Executive Summary
The OrthoWorx University | Industry Advisory Board (UIAB) commissioned the University of
Cambridge Institute for Manufacturing to lead a technology roadmapping exercise designed
to develop topic areas of collaboration for the Warsaw-based orthopedic industry and the
state of Indiana’s institutions of higher learning. The sessions focused on unmet needs
and opportunities initially identified by the Advanced Manufacturing and R&D Councils. The
workshops were carried out in series of three separate sessions spanning from February 2016
through June 2016. The primary objectives of the workshop activity were:
• Provide a framework that assists the state’s institutions
of higher learning and the orthopedic industry in
identifying future trends and proactively formulate
solutions
• Generate potential solutions to several ‘long-lived’ issues
encountered by the orthopedic industry
• Develop technology roadmaps that are used to identify
clear, actionable projects in the R&D and Advanced
Manufacturing realms.
• Foster collaboration between OrthoWorx industry and
academic partners:
o Promoting the existing resources (faculty,
students, programs, facilities) at our state’s
institutions of higher education that facilitate
industry/university collaborations
o Encouraging industry to seek assistance
externally through the use of resources at our
state’s institutions of higher education
o Ensuring that our state’s institutions of higher
education understand the needs of the orthopedic
industry so that the institutions’ proposed projects
and student curriculum align with industry needs
Strategic roadmapping techniques were used to help participants explore the orthopedic
industry’s key trends and drivers; the novel products, processes and services which could be
developed in the future to address those trends; any technologies and capabilities required
to support these opportunities; and the enabling factors that would help the sector respond
successfully. The list of potential new products, processes and services was prioritized
to identify key areas where it was thought the most valuable opportunities for innovation
and collaboration exist. A short description of each potential project, outlining the potential
benefits, critical gaps and steps required was prepared. This report covers both the Advanced
Manufacturing and Research and Development (R&D) realms of the orthopedic industry. Both
are closely tied; however, it was determined that running consecutive, but separate, workshops
for each council would allow for a free-flowing idea stream unhindered by pressures from
another area of the business.
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Key Areas in Advanced Manufacturing
•

Manufacturing Processes - Improving the applicability and use of 3D printing for worldwide
application would allow the industry to take advantage of a technology with significant
promise that allows for more innovation and reduce costs to the health care system. The
technology is still in its infancy, which provides considerable freedom to modify processes,
materials and develop the science.

•

Regulatory - Medical Devices are regulated globally, by every country where products are
produced and sold. Unfortunately, the regulations are not uniform worldwide. Additionally,
communication between regulatory bodies and companies has not been simple or clear,
which has complicated understanding and application of regulations. OrthoWorx is seen
as an opportunity to facilitate communication and cooperation between regulatory bodies,
industry and academia. There is a clear need for improved science and standards so that
regulations can be more easily understood and applied.

•

Supply Chain Optimization - Cost pressures throughout the health care system are driving
all participants to reduce their costs and increase efficiency. The supply chain in medical
devices is not as efficient as it could be due, in part, to inability to efficiently share data
across the system. Lack of information drives up inventory builds, which drives cost higher
without truly making the system better. Data synchronization is needed between all of the
stakeholders in the system. A continuous data loop feeding back all the way to production
planning and procurement would allow the system to minimize products circulating in the
system, while still providing expected service levels to the patients and healthcare providers.

Key Areas in R&D
•

Modeling Performance: Predictive Modeling - Predictive Modeling of Implant Performance
has been an interest of the industry for well over 30 years. Modeling has offered the promise
of more rapid design changes and shorter time to market. Unfortunately, the promise has
not been completely realized. A set of predictive modeling tools that are more or less
standardized across the industry would allow for rapid development of new products and a
way to compare performance prior to implantation of an implant.

•

Modeling Performance - Sensors Implantable and Wearable - Implant performance and
outcomes have almost exclusively been estimated by physical test data prior to market
introduction and verified by clinical performance over the lifetime of the implant. A long term
effort to equip implants with sensors could collect data on implant performance, infection,
wear and other potential failure modes in real-time and alert patients, surgeons and other
health care providers prior to catastrophic failures.

•

Database Collection and Application - Evidence based medicine has become a strong driver
for more accurate and timely data. Bundled payments and a shorter stay in the hospital or
ambulatory care center are changing the type of data that needs to be collected. Electronic
medical records offer the opportunity for measuring the complete care life cycle for a patient.
The entire industry is searching for better tools that will predict patient outcome, reduce
costs to the health care system, and help the industry be more efficient in capital use.

•

Real-time Inventory Management - Increasing cost pressures are driving companies to
find lower cost solutions that still provide the service hospitals, surgeons and patients have
come to expect. Current practices drive product and instrument inventory to very high levels
worldwide with a concomitant increase required in machine capacity, human resources
and other capital expenditures. Manufacturers would be interested in a real-time inventory
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management solution that could better capture data flow from the surgeon user and the
hospital.
Next Steps
1. Workshop participation, potential funding sources and overall feasibility will drive the
selection of a project from both the Advanced Manufacturing and R&D Council that will
be carried out either as a consortium or a one-on-one relationship between industry and
academia.
2. Focused sessions with UIAB council members will be used to identify and partner industry
members with academic subject matter experts to create collaborative teams.
3. Topic roadmaps and business plans will be developed by the collaboration teams to secure
initial funding.
4. Projects will gain acceleration with the use of intern projects, faculty externships and
industry participation.
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Purpose of This Report

This report follows on from a series of three workshops commissioned by the OrthoWorx UIAB
Consortium. The Consortium study created a framework – a high value orthopedic industry
‘landscape’ – against which industry and academia can review their future strategies and
policies. The material was collected in a structured and systematic way allowing the analysis to
be refreshed to reflect changing circumstances in the future and as collaborative efforts expand.

Workshop Scope
•

The intention is to prepare the two roadmaps in parallel and in multiple stages
– Stage 1 included a ½ day session involving
		
representatives of the Advanced Mfg Council
		
and the R&D Council working together to
		
agree upon a common set of market and business
		
drivers for the two roadmaps
– Stage 2 and 3 (April - June) used the Stage 1
		
results as the starting point for completing the
		
strategic landscape and for topic roadmap
		
development of priority areas
• At the conclusion, the participants created the framework (“landscape”) for the technology
roadmap and identified and prioritized project areas
• Roadmap development will continue through 2016 and beyond, with input from the
OrthoWorx University Industry Advisory Board (UIAB) Advanced Manufacturing and R&D
Council members

Workshop Deliverables
•
•
•

A Landscape Roadmap with a set of priorities and a Linkage Chart
A series of related Topic Roadmaps initiated in the workshops to be refined by OrthoWorx
UIAB Advanced Manufacturing and R&D Council members following the workshop event
Finished product to serve as a baseline tool to engage external funding opportunities (e.g.
government – state or federal level and industry) for collaborative projects
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Orthopedic Industry Trends & Drivers
Participants consisting of industry partners from departments across the business model
considered the trends and drivers they thought would affect the sector in the short, medium and
longer term. Below is a list of trends and drivers. For more definitions and examples, please
click on each or refer to the Appendix.
•

Regulatory Burden

•

Government Policy Dynamics

•

Workforce/Talent

•

Manufacturing – Optimizing Existing Processes

•

Patient Demographics/Expectations

•

Sensors/Patient Statistics

•

Internet of Things

•

Electronic Medical Records

•

Surgeon Issues

•

Legal/IP/Litigation

•

Health Care Cost Containment

•

Supply Chain/Implant Strategy/Inventory

•

Manufacturing Innovation – New Materials

•

Evidence Based Medicine

•

Industry Collaboration

•

Infection

•

Biologics

•

Outpatient/ASC/MIS

•

Economics

•

Patient Issues/Personalization
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Advanced Manufacturing Planning & Projects
Workshop participants consisting of industry and academic partners identified application areas
and research priorities in the area of Advanced Manufacturing sector. A listing of the findings
that emerged is given below. For definitions and examples please click on each or refer to the
Appendix.

Application Area Topics & Examples of Projects
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Tracking Technologies
Real Time Data Acquisitions
Total Care
Manufacturing Processes
Inspection and Quality
Optimized Supply Chain
Industry Standards
Custom Implants
Educational Collaboration/People
New and Emerging Technologies
Surgical Cost
Surgical Technologies
Materials
Associations/Collaborations
Patient Prep
Regulatory
Data Collection/Processing

Research Priority Topics and Examples of Projects
•
•
•
•
•
•
•
•
•

Quality
Education
Cost Improvement
Product Imaging & Sensing
Materials
Data Collection & Analysis, Patient Process System
Effect of Electromagnetic Radiation on Patients
Process
Regulatory

Final topic areas

The industry and academic partners then prioritized the application areas and research
priorities based upon feasibility and opportunity. The following topic areas were chosen as the
first areas to focus upon:
Manufacturing Processes
Improving the applicability and use of 3D printing for worldwide application would allow the
industry to take advantage of a technology with significant promise that allows for more
innovation and reduced costs to the health care system. The technology is still in its infancy,
which provides considerable freedom to modify costs to the health care system, modify
processes and materials and develop the science. It is entirely possible an implant could be
printed on demand at a hub location in a format that is personalized for a particular patient.
There is a lot of work required before we can truly realize this concept.
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Fortunately, there is university and industry interest in 3D printing technology and applications.
Advances in patient imaging, modeling tools and materials are needed, as are changes in
manufacturing steps, cleaning and sterilization if the concept is to be realized. Incorporating
both polymers and metals are needed to achieve this goal.
This project could easily be titled: On Demand Implants. The idea of producing a complete
implant set on demand and hand the devices over to the hospital in real time has been
considered but has not been truly worked out. This project would consider how to produce an
implant set of choice in a non- factory location while ensuring the devices met all applicable
design and regulatory standards. This project could be started quickly with development
of project scope, initial targets and budgets established. Use of the modeling capability of
university partners, combined with the 3D printers currently in the industry, could speed the
initial stages of the project. A pilot project demonstrating feasibility would be a good step toward
realizing the goal. A pilot project could be accomplished in a year given adequate resources.
Center for Advanced
Manufacturing

Operations

Zimmer Biomet

Dept. of Technology

Purdue

College of Engineering,
Technology &
Computer Science

Ball State

Manufacturing Processes (Adv. Manufacturing)
Medtronic

Biomaterials Research
Process
Engineering

Quality

Depuy-Synthes

IPFW

Systems
Engineering

Ivy Tech
Operations
Orthopedic & Advanced
Manufacturing Training
Center

Regulatory
Medical Devices are regulated globally, by every country where products are produced and
sold. Unfortunately, the regulations are not uniform worldwide. Additionally, communication
between regulatory bodies and companies has not been simple or clear, which has complicated
understanding and application of regulations. OrthoWorx is seen as an opportunity to facilitate
communication and cooperation between regulatory bodies, industry and academia. There
is a clear need for improved science and standards so that regulations can be more easily
understood and applied. Global standards would help a great deal in this area. Global
standards would reduce development time, simplify regulatory submissions and speed time to
market for innovative products. This project could also help the US companies maintain and
improve their competitiveness in a global market, where costs and speed are becoming much
more important.
This is a project to build communication and cooperation between regulators and the
orthopedic device industry. The purpose of this project is to bring regulators and the medical
device industry together to develop a shared understanding and communication organization.
There is a good model already in use in Indianapolis sponsored by the McKinney School
of Law. The School sponsors a meeting each fall to facilitate communication between
pharmaceutical companies, the FDA and the School. These meetings result in improved
communication across the three groups. OrthoWorx believes a similar model could work very
well to improve communication in the orthopedic industry. Clearer communication from both
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groups is needed for success in the future. The beginning elements of the project already exist
in the current standards organizations and some other groups. Academic partners and industry
members would meet with regulators to begin the discussion. Education of new engineers and
scientists during their training will help companies and regulators in day to day work as well as
preparing potential new hires for both groups. This is a long-term project with large potential
for improvements for the health care system as a whole, from patient to payor to product
providers. The cost savings are difficult to predict but could be in the billions of dollars, costs for
the project could be in the millions.
Biotechnology

School of
Engineering &
Technology

IUPUI McKinney
School of Law

Ivy Tech

IU/IUPUI

Regulatory (Adv. Manufacturing)

Quality Assurance

Quality Assurance

Zimmer Biomet

Orthopediatrics

Regulatory Affairs

Medtronic

Quality Assurance

Regulatory Affairs

Supply Chain Optimization
Cost pressures throughout the health care system are driving all participants to reduce their
costs and increase efficiency. The supply chain in medical devices is not as efficient as it could
be due, in part, to inability to efficiently share data across the system. Lack of information
drives up inventory builds, which drives cost higher without truly making the system better.
Data synchronization is needed between all of the stakeholders in the system. A continuous
data loop feeding back all the way to production planning and procurement would allow the
system to minimize products circulating in the system, while still providing expected service
levels to the patients and healthcare providers.
This project is intended to understand how linking use of an implant or implant systems in the
hospital could be communicated throughout the hospital system, as well as completely though
the company systems as far back as possible. Ideally, the information should allow planning of
raw material purchases, planning on the manufacturing floor and forecasting for future needs.
This project requires significant planning and cooperation between the industrial members,
as well as the university partners, to devise a plan that would utilize technology, business
management practices and even behavior management to make sure of the culture change
required for success.

Research Center

Notre Dame

Operations

Information Systems
& Operations Mgmt.

Orthopediatrics

Ball State

Supply Chain Optimization (Adv. Manufacturing)
IU/IUPUI

Computer Engineering

Manufacturing
Engineering

Medtronic

Logistics

Zimmer Biomet
Manufacturing/Operations
Optimization
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Research & Development Planning & Projects
Workshop participants consisting of industry and academic partners identified application areas
and research priorities in the R&D sector. A listing of the findings that emerged is given below.
For definitions and examples please click on each or refer to the Appendix.

Application Area Topics & Examples of Projects
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Modeling
Infection Treatment
Infection Detection
Biologics
Osteoarthritis Detection
Manufacturing Methods
Imaging
Strategic Supply Chain
Database Collection & Application
Real Time Inventory Management Technologies
Materials
Outcomes and Demographics
Government Policy & Strategy
New Technologies
Spinal Pain
Clinical Study Methods

Research Priority Topics and Examples of Projects
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Data Gathering
Modeling Performance
Anti-infectives
Miniaturization
Biologics Research
Education
Strategic Supply Chain Technology
EMR/Database
New Materials
Infection Detection Methods
Pain
Real Time Inventory Management Technologies
Clinical Outcomes
Osteoarthritis Prevention

Final topic areas

The industry and academic partners then prioritized the application areas and research
priorities based upon feasibility and opportunity. The following topic areas were chosen as the
first areas to focus upon:
Modeling Performance - Predictive Modeling
Predictive Modeling of Implant Performance has been an interest of the industry for well
over 30 years. Modeling has offered the promise of more rapid design changes and shorter
time to market. Unfortunately, the promise has not been completely realized. The problem
is complicated by the rapidly changing patient population with younger, more active patients
demanding longer-lived and higher-performance implants, as well as the well-recognized trend
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toward more obese patients. Many patients are not satisfied with their implants currently, a
trend that may increase over time. Predictive modeling may be a method that can be used to
design patient implants while still correcting the kinematic issues a patient might have. A set of
predictive modeling tools that are more or less standardized across the industry would allow for
rapid development of new products and a way to compare performance prior to implantation
of an implant. Project costs over an 8-year span are estimated to be millions with a payoff of
significantly reduced costs for an IDE or 510(k) product submission.
Computational methods largely exist but need to be improved with more accurate input data,
followed by iterative improvements in the models. Finite Element Analysis (FEA) has grown
in sophistication since the early applications in the 1980s. Building models that could be
incorporated into ASTM and ISO standards could give researchers and developers a common
foundation on which to innovate new products. The tools offer data for design but still have
not been widely accepted by regulatory bodies in lieu of physical testing. Other industries,
namely automotive and aerospace, have made some progress in this area with their respective
regulatory bodies. Research in the areas of biomechanics, imaging, improved data collection
(re: patient condition), and materials data, are all needed. There are at least two successful
companies applying predictive modeling in the area of wear (Sentient Science) and MRI safety
testing (Zürich Med Tech).
As an indication of general interest in this area, combined with Project 3 below, was a
conversation between representatives of Purdue, Ball State and Notre Dame during the second
workshop in April. The three universities all bring different strengths to the project: Ball State
with the Human Performance Lab, Purdue with Biomechanics, and Notre Dame with Modeling
expertise. There are discussions underway currently to begin a project plan. Combining the
strength of the three universities in this area with a project using wearable devices could
advance the science considerably.
Expanding the previously successful models into biomechanics and fatigue could enable users
to rapidly iterate new designs. This project could take a number of directions and could begin
as soon as partners are identified and project scope is settled. The budget for the project
should consider the scope, research needs, where data needs to be collected and how, and
how much computing power is needed for fast, accurate predictions. A factor that must also
be considered in the project plan is how to validate the predictions so that the models may be
used in regulatory submissions in lieu of some of the currently required physical testing.
Human
Performance
Lab

Development

Engineering

Orthopediatrics

Ball State

Research & Development

Depuy-Synthes

Modeling Performance-Predictive Modeling (R&D)

Medtronic

Zimmer Biomet

Notre Dame

Purdue

Biomechanical
Engineering

Bioengineering

Development Engineering
Research & Development

Mechanical Engineering

Modeling Performance: Sensors, Implantable and Wearable
Implant performance and outcomes have almost exclusively been estimated by physical test
data prior to market introduction and verified by clinical performance over the lifetime of the
implant. There was really no other way to predict performance until the advent of computer11

based modeling and miniaturized electronics that could be incorporated into implants. Even
with the advances in electronics, the number of patients equipped with smart implants is
very small. A long term effort to equip implants with sensors could collect data on implant
performance, infection, wear and other potential failure modes in real-time and alert patients,
surgeons and other health care providers prior to catastrophic failures.
A shorter term project would be utilizing currently available wearable devices or sensors that
could offer more objective measures than currently used measures. Wearable devices such as
a Fitbit or a Forerunner could offer available data to researchers immediately.
Both the long term and short term projects are opportunities to bring in collaborators from
academia and the medical device and electronics industries. Implants with sensors would
require significant regulatory approvals prior to introduction. Wearables are already in the
market and likely could be incorporated very rapidly into clinical studies.
The projects could begin as soon as the scopes and budgets are estimated. There is a high
level of interest on the part of industry and academia in the general area of sensors, as well
as collection of more accurate data on implant and patient performance. Some of the areas of
science and engineering which would be expected to participate would range from electronics,
information technology, biology, mechanics, materials science, advanced manufacturing and
others. These projects would be expected to greatly expand the types and quality of data
collected from the implants. Collection of data alone will not be sufficient. The data must be
carefully analyzed and published so that researchers and developers can feed the information
back into improved models.
Research

Mechanical Engineering

Biomedical Engineering
Bioengineering
Mechanical Engineering

Notre Dame
Tribology

Depuy Synthes
Purdue

Performance Modeling-Sensors, Wearable and Implantable (R&D)
Medtronic

Engineering

Ivy Tech

Zimmer Biomet
IPFW

Research

Research
Electrical Engineering

Database Collection and Application
The orthopedics industry has been built upon innovative ideas and improved outcomes.
Outcomes measurements have been focused on longevity and some patient activity measures,
which have helped push the industry forward. The environment has changed regarding data
to be collected. Evidence based medicine has become a strong driver for more accurate and
timely data. Bundled payments and a shorter stay in the hospital or ambulatory care center
are changing the type of data that needs to be collected. Electronic medical records offer
the opportunity for measuring the complete care life cycle for a patient. The entire industry
is searching for better tools that will predict patient outcome, reduce costs to the health care
system, and help the industry be more efficient in capital use. This is an area where the
industry and academic partners can work together to develop new tools and increase the
speed of innovation once the tools are in place. This project could provide short term benefits
by utilizing current databases, such as the Indiana Clinical Translitional Sciences Institue
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(CSTI), Indiana Health Informationa Exchange (IHIE), or Regenstrief Institute and build upon
improvements to that system.
There is a clear need for improved data on patient outcome, especially in the 90-day episode
of care. Additionally, data on how patients come into the health care system and are treated
prior to a surgical intervention could help companies design new products. This project is an
exciting opportunity for researchers in the medical device field in Indiana. The databases such
as the Indiana CTSI, IHIE, or the Regenstrief Institute offer a unique look at data collected by
a number of hospitals and systems. Academic partners are ready to begin this project using
the current databases. OrthoWorx and industry partners could add significant guidance to the
effort immediately. This project is multidisciplinary in nature but would likely require significant
data analysis and clinical input.
Center for Research Computing

Notre Dame

Biostatistics & Clinical
Data Mgmt.

Clinical Research

Zimmer Biomet

Depuy-Synthes

Database Collection and Application (R&D)
Computer Engineering

IU/IUPUI

Regenstrief Institute

IPFW
Center of Excellence
in Business Analytics

Ball State

Information Systems

Real-Time Inventory Management
Increasing cost pressures are driving companies to find lower cost solutions that still provide
the service hospitals, surgeons and patients have come to expect. Current practices drive
product and instrument inventory to very high levels worldwide with a concomitant increase
required in machine capacity, human resources and other capital expenditures. Manufacturers
would be interested in a real-time inventory management solution that could better capture
data flow from the surgeon user and the hospital. This could result in significant cost savings
for the health care system and the OEMs allowing for increased reinvestment in innovation
that could ultimately help patients. The timeline for the project could be broken into three
buckets, 2 to 3 years, 3 to 5 years, and 5 to 10 years depending on the scope. The investment
would be significant for any company, but the payback could also be significant depending on
the scope and company size.
This project addresses an industry need for a way to manage product inventory in real-time.
No system currently exists that combines software and hardware along with the human
interface required for success. There may not be a current software and hardware system
which can address all of the potential needs of the orthopedic industry which is the main
driver for the project. Some of the elements of the project include how a real-time inventory
management system could be incorporated into the standard operating practices of a medical
device company, how a device could be physically tracked, what kinds of new hardware
or sensors might be needed and how to ensure the compliance with the system would be
convenient and reliable.
Real-time inventory management is successfully practiced in other industries such as
aerospace and automotive with savings in inventory costs and waste. Research into this
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subject could commence immediately with establishment of industrial and university partners,
project scope, project plan and budget. The project plan and budget would need to consider
current practices, establishment of new technologies or adapted technologies to address
the issues, a pilot program to assess viability and a longer term plan for full implementation.
Experts involved could include IT, Data Management, Logistics, Sensing and Tracking and
possibly Business Management. The implementation plan is a critical part of the project. A
real-time inventory management system will be a significant change in day-to-day practices
that have been established over time. Planning implementation from the beginning of the
project should reduce later stage issues. Also of interest would be any regulatory issues that
might arise by following or tracking implants and instruments through the health care system.
Patient information will need to be carefully controlled.
Information Systems
& Operations Mgmt.

Ball State

IT Management

Research Center

Medtronic

Mathematical Sciences

IPFW
College of Engineering,
Technology &
Computer Science

Real-Time Inventory Management (R&D)

Orthopediatrics

Operations

Notre Dame

Depuy Synthes

Research
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Conclusions
There is ample opportunity for collaboration between the Warsaw-based orthopedic industry
cluster and the state’s higher education institutions. The workshop in April saw three
representatives from Purdue, Ball State, Notre Dame begin discussing collaborations that would
have not occurred without the environment provided by the workshop format. The results from
the technology roadmapping workshop exercise have proven that both entities are ready and
willing to begin with the next steps in bringing many of the aforementioned projects to fruition.
Subsequent discussions with university representatives not able to attend the workshop are
revealing more areas of collaboration between OrthoWorx, Universities, and the Warsaw-based
Industrial representatives. OrthoWorx and the UIAB will continue to foster collaboration between
academia and industry to ensure a strong future in the development of innovative solutions to
real-world problems that are of benefit to both entities.

Next Steps
1. Workshop participation, potential funding sources and overall feasibility will drive the
selection of a project from both the Advanced Manufacturing and R&D Council.
2. Focused sessions with UIAB council members will be used to identify and partner industry
members with academic subject matter experts to create collaborative teams.
3. Topic roadmaps and business plans will be developed by the collaboration teams to secure
initial funding.
4. Projects will gain acceleration with the use of intern projects, faculty externships and
industry participation.
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Appendix
Orthopedic Industry Trends & Drivers
Regulatory Burden: The medical device industry is regulated worldwide to help ensure patient
safety, and to some extent performance of the products. Unfortunately, regulations are not
uniform worldwide, nor are the regulations always very clear. Government bodies tend to
move slowly in response to technological change, which can slow down true innovations.
Communication and cooperation between Regulatory Bodies and Industry at many levels would
be a good first step to improve the process.
Health Care Cost Containment: The economic environment of orthopedics is undergoing rapid
change. Although there has been a strong focus on reducing health care costs and increasing
coverage since the early 1990s, the changes had been slow until now. The decision makers
regarding implant choice are changing and rising inventory costs are impacting company costs
more than ever. Cost pressures push down investment for R&D which impacts innovation and
patient care.
Government Policy Dynamics: Government Policy is an obvious touch point for the entire
industry. The U.S. government has been slower to support innovation in devices, materials and
manufacturing than other countries, which has reduced U.S. competitiveness in this area. Taxes
tend to drive companies to relocate operations to lower-cost countries or areas, again reducing
the competitiveness of U.S. locations globally. The drive to a single-payor type system may
drive delays in surgery or potential rationing of care, depending on budget resources.
Supply Chain/Implant Strategy/Inventory: Increasing pressure to reduce costs throughout the
supply chain is bringing sharper focus on inventory and manufacturing costs. Raw materials
cost for the industry is high. Once the raw materials are converted into products the value of the
inventory increases exponentially exacerbating the need to reduce inventory. Typical practice for
the industry has been to produce much more inventory than practically needed in order to insure
the customers that an implant will be ready on demand. Improvements in demand forecasting
are needed to allow the manufacturers to better plan raw material needs and equipment usage
in the plant.
Workforce/Talent: A robust, well-trained, diverse workforce is key to the success of any industry,
and ensuring that a pipeline of talent exists to replace that workforce is equally important.
Interest in trade skills and manufacturing in the U.S. has seen a decline over the past 20 years.
This, coupled with the ever-increasing educational and technological requirements of new
manufacturing processes, has led to a depleted pool of incoming talent to the manufacturing
realm of orthopedics. Recruiting and maintaining talent is a key issue for the orthopedic
sector. Younger employees are motivated by different factors which requires changes in how
companies will be operating.
Manufacturing Innovation-New Materials: Manufacturing Operations face a myriad of demands.
There is increasing pressure to reduce costs, incorporate new manufacturing technologies and
produce more complicated products. Concurrently, patient demands are placing ever-increasing
performance requirements on the devices. Patients are younger, heavier and more active,
which is driving a need for new materials. Current materials and processes yield products that
have been performing very well clinically so the challenge to improve materials is a difficult but
worthwhile goal.
Manufacturing – Optimizing Existing Processes: Competitive pressures from outside the U.S.,
the need to satisfy shareholder needs, and downward pressure on pricing from customers/
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payors are motivating cost reduction activities in the industry. Quality and safety of the devices
is expected, so any change to reduce cost must achieve all four goals. Lean manufacturing has
been one approach to manufacturing efficiency and cost reduction. A more holistic approach
may be needed to bring needed efficiency to the manufacturing operations.
Evidence Based Medicine: The Industry has experienced a high degree of success in large
joints, with patients enjoying a well-functioning joint for 15 years or more. Smaller joints are
beginning to reach these levels, too. Additionally, there are new developments in materials for
bone grafting, bone repair, many areas of sports medicine and therapies. With this success
has come an ever increasing difficulty in proving improvements in outcomes relative to older
technology. Better methods to collect, collate, analyze and distribute the data need to be
developed.
Patient Demographics/Expectations: Characteristics of particular influence to the orthopedic
industry include: patient age, patient income, patient education-level, cultural background and
geographical location. General globalization and the advent of information sharing technologies,
such as the Internet, have opened the door for more self-educated, self-advocating patients that
require new standards in health care.
Industry Collaboration: Increased restrictions and pressures associated with regulatory
approval have provided the opportunity for companies to collaborate on the standards required
and the methods used to validate those standards in order to reduce the inefficiencies and cost
of regulatory approval. By uniting and working in partnership with the FDA and other global
regulatory bodies, the industry should be able to develop systems that collect and analyze data
that will help reduce the burden associated with product development.
Sensors/Patient Statistics: Current implants do not have provisions for direct determination
of product performance in real time. Outcome measurements of implant performance have
generally been made in a subjective manner over the course of years while implanted.
Collecting patient behavior pre-operation and post-operation is becoming more important as
cost for rehabilitation is growing very quickly. Quality measures built into the health care system
are also driving needs for monitoring and collecting patient information. The rise of popular
devices that measure activity, sleep, steps, etc., are outpacing the orthopedic device industry
efforts.
Infection: Although infections are a small percentage of the overall negative outcomes in
orthopedic surgery (1-3%), the burden and costs associated on the patient and health care
system far outweighs the frequency of occurrence. The focus for research in the past has been
on hospital-acquired infections, which has brought products such as antibiotic bone cement
to the market. Unmet needs still exist for infection treatment of implants and for pre and postoperative prevention and treatment of infection.
Internet of Things: The increased use and expansion of the Internet in the last several
years has provided the industry with opportunities to connect to end users in ways that were
previously unimaginable. The opportunity to interact visually in real time with surgeons around
the globe has opened up new channels for education, product development and virtual
collaboration. For the patient, the industry has recognized the transparency of the procedures
in terms of the information available to the patient prior to and post-surgery. Patients are more
educated and can more easily advocate for their own care, driving changes in the historical
relationships between physicians and patients.
Biologics: Biologic treatments of bone and cartilage defects offer a combination of threat
and promise to the industry. The threat lies in the aspect that a true cure for osteoarthritis will
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negatively impact the industry’s future. The promise lies in the aspect that biologic solutions that
can delay onset or progression of disease and could be incorporated into a company’s bag of
solutions for patients.
Electronic Medical Records (EMR): Electronic Medical Records were recently mandated by
the Federal Government in the U.S. Implementation has not been smooth or consistent. While
a mandate was given to use electronic systems, little else was specified, and the free market
spawned many versions of EMR systems. Generally, the systems do not communicate to
each other, and it makes moving patient information very difficult. Data is difficult to collect and
process from system to system.
Outpatient/ASC/MIS: Patients and Payors are demanding more flexibility in care along with
reduced cost. This is driving increases in the number of Ambulatory Surgical Centers (ASC)
and outpatient surgeries. Surgeries, such as hip and knee replacement, can now be performed
on an outpatient basis where in the past the patient had at least a three-day hospital stay,
with some being much longer. Other procedures will certainly follow driving costs down in
many areas. Outpatient surgery growth will require a number of changes in many areas of the
industry. Preoperative assessment, instrumentation, patient education, rehabilitation protocols
are just a few of the areas where outpatient surgery will impact the industry.
Surgeon Issues: Surgeons are the prime users of orthopedic devices, as well as valuable
partners when developing new implants, instruments and treatments. The supply of well-trained
surgeons worldwide is insufficient to treat the numbers of patients coming in for treatment.
Changes in surgeon employment in the U.S. may also effect the number of new surgeons
choosing orthopedics as a specialty. The result will be a shortage of surgeons interested in
the field. Fewer surgeons translate to more surgeries per surgeon, or fewer patients receiving
implants. Since patient numbers are growing there is little choice but to help surgeons be more
efficient in the operating room, as well as pre- and post-operative care.
Economics: Health care costs are under pressure worldwide, with some areas of the world
more used to constraints than others. Some countries are rationing health care or setting up
long queues for treatment, while others rank hospitals according to performance, which affects
the price of implants at those hospitals. The U.S. is one of the countries coming up to speed
with methods for reducing cost. The costs must not only be reduced, but justified through
data so that a more expensive device is not excluded based on price alone, but is figured into
the overall choice for the patient. Another item for consideration is the value proposition of
orthopedic care in relation to quality of life and burden to society. Orthopedics’ return on value is
much higher than many other specialty surgical procedures, allowing patients to return to work,
home and recreation more quickly and completely.
Legal/IP/Litigation: Orthopedics has always been prolific in developing intellectual property(IP).
Protecting IP is a big expense and sometimes has little effect. IP must be protected in order
to justify the expense of innovation. Recently, lawsuits initiated by private citizens regarding
device failure and implantation malpractice have dominated the media, creating a negative
perception of the industry as a whole. Legal issues are generally high cost and low reward, so
companies do their best to perform their due diligence during the research and development
stages of product design, manufacturing and implantation. Still, improvements are needed in
this area.
Patient Issues/ Personalization: Patients are becoming much more educated regarding their
health care choices pathways. The social drive to demand personalized care in many other
areas is also becoming more prevalent in the orthopedic industry. Personalized implants raise
challenges in many areas of the industry, ranging from the regulatory burden to demonstrate
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safety, to increased complexity in pre-surgical planning, and measuring the outcome of an
orthopedic surgical procedure. In the immediate future, costs may be driven up by producing
personalized implants which is in direct conflict with current pressures to drive costs down. If
personalized implants become the norm, the time to produce a personalized implant will become
a factor in the competitive market of orthopedics. However, if initial challenges with establishing
personalized implants are overcome, the future trends would prove to reduce cost to orthopedic
manufacturers.

Advanced Manufacturing Application Areas
Tracking Technologies: Non-Implant, RFID for instruments, also Smart Packaging in Internet of
Things. Sensors that allow for instrument tracking to drive improved logistics.
New and Emerging Technologies: Soft robotics. Computer tools for virtual certification and
validation. Smart machines for part production. Wearable electronics, a HoloLens (Microsoft’s
Google Glasses), for the shop floor and surgery. Expansion of MT Connect.
Real-time Data Acquisitions: Smart Implants. Sensors that can diagnose and/or monitor implant
performance, infection, and other diagnostic requirements. Sensors that deliver data in real time
to database. Wearable sensors that inform patient and surgeon of the outcome, deliver real
time kinesiology and tribology data and offer efficient communication of data. Adjacent market
develops a diagnostic tool for real time in-vivo detection of infection.
Surgical Cost: Direct cost model for surgical procedure.
Total Care: One stop shop value stream for prevention of and treatment for osteoarthritis,
ranging from drugs to implants including qualifying physicians.
Surgical Technologies: Soft tissue implants. Materials advancements that range from minimal
tissue removal to changes in implantation techniques and surgical approach. Improved modular
designs. Technologies that reduce the number of bone prep tools by 90%.
Manufacturing Processes: Designs that allow for stampings of both implants and instruments.
Additive manufacturing of biologics and cells. Onsite (hospitals) manufacturing of some
components. Expansion of MT Connect to orthopedic machines and surgical tools.
Materials: Metals and alloys that do not corrode. Design and manufacturing strategies for new
design rules for C (carbon) and Ti (titanium).
Inspection and Quality: Improved inspection technologies: blue light, white light, CT scanning.
Non-contact inspection methods that evaluate projections more accurately than current optical
comparators. Automated real time inspection looped into machine operation.
Associations/Collaborations: More active association with NNMI, DMDII, ACME, and Flexible
Electronics Institutes. Involvement in Bioprinting efforts.
Optimized Supply Chain: Optimize field inventory with improved forecasting models and
simulations to improve efficiency. Partner with Amazon Medical for all logistics and inventory
maintenance.
Patient Prep: Increased focus on the patient as the foremost client. Wearable technology for
patients to get an early read on gait and potential problems. Biological treatments for patients
prior to loss of joint function-biologics, pharma, combination devices.
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Industry Standards: Unification of standards across industry and the use of standard or common
tools across companies in the OR. Standardization of digital image to allow use of images to
define product size, which would simplify forecast and manufacturing.
Regulatory: Create a consortium to address current and future relationships with regulators.
Grow acceptance by our field that regulation is not objectionable. Institute for Computational &
Mathematical Engineering (ICME) tool tailored to explain needs and regulatory obligations.
Custom Implants: Marketing of personalized implants to patients. A process that allows for
custom sizing and ordering of implants on a large scale.
Data Collection/Processing: Process that allows determination of total cost to produce a device.
ERP-MES interaction. An economic assessment tool that allows simulation of regulatory
decisions and their economic impact on industry and the health care system. Implementation
of Database Lifecycle Management (DLM) and common data analytics to improve cycle time
flexibility.
Educational Collaboration/People: Increase school and college outreach. Prioritize scholarships
and internships to reduce student loss. Standardization of training across the industry. More
advertising around the benefits of the industry in the local community.
Data Collection & Analysis, Patient Process System: Develop Long Term Archiving and Retrieval
(LOTAR) procedures and standards for product and patient data. Develop low cost disposable
shoe sensors to measure force, walking gait, running gait, pre surgery to focus therapy prior to
need for replacement and possibly provide post-surgery data. Development of PLM (Product
Lifecycle Management) PDM (Product Data Management) to meet regulatory obligations.
Development of cyber security protocols for the de-identified clinical data, which will be used by
researchers to search for correlations, related to risk or success of an implant.

Advanced Manufacturing Research Priorities
Quality: Development of unambiguous standards for implant cleanliness. Develop collection
tools that give access to real time factory data, which will require analysis methods to
understand how much data is really needed to describe a process. Failure rate analysis
methods to reduce failures. Faster machining speeds that offer more predictable surface
finishes. Smart machine controller software.
Education: Outreach to teachers and students in K-12 in technology and engineering education
and engagement in Ortho oriented projects. Augment manufacturing content in all engineering
majors. Sponsor a K-12 design contest, see www.iteea.org. Workforce development for smarter
transition between K-12 and 2 and 4 year schools.
Effect of Electromagnetic Radiation on Patients: Biological effects of electromagnetic fields on
implants/patients.
Cost Improvement: Comparison of product cost versus quality system (between companies)
for similar products like mallets, rasps, handles or cases. Modeling tools to predict and validate
manufacturing processes and physical testing. Develop reuse and recycling opportunities for
manufacturing waste streams. Improve additive manufacturing by increasing speed, cheaper
materials, improved design space and smoother finishes.
Process: Investigate holonomic manufacturing, laser assisted cladding or peening. Improve
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or standardize implant cleaning. Improve 3D printing processes. Use 3D printing to improve
efficacy and utility of parts. Understand the orchestration of combining technologies, for example
combining electronics, data, and GPS in a product.
Product Imaging & Sensing: Methods for evaluation of a custom implant to determine safety
and efficacy of a part without physical testing. Methods for converting medical images to design
models using any image modality. Development of research standards for communication of
medical images. Research into the most efficient imaging modality that offers the lowest cost
while still yielding the most data. Research into the performance and lifespan of electronics
when implanted. Develop a low cost shoe sensor to monitor implant performance post-surgery to
reduce need for revision. General improvements to imaging methods.
Regulatory: What is the process for development of regulatory standards? Analysis of the
fairness, implementation, cost and effectiveness of regulations. Grandfather Clause: Some
methods for assessing products and processes that have been in place for some time period to
reduce or eliminate validation or testing to new standards.
Materials: Partially Stabilized Zirconia stabilizers that are oriented electrostatically. Materials that
can be used to treat joint disease prior to an implant. Investigate process such as electrically
assisted forming.

R&D Application Areas
Modeling: Use of sensors to collect data in order to build models that could be used to reduce
the amount of physical testing required to show safety and effectiveness of new implants and
technologies.
Database Collection & Application: Identification of medical data stakeholders. Development of a
universal EMR, with an Indiana pilot program, having common data standards and access. Also,
an Indiana based de-identified database for medical data where that data could be supplied to
industry.
Infection Treatment: New materials and methods for reducing and treating infection pre-surgery,
during surgery, and post-surgery. The new treatments should be broad spectrum, allow for easier
patient compliance and reduce joint infections.
Real Time Inventory Management Technologies: Sensors that can track instruments and
implants though the logistical path as well as the hospital and OR. Software solutions that
use technology to track instruments and implants through the logistical and distribution path.
Systems to align inventory and surgeon/patient requirements while minimizing the risk of missed
surgeries.
Infection Detection: Sensors or other tools to detect infection earlier.
Materials: Material research development of composite materials for total joints and other
implants. Resorbable metals for implants.
Biologics: Biologics to improve healing of complex fractures. Scaffold for regenerating cartilage,
rebuilding the bone/cartilage interface. Repair system for growth plates.
Outcomes and Demographics: Population statistics to personalize doctor/patient choices based
on evidence. Systems that track patient demands (how they are using the implants) in order to
build predictions of patient outcomes.
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Osteoarthritis Detection: Prevention of osteoarthritis and earlier detection of osteoarthritis.
Government Policy & Strategy: OrthoWorx should develop and implement a government policy
strategy to influence government policy in a positive way for the industry. This would be carried
out in partnership with the industry. OrthoWorx to develop a position statement on 3D printing
technology as it relates to the orthopedic industry. Lobby for government funding of medical
device development as has been observed in other countries.
Manufacturing Methods: Manufacturing methods that allow for rapid manufacturing of products
which are 50% smaller geometrically and have smoother surfaces and increased strength.
New Technologies: Miniaturized motors that could be implanted which could allow for redesigned
internal fixation implants and spinal implants, improving treatment and reducing infection. Intervertebral disc replacement that restores proper kinematics.
Imaging: Imaging tools that are simpler to employ. A non-robotic image guided surgery system.
Signal processing and imaging for implants including some means of communication. A
diagnostic imaging tool based on MRI for early osteoarthritis detection.
Spinal Pain: Accurate indicator of spine pain, discriminates between actual location and referred
pain for example.
Strategic Supply Chain: Create new UHMWPE resin supplier.
Clinical Study Methods: Reduce duration of clinical studies to 2 years or less.

R&D Research Priorities
Data Gathering: Development of animal models to determine what data to collect in the clinical
application. Sensors that can be attached to implants, survive sterilization, and implantation.
Sensors that can communicate to companies in real time data that is used to improve design.
Sensors that can also detect co-morbidities. Development of an anti-fouling treatment to
enhance the lifetime of a sensor. Signal processing and data processing algorithms for sensors
in these applications. Utilization theories of the ‘Internet of Things” to drive end user potential for
sensors and databases.
EMR / Database: Investigate and or create policies that will be used to govern the creation of
universal databases of EMRs. Development of cyber security and physical security methods
to ensure patient data security. Development of a common language for transferring data and
images, similar to an IGES file protocol. Development of analysis tools to evaluate metadata
collected.
Modeling Performance: Develop strategy and tactics to use models to predict implant
performance. Gather data from sensor equipped implants and build models based on that data.
Develop models that can predict longer term performance using short term implantation data.
Develop tools that can gather more accurate data on the in-vivo performance of devices. Use
the models created along with improved imaging tools to design patient-specific solutions.
New Materials: New wear resistant thermal coatings. Bioresorbable materials for fracture
fixation. Resorbable metals for fixation of biological solutions. Development and modeling of
novel materials for implants and sensors. Materials that can also function as sensors as well as
implants. Improve speed of 3D printers to reduce cost and develop new material for 3D printing
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which would yield improved surface finishes. Printable composite materials which could yield
improved fatigue properties in smaller cross sections.
Anti-infectives: Anti-microbials to eliminate device initiated infection. Research to isolate the
primary sources of infection in total joints. Development of host-directed therapies to improve
infection management. Dosing models for peri-implant infections. Development of immune
system regulation and interaction with biologics or inert devices to reduce infection. Create an
anti-fouling technology for sensors. Creation of broad spectrum and cheap antimicrobial for
patient use.
Infection Detection Methods: Development of early detection methods for infection using sensors.
Development of diagnostic tool for rapid analysis of top 10 CDC human pathogens.
Miniaturization: Methods of forging that allow for forged material properties in 50% smaller
geometries. 50% smaller motors that can be implanted and controlled externally to the patient.
Rapid manufacturing technologies that offer smoother finishes and increased strength in parts
50% smaller than considered typical.
Pain: Validated, objective pain management. Develop methods to quantify the pain a patient
experiences. A tool of some sort that is an accurate indicator of spine pain.
Biologics Research: Modeling tools that simulate biologics processes such as response and
repair. Biomaterials that promote and support bone and soft tissue interface repair. Biomaterials
that support bone integration. Materials that can be used to deliver drugs or biological agents.
Real Time Inventory Management Technologies: Use of cluster computing and knowledge
management to manage inventory. Develop models, including population data, to predict
inventory demand and contain cost.
Education: Develop educational programs, in partnership with local schools, universities, and
companies, to help motivate students to stay in the area post their educational path and work in
the device industry.
Clinical Outcomes: Development of new outcomes measurement tools. Gather patient activity
data as part of the new outcomes tools. Research available databases in Indiana and assess the
feasibility of collecting data for analysis. Develop and perform sensor based animal testing that
could be used to define medical actions in the clinical setting.
Strategic Supply Chain Technology: Develop partnership to bring on new UHMWPE supplier.
Osteoarthritis Prevention: Find the causal factors of osteoarthritis.

23

Advanced Manufacturing Topic Roadmaps
Key:
Pinks – self-identified potential issues, requirements to proceed with the project
Greens – obstacles identified by external parties
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R&D Topic Roadmaps

Key:
Pinks – self-identified potential issues, requirements to proceed with the project
Greens – obstacles identified by external parties
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University & Industry Preliminary Connectivity to Projects
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