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Abstract
Purpose of Review This review describes the global development of a model of technology-enabled collaborative learning for
healthcare professionals called Project ECHO (Extension for Community Healthcare Outcomes) and its applications for the
management of patients with skeletal diseases.
Recent Findings The prototype Bone Health TeleECHOwas established in 2015, with others now operational in the USA and other
countries, and more expected to follow soon. Each teleECHO program, in the right language and convenient time zone, provides a
virtual community of practice for healthcare professionals to benefit from real-time interactive case-based learning and brief didactic
presentations on topics of interest.
Summary Bone Health TeleECHO elevates the level of knowledge of participants and improves self-confidence in managing
patients with skeletal diseases. The development of many teleECHO programs worldwide serves as a force multiplier, with the
potential to narrow the osteoporosis treatment gap and enhance the effectiveness of fracture liaison services.
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Introduction

Medical knowledge is expanding at an exponential rate [1], far
beyond the ability of healthcare professionals to effectively

apply this information to the care of their patients. At the same
time, there are globalmedical workforce shortages that act as bar-
riers to essentialmedical services, especially in rural areas [2], and
constraints associated with high costs and limited time for
provider-patient encounters. This has led to challenges andoppor-
tunities inmedicaleducation,particularlyat thepostgraduate level,
and consideration of innovative models of healthcare delivery. A
recent systematic review evaluated the role of interprofessional
education (IPE), defined as twoormoreprofessions learning from
each other to improve health outcomes, and interprofessional
collaborative practice (IPCP), defined as health workers from
different professions providing comprehensive high quality care,
inaddressingthesechallenges[3].Itwasfoundthatmanycountries
and academic institutions benefitted from collaborative learning
through implementation of IPE and IPCP. Application of these
initiatives varied by country, being especially low in developing
regions. In recent years, computer technology has played an in-
creasingly important rolewith collaborative learning, patient care,
and patient education, all with the goal of expanding capacity to
deliver best practice medical care. These technologies are de-
scribed by a variety of terms with inconsistent and sometimes
overlapping definitions, with no universal standards. General cat-
egories are as follows.
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Telehealth The US Health Resources & Services
Administration (HRSA) defines telehealth as “the use of elec-
tronic information and telecommunication technologies to
support and promote long-distance clinical healthcare, patient
and professional health-related education, public health and
health administration [4].” The World Health Organization
(WHO) states that telehealth “involves the use of telecommu-
nications and virtual technology to deliver healthcare outside
of traditional healthcare facilities [5].” Others have defined
telehealth as “the delivery and facilitation of health and
health-related services including medical care, provider and
patient education, health information services, and self-care
via telecommunications and digital communication technolo-
gies [6],” using technologies such as live videoconferencing,
mobile health applications (“apps”) and remote patient
monitoring.

Telemedicine The terms telemedicine and telehealth are some-
times used interchangeably, but more often telemedicine is
considered to be a sub-category of telehealth describing the
use of telecommunications systems to connect patients with
providers who are geographically separated. Telemedicine
typically implies the delivery of diagnostic or therapeutic
medical services at a distance, while telehealth commonly
refers to health education at a distance. Examples of telemed-
icine include a radiologist reading and interpreting an image
for a patient in a different country, or a dermatologist at an
academic center evaluating the rash of a patient in a remote
rural community. Electronic consultations (e-consults, E-con-
sults, eConsults) fall under the category of telemedicine.

Ehealth (e-health, eHealth, e-Health) This is a termmore often
used in the United Kingdom and in Europe than in the US.
The WHO definition of ehealth encompasses a wide range of
information and communication technologies that includes
electronic medical records, data processing, patient adminis-
trative systems, and laboratory systems, as well as telehealth
[5]. For some, ehealth has come to mean virtually everything
that involves technology and medicine.

Mhealth (m-health, mhealth, mobile health)Mhealth refers to
use of mobile devices (e.g., smartphones, tablets, laptops)
with healthcare apps and programs. These can be used to
schedule appointments, review lab reports, manage diabetes,
monitor health measurements, evaluate symptoms, educate
patients, assist with complex decision-making, and much
more.

Webinar The term webinar in derived from “web” and “sem-
inar,” referring to a live online meeting, presentation, lecture,
seminar, or event. When the number of attendees is small, it
may be interactive, but often there are many attendees with
limited opportunities for interaction.Webinars can be archived

for viewing later. Webinars have become a popular means of
disseminating information to large numbers of people located
remotely.

This review focuses on the development of a model of
technology-enabled collaborative learning for healthcare pro-
fessionals called Project ECHO (Extension for Community
Healthcare Outcomes) and its applications for the manage-
ment of skeletal diseases. The ECHO model of learning is a
type of telehealth that aims to expand capacity to deliver best
practice healthcare for patients in underserved communities
worldwide.

Project ECHO

The story of Project ECHO begins in 2003, when Dr. Sanjeev
Arora, a gastroenterologist at the University of New Mexico
(UNM) Health Sciences Center in Albuquerque, New
Mexico, USA, started a program to educate healthcare profes-
sionals. He was disturbed by the absence of care for many
patients with chronic hepatitis C living in rural New
Mexican communities. Often these patients could not afford
the cost, travel time, and long wait times to see a specialist at
the UNM gastroenterology clinic. Primary care providers who
practiced close to where the patients lived had no training or
experience in treating hepatitis C. At that time, there were
about 34,000 patients with hepatitis C and fewer than 1600
receiving treatment [7].

The ECHO experiment used videoconferencing technolo-
gy, just beginning to become widely available at that time, to
create a “knowledge network” that linked a multidisciplinary
team of specialists at UNM with teams of primary care pro-
viders at rural community clinics. This has sometimes been
described as a “hub and spoke” system, with the hub
representing the specialists, often but not always in one phys-
ical location; a spoke is a remote Internet connection where
one or more participants are located. In reality, it functions
more as a network or web, where participants may be located
anywhere and everyone benefits from sharing knowledge.
Weekly videoconferences were held, focusing on presentation
and discussion of real but de-identified patient cases, includ-
ing medical history, findings on exam, and laboratory tests, as
well as social and cultural considerations. There were also
brief didactic presentations on relevant topics of interest.
Since the case-based discussions were structured to provide
generalizable disease-state education and did not constitute
direct patient care, there were no concerns regarding profes-
sional liability.

The outcomes of the ECHO intervention were evaluated
with a prospective cohort study comparing treatment of hep-
atitis C at UNM with treatment by primary care physicians at
21 participating ECHO sites located in rural communities and
prisons in New Mexico [8]. The primary endpoint was
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sustained virologic response. There were 407 patients (146 at
the UNM clinic, 152 at ECHO sites) included in the study. A
sustained virologic response was observed for 58.2% of pa-
tients at the ECHO sites compared with 57.5% at the UNM
clinic (P for difference = 0.89). Serious adverse events were
reported in 6.9% of patients at the ECHO sites compared with
13.7% of patients at the UNM clinic. This study showed that
the ECHO model could be implemented in underserved com-
munities to improve the care of patients with hepatitis C. The
findings of this study supported further development of the
ECHO model of learning for other chronic complex diseases
for which effective treatments are available but underutilized.
This mission of Project ECHO evolved to include many
chronic, common, complex conditions in underserved com-
munities, and was later adapted for non-medical educational
interventions in the USA and globally [9–18]. Project ECHO,
according to a recent count, has more than 287 hubs in 35
countries with 642 programs [19] and continues to expand,
with a goal of touching the lives of 1 billion people by 2025.

ECHO differs from telemedicine and e-consults, which
allow a patient to receive care remotely rather than locally,
but does not expand capacity to deliver care to a greater num-
ber of patients. ECHO is not the same as a webinar, which has
limited opportunities for interactive discussions. With ECHO,
the principal method of learning is through discussion of is-
sues with real but de-identified patients. Learning occurs in
much the same way as with postgraduate medical education in
the clinic or hospital. ECHO acts as a force multiplier on two
levels. First, the insights gained during teleECHO sessions
can be applied to many patients seen by each participant.
Second, ECHO can be scaled to reach many more healthcare
professionals by creating more ECHO hubs, each with the
appropriate language and time zone.

The US government has recognized the potential of tele-
communications for improving healthcare. The Expanding
Capacity for Health Outcomes Act (ECHO Act) [20] of
2016 called for the US Department of Health and Human
Services (HHS) to submit a report to Congress that examined
“technology-enabled collaborative learning and capacity
building models” (i.e., ECHO and ECHO-Like Models
[EELM]) and their impact on addressing a range of health
conditions, health workforce issues, implementation of public
health programs, and the delivery of health services to rural
and other underserved populations [21]. HHS contracted with
the RAND Corporation to analyze available data, including a
published study on the effectiveness of Bone Health
TeleECHO [22], and prepare the report, which was released
in February 2019. The report to Congress stated that these
models have the potential to address important gaps in care
for underserved populations and recommended expanding the
evidence base, including directly funding further evaluation
and providing technical assistance [21]. As a consequence,
legislation with ECHO Act 2019 has been proposed to

provide government grants and technical assistance to develop
and evaluate technology-enabled collaborative learning and
capacity building models [23].

Unmet Needs in the Care of Patients
with Osteoporosis

Osteoporosis is a major public health concern with serious
consequences due to fractures [24]. Fractures are associated
with pain, disability, death, and loss of independence, as well
as high direct and indirect medical costs that expected to rise
in the future [25]. Medication to reduce fracture risk with a
favorable balance of benefits and risks are widely available,
but often not prescribed for the patients who need them,
resulting in a large osteoporosis treatment gap [26]. In associ-
ation with the decline in numbers of patients diagnosed and
treated for osteoporosis, hip fracture rates have been reported
as higher than projected [27], suggesting an urgent need for
action to reduce the treatment gap [28]. Since there are many
factors responsible for the treatment gap, many approaches for
reducing the gap have been proposed [28]. Bone Health
TeleECHO, a technology-enabled collaborative learning and
capacity building model devoted to osteoporosis and metabol-
ic bone diseases, is a promising approach that may contribute
to reducing the treatment gap and improve the care of patients
with osteoporosis [29].

Bone Health TeleECHO

Bone Health TeleECHO is a proof-of-concept adaptation of
the ECHO model of collaborative learning that has been op-
erational since October 2015. It is a virtual osteoporosis com-
munity of practice that links healthcare professionals of many
disciplines and vastly different baseline levels of expertise
through weekly interactive videoconferences. Knowledge is
shared through discussion of clinical questions arising from
de-identified patient cases presented by participants. Each
ECHO session also includes a short didactic presentation
(about 10 to 15 min in length) and discussion, with the topic
typically derived from participant feedback or emergence of
new guidelines or publications of interest. The case-based
discussions generate clinical concepts that may be applicable
for many other patients under the care of the teleECHO par-
ticipants, with learning occurring in much the same fashion as
with live interactions from patient care during postgraduate
residencies and fellowships.

Bone Health TeleECHO videoconferences have been con-
ducted once weekly, except for holidays, since starting in
2015. Each session currently lasts 1 h and 15 min, beginning
with a didactic presentation followed by discussion, and then
case presentations followed by discussions. Some participants
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have attended regularly since 2015, while others have done so
intermittently. Funding for about 10 h of staff time per week,
information technology (IT) support, and continuing medical
education (CME) is by Project ECHO. A teleECHO coordi-
nator provides support for logistics that include assuring that
patient confidentiality is maintained, scheduling, interfacing
with faculty, participants, and speakers, and disclosures, ap-
plications, and evaluations for CME. There is no compensa-
tion for faculty time other than what is normally provided, if
anything, for academic teaching responsibilities. The physical
hub for Bone Health TeleECHO is a videoconference room at
UNM, with most faculty and participants logging on from
remote locations. Didactic presentations are video-recorded
and stored online as archived files for later viewing. Bone
Health TeleECHO serves as a model for other hubs in other
states and countries [29–31], with sharing of all information
(e.g., case presentation templates, strategies for recruitment of
participants, fund raising) to enhance the ease of development.

Progress of Bone Health TeleECHO

Demographic data (e.g., location, specialty, email) for partici-
pants are obtained through online registration with the
Osteoporosis Foundation of New Mexico at www.ofnm.org,
with follow-up by the teleECHO coordinator when the informa-
tion is incomplete. Attendance records andCME evaluations are
collected by the teleECHO coordinator. Over the first 41months
of Bone Health TeleECHO (October 2015 through February
2019), 163 videoconferences were held with a total of 413 in-
dividual participants; 192 patient cases were presented and
discussed, and 2494 h of no-cost CME were provided.
Physicians of many specialties participated, most commonly
endocrinology, rheumatology, orthopedics, and primary care.
Non-physician participants included advanced practice pro-
viders, physical therapists, nutritionists, and exercise physiolo-
gists. Average attendance increased from 15 per session in 2015
to 52 in 2018, and continues to rise in 2019. Attendees were
located in 42 states in the USA (Fig. 1) and 11 other countries
(Fig. 2). Previously reported self-efficacy outcomes showed that
regular Bone Health TeleECHO participants experienced a sta-
tistically significant improvement of confidence in managing
each of 20 different domains of osteoporosis care [22]. It is
expected that this will lead to more effective care of patients
with osteoporosis.

Development of More Bone Health TeleECHO
Programs

The progressive increase in levels of participation in Bone
Health TeleECHO and favorable findings of the outcomes
measurements have fostered interest in development of more

teleECHO hubs devoted to educating healthcare professionals
for a spectrum of skeletal diseases. This process is facilitated
by staff at Project ECHO, where there is a team dedicated to
expanding the global footprint of the teleECHO model for
many disease states. Project ECHO conducts monthly face-
to-face no-cost training for anyone wanting to learn more
about this model of learning and is committed to starting a
teleECHO program. Additional training is available through
regularly scheduled videoconferences. All aspects of Bone
Health TeleECHO, including curriculum, archived presenta-
tions, and case presentation templates, are shared with others
who wish to develop similar teleECHO programs. Most pro-
grams utilize Zoom software [32] provided at no cost by
Project ECHO as the teleconferencing platform.

An introduction to several aspects of Bone Health TeleECHO
is provided through open access YouTube videos that may be
viewed, downloaded, and shared. There are videos addressing
those who might be interesting in starting a Bone Health
TeleECHO program [33], informing individuals about joining
Bone Health TeleECHO [34], and describing the utility of
teleECHO for FLS coordinators [35]. A collaborative videocon-
ference is held every 3months to discuss progress and challenges
of operating a Bone Health TeleECHO, share information, pro-
vide support and guidance for anyone starting a program. The
intention is to share all resources to encourage and enhance par-
ticipation and replication of Bone Health TeleECHOworldwide.

Other Bone Health TeleECHO programs have been started
and more are in various stages of development. Those that are
operational or scheduled to launch in 2019 have hubs located
in Grand Blanc, MI, USA; Washington, DC, USA; Galway,
Ireland; Moscow, Russia; Rosemont, IL, USA; and
Gaithersburg, MD, USA. The experience to date is briefly
summarized as follows.

MNI Great Lakes ECHO LLC

MNI Great Lakes Bone Health ECHO was launched at the
Michigan Neurosurgical Institute on February 24, 2017, with
collaboration and support from Project ECHO. Between
February 24, 2017, and April 24, 2019, 25 once-monthly
teleECHO sessions have been held, with a total of 225 partici-
pants, 92 of which were unique individuals. Participants have
been located in 50 US cities in 22 states, plus 2 other countries.
This programoffers a unique perspective on osteoporosis biome-
chanics and treatment options from a procedure-based practice
with transnational research experience in the area of testing and
validating vertebral fractures in vitro. Category 1 CME is spon-
sored by the Michigan State Medical Society for national CME
credit. Future plans include increasing the frequency of the ses-
sions and broadening the scope to topics covered. There are con-
tinuing efforts to increase consistency of “return visit” partici-
pants, expand the expert panel, and diversify didactic speakers.
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Fig. 1 US map of Bone Health TeleECHO participants. This is a map of
the USA showing the “hub” at the University of New Mexico in
Albuquerque, NM, USA, and locations of participants in 42 states after
41 months of weekly videoconferences. This is only one of many

teleECHO programs, illustrating the broad reach of interactive case-
based learning with videoconferencing technology. Map developed at
Project ECHO by William Szaroletta and Nathan Banks

Fig. 2 World map of Bone Health TeleECHO participants. This map of
41-month data shows that a single Bone Health TeleECHO program in a
middle-sized city (Albuquerque, NM, USA) can connect with
participants located at great distances. The goal is to have many

teleECHO programs with many “hubs” throughout the world, all in
convenient time zones and in the appropriate language for those who
wish to participate. Map developed at Project ECHO by William
Szaroletta and Nathan Banks
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National Osteoporosis Foundation Fracture
Liaison Service Bone Health TeleECHO

NOF FLS TeleECHO was launched on September 21, 2017,
with a focus on providing FLS coordinators with advanced
levels of clinical and administrative knowledge to enhance the
effectiveness of their programs. Since that time, once-monthly
teleECHO sessions have been held, each with a didactic pre-
sentation related to identification, investigation, and treatment
of patients with osteoporosis. For example, topics have in-
cluded anabolic treatment after radiation therapy, bone density
pitfalls, applying and utilizing bone health and osteoporosis
resources, treatment sequencing for osteoporosis, and best
practice recommendations for the management of osteoporo-
sis. Participants have included providers from multiple spe-
cialties including orthopedics, family medicine, rheumatolo-
gy, endocrinology, pain management, physiatry, oncology,
neurosurgery, and others. Providers from all levels of educa-
tion have attended, including nurse practitioners, physician
assistants, physicians, physical therapists, and hospital admin-
istrators. Participants are eligible for 1 h of continuing educa-
tion credit after completing their evaluation. The number of
participants for each session has averaged 25 with a range of
15 to 60. Feedback from participants has generally been very
favorable, with comments such as “great session and I feel
better prepared to communicate with referring providers”
and “I feel better prepared to discuss the importance of FLS
to administration to improve patient outcomes.” Challenges
have included difficulties with audiovisual connections and
facilitating broad-based interactivity with discussions of case
presentations.

National University of Ireland Galway Bone
Health TeleECHO

Ireland has a long experience with the use of telemedicine for
the care of patients with musculoskeletal diseases. It has been
found patient care with e-clinics is concordant with in-person
visits for assessment, diagnosis, and patient satisfaction.
Online learning has been expanded to include “rheumatology
tools” to educate primary care physicians in the care of mus-
culoskeletal diseases [36]. When virtual clinics were included
as part of an FLS program, osteoporosis treatment rates rose to
over 80% in patients admitted to hospital for a hip fracture.

Staff at National University of Ireland, Galway (NUIG)
traveled to Project ECHO in Albuquerque, NM, USA, for
on-site training prior to the launch of NUIG Bone Health
TeleECHO in 2012. It was subsequently discontinued due to
limited funding and loss of key staff, then reestablished in
2018. The program is now doing well, but challenges remain
with limited sources of funding, limited time of participants,
uncertain administrative support, and scheduling logistics.

Additional teleECHO programs are planned for the future,
including programs focusing on FLS. The teleECHO pro-
grams in Ireland benefit from sharing experiences with a glob-
al network of similar programs to provide better care for os-
teoporosis patients worldwide.

Bone Health TeleECHO Moscow

Bone Health TeleECHOMoscowwas launched on November
27, 2018, with participation of key Russian specialists in the
field of osteoporosis, to discuss the Russian National
Osteoporosis Guidelines update. Since that time, teleECHO
sessions have been held on the last Wednesday of every
month. Topics for didactic presentations have included tumor
induced osteomalacia, drug induced osteoporosis, osteoporo-
sis in patients with cancer, diabetes and bone, and
hypophosphatasia. Clinical case presentations have been from
participants in St. Petersburg, Novosibirsk, and Moscow,
followed by discussions of best practice medical care. In
2019, Bone Health TeleECHO Moscow was granted 2 h of
Russian CME credits for every session. Since the Russian
accreditation system does not have an option for providing
CME credits with teleECHO Zoom-based programs, all
teleECHO session are recorded and made available as a
webinar. With the first 6 monthly sessions of Bone Health
TeleECHO Moscow, the mean number of participants was
57 (range 26–89). Recorded webinars have been viewed by
a mean of 256 physicians (range 182–381). In total, 1118
physicians have viewed Bone Health TeleECHO Moscow
webinars (N = 6). Most participating physicians were between
ages 30 and 45 years (56%), followed by younger physicians
age 25–30 years (32%), and those age 45 years and older
(12%). Most participants were specialists: endocrinologists
(71%), rheumatologists (14%), gynecologists (10%), orthope-
dic surgeons (2%), and general practitioners (3%). Most of the
participants were from Russia, with a few attendees from
Armenia. A feedback system is being developed to periodi-
cally assess the clinical outcomes of participation in Bone
Health TeleECHO Moscow.

Other teleECHO Programs for Skeletal Health

Own the Bone Orthopaedic Bone Health TeleECHO has been
developed by the American Orthopaedic Association in
Rosemont, IL, USA. Scheduled for a launch date in mid-
2019, this will be the nation’s first orthopedic-focused
teleECHO program. The videoconferences will initially be
held once-monthly using the format of brief didactic presen-
tations and case-based discussions.

Rare Bone Disease TeleECHO, based with the
Osteogenesis Imperfecta Foundation in Gaithersburg, MD,
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USA, is also scheduled to launch in mid-2019. These will be
once-monthly interactive case-based videoconferences
concerning genetic skeletal disorders and a wide range of di-
agnostic and therapeutic issues.

More Bone Health TeleECHO programs are in various
stages of development. There are Endocrinology
TeleECHO and Rheumatology TeleECHO programs that
include osteoporosis and metabolic bone diseases as a
subset of the curriculum. The Ehlers-Danlos Society
TeleECHO has an ongoing series of teleECHO programs
about Ehlers-Danlos syndrome and hypermobility spec-
trum disorders, with two hubs, one in the UK and the
other in the USA.

Discussion

The use of technology-enabled collaborative learning and ca-
pacity building models such as Bone Health TeleECHO are
expanding and adapting to a rapidly changing healthcare en-
vironment. Each teleECHO hub evolves to best meet the
needs of its participants. There have been some surprises
and lessons learned since 2015:

1. It was initially thought that Bone Health TeleECHO
would be of greatest interest to primary care providers seeking
an advanced level of knowledge about osteoporosis. Although
this was often the case, it was surprising to find a broad range
of baseline expertise of participants with a wide variety of
medical disciplines. Many regular participants are already ex-
perts in the field of skeletal health, but nevertheless enjoy
learning from other experts whomay have a different perspec-
tive for bone care, as well as sharing their own knowledge.

2. It seemed logical at first that teleECHO would be most
attractive to practitioners in underserved rural areas far away
from academic centers. Although this is sometimes the case,
many participants who reside in urban and suburban areas
seem to benefit from participation. It also became apparent
that an underserved community can be in an urban location
as well as rural.

3. Finally, it was intuitive to think that teleECHO would
address professional isolation in rural communities. We found
that professional isolation is not necessarily determined by
geography. Most provider-patient interactions occur in an ex-
amination room with a one-on-one relationship, which is
much the same regardless of geography. The ECHO model
of learning provides opportunities to discuss complex clinical
cases and common clinical conundrums in a collegial
environment.

Starting a Bone Health TeleECHO program can be a
daunting experience with regard to forming a faculty
team, recruiting participants, establishing a curriculum of
didactic presentations, urging participants to present
cases, facilitating interactive discussions, allotting the

necessary time, obtaining staff and IT services, funding,
and more. However, Project ECHO provides extensive
no-cost support services [37] to make this as easy as it
can be. It is the experience of most teleECHO program
leaders that the effort to launch and maintain teleECHO is
repaid many times over by the many benefits of establish-
ing a collegial community of practice.

Summary

Bone Health TeleECHO communities of practice can ele-
vate the level of knowledge of participants to provide
better care for their patients, at lower cost, and greater
convenience, compared with referral to an academic cen-
ter that may be located at a distance from the patient who
needs the care. This is a force multiplier with the potential
of decreasing the osteoporosis treatment gap, reducing the
burden of osteoporosis fractures, enhancing the effective-
ness of FLS, improving the care of rare bone diseases, and
adding value to medical education programs at institutions
lacking local expertise in bone diseases.
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Addendum Since the original submission of this manuscript, Own the
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TeleECHO have both become operational, with ongoing monthly case-
based interactive videoconferences.
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