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Abstract
Purpose The COVID-19 pandemic forced many surgeons to adopt “virtual medicine” practices, defined as telehealth ser-
vices for patient care and online platforms for continuing medical education. The purpose of this study was to assess spine 
surgeon reliance on virtual medicine during the pandemic and to discuss the future of virtual medicine in spine surgery.
Methods A comprehensive survey addressing demographic data and virtual medicine practices was distributed to spine 
surgeons worldwide between March 27, 2020, and April 4, 2020.
Results 902 spine surgeons representing seven global regions responded. 35.6% of surgeons were identified as “high tel-
ehealth users,” conducting more than half of clinic visits virtually. Predictors of high telehealth utilization included working 
in an academic practice (OR = 1.68, p = 0.0015) and practicing in Europe/North America (OR 3.42, p < 0.0001). 80.1% of all 
surgeons were interested in online education. Dedicating more than 25% of one’s practice to teaching (OR = 1.89, p = 0.037) 
predicted increased interest in online education. 26.2% of respondents were identified as “virtual medicine surgeons,” 
defined as surgeons with both high telehealth usage and increased interest in online education. Living in Europe/North 
America and practicing in an academic practice increased odds of being a virtual medicine surgeon by 2.28 (p = 0.002) and 
1.15 (p = 0.0082), respectively. 93.8% of surgeons reported interest in a centralized platform facilitating surgeon-to-surgeon 
communication.
Conclusion COVID-19 has changed spine surgery by triggering rapid adoption of virtual medicine practices. The demon-
strated global interest in virtual medicine suggests that it may become part of the “new normal” for surgeons in the post-
pandemic era.

Keywords Telehealth · Telemedicine · Online education · Virtual medicine · Spine surgery · COVID-19 · Coronavirus · 
New technologies
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Introduction

Within weeks, the COVID-19 pandemic became one of 
the greatest global health crises of our time [1]. Excessive 
strain on the health care system prompted hospitals and 
practices around the world to pivot in an effort to stop the 
spread of the COVID-19 and to treat the acutely ill [2]. 
With the unprecedented redirection of staff and resources 
toward management of COVID-19 and seemingly univer-
sal order to shelter in place [3], subspecialty services such 
as orthopedic and neurological spine surgery have had to 
adapt their service offerings to ensure that their patients 
continued to receive the necessary care. One of the most 
significant changes has been the rapid adoption and accel-
eration of “virtual medicine” practices, defined as reliance 
on telehealth services [4] to facilitate surgeon-to-patient 
interfacing and use of online educational platforms [5] to 
support continued physician learning during these times 
of social distancing [6].

Telehealth involves the use of advanced audiovisual 
aids to provide care for patients or facilitate physician-to-
physician collaboration [7]. Previously considered more 
of an adjunct service with low reimbursement rates prior 
to Spring 2020, telehealth capabilities were firmly estab-
lished in only about half of the US hospitals [7]. Now, 
with the rise of COVID-19 and increased pressures to 
treat patients virtually, government agencies are expand-
ing reimbursements to cover telehealth visits, and health 
care systems are rapidly developing more sophisticated 
telehealth capabilities [8]. In addition to implementing 
telehealth services, spine surgeons have swiftly adopted 
online education as a primary means of continued sur-
geon-to-surgeon engagement during a time widespread 
elective case stoppage, in-person gathering restrictions, 
and travel constraints [9]. Early online education offerings 
during the pandemic focused primarily on dissemination 
of information about COVID-19 and its impact on the 
orthopedic and neurological surgery communities. Online 
education opportunities rapidly expanded to include local 
topic-based spine webinars—including journal clubs, case 
discussions, and indication conferences—to larger spine 
conferences hosted by professional societies such as AO 
Spine, the North American Spine Society, and the Scolio-
sis Research Society, among others [5, 10–12].

Despite anecdotal reports that surgeons and health sys-
tems are increasingly reliant on technology for surgeon-
to-patient engagement and for continuing surgical educa-
tion—so-called virtual medicine practices—the degree to 
which virtual medicine has been integrated into the prac-
tice of spine surgeons is unknown. The aims of this world-
wide survey-based study are (1) to assess the degree to 
which spine surgeons worldwide have integrated telehealth 

services into their practice, (2) to determine the interest 
in online learning and physician engagement platforms for 
continuing spine surgeon education, and (3) to discuss how 
this rapid expansion of these virtual medicine practices 
may impact spine surgery care in a post-pandemic world.

Materials and methods

Survey design and distribution

The AO Spine COVID-19 and Spine Surgeon Global Impact 
Survey were developed to assess the spine surgeons’ per-
spective of the impact of COVID-19 on spine surgery prac-
tice, education, and outlook [13]. Questions were prepared 
via the Delphi method, in which multiple board-certified 
attending spine surgeons reviewed the appropriateness of 
each question prior to achieving consensus [14]. Scope of 
the survey included surgeon demographics/characteristics, 
impact on practice, and utilization of online platforms for 
patient care, physician-to-physician communication, and 
education.

The survey was distributed in English via email to the AO 
Spine membership who had previously elected to receive 
surveys for academic purposes. AO Spine members were 
selected as the target audience, as this group represents the 
largest international society of spine surgeons in the world. 
On March 27, 2020, the survey was emailed to 3805 mem-
bers of AO Spine, representing approximately more than 
60% of the total AO Spine membership. Respondents were 
given a total of nine days to complete the survey prior to the 
pre-determined end date of April 4, 2020. Each participant 
was informed that their participation in the survey was com-
pletely voluntary; that they could end their participation at 
any time; and that their response would likely anonymously 
be aggregated and analyzed for dissemination in peer-
reviewed journals, educational and instructional media, or 
social media.

Statistical analyses

Analyses were performed using Stata version 13.1 (Stata-
Corp LC, College Station, TX). Means and percentages were 
made for rank order and count data, respectively. The analy-
sis focused on surgeons as individuals; surgeons as “high 
telehealth” users, defined as more than 50% of clinic visits 
conducted using telehealth platforms; surgeons as having 
increased interest in online education; and “virtual medi-
cine” surgeons, defined as reporting both high telehealth 
utilization and increased interested in online education plat-
forms. Fisher’s exact tests and Chi-squared tests were uti-
lized to determine difference in count data where applicable. 
Three separate multivariate regressions were conducted to 
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determine predictive factors of being a high telehealth user, 
expressing increased interest in online education, and being 
a virtual medicine surgeon. Independent variables used in 
the multivariate analyses were selected based upon sig-
nificance determined in the aforementioned between group 
analyses. Results of the multivariate analyses were reported 
using odds ratios (OR) with OR = 1 indicating no difference 
between independent and dependent variables. 95% confi-
dence intervals (CI) were also calculated to assess precision 
of the risk estimate. A p value of < 0.05 was used to deter-
mine statistical significance.

Results

902 spine surgeons from 91 countries and 7 regions 
responded to this survey. European spine surgeons com-
prised the largest group by region (242/881, 27.5%). Sur-
geons from Asia (213/881, 24.2%) and North America 
(152/881, 17.3%) were the second and third most repre-
sented groups by regions, respectively (Table 1).

Approximately half of all surveyed surgeons (402/800, 
50.3%) were using telehealth for at least 25% of clinic visits 
and 35.6% (285/801) were “high telehealth surgeons,” con-
ducting more than half of visits virtually. The majority of 
high telehealth surgeons are between 35 and 54 years of age 
(195/284, 68.7%) and practice in Europe (91/281, 32.4%) 
or North America (94/281, 33.5%). Surgeons interested in 
online education are primarily between 35 and 54 years 
of age (400/600, 66.7%) and practice in Europe (160/593, 
27.0%) or Asia (132/595, 22.3%). Virtual medicine surgeons, 
defined as those with > 50% telehealth usage and interest in 
online spine education, are between 35 and 54 years of age 
(143/210, 68.1%), practice in large cities with more than one 
million people (107/211, 50.7%), and live in Europe (68/ 
207, 32.9%) and North America (66/207, 31.9%).

Table 2 highlights the practice demographics of spine 
surgeons who have integrated telehealth modalities into 
their practice. Most respondents were spine surgeons with 
orthopedic surgery backgrounds (637/902, 70.6%) who work 
primarily in academic or private/academic combined insti-
tutions. Nearly two-thirds of surgeons reported that their 
practice is more than 75% clinical (590/893, 66.1%) and 
the majority dedicated less than a quarter of their work to 
research (731/893, 81.9%). Academic surgeons, who com-
prised the largest portion of the respondents (405/802, 
45.4%), relied heavily on telehealth, with 54.1% of their 
group conducting > 25% of visits virtually (p < 0.0001). 
There was no significant difference in usage of clinical tel-
ehealth based upon surgeon specialty, completion of fellow-
ship, years in training, or type of practice (i.e., research, 
clinic, or teaching). Virtual medicine surgeons (Fig. 1) were 
primarily orthopedic surgeons (140/210, 66.4%), those with 

less than 10 years of practice experience (74/146, 50.7%), 
and those in academic practice (112/211 53.1%).

Predictors of high telehealth usage, interest in online edu-
cation, and status as a virtual medicine surgeon are displayed 
in Tables 2, 3, 4 and 5. Working in a purely academic prac-
tice (OR 1.68; 95% CI 1.22 to 2.31; p = 0.0015) or practicing 
in Europe/North America (OR 3.42; 95% CI 2.42 to 4.84; 
p < 0.0001) was associated with increased odds of being a 
high telehealth user (Table 3). With respect to online educa-
tion and engagement platforms, having a practice that dedi-
cated more than 25% to teaching (OR 1.89; 95% CI 1.04 to 
3.43, p = 0.037) was the only factor significantly associated 
with increased odds of expressing interest in spine education 
(Table 4). Similar to predictors of high telehealth usage, liv-
ing in Europe or North America (OR 2.28; 95% CI 1.49 to 
3.51; p = 0.0002) and practicing in a purely academic prac-
tice (OR 1.72; 95% CI 1.15 to 2.58; p = 0.0082) were the 
only factors associated with increased likelihood of being a 
virtual medicine spine surgeon (Table 5).

Most spine surgeons (686/732, 93.8%) expressed inter-
ested in a spine-specific platform through which surgeons 
could connect, collaborate, and seek support (Fig. 2). Euro-
pean and Asian spine surgeons represented the largest group 
at 25.5% (187/732) and 22.4% (164/732) of all surgeons, 
respectively. More than 93% of all surgeons outside of North 
America would be interested in a blog; however, 16.6% of 
North American surgeons reported that they would likely not 
participate in or read a blog. Academic surgeons (308/732, 
42.1%) comprised the largest group of surgeons interested 
in a centralized platform to communicate. When compared 
to surgeons within the same practice type, more than 92.5% 
of surgeons reported interest in a blog.

Discussion

To our knowledge, this is the largest study of its kind aimed 
at assessing the impact of COVID-19 on worldwide practice 
of virtual medicine, including telehealth use for patient care 
and online platforms for physician education. With more 
than 900 total respondents, we noted geographic, demo-
graphic, and practice-type variations in the general use of 
telehealth applications for spine surgery clinic visits. We 
found a high-rate of telehealth utilization among spine sur-
geons, with more than half of surgeons worldwide leverag-
ing telehealth to conduct a significant number (> 25%) of 
virtual physician–patient interactions. Moreover, we found 
that spine surgeons worldwide is interested in continuing 
online education and connecting with other surgeons dur-
ing global crises like the COVID-19 pandemic. More than 
80% of surgeons reported interest in online education and 
more than 93% would utilize a centralized communication 
platform to communicate with other surgeons. Lastly, we 
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identified 211 virtual medicine spine surgeons, who we can 
expect to lead the charge in the rise of telehealth and online 
education in the post-pandemic era.

Our findings support the newly published literature and 
press releases that have described the rapid acceleration of 
telehealth practices in orthopedic and neurosurgical prac-
tices in the wake of the COVID-19 pandemic. In a recent 
survey of 168 orthopedic surgery departments across the 
USA, Parisien et al. [15] found that 63% of institutions are 
providing telehealth services with 23% currently in the pro-
cess of establishing new telehealth capabilities. Of those 
institutions with established telehealth services, more than 
80% implemented these systems recently in response to 
the COVID-19 pandemic [15]. Similar to our results, these 
authors found that increased utilization of telehealth ser-
vices was associated with academic institutions [15]. Sev-
eral groups have already begun to evaluate the utility and 
safety of virtual clinic visits [16]. Two groups of orthopedic 
shoulder and elbow surgeons groups have published on their 
findings that most patients undergoing rotator cuff repair 
[17, 18] or shoulder arthroplasty [18] could have a safe and 
effective visit virtually, without direct surgeon-to-physician 
contact. In the realm of spine surgery, conducting a proper 
neurological exam has been a primary impediment to rapid 
adoption by spine surgeons. Several studies offer guidance 
on performance of a virtual physical examination, including 
specific exam maneuvers that can help spine surgeons assess 
physical function, motor strength, and sensation [19–23]. 
Although the maneuvers discussed in these studies can pro-
vide a fair impression of a patient’s musculoskeletal and 
neurological status, the need for a complete, validated, and 
pressure-tested virtual physical examination is apparent [24].

The US government has played a substantial role in facili-
tating the rapid roll-out of telehealth programs across the 
country. In mid-March of 2020, the Department of Health 
and Human Services (HHS), the Centers for Medicare & 
and Medicaid Services (CMS), and the HHS Office of Civil 
Rights (OCR) announced measures that would encourage 
physicians and surgeons to conduct telehealth visits, includ-
ing temporarily expanding reimbursements for telehealth 
visits and relaxing restrictions on acceptable technology 
platforms [25]. This included the CMS 1135 Waiver [26], 
which broadened access to Medicare telehealth services and 
removed state licensing restrictions through the duration of 
the COVID-19 crisis. Several other governmental organi-
zations have developed guidelines and programs to assist 
providers with implementation and funding of telehealth ser-
vices [27], including the National Consortium of Telehealth 
Resource Centers (NCTRC) [27].

To further the cause, the Federal Communications Com-
mission (FFC) approved $200 million in early April to 
equip hospitals and health care providers with telehealth 
technology and implementation support [28]. Although all Ta
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sources point toward continued governmental support for 
telehealth services during the pandemic, no one can pre-
dict exactly how support may change as practices return to 
business as usual. Potential interventions include medical 
boards scaling back on interstate licensure flexibility [29] 
and CMS narrowing the scope of reimbursable activities 
[5]. Cost will continue to play a major role in the future 

development of telehealth capabilities. Traditional capital 
expenditure models, including hardware, software, security 
platforms, and systems implementation, can start around 
$42,000 and scale up depending size of practice and spe-
cific clinical needs [30]. Importantly, these initial start-up 
figures often do not include the full costs of maintenance 
and continuing improvement such as software upgrades, 
equipment upgrades, and information technology support. 
To curb the weight of initial start-up costs, some compa-
nies have begun offering flat fee services starting anywhere 
from $49 for a simple single-provider HIPAA compliant web 
application[31] to more than $800 per month flat fee, which 
covers workstation, exam camera, and access to the inte-
grated telehealth software without additional per provider 
costs [30]. As demand for long-term telehealth platforms 
continue to expand in the post-pandemic era, we expect to 

Fig. 1  Profile of a virtual medicine spine surgeon

Table 3  Multivariate analysis of > 50% telehealth usage

Odds ratio (95% CI) p value

Male sex 0.57 (0.31, 1.09) 0.088
Europe or North America region 3.42 (2.42, 4.84)  < 0.0001
City population > 1,000,000 1.06 (0.76, 1.48) 0.729
Orthopedic subspecialty 0.76 (0.54, 1.08) 0.125
Purely academic practice 1.68 (1.22, 2.31) 0.0015
Practice breakdown > 25% rsearch 1.34 (0.87, 2.06) 0.185

Table 4  Multivariate analysis of interest in online spine education

Odds ratio (95% CI) p value

Age < 45 years 1.23 (0.6, 2.53) 0.567
Europe or North America region 0.78 (0.48, 1.27) 0.32
Fellowship trained 4.4 (0.26, 72.9) 0.302
0–10 years since training completion 1.28 (0.6, 2.6) 0.5
Purely academic practice 0.64 (0.4, 1.02) 0.059
Practice breakdown < 75% clinical 0.67 (0.41, 1.1) 0.114
Practice breakdown > 25% teaching 1.89 (1.04, 3.43) 0.037

Table 5  Multivariate analysis of region, city, population, and practice 
type on status as a virtual medicine surgeon

a Virtual medicine surgeons are defined as > 50% telehealth usage and 
expressed interest in online spine education

Odds ratio (95% CI) p value

Male sex 0.53 (0.23, 1.24) 0.142
Europe or North America region 2.28 (1.49, 3.51) 0.0002
City population > 1,000,000 0.94 (0.62, 1.43) 0.769
0–10 years since training completion 0.94 (0.64, 1.42) 0.816
Purely academic practice 1.72 (1.15, 2.58) 0.0082
Practice breakdown < 75% Clinical 0.8 (0.51, 1.25) 0.326
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see competitive service offerings aimed at lowering finan-
cial barriers, allowing a more ubiquitous adoption of health 
technology.

Although the seemingly ubiquitous demand for telehealth 
services has spiked across the globe, the feasibility and capa-
bility of implanting such services across regions are much 
more variable. A recent publication by the COVID-19 Pan-
demic Health System Resilience Program (REPROGRAM) 
international consortium reviewed this variability in national 
telehealth programs across various countries/regions with the 
intent of identifying differences in current telehealth frame-
works, gaps in implementation, and future directions for 
improvement [32]. Prior to the pandemic, countries in West-
ern Europe, such as the UK [33] and France [34], had estab-
lished systems for moving in-person medical consultations to 
virtual consultations. The pandemic challenged these health 
systems by testing the scale of their telehealth infrastructure, 
by necessitating governmental funding for growth of current 
telehealth offerings, and by highlighting the need for better 
communication among national health systems [32].

Countries with less-developed health systems face a dif-
ferent set of challenges with respect to telehealth. For exam-
ple, many African nations, particularly those in Sub-Saharan 
Africa, face challenges such as connectivity issues, device 
ownership, physician shortages, ongoing political conflicts, 
and lack of governmental support for technological inno-
vation [32]. Overcoming these barriers will likely require 

intervention at the patient, physician, system, and government 
level in addition to international support.

At the patient-level, even well-established health care sys-
tems will face challenges related to patient computer literacy, 
patient access to high-quality telehealth compatible devices, 
and patient access to reliable internet coverage [35]. For 
example, in the USA, it is estimated that 31.8 million Ameri-
cans do not have sufficient comfort or competence with tech-
nology to use a computer [36]. Moreover, barriers to access 
disproportionately affect older and underrepresented popula-
tions. For example, more than half of US households headed 
by individuals older than 65 years of age do not have a smart-
phone and one-third do not have a desktop or laptop [37]. 
Widespread adoption of telehealth services may be limited 
to certain populations unless barriers such as digital literacy 
and access to telehealth-capable technology are addressed.

With respect to online education and the impact on phy-
sician-to-physician communication and education, we found 
that the majority of spine surgeons (> 80%) are interested 
in participating in online spine education and/or and AO 
spine-specific blogging. This desire for more virtual learning 
opportunities echoes the general attitude that regular surgeon 
engagement, even virtual, facilitates continuous surgeon edu-
cation and ultimately increases surgeon competency. In their 
review of the virtual learning environment, Palan et al. [38] 
discusses how the virtual learning environment can actually 
enhance surgeon learning. Specifically, learners can easily 

Fig. 2  Spine surgeon interest in a centralized online engagement plat-
form. a Geographic heat map of spine surgeons who expressed inter-
est in an online blog or centralized online surgeon-to-surgeon engage-

ment platform. b Breakdown of spine surgeons’ levels of interest in 
an online blog or centralized online surgeon-to-surgeon engagement 
platform
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reference digitally recorded sessions for clarification on diffi-
cult to understand topics [38]. Kogan et al. [39] make specific 
recommendations regarding the use of various team-based 
platforms, such as Microsoft Teams and Zoom, in an effort to 
increase team-based learning efforts. In accordance with the 
results of our survey, participation in these virtual conferences 
is generally higher than normal in-person conferences [39].

Moving forward, online learning will likely become para-
mount in the continuing education of spine surgeons around 
the world. In the short-term, medical groups and societies 
will likely transform more face-to-face events into virtual 
lectures and online conferences. In the post-pandemic era, 
large national and regional spine meetings, once a staple of 
educational camaraderie, may be transformed into virtual 
online webinars. Industry-sponsored meetings and exhibitions 
may digitally convert to three-dimensional virtual learning 
experiences for spine surgeon participants. In the more distant 
future, simulators and virtual reality (VR) platforms, although 
in their infancy, may become more sophisticated and eventu-
ally provide the visual and tactile feedback necessary to mimic 
surgical reality. Online education provides the added benefit 
of “learning on demand,” decreased travel and accommoda-
tion costs, more efficient utilization of time, and the opportu-
nity to learn at the comfort of one’s home or office while con-
necting with international colleagues. Several mediums have 
already started to promote online spine education, such as the 
 eccElearning29 and other academic/society outlets, offering 
postgraduate certificates, diplomas, and other certifications.

This survey-based study is not without limitation. First, the 
questionnaire was only disseminated among spine surgeons 
registered as AO Spine members who previously elected to 
participate in survey research (n = 3,805), and the overall 
response—although high in absolute number (n = 902)—was 
relatively low in rate (23.7%). In absolute terms, this rep-
resents approximately 15% of all AO Spine members. Low 
response rate does not necessarily indicate low validity; how-
ever, it may allow for certain biases to affect the generalizabil-
ity of the findings. Spine surgeons who are active email users 
may be have been more likely to respond to the survey and AO 
Spine respondents may be more representative of an academic 
population. For example, of all 902 respondents, the majority 
were spine surgeons working in academic practices (45.4%, 
n = 405) or spines surgeons working in combined academic/
private practices (22.9%, n = 204) (Table 1). Additionally, 
although the study leveraged the Delphi method for construc-
tion of the survey, time constraints imposed by the pandemic 
and the urgency with which the survey was launched pre-
vented our group from conducting the usual pilot study for 
external validation. Additionally, survey questions aimed at 
assessing reliance on telehealth, online education, and online 
surgeon-to-surgeon engagement were high-level. Additional 
topic-specific questions would undoubtedly add granularity 
to the analysis and deepen our understanding of the pros and 

cons of virtual medicine practices. Despite these limitations, 
the input from responding spine surgeons from around the 
world sheds a new light on the current role of technology in 
patient care and physician education and provides a founda-
tional understanding about the future of the virtual medicine 
spine surgeons.

Conclusions

Without a doubt, COVID-19 has triggered a complete restruc-
turing of how spine surgeons conduct their clinical practice. 
Telehealth, which was once considered technologically 
cumbersome, financially unproductive, and difficult from a 
medico-legal perspective, has now become part of clinical 
spine surgery. Moreover, medical education platforms, which 
were previously used intermittently, have now gained more 
interest by the community and become primary sources for 
online spine education and physician-to-physician commu-
nication. As we move through this COVID-19 crisis and into 
the post-pandemic era, we are hopeful for a return to some 
level of normalcy. However, we can expect that our newfound 
technological capabilities and faith in telehealth may elevate 
the practice of spine surgery to a new normal, to benefit both 
patients and surgeons alike.
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