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LEARNING OBJECTIVES: After participating 
in this CME activity, the spine surgeon should 
be better able to:
1. Describe the critical components of a 

telemedicine encounter.
2. Explain the basic steps of performing a 

physical examination remotely.
3. Identify the disadvantages and future dir

ections of telemedicine in spine surgery.
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F rom early attempts at transmit-
ting electrocardiograph data over 
telephone wires in the early 20th 

century to the present day’s rapid reor-
ganization of health care delivery during 
the coronavirus disease-2019 (COVID-19) 
pandemic, advancements in telemedicine 
have risen to fulfill the needs of health 

care practitioners.1 Telemedicine, defined 
as “the use of electronic information and 
telecommunications technologies to sup-
port long-distance clinical healthcare”  
continues to play a vital role in the care of 
patients across multiple medical special-
ties.2 The ability to evaluate patients and 
construct treatment plans remotely 
remains an invaluable asset in the circum-
stances of the current COVID-19 pan-
demic. Our department initially reported a 
96% decrease in clinical volume by the 
first and second weeks of April 2020, at 
the height of the COVID-19 pandemic. 
Recognizing the need to adapt to the cur-
rent environment, we implemented a tel-
emedicine program and by 1 month post-
initiation we had recouped 70% of our 
previous clinical volume.3 Modern-day 
telemedicine practices for neurologic dis-
ease build upon previous reports that 
demonstrate the ability of telemedicine to 
diagnose and treat multiple neurologic 
conditions, including stroke.4

Although telemedicine literature 
exists for a subset of medical specialties, 
well-designed studies addressing tele-
medicine protocols related to spine sur-
gery, particularly with regard to safety 
and efficacy, are lacking.5,6 Nevertheless, 
utilization has surged3 due to the current 
worldwide health care crisis and telemed-
icine will likely become a permanent 
fixture in our practices. Therefore, we 

must all be prepared to adapt and inno-
vate, as we have so many times before.

OPTIMIZING TELEMEDICINE FOR THE 
SPINE SURGERY PRACTICE

Coordination of a successful telemed-
icine encounter requires proper patient 
selection and understanding of the critical 
components required, herein divided into 
5 discrete components (Figure 1). The 
first 3 are related to optimal preparedness 
for the impending clinical encounter. The 
initial component centers on appropriate 
patient selection for the telemedicine 
encounter. Although any patient may have 
the potential to benefit from telemedicine, 
the ideal candidate is one who falls in the 
middle of the spectrum of “neurosurgical 
acuity.” For example, a patient with a 
recent onset radiculopathy without dan-
ger symptoms (bowel or bladder dysfunc-
tion, progressive or profound motor defi-
cit) who has not undergone any conserva-
tive management may be an ideal candi-
date for a first encounter via telemedicine. 
In most cases, this patient would be pre-
scribed a regimen of conservative man-
agement, while allowing adequate time 
for the potential resolution of symptoms 
before considering surgical intervention. 
Conversely, a patient with a foot-drop and/
or bowel and bladder dysfunction should 
either be referred for an urgent in-person 
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visit or to a nearby emergency depart-
ment, depending on the severity of the 
symptoms. At the other end of the spec-

trum, a patient referred for symptoms of 
axial back pain without any radiographic 
pathology may be best served by diversion 
to a different specialty. In the end, the 
decision is left to the provider’s discretion; 
however, a refined method of triaging 
patients through coordinated efforts 
between clinic staff, surgeons, and mid-
level practitioners may improve clinical 
efficiency and productivity.

The second component involves 
ensuring adequate technology and equip-
ment availability on both sides of the 
encounter. For providers, this ideally 
includes an integrated teleconferencing 
platform within the electronic medical 
record. Although several teleconference 
platforms exist, our institution used Zoom, 
which was adapted to integrate with our 
electronic medical record. On the patient 
side, the simplest barrier to care—the 
availability of a high-definition camera—is 
negligible for the majority of patients with 
the inclusion of cameras in virtually all 
cellular phones and laptop computers.

It is the responsibility of clinic staff 
to communicate with the patient and 
ensure that the appropriate equipment, 
connectivity, and applications are availa-
ble and downloaded before the visit. 
Communication remains a primary direc-
tive of the clinic staff in the days leading 
up to the encounter, ensuring that all 
questions are answered and the patient is 
prepared for the visit (component 3).

Fig. 1 Telemedicine encounter timeline.
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The culmination of the telemedicine preparedness compo-
nents is the encounter itself (component 4). The patient history, 
physical examination, and relevant imaging studies represent 3 
critical pillars in the evaluation and subsequent treatment of 
any spine patient. Fortunately, modern telemedicine lends itself 
well to all 3, with some minor modifications.

The visit is patient-initiated, and a verbal consent should be 
obtained as Medicare coinsurance and deductibles are applica-
ble. It is recommended to use 2-factor identification, such as 
name and date of birth, before starting the encounter.7 Usually, 
it is beneficial to have a companion present to help with the 
various tasks of the visit and will act as a witness to the medical 
discussion. The patient history is obtained in a similar fashion 
as during an in-person visit. The imaging review is also per-
formed in the same manner as an in-person visit largely due to 
modern web-based conferencing technology, allowing the physi-
cian to share their computer screen with the patient and review 
the patient’s digital imaging along with them. This facilitates 
the patient’s understanding of their condition and directly 
engages them in their own care. The main component requiring 
modification, the physical examination, is discussed in the next 
section.

The final component of the encounter, the “postencounter 
briefing,” serves as a recap and again involves the coordination 
of clinic staff, physician, and patient to execute a clinical plan. 
In general, the plan may involve:

1. Conservative management or referral to another provider 
with follow-up as needed;

2. Scheduling an in-person visit for a thorough physical 
examination and/or further diagnostic studies as dictated 
by case complexity; or

3. Direct scheduling for surgery, with final in-person physi-
cal examination to be completed the day of surgery.

At the end of the encounter, a formal note should be docu-
mented for the usual medical and legal purposes.

NEUROLOGIC EXAMINATION
One of the most critical components of any surgeon-patient 

encounter is the physical examination. Established dogma dic-
tates that the physician must lay hands on the patient to truly 
understand their unique human condition. This obviously is not 
possible through a remote encounter. However, the same inno-
vative thinking that has brought us this far may allow this 
hurdle to likewise be overcome. Literature exists to support the 
ability to examine patients through telemedicine.8 Various stud-
ies have confirmed that a basic neurologic examination can be 
performed via an audio-video platform with excellent interob-
server reliability.9 The imminent value of such remote examina-
tions may be in identifying profound neurologic deficits such as 
a foot-drop by asking the patient to perform simple maneuvers 
such as ankle dorsiflexion (Figure 2), either through verbal 
instruction or even visual cues. Correlating such examination 
findings with critical patient history such as the presence of 
bowel and bladder incontinence may allow surgeons to catch 

urgent and emergent clinical situations and direct patients 
appropriately. In most cases, however, an adequate examination 

Fig. 2 Basic examination maneuvers during a telemedicine visit. 
A–C, Evaluation of plantar- and dorsiflexion under a patient’s 
own body weight. D, E, Heel-to-shin test. F, G, Proximal upper 
and lower extremity can be assessed with simple flexion move-
ments. H–J, Use of a chair can assist in the examination of multi-
ple lower extremity groups.
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even for less obvious pathology may be performed within the 
constraints of the telemedicine encounter.

The first component of the neurologic examination, the 
mental status examination, is easily obtained through verbal 
cues and physician observation of the patient throughout the 
encounter.

Although completing a cranial nerve examination remotely 
requires some creativity, obvious and even subtle deficits may 
be uncovered through both observation and simple verbal cues. 
The most readily examinable cranial nerves are those involved 
in motor function where obvious deficits and symmetry can be 
observed, including the extraocular muscles (III, IV, and VI), 
facial musculature (VII), palate (X), trapezius (XI), and tongue 
(XII). Remote evaluation of olfactory (I), optic (II), trigeminal 
(V), vestibulocochlear (VIII), and glossopharyngeal (IX) nerves 
is more challenging and requires careful patient history and 
targeted questioning as a surrogate.

Cerebellar testing may be performed through evaluation of 
the heel-to-shin maneuver or rapid, alternating finger move-
ments. Similar to the in-person examination, evaluation of sym-
metry is critical. Posture and gait can be evaluated by having the 
patient stand and walk while in direct view of the camera. 
However, caution should be exercised with maneuvers that could 
potentially result in injury, such as asking a patient with proprio-
ceptive or vestibular dysfunction to perform a Romberg’s test.

Although confrontational muscle strength testing is not 
highly accurate, gross motor examination can be performed 
over video to ensure proximal upper and lower extremity 
strength is at least antigravity (Figure 2).7 A targeted patient 
history again may serve as a surrogate for more subtle parts of 
the physical examination including evaluation of fine motor 
function. A more detailed lower extremity examination can be 
acquired by asking the patient to stand up from a chair without 
using the upper extremities and through evaluation of plantar-
flexion and dorsiflexion against the patient’s own body weight. 
A comprehensive sensory examination can be challenging, but 
some basic functions can be tested. The ability to discern light 
touch and pinprick can be assessed by having a companion use 
an alcohol swab and toothpick, respectively, in different der-
matomes of interest; however, the validity of these tests has yet 
to be established.

PATIENT SELECTION AND BENEFITS
Routine follow-up including initial postoperative visits may 

also be easily performed through telemedicine. As outpatient 
surgical procedures become more commonplace and the need to 
ensure patient safety and well-being after discharge grows,10 so 
too will the role of remote follow-ups. Instances of the benefits 
of this type of follow up are evidenced by Martinez-Ramos 
et al,11 who demonstrated that remote wound monitoring after 
ambulatory surgery has the potential to reduce unnecessary 
postoperative hospital visits by 50%.

Using this technology as a way to better engage and 
increase satisfaction among patients is also critical. A recent 
survey of patients with chronic neurologic conditions 

demonstrated that 92% favored telemedicine services and 
viewed them as a way to save significant amounts of time and 
money, with the majority preferring to continue their care in this 
manner.12 Avoiding the typical long wait times in hospitals and 
clinics, often conflicting with transportation services, may serve 
to increase overall patient satisfaction metrics and benefit all 
parties involved.

Several studies have demonstrated that telemedicine may 
improve clinical outcomes and result in considerable savings in 
overall costs.13 Additionally, telemonitoring has demonstrated 
an ability to not only reduce the number of emergencies and 
unplanned admission of patients, but also decrease the burden 
of visits to hospitals and health centers.13  Perhaps even more 
impactful is that telemedicine may increase access to quality 
spine care for patients in rural areas without local neurosurgi-
cal services.6,14 Olldashi et al14 showed that nearly 590 neuro-
trauma patients benefited from remote evaluation in facilities 
lacking neurosurgery services. More importantly, approximate-
ly 70% of the patients were successfully treated locally by non-
neurosurgeons as a result.14 Although the possibilities are 
seemingly endless, future high-quality studies are still required 
to assess the impact and utility of telemedicine in spine surgery, 
as literature on this topic remains scarce.15

DISADVANTAGES AND CONSIDERATIONS
Establishing an effective telemedicine practice requires 

significant resources. It involves the appropriate selection of 
equipment, network design, training of the health personnel, 
maintenance of technical services, and support to address any 
infrastructural issues.3,16 In addition, patients must be familiar 
and proficient with the necessary technology. Patient confiden-
tiality is also a concern and providers must ensure the security 
of data transmission and storage. To this end, providers should 
always obtain informed consent specific to each telemedicine 
encounter. Furthermore, some physicians may find it challeng-
ing to establish rapport with their patients over this platform.

With respect to the physical examination, there are many 
technical maneuvers that cannot be reliably performed remote-
ly, potentially limiting the completeness of an assessment. In 
this case, an in-person follow-up visit may be required. With 
regard to telemedicine reimbursements, much uncertainty cur-
rently exists, and reimbursements for Medicaid beneficiaries 
and privately insured patients are widely variable.6 Historically 
resistant, but currently mobilized by the COVID-19 pandemic, 
some the largest health insurance providers have announced 
telemedicine reimbursements to parallel the current reimburse-
ment structure, at least for the time being.17

FUTURE DIRECTIONS
As spine surgeons become more comfortable and under-

standing of what telemedicine provides, its role in patient care 
will expand. For example, use of telemedicine for routine follow-
up visits or to “prescreen” patients for an in-person encounter 
may increase surgeon productivity and efficiency. Moreover, 
saving patients’ travel and wait times will likely directly 
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increase interest in pursuing telemedicine services and may also 
have a positive impact on a patient’s review of their clinical 
experience. In a health care system that is increasingly focusing 
on a value-based care model for reimbursements, this could have 
significant implications. In fact, a Press Ganey “Telemedicine for 
Medical Practice” survey was published in 2018, in some ways 
foretelling the future importance of telemedicine in clinical 
practice.18

It remains to be seen whether the surge in telemedicine 
services offered as a result of the COVID-19 pandemic will find 
a permanent place in our health care system; however, the 
future is bright. Some of the potential benefits to telemedicine 
have been seen before, including telemedicine for trauma ser-
vices, increasing access to care in countries without readily 
available neurosurgical services.14 An integrated approach with 
the involvement of current residents and medical students pro-
vides an opportunity to participate in an advancing field.19 
Future studies focusing on the impact of telemedicine on patient 
outcomes will dictate how this technology is incorporated into 
spine surgery moving forward.

CONCLUSION
Telemedicine continues to have an incremental role in various 

specialties, including spine surgery. The lack of literature regard-
ing telehealth in the context of treating patients with spine pathol-
ogy presents opportunities for future research that will directly 
influence the incorporation of this modality into our practices.
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1. All the following are basic components of a successful 
telemedicine routine, except
A. patient screening
B. technology and equipment survey
C. preappointment communication
D. postencounter briefing
E. family history identification

2. Which one of the following patients would be most suitable for a 
spine telemedicine evaluation?
A. 48-year-old man with a 1-day history of foot drop
B. 35-year-old woman with 12 hours of urinary incontinence
C. 62-year-old woman with acute paraplegia after a fall at home
D. 21-year-old man with mechanical back pain without any 

imaging
E. 65-year-old man 2 weeks after C5-C6 ACDF without any 

symptoms and requires a wound check

3. Which one of the following medical specialties has evidence to 
support the use of remote video basic evaluation with excellent 
interobserver reliability?
A. Chiropractic
B. Ophthalmology
C. Neurology
D. Pathology

4. It is recommended to use 2-factor identification at the start of a 
telemedicine visit. Which one of the following is a suggested 
method of 2-factor identification?
A. Name and date of birth
B. Sex and age
C. Age and home address
D. Medical history and name

5. A basic neurologic examination cannot be done via telemedicine.
A. True
B. False

6. Remote wound monitoring can decrease unnecessary visits to 
the hospital.
A. True
B. False

7. Which one of the following is a potential advantage of a 
telemedicine encounter?
A. Detailed neurologic examination can be performed.
B. No technology is required.
C. Telemedicine is an easy method to establish patient rapport.
D. Telemedicine may result in considerable savings in overall 

costs.

8. All of the following are disadvantages associated with 
telemedicine, except
A. requirement for appropriate equipment
B. requirement for proper network design
C. training of health personnel
D. continued maintenance of technical services
E. possible evaluation of patients in areas with a lack of certain 

subspecialties

9. Patients who need a detailed neurologic examination should be 
evaluated in a clinic setting.
A. True
B. False

10. Scientific literature demonstrating use of telemedicine in spine 
surgery is scarce.
A. True
B. False
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