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Abstract

Study Design: Narrative review.

Objectives: Describe a comprehensive spine telemedicine examination.

Methods: We discuss telemedicine examination techniques for commonly encountered spine conditions.

Results: Techniques to evaluate gait, the cervical spine, the lumbar spine, adult spinal deformity patients, and adolescent scoliosis
patients via telemedicine are described. We review limitations of the spine telemedicine examination and discuss special con-
siderations such as patient safety and criteria for in-person assessment.

Conclusions: While there are limitations to the spine telemedicine examination, unique strategies exist to provide important
information to the examiner. Efforts have already been undertaken to validate and expand the capabilities of the spine tele-
medicine examination.
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Introduction

The worldwide spread of COVID-19 has disrupted nearly every

facet of routine clinical practice. Orthopedic and spine providers

are now providing outpatient care remotely through previously

underutilized digital platforms.1-7 Telemedicine for outpatient

orthopedic care was explored prior to the current pandemic.8-

14 These studies determined that telemedicine consultation was

feasible,12,14 cost-effective,8 and associated with high patient

satisfaction9 for this patient population. However, these efforts

focused mainly on general orthopedics and trauma populations

with little or no focus on patients presenting to spine surgeons.

Some authors have questioned the role of telemedicine for

patients with “back problems,” but this was a purely anecdotal

conclusion based on the treatment of 5 patients in 2 studies.10,12

Recent efforts to characterize the elements of the orthopedic

telemedicine virtual physical exam have focused on the hip,

shoulder, knee, and elbow.15 With the current rapid rise in the

use of telemedicine evaluations, there is a need for a spine-

focused telemedicine physical exam protocol.

Tanaka et al15 recently outlined a comprehensive virtual visit

protocol for patients prior to their telemedicine examination.

This includes a previsit checklist that is sent to patients outlining

instructions to optimize the visit—attire, lighting, privacy, video

connection, camera position, and so on. We have adopted similar

practices with some minor modifications. While orthopedic

physical examinations can be more focused to a single body-

part in some cases (eg, left elbow), the spine examination often

requires the examiner to see a larger area of the body—lower

extremities, full body during gait, and so on. As such, patients

are advised to wear shorts so that the lower extremities can be

assessed and are encouraged to wear clothing that allows for the

modest examination of the chest, abdomen, and back.

Prior to the visit, patients are sent instructions to optimize

camera position and lighting. We advise patients to position

their camera in a space where they will be able to ambulate on

camera. The camera should be positioned to allow for full body

assessment while standing and ambulating. In some instances,
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such as tall and/or obese patients, the camera will need to be

moved further away to maximize the field. This has not been

problematic thus far in our experience. Handheld devices are

particularly useful when someone is accompanying the patient.

Such devices can be easily moved to change focus and zoom.

After making their appointment, patients are contacted by a

staff member to assist with platform access and technology

troubleshooting. Based on screening questions, patients are

instructed to have certain household items present (ie, water

bottle or weight) to aid in the examination. In our experience,

these steps have reduced connection issues and improved the

efficiency of the exam. If previously completed imaging stud-

ies are available from outside sources, we encourage them to be

delivered and uploaded to our PACS (picture archiving and

communication system) system. On the basis of the referral

information, further imaging is needed, we may organize for

them to be obtained prior to the telemedicine visit. Images and/

or diagrams of commonly completed examination maneuvers

can be sent to patients ahead of the visit to facilitate the exam-

ination. While some patients (and providers) have difficulty

with telemedicine and the new technology, our experience has

mirrored the literature regarding shorter wait times and reduced

time requirements, in particular travel to the office, while main-

taining high patient satisfaction.9,16,17

Prior to initiating the examination, a comprehensive new or

interval history should be obtained from the patient. The pro-

vider can ascertain information that focuses the examination

and differentiates elective issues from urgent and emergent

problems—wound drainage, fevers, progressive or severe neu-

rologic deficits, gait disturbances, intractable pain.1 During the

encounter, the provider can often utilize the share screen fea-

ture of the telemedicine platform to review the patient’s ima-

ging. Like any medical or surgical visit, it is important to

review the risks, benefits, and alternatives of the available

treatments with the patient as well as the anticipated outcomes.

Limitations and Special Considerations

Before discussing the elements of the spine telemedicine exam-

ination, it is important to review some limitations of the spine

telemedicine visit. To our knowledge, the essential elements of

a spine telemedicine examination have not yet been validated.

Evaluating extremity reflexes and assessing for pathologic

reflexes (Hoffman’s, Babinski) are key parts of an in-person

spine examination. Unfortunately, this is not possible with a

telemedicine visit, unless of course there is an able assistant at

the patient’s site. In addition, simple provocatory maneuvers

and resistive strength testing may not be assessed. There are

techniques to augment testing that can evaluate for myelopathy

and provide information beyond antigravity strength. However,

one cannot ignore the current limitations of the telemedicine

examination regarding differentiating 4/5 strength from 5/5 and

detecting subtle sensory deficits.18 Since telemedicine will

remain a part of medical practice after the current 2019/2020

pandemic, further work is needed to address the current limita-

tions of the spine telehealth examination.

Compared with other surgical specialties, triaging spine

patients carries a unique set of challenges and higher acuity

cases.1,19 It is imperative to identify patients who may need

urgent face-to-face evaluation and possibly emergent surgical

intervention. The decision to proceed with emergent in-person

evaluation and/or surgery can be made through telemedicine.18

In general, patients with incontinence, urinary retention, progres-

sive neurological deficits, acute loss of ambulation, and/or signs

of infection are advised to present to the Emergency Department

for initial evaluation. While some patients may ultimately not

need spine surgery, the benefit of urgent evaluation in these

instances far outweighs the harm caused by delay.18

The care and safety of the patient during telemedicine eva-

luations are paramount. Like others, we remain concerned

about patient injury and/or falls during gait and balance test-

ing.18 Individuals accompanying the patient are instructed to

remain vigilant and provide support when able. However, when

the patient is alone, the provider must determine if the patient

can safely complete the maneuver. We generally will err on the

side of caution and have been fortunate to not have any patient

safety events. To our knowledge, the extent of provider liability

should a patient become injured during a telemedicine has not

been established. The same principles apply to patients who

rely on walking aids or use wheelchairs for transportation. In

these cases, certain components of the examination are

amended or avoided to ensure the safety of the patient. When

available, individuals accompanying the patient can provide

safety support and be of assistance to the examiner. A sudden

reliance on such aids may be indicative of acute neurologic

decline and warrants immediate investigation. If concerns

regarding safety render the examination incomplete, then the

patient will need an in-person visit.

Some patients require additional support to prepare for and

complete a telemedicine spine visit. However, in our experience,

the additional support is no different than what is required for an

in-person visit. In general, when a patient with a cognitive deficit

presents for an in-person visit they are accompanied by a care-

giver or aid. Similar support is needed for the proper setup and

execution of telemedicine visits and examinations. Patients with

more severe deficits often live in facilities with on-site physi-

cians and clinical staff members. Telemedicine enables the on-

site clinician to communicate directly with the spine provider,

which is generally does not occur during in-person visits. Prior

studies have demonstrated that telemedicine visits are well

tolerated by pediatric spine patients and their parents.17 Visit

scheduling and consent are completed in the same manner as

an in-person visit. Parental involvement in visit preparation

(camera positioning, portal access, etc), intake paperwork and

the examination depends on the patient’s age and maturity level.

Virtual Examination

Gait

Gait evaluation is frequently utilized during in-person patient

visits because it provides useful diagnostic information and
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functional assessment. Under most circumstances, it can be

incorporated into the telemedicine spine consult in a safe and

reasonable manner. The patient is instructed to position the

camera such that their full body is able to be visualized through

the gait cycle (Figure 1). Different abnormal gait patterns are

well described and, in our experience, can be recognized via

telemedicine. While specific gait disturbances can have multi-

ple different etiologies, recognition of abnormal pattern can

influence the remainder of the exam and treatment plan.

Many patients with myelopathy have a spastic paretic gait

characterized by stiff legs, a wide base, and jerky move-

ments.20 The patients also move slowly and have reduced toe

clearance during swing phase. This gait pattern should raise

concern for cervical and/or thoracic cord compression. Recog-

nition of this pattern during a telemedicine exam is even more

important due to the inability to assess reflexes via telemedi-

cine. Patients with lumbar stenosis exhibit a different pattern of

altered gait.21 The hallmark of neurogenic claudication is the

worsening of lower extremity symptoms with standing and

ambulation. These patients adopt a compensatory stooped for-

ward posture during ambulation to reduce epidural pressure.

Patients with significant ankle dorsiflexor weakness (foot drop)

exhibit a steppage gait. These patients either drag the affected

foot or compensate with exaggerated hip and knee flexion.

There is often a slapping sound as the toes of the affected foot

contact the ground. Unilateral foot drop can be caused by a

number of different conditions, including compression of the

L4 and L5 nerve roots. In some instances, coronal deformity,

leg length inequality, and coronal imbalance may become more

apparent with ambulation.22

Cervical Spine

The nature of the telemedicine exam facilitates inspection of

the ventral neck. The dorsal skin is inspected when relevant to

the patient’s history and complaints. Surgical incisions are

evaluated for healing and infection. Posterior incisions should

be assessed for muscle atrophy and appropriate healing. Head

and neck posture are assessed passively during the encounter.

The patient’s head should be midline, with the chin above the

manubrium. The patient should be able to maintain upright

head posture and gaze into the camera. After having the patient

turn their chair or adjust the camera, one can assess the sagittal

alignment of the cervical spine.

Active cervical range of motion (ROM) can be assessed

while the patient remains seated. Limitations due to stiffness

and/or pain are carefully noted. The patient is instructed to

complete flexion (normal 80�-90�), extension (normal 70�), left

and right rotation (normal 70�-90�), and lateral flexion maneu-

vers (20�-45�) (Figure 2). These ROM maneuvers may provide

Figure 1. Gait examination. After repositioning their camera, the patient is instructed to ambulate. Ideally, the patient’s entire body will be
visualized and allow for assessment of balance, posture, and gait pattern.
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additional information regarding the patient’s clinical status.

For example, patients with spinal cord demyelination can expe-

rience an electric shock sensation down the spine into the trunk

and extremities with flexion of the cervical spine (Lhermitte’s

sign).23 Patients with suspected cervical radiculopathy are

instructed to complete neck extension with lateral bending

(Spurling test) (Figure 2). This maneuver, even without axial

compression, is a reliable provocative test in the diagnosis of

cervical radiculopathy.24 The shoulder abduction test for cer-

vical radiculopathy is well-suited for telemedicine.25 Patients

are instructed to abduct their shoulder and hold their arm above

their head. Subsequent relief of upper extremity pain is indica-

tive of a cervical nerve root compression. This test is useful to

distinguish cervical radiculopathy from peripheral nerve

lesions and shoulder dysfunction.

A thorough in-person cervical spine examination determines

the extent of motor and sensory derangements and evaluates for

signs of spinal cord compression and myelopathy. Despite lim-

itations inherent to the telemedicine exam, careful assessment

of upper extremity function can take place via this method.

Upper extremity sensation defects are assessed during the his-

tory. When clarification is needed, the patient is instructed to

pinpoint the precise location of their sensory symptoms via

touch. Upper extremity myotomes (C5-T1) are assessed for

strength against gravity. Significant motor deficits can be iden-

tified in upper extremity muscle groups (0-2/5 strength). Abil-

ity to perform range of motion against gravity can be scored as

“muscle strength of at least 3/5.” When subtle weakness is

suspected, common household objects can be utilized in the

exam. For example, patients can hold bottles of water (1 lb)

or gallon milk (8 lbs) containers to add resistive force.15 The

patient is instructed to “curl” the object with both the right and

left arm to assess strength and stamina differences of the biceps

(Figure 3). This same type of maneuver can be used for deltoid

and triceps function. To assess grip strength the patient can be

instructed to squeeze a tennis ball or any available squishy

object repeatedly. Standing single-arm push-ups against a wall

can also be performed to assess biceps (lower) and triceps

(raise) strength. Buckling or failure to complete the maneuver

indicates weakness.

Patients with myelopathy (cervical and thoracic) will have

alterations to their gait. As a result, we recommend assessing

gait when deemed safe and feasible. We will also perform a

Romberg test if the patient is accompanied by someone, as

impaired dorsal column function may result in swaying or

Figure 2. The nature of the telemedicine exam facilitates evaluation of head and neck motion. The patient is instructed to complete neck flexion
(A), extension (B), and left and right rotation (C). The patient is instructed to complete an extension with lateral bending maneuver (D) if there is
concern for an ipsilateral cervical radiculopathy.

Figure 3. Upper extremity strength can be assessed beyond gravity
using simple household objects. The patient is instructed to “curl” the
object with both the right and left arm to assess strength and stamina
differences of the biceps.
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falling while standing with closed eyes and extended arms. A

positive Romberg test can occur in a variety of a proprioceptive

disorders, including cervical myelopathy. Finger escape sign

and grip and release test are useful tools to assesses for myelo-

pathy with telemedicine.26 In the finger escape test, patients are

instructed to hold their fingers extended and adducted. A pos-

itive finger escape test can be seen in myelopathy and occurs

when the little finger spontaneously abducts and flexes. A pos-

itive grip-and-release test occurs when a patient is unable to

make a tight grip and release it 20 times in 10 seconds (Figure 4)

Myelopathic patients are unable to complete these fast, repeti-

tive motions.

Lumbar Spine

Examination of the lumbar spine usually begins with inspection

of the overlying dorsal skin. This necessitates having the

patient stand and face away from the camera. Evaluation of

the ventral skin is at the discretion of the provider; prior ventral

incision, consideration of anterior retroperitoneal surgery. Sur-

gical sites can be evaluated for stage of healing and/or presence

of infection. If the patient has focal pain, the location can be

identified by the patient. The examiner can assess for obvious

scoliosis, flatback deformity, and leg-length discrepancy. Hav-

ing the patient place their hands on their iliac crests is useful

technique to further estimate the level of their pain; lumbar

spine versus sacrum/sacroiliac joint (SIJ).

Patients with SIJ dysfunction will localize their pain off the

midline and below the lumbar spine (Fortin’s finger test).27

Multiple clinical pain provocation tests for the SIJ have been

described and validated.28 Patients with SIJ pain will often lean

on the unaffected side while seated. Any alteration in posture

while seated can be seen on camera while taking a history and

investigated. With the patient seated, the examiner can ask the

patient to flex, abduct and externally rotate (FABER) the hip on

the affected side (Figure 5). Reproduction of pain with this

maneuver is indicative of SIJ pain. Seated hip range of motion

(flexion, extension, internal rotation, external rotation) testing

is utilized to evaluate for hip osteoarthritis. The drop test is a

reliable provocative test for the SIJ that does not require the

examiner to directly interact with the patient.29,30 While stand-

ing and bracing the wall, the patient is instructed to raise the

heel on the affected side bearing near fully body weight. Next,

the patient forcefully drops their heel to the floor while keeping

the knee extended (Figure 6). Alternatively, the patient can

initiate a small hop on the affected side again landing on the

heal with the knee extended. These maneuvers produce a shear

force cranially through the ipsilateral SIJ that produces pain in

individuals with joint dysfunction.30

Figure 4. The grip-and-release test is a quantifiable test for myelopathy. Myelopathic patients are unable to make a fist (A) and release it (B) 20
times in 10 seconds.

Figure 5. Seated FABER examination for sacroiliac joint (SIJ) pain.
The patient is instructed to flex, abduct, and externally (FABER) rotate
the hip on the affected side.
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In our experience, active lumbar ROM can be readily

assessed via telemedicine. The patient can be asked to reproduce

movements that either produce or alleviate pain. While standing,

the patient can perform flexion (normal 80�-90�), extension

(normal 20�-30�), side bending (normal 15�-30�), and rotation

(normal 30�-40�) maneuvers. Differences in ROM and ability to

perform movements due to pain can be observed and aid in

diagnosis. For example, discogenic symptoms are frequently

exacerbated with flexion and relieved with extension. The oppo-

site can occur in patients with spinal stenosis. Pain with com-

bined extension and rotation can indicate facetogenic pain. In

patients with suspected lumbar radiculopathy, seated straight leg

raise (SLR) can be performed (Figure 7). It is equivalent to a

traditional supine SLR and is practical for telemedicine assess-

ment.31 While seated the patient is instructed to actively extend

the knee with the hip in a flexed position. Lower extremity

radicular pain with knee straightening, or the patient leaning

back to avoid pain indicates sciatic nerve tension.

A key feature of a comprehensive lumbar spine examination

includes the assessment of lower extremity motor and sensory

function. Patients can describe and localize specific areas of

altered sensation and numbness. The lack of physician directed

resistance with routine testing makes it difficult to detail any-

thing beyond 3/5 strength. Despite these limitations, all lumbo-

sacral (L1-S3) myotomes are assessed against gravity. A

significant loss of strength can be identified. A number of

patient-directed maneuvers are helpful to test beyond antigrav-

ity strength in frequently affected muscle groups. First, the

examiner should instruct the patient to properly position their

camera to capture the relevant body part/movement. Safety

should also be assessed prior to attempting these tests as

patients may have altered strength and balance. When the

patient is alone, we recommend making sure a stable surface

(counter, table, etc) is available. Squats, heel-walking, and toe-

walking can be used to further test quadricep (L3/4), ankle

dorsiflexor/tibialis anterior/extensor hallicus longus (L4/5) and

calf/plantar flexors (S1) strength, respectively (Figure 8). Sin-

gle leg squats, toe-rises, and heel rises can further distinguish a

strength deficit relative to the contralateral limb. The hip

abductors (L5) can be evaluated with a modified Trendelen-

burg test by asking the patient to support themselves

Figure 6. Drop test for sacroiliac joint (SIJ) pain. While standing and bracing the wall, the patient is instructed to raise the heel on the affected
side bearing near fully body weight (A). Next, the patient forcefully drops their heel to the floor while keeping the knee extended (B).

Figure 7. Seated straight leg raise (SLR) can be performed in patients
with suspected lumbar radiculopathy. While seated, the patient is
instructed to extend their knee joint.

Satin and Lieberman 971



perpendicular to a table or chair back and then lift their inside

leg while observing if the pelvis dips (Figure 9).

Adult Spinal Deformity

Adult spinal deformity (ASD) refers to a diverse collection of

spinal conditions that occur throughout adulthood. These

patients experience a constellation of neurological and func-

tional symptoms that are distinct from adolescent patients. The

goal of the telemedicine exam for ASD patients is to evaluate

and characterize their global deformity while identifying acute

changes in neurological status or function.

The telemedicine exam for ASD begins with an assessment

of global posture. Standing helps elucidate coronal and sagittal

deformities.22 With the patient standing and facing the camera,

one can inspect the patient for coronal trunk shift. The patient’s

head should be balanced above the pelvis. The patient can then

turn away from the camera. Many of these patients have had

prior surgery. Surgical scars should be inspected for signs of

infection, hardware prominence or failure. One can also eval-

uate for asymmetry of the trunk, shoulders, and pelvis. An

important part of the exam is examining the sagittal profile

of the patient. The camera is positioned to see the patient from

head to toe and the patient is instructed to turn to the side. This

can be difficult to do with a personal computer that is relatively

fixed. An accompanying person with a smart phone or tablet

camera can position themselves to capture the full patient. The

patient is evaluated for positive sagittal imbalance and associ-

ated compensatory mechanisms—hip extension, knee flexion,

pelvic retroversion, posterior tilt of the head.

Following assessment of coronal and sagittal deformity, we

analyze their gait. Patients with ASD often assume a decom-

pensated posture due to the fatigue of inefficient ambulation.

This dynamic sagittal imbalance can provide additional infor-

mation regarding their deformity. As previously discussed, gait

can provide clues regarding nerve root compression and mye-

lopathy. This is especially important since we are not able to

test reflexes. Some patients experience camptocormia, a non-

fixed and involuntary flexion of their lumbar spine, after initi-

ating ambulation.22,32 It is related to Parkinson’s disease and

other neuromuscular disorders and should be distinguished

from structural spinal deformity.

Lower extremity myotomes and dermatomes are evaluated

as detailed above. If there is any concern for cervical compres-

sion, the upper extremities are evaluated as well. Concerning

findings may prompt urgent imaging or in-person evaluation.

Adolescent Scoliosis

Evaluations of new and established adolescent spine patients

have continued throughout the COVID-19 pandemic. A thor-

ough assessment of gait and lower extremity motor/sensory

function should take place as previously detailed. However,

there are additional aspects of the telemedicine exam unique

to this patient population. In particular, the examiner should be

wary of conditions that are important to distinguish from idio-

pathic scoliosis. Facial asymmetry and cranial nerve dysfunc-

tion can point to brain and brainstem abnormalities. If there is

concern, hypermobility can be evaluated using the Beighton-

Horan criteria; elbow extension, knee extension, little finger

extension, thumb to forearm, and forward bending.33 Hyper-

mobility and arachnodactyly are associated with connective

tissue disorders.

Careful examination of the ventral and dorsal aspects of the

trunk takes place with the patient standing. Skin markings can

be indicative of other underlying conditions; tuft of hair in

spinal dysraphism and café au spots in Neurofibromatosis.34

The patient’s feet should be examined for signs of underlying

neurological disorders; toe clawing, cavus deformity, contrac-

tures. Asymmetry of the torso, pelvis and shoulders can be

assessed with patient standing and facing away from the video

camera. Pelvic obliquity can occur in the setting of limb-length

inequality. An unidentified limb-length inequality may be the

source of a functional scoliosis.35

A key component of the adolescent spine examination is

evaluation of coronal and sagittal alignment. Deviation to one

side (coronal decompensation) should be documented.

Increased kyphosis or any sharp change in sagittal alignment

should be noted. The rotation of thoracic vertebrae produces a

rib hump on the convexity of the deformity. The flexibility and

morphology of the coronal curve can be assessed with the

Adams forward bend test. The patient is instructed to turn away

from the camera and bend at the waist until their trunk is in the

Figure 8. Squats (A), heel-walking (B), and toe-walking (C) can be
used to further test lower extremity myotomes.
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horizontal plane. The rib hump can be viewed and compared

with the lower side to estimate the degree of deformity and

flexibility. The patient then can be instructed to bed to each

side to further assess coronal flexibility of both the thoracic and

lumbar components of their curves.

Future Directions

Future work is needed to assess the quality and validity of the

spine telemedicine examination. Given the likelihood that tele-

medicine will persist and grow even after the restrictions of the

pandemic, it will be important to assess patient satisfaction

with the experience. Perhaps certain patients or visit types are

best suited to this medium. Tanaka et al15 reviewed some of the

potential technological advances related to motion-capture

imaging and remote dynamic testing.15 With regard to spine

surgery, efforts have already been taken to develop a self-

administered neurological examination for telemedicine that

utilizes TheraBands and Semmes-Weinstein monofilaments.36

Future work will no doubt expand on these efforts and increase

the reliability and reproducibility of the spine telemedicine

examination.
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