
Review

The Virtual Shoulder and Knee Physical
Examination

Joseph D. Lamplot,* MD, Sridhar Pinnamaneni,† MD, Stephanie Swensen-Buza,‡ MD,
Cort D. Lawton,§ MD, Joshua S. Dines,‡ MD, Danyal H. Nawabi,‡ MD, Warren Young,‡ MD,
Scott A. Rodeo,‡ MD, and Samuel A. Taylor,‡k MD

Investigation performed at the Hospital for Special Surgery, New York, New York, USA

The COVID-19 crisis has forced a sudden and dramatic shift in the way that clinicians interact with their patients, from outpatient
encounters to telehealth visits utilizing a variety of internet-based videoconferencing applications. Although many aspects of pre–
COVID-19 outpatient sports medicine care will ultimately resume, it is likely that telehealth will persist because of its practicality and
because of patient demand for access to efficient and convenient health care. Physical examination is widely considered a critical
obstacle to a thorough evaluation of sports medicine patients during telehealth visits. However, a closer reflection suggests that a
majority of the examination maneuvers are possible virtually with limited, if any, modifications. Thus, we provide a comprehensive
shoulder and knee physical examination for sports medicine telehealth visits, including (1) verbal instructions in layman’s terms that
can be provided to the patient before or read verbatim during the visit, (2) multimedia options (narrated videos and annotated
presentations) of the shoulder and knee examination that can be provided to patients via screen-share options, and (3) a corre-
sponding checklist to aid in documentation.
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The COVID-19 crisis has resulted in a sudden and dramatic
shift in the delivery of clinical care for patients with sports
medicine injuries, away from in-person outpatient clinic
visits to remote telehealth evaluations.48,62 Web-based
videoconferencing platforms are widely available, are
user-friendly, and enable face-to-face patient-clinician
interaction.23 As a consequence of social distancing

measures and imposed restrictions on in-person evalua-
tions, clinicians and patients have been forced to embrace
videoconferencing regardless of their previous notions. Sev-
eral studies across an array of medical disciplines have
reported that, compared with in-person visits, telehealth vis-
its have similar patient satisfaction levels while concomi-
tantly reducing travel costs, visit times, wait times, and
overall health care costs.3,46,50,71,72 Despite its increasing
utilization in other health care disciplines, telehealth was
not widely adopted by sports medicine practitioners before
the COVID-19 crisis.38 However, we now recognize that
telehealth is an effective option for musculoskeletal care and
will likely endure even after the pandemic, driven by physi-
cian and patient demand for efficiency and conve-
nience.38,44,48,62 One common stance was that
musculoskeletal telehealth visits are limited without
an in-person physical examination.9,28,29,66,67 Although
1 recently published study described basic physical exam-
ination components,62 to our knowledge, we provide below
the first comprehensive description of a shoulder and knee
physical examination for telehealth purposes.

The purpose of this article was to provide clinicians with a
comprehensive shoulder and knee physical examination for the
telehealth visit, including (1) verbal instructions in layman’s
terms that can be provided to the patient before or read verba-
tim during the visit, (2) multimedia options (narrated videos
and annotated presentations) of the shoulder and knee exa-
mination that can be provided to patients via screen share
options, and (3) a corresponding checklist for documentation.
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PREPARATION FOR TELEHEALTH VISIT

Before the telehealth visit, baseline information should be
provided by the patient, including specific questions
regarding their chief complaint, history of present illness,
medical and surgical history, allergies, home medications,
social history, and a review of systems. The patient should
also review instructions on how to set up one’s camera to
adequately visualize the affected joint or area of interest. At
the start of the visit, the patient should be seated with his
or her camera at eye level. During the physical examina-
tion, patients will be asked to reposition themselves and
their camera based on the body part being examined. The
required distance and angle of the camera will vary by the
type of camera and patient position (Figure 1). Further-
more, it is important for the patient to be dressed in appro-
priate clothing in preparation for the telehealth visit.
Guidelines for appropriate clothing, exam space, patient
positioning, camera positioning, and required common
household items are provided. Available support from infor-
mation technology is helpful for troubleshooting any tech-
nical difficulties.

SHOULDER EXAMINATION

Before the start of the shoulder exam, the patient should
review the guidelines provided in Appendix Table A1 (avail-
able as supplemental material). The shoulder exam should
include an evaluation of the cervical spine, including an
assessment of range of motion and the location of pain as
well as the Spurling test.28,68,69 When a patient presents
with undifferentiated shoulder and neck pain, it is impor-
tant to rule out a neurological or cervical cause of the
patient’s symptoms.28,29,76 The Spurling test can be helpful
in suggesting a diagnosis of cervical disc disease.28,68,69

The shoulder exam can be broadly divided into a core
exam and abnormality-specific special testing. The core
exam includes an overall inspection, assessment of the
localization of pain, range of motion testing, motor testing,
sensory testing, and peripheral vascular exam. Further
special testing can be tailored by the clinician depending
on the patient’s suspected injury.28,29,66,67 A comprehensive
description of the entire virtual shoulder exam is available
in Appendix Table A1, and illustrated examples of each
shoulder physical examination component along with writ-
ten instructions is available in Appendix 1 (available as
supplemental material). Video examples of the core exam
and abnormality-specific special testing are also available
(see Video Supplements 1-4). Each of these items may be
shared with patients.

Core Shoulder Examination

The core shoulder examination components are shaded in blue
in Appendix Table A1. An inspection of both shoulders should
evaluate for obvious muscle atrophy, deformities, prior inci-
sions, scars, skin lesions or rashes, swelling, ecchymosis, or
erythema. The patient should be asked to turn so that the
camera is able to visualize the front, side, and back of the
affected shoulder for a thorough inspection (Appendix 1). The
latter view may be particularly useful for identifying rotator
cuff atrophy. The patient will be asked to identify the location
of maximal pain by pointing to the area with a single finger.
Range-of-motion testing should be performed, assessing for
symmetry and limitations due to pain. Shoulder forward flex-
ion should be visualized from the side, external rotation and
abduction with the patient directly facing the camera, and
internal rotation with the patient’s back to the camera (see
Video Supplement 1). Previous studies have leveraged tech-
nologies, including smartphone applications, virtual

Figure 1. Schematic of a virtual examination for the (A) shoulder and (B) knee.
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goniometers, and motion-sensing devices, such as acceler-
ometers and gyroscopes, to evaluate shoulder range of
motion.7,75,78 Strength testing should be performed against
gravity and with the use of common household items.62 Sen-
sory testing and a peripheral vascular examination can be
performed independently by the patient and should be com-
pared with the contralateral extremity. For sensory testing,
the patient will be asked if he or she has any areas of numb-
ness, burning, or tingling and may be asked about specific
anatomic locations. For the peripheral vascular exam, the
patient can be asked if one hand feels cooler than the other
and may also perform an assessment of capillary refill. Scapu-
lothoracic kinematicsand dynamic motionareoftenassociated
with shoulder injuries.29,35,45,63 Bilateral scapulae can be
assessed using theKibler test, which is performed by assessing
bilateral scapular motion during shoulder elevation in the sag-
ittal and scapular planes and may be graded as “normal” or
“scapular dyskinesis.”5

Special Testing

Abnormality-specific special testing can be subdivided into
impingement/rotator cuff injury, glenohumeral instability,

acromioclavicular (AC) joint arthrosis, biceps-labrum com-
plex (BLC) disease, thoracic outlet syndrome, and general-
ized ligamentous laxity.28,29,66,67 Most special tests can be
completed independently by the patient with only minor
alterations to the originally described techniques (Figure 2).

An additional remote examiner, such as a family member,
can help facilitate the performance of these provocative man-
euvers but is not a prerequisite. The patient will be guided
through each test by a detailed verbal explanation in real
time. The sensitivity, specificity, and likelihood ratios for the
in-person version of these exams are provided for each test,
where available.

Rotator Cuff and Impingement. See Appendix Table A1
(available as supplemental material). The Neer and Haw-
kins tests are useful screening tests for rotator cuff injuries
and can be performed by having the patient use one’s con-
tralateral extremity for assistance.26-28,31,39,46,66 Rotator
cuff strength testing can be performed using household
items (Table 1).

We recommend using 2 plastic grocery bags (double bag)
and cans of soup or vegetables weighing approximately 16
oz each. The addition of more cans to the grocery bag
increases the resistance during strength testing and allows

Figure 2. Modifications to common maneuvers for a virtual shoulder examination. (A) The Jobe test (thumbs down in abduction)
with soup cans in a grocery bag for resistance. (B) Resisted external rotation testing. (C) Resisted internal rotation testing. (D) The
Hawkins test using the contralateral hand to push the abducted shoulder into internal rotation. (E) Cross-body adduction using the
contralateral arm. (F) The O’Brien (active compression) test with the thumb pointed down and resistance provided by soup cans in
a grocery bag. (G) The O’Brien test with the thumb pointed up.
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for a modified strength grade. The grocery bag handles
allow strength testing to be performed with the thumb
pointed upward or downward. We have developed a mod-
ification of the Jobe test in which the patient holds a
grocery bag with soup cans with the thumb pointed down
at shoulder level in the scapular plane (see Video Sup-
plement 2).26-28,31,39,46,66 To evaluate the teres minor, the
hornblower or Patte test can be performed with the patient
directly facing the camera.13,26,27,73 The belly press and
liftoff tests can be performed entirely by the patient, with
the affected side facing the camera.4,26,27,31,60,77

AC Joint and BLC. See Appendix Table A1 (available as
supplemental material). A useful screening tool for identi-
fying AC joint injuries is the assessment of tenderness to
palpation over the AC joint, which may be performed by the
patient using the contralateral hand.26-28,66,74 The cross-
body adduction test can also be performed independently
by the patient.12,26,27,74

The Speed and Yergason tests are good confirmatory
tests for proximal biceps injuries that can be modified to
be performed entirely by the patient.5,6,21,28,30,66 Tender-
ness to palpation of the biceps tendon and the O’Brien
active compression test are also screening tests for BLC
disease including the extra-articular bicipital tunnel.64

We have modified the O’Brien test to be performed by the
patient alone using a grocery bag with soup cans (see Video
Supplement 3).

Glenohumeral Instability. See Appendix Table A1
(available as supplemental material). The anterior
apprehension test is an excellent screening and confir-
matory test for diagnosing anterior shoulder instabil-
ity,18,28,66 and this can be performed by instructing the
patient to place the affected shoulder in a thrower’s posi-
tion (abduction and 90� of external rotation). The poste-
rior stress test for posterior instability and the sulcus
test for inferior or multidirectional instability have also
been modified to be performed entirely by the patient
(see Video Supplement 4).

The maneuvers comprising the Beighton score (Appendix
Table A1) and Roos test can be performed independently by
the patient to evaluate for generalized joint hypermobility
and thoracic outlet syndrome, respectively.8,33

Postoperative Shoulder Examination

The postoperative virtual shoulder examination is a con-
densed version of the core shoulder exam intended for
patients during the first 6 postoperative weeks. This is
intended to evaluate for any concerning findings that would
suggest the necessity for an in-person evaluation. The cam-
era must be positioned to fully visualize the operative
shoulder so that the clinician can assess for incisional
wound healing, surrounding erythema, drainage, ecchymo-
sis, or rashes. Range of motion (testing when appropriate)
can be compared with the contralateral side as outlined
above. A virtual goniometer can be particularly useful to
assess range of motion and assess progress between post-
operative visits.19,62

KNEE EXAMINATION

Before the start of the knee examination, the patient should
review the guidelines provided in Appendix Table A2
(available as supplemental material). When a patient pre-
sents with undifferentiated lower extremity pain and low
back pain, it is important to rule out a neurological cause of
the patient’s symptoms. Hip or vascular injuries should
also be considered in the evaluation of undifferentiated
lower extremity pain.

The knee exam can be broadly divided into a core exam
and abnormality-specific special testing. The core exam
includes an overall inspection, palpation, range-of-motion
testing, motor testing, sensory testing, and peripheral vas-
cular exam.9 Special testing can be tailored by the clinician
depending on the patient’s suspected abnormality (Figure
3). A comprehensive description of the entire virtual knee
exam is available in Appendix Table A2, and illustrated
examples of each knee physical exam component along with
written instructions is available in Appendix 2 (available as
supplemental material). Video examples of the core exam
and abnormality-specific special testing are also available
(see Video Supplements 5-8). Each of these items may be
shared with patients.

Core Knee Examination

The core knee exam components are shaded in blue in
Appendix Table A2. The knee exam should include an eval-
uation of the patient’s gait. An inspection of the bilateral
lower extremities should evaluate for alignment, obvious
muscle atrophy, deformities, incisions, scars, skin lesions
or rashes, swelling, ecchymosis, or erythema. The patient
should be asked to turn so that the camera is able to visu-
alize the front, sides, and back of the knee for a thorough
inspection (Appendix 2). The patient should be asked to
identify the location of maximal pain by pointing to that
area with a single finger. Range-of-motion testing should
be performed while assessing for symmetry and pain (see
Video Supplement 5). The use of a virtual goniometer can
aid in the evaluation of alignment and range of motion.19,62

Sensory testing and a peripheral vascular exam can be per-
formed by the patient and should be compared with the

TABLE 1
Common Household Items for Strength Testing

Approximate
Weight, lb/kg

Preferred
Household

Item(s)a Alternative Household Item(s)b

1.0/0.5 1 canned good 12- to 16-oz bottle of water, soda,
or juice

4.0/2.0 4 canned goods 2-L bottle of soda; carton of milk
8.0/4.0 8 canned goods Gallon of water or milk; large

bottle of laundry detergent or
bleach

aApproximately 12-16 fl oz per canned good (soup, beans, diced
tomatoes, etc).

bAvoiding glass objects.
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contralateral side. Strength testing requires a remote
examiner such as a family member.

Special Testing

Abnormality-specific special testing can be subdivided into
ligamentous instability, meniscal injury, and patellofe-
moral joint injury.

Ligamentous Instability. See Appendix Table A2 (avail-
able as supplemental material). The lever test has been
shown to be more sensitive than other tests for the diagnosis
of anterior cruciate ligament (ACL) injuries, including the
Lachman test.9,37 The modification of the lever test, in which
the examiner presses downward on the distal femur of the
leg with the examiner’s other fist positioned beneath the calf,
is particularly well suited for a telehealth evaluation.32 A
positive test result is an objective and visual finding in which
the patient’s heel does not rise off of the table; this does not
rely on a subjective determination such as the Lachman and
anterior drawer tests. To evaluate for posterior cruciate lig-
ament injuries, the posterior sag test53 and quadriceps
active test9,15,53 can be used. Both tests should be performed
with the camera viewing the knee from the side with the
patient supine (see Video Supplement 6).

Meniscal Injury. See Appendix Table A2 (available as
supplemental material). Several tests have been described
to evaluate for meniscal injuries, and we have modified some
of them to be performed by the patient alone, including the
bounce test and hyperflexion test.9,40 The Thessaly test can
be performed by the patient independently while directly
facing the camera (see Video Supplement 7).9,22,25

Patellofemoral Joint Injury. See Appendix Table A2
(available as supplemental material). The J-sign indicates
patellar maltracking and can be observed with the patient
directly facing the camera in a seated position.9,40,47,57 Patel-
lofemoral crepitation is easily assessed by patients indepen-
dently. Crepitus is typically enhanced by knee extension
against resistance, and thus, the patient is encouraged to
do this with the help of a family member. We have modified
the patellar apprehension test to be performed entirely by
the patient in a supine position (see Video Supplement 8).9,40

A single-leg squat performed with the patient directly facing
the camera can demonstrate valgus, internal rotation col-
lapse indicative of neuromuscular imbalance, or a hip injury
that may contribute to knee pain. The maneuvers compris-
ing the Beighton score (knee and elbow recurvatum, thumb
to forearm apposition, and lumbar flexion) can be performed
by the patient to evaluate for generalized joint hypermobility
(Appendix Table A2).33

Postoperative Knee Examination

The postoperative virtual knee exam is a condensed version
of the core knee exam. Depending on the procedure per-
formed, time point postoperatively, and weightbearing sta-
tus, the patient’s gait can be assessed. The camera must be
positioned to fully visualize the operative knee so that the
clinician can assess for wound healing, surrounding ery-
thema, drainage, ecchymosis, or rashes. The camera should
be positioned so that bilateral knees are visible to compare

and assess swelling and the presence or absence of effusion.
Range of motion (testing when appropriate) can be com-
pared with the contralateral side as outlined above.
A virtual goniometer can be particularly useful to assess
range of motion and assess progress between postoperative
visits.19,62

IMPLEMENTATION OF
VIRTUAL PHYSICAL EXAMINATION

Similar to an in-person new patient visit, our recommen-
dation is that the physical examination for a telehealth
patient start with the “core exam,” followed by additional
abnormality-specific special testing as clinically appropri-
ate. The specific special tests performed during a virtual
physical exam should be directed by the patient’s history
of present illness and basic exam findings. The clinician
can select specific physical exam tests from the menu of
maneuvers pertinent to the presenting shoulder or knee
chief complaint. The time required to perform an exam can
vary based on a variety of factors. In our experience, the
core knee and shoulder exams as listed require approxi-
mately 5 minutes to complete, and the problem-focused
exam takes approximately 5 to 10 minutes to complete.
The efficiency of the virtual exam can be optimized by
choosing a sequence of exam maneuvers that minimize the
number of times that the patient has to change between
standing, sitting, and supine positions, and this has been
incorporated into our core shoulder and knee exams.
Three clinical workflow strategies may be implemented
by clinicians:

1. Exam reveal: The clinician exposes the patient to the
requisite physical exams for the first time during the
telehealth visit. While this has the advantage of elimi-
nating the need for an extensive review of data by the
clinician and/or office staff before the telehealth visit, it
often adds time to the visit itself because of the need for
the clinician to explain, review, and clarify the different
physical exam maneuvers.

2. Comprehensive preview: The clinician may choose to
review the patient’s intake form, including a history
of the present illness, in advance of the scheduled
telehealth visit and use this information to generate
a differential diagnosis. The clinician can then
send the patient the video demonstrations and writ-
ten instructions for both the core exam and any indi-
cated abnormality-specific special tests. This
strategy allows patients the opportunity to review
and perhaps practice the physical exam maneuvers
in advance of the visit. We have found, however, that
this volume of information is often overwhelming to
the patient and is ultimately not effective. This
results in the patient’s presenting to a telehealth
visit with the same familiarity as those in the “exam
reveal” group.

3. Core exam preview: The patient is supplied with video
demonstrations and written instructions for only the
“core exam” of the affected joint to be reviewed in
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preparation for one’s scheduled telehealth visit. The
clinician’s staff simply provides the patient with infor-
mation for the relevant joint-specific core exam. From a
clinical workflow and logistics perspective, we have
found this to be the most time-efficient approach, as
this strategy does not require a detailed chart review
as with the “exam reveal” strategy. Additionally,
patients are more likely to successfully complete the
preview because they are only asked to review limited
information and written instructions. This approach
thereby improves patients’ familiarity with the format
of the exam and improves visit efficiency for
the patient, clinician, and ancillary office staff.
Abnormality-specific special testing is conducted in
real time during the telehealth visit, with explanations
and clarifications provided by the clinician using avail-
able screen share options.

Regardless of the strategy selected by the clinician, the
tools provided here offer a comprehensive and standardized
approach to the virtual shoulder and knee exam, including
office workflow, previsit setup, and physical exam testing.
Improved standardization of these modified virtual exam
tests will likely result in better reliability and validity of the
virtual exam.

Limitations

There is no doubt that an in-person exam offers the most
comprehensive opportunity for a musculoskeletal evalua-
tion, including detailed passive range of motion, focused
palpation, tactile recognition of crepitation, accurate
strength assessment, and determination of ligamentous
instability. We recognize that it is impossible to replace the
ability of an experienced musculoskeletal clinician to per-
form certain physical exam maneuvers such as the Lach-
man and pivot-shift tests for ACL integrity or load and shift
testing for glenohumeral instability. However, we also rec-
ognize that many aspects of the physical exam for sports
medicine patients can be efficiently and accurately per-
formed via an internet-based telehealth platform. In fact,
in a randomized controlled trial of orthopaedic visits per-
formed via telehealth compared with in-person consulta-
tions, physicians rated their ability to examine patients
as good or very good in 98% of telehealth visits, with no
significant differences between groups and no adverse
safety events.11 By expanding our menu of exam maneu-
vers to include alternatives such as the lever test for the
ACL,9,37 as well as minor modifications to classic maneu-
vers to be self-performed such as the Jobe test,26-28,31,39,46,66

we can still obtain useful data, albeit imperfect, via the

Figure 3. Modifications to common maneuvers for a virtual knee examination. (A) The lever test for anterior cruciate ligament
integrity. A soup can is placed beneath the calf, and the distal femur is pushed downward with both hands. A positive test result is
an objective and visual finding in which the patient’s heel does not rise off of the table. (B) The bounce test with a soup can placed
beneath the heel. The patient is asked to slightly bend the knee and then allow it to bounce down so that it is completely straight,
repeating this several times quickly. (C) Patellar apprehension test with the ankle of the affected leg crossed over the contralateral
ankle and both thumbs used to apply a lateral directed force on the medial facet of the patella. (D) Hyperflexion test with a towel
wrapped around the anterior ankle, which is used to pull the knee into hyperflexion. The towel is allowed to relax and then pulled
back again several times quickly.
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virtual exam to allow for reasonable, remote clinical deci-
sion making.

While we provide recommendations regarding proper
positioning of the patient and camera, we acknowledge that
certain camera angles and patient positions may not allow
the clinician to interpret certain tests with the same accu-
racy as an in-person exam. Additionally, tests that utilize a
remote examiner may be performed by someone who is not
trained in performing a musculoskeletal exam. While the
layman’s instructions and video demonstrations provided
for each test allow the remote examiner and patient to help
the clinician identify certain abnormalities when present, it
is possible that test findings may be incorrectly interpreted
or reported by the examiner or patient despite uniform
instructions. The sensitivity, specificity, and diagnostic
accuracy of these tests when performed by a patient or
untrained remote examiner and interpreted by a clinician
have yet to be defined, but they are likely lower than pub-
lished values for the same tests performed by an experi-
enced examiner in person. As such, treatment plans
should be formulated only when findings of the virtual
physical exam corroborate the patient’s history and imag-
ing studies. Conflicting findings should prompt a formal in-
person evaluation before clinical decision making.34

We have found that a virtual assessment of knee liga-
mentous injuries, patellar instability, and glenohumeral
instability generally provides a more limited amount of
diagnostic information compared with in-person exams.
When patients present with a history suggestive of these
conditions, we still perform an initial virtual physical exam
as outlined above but have a low threshold to obtain
advanced imaging (typically in the form of magnetic reso-
nance imaging) and a subsequent in-person visit. Similarly,
glenohumeral instability testing including apprehension
and sulcus tests also seems to be limited when compared
with an in-person exam. Finally, some patients may be
uncomfortable with telehealth consultations or postopera-
tive follow-up visits. One study demonstrated a 12.1% drop-
out rate of patients randomized to telehealth visits after
rotator cuff surgery, with similar rates in other previously
published studies.11,41-43 While a virtual exam has many
inherent limitations compared with an in-person exam per-
formed by a trained clinician, we have attempted to utilize
the best available resources to optimize the assessment of
the shoulder and knee for telehealth purposes.

Current and Future Directions for Telehealth
in Sports Medicine

Telehealth in orthopaedics has been shown to be
effective for remote consultations, outpatient care, and
rehabilitation.10,11,34,54,70 Telehealth has also been shown
to improve access to care for patients with musculoskeletal
complaints.65 While telehealth visits will not entirely
replace in-person visits for sports medicine patients, they
offer a wide array of advantages. These visits can offer
alternative, cost-effective, and convenient access to muscu-
loskeletal surgical and nonsurgical care. Additionally,
these visits can screen and identify patients who need

emergency room evaluations, surgical consultations, and
advanced imaging. In particular, we envision telehealth
visits replacing certain postoperative and follow-up visits,
which might require a clinician-patient discussion, imaging
review, and abbreviated virtual physical exam as detailed
above. Multiple recent studies have suggested that the use
of telehealth for postoperative follow-up after joint replace-
ment surgery is safe and economically beneficial.42,43

Sharareh and Schwarzkopf56 reported that telehealth vis-
its after total joint arthroplasty were actually associated
with increased patient satisfaction compared with tradi-
tional outpatient visits, and this has been consistent with
the recent experience of the senior author (S.A.T.) in the
setting of a high-volume total shoulder arthroplasty prac-
tice. Kane et al34 performed a randomized controlled trial of
patients after rotator cuff repair, showing that these
patients were able to receive safe and effective follow-up
care using telehealth when compared with traditional out-
patient visits. Abel et al1 compared in-office visits with tele-
health visits conducted within 24 hours of one another after
arthroscopic orthopaedic surgery in adolescent patients,
demonstrating that both types of visits had similar results
when assessing range of motion, incision characteristics,
and effusion size. Patients expressed a preference for tele-
health appointments. A review of telehealth in upper
extremity orthopaedic surgery demonstrated that postop-
erative wound complications can be easily recognized dur-
ing telehealth encounters.23

With an increasing emphasis on value-based health
care,51 the cost savings associated with telehealth visits
will likely drive an increase in the number of telehealth
patient encounters in the coming years. Multiple studies
on telehealth visits in orthopaedics have demonstrated
reduced costs and similar clinical outcomes when compared
with traditional outpatient visits.20,58,59,61 In 1 study on the
use of telehealth in pediatric sports medicine patients,
Atanda et al3 reported significantly shorter visit and wait
times for telehealth virtual visits for the purposes of follow-
up, postoperative checkup, and imaging review. On aver-
age, families saved 85 miles of driving and $50 in visit costs,
with a satisfaction rate of greater than 90% as well as 99%
recommending telehealth to other patients. Those authors
also reported significant savings for the hospital system.
Harno et al24 reported that in-person outpatient orthopae-
dic visits cost 45% more than a teleconsultation when con-
sidering equipment costs, maintenance, and staffing. In a
randomized controlled pilot study, Sathiyakumar et al55

found that no telehealth patients missed work for follow-
up of nonsurgical orthopaedic trauma injuries, compared
with 56% of patients who had traditional visits. Multiple
other studies have corroborated these findings, suggesting
that most telehealth systems reduce costs, including in
orthopaedic care specifically.10,16,17,42 These socioeconomic
savings are especially important given rising health care
costs and the increasing emphasis on value-based care.34

The advent, use, and access of technologies and video-
based online platforms have changed the landscape of
telehealth visits. Over the past decade, leveraging new
technologies to better understand and treat patients has
become an increasing focus of health care.2 With
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increased patient access to video-based online platforms,
we feel that using these technologies specifically in the
area of musculoskeletal care has many advantages,
including standardizing the patient encounter, helping
to identify at-risk patients, and improving the reliability
and accuracy of the virtual physical exam. Multiple stud-
ies have evaluated the interobserver and intraobserver
reliability and validity of assessing different physical
exam data points such as range of motion, acceleration,
and velocity using wearable accelerometers, gyroscopes,
camera-based motion software, and inertial sensor mon-
itoring units.49 In the future, we envision the use of a
combination of video-based online platforms, motion
sensing technologies, and data analytic software to sup-
plement the virtual physical exam.

The COVID-19 crisis and imposed social distancing man-
dates have forced orthopaedic surgeons to adopt new and
unfamiliar ways to evaluate patients including telehealth
visits. As we have become increasingly facile and comfort-
able with this video-based communication platform, many
physicians have realized that we can effectively perform a
virtual history, conduct a physical exam, and review imag-
ing studies in a similar manner to in-office visits.44 We
believe that telehealth visits will endure well beyond the
resolution of the current COVID-19 crisis as a result of
patient and clinician satisfaction and will be integrated into
our collective “new normal.” In fact, our institution has
encouraged clinicians to continue telehealth visits at least
one-half day per week in perpetuity to accommodate
patients with limited geographical availability and those
requiring flexible scheduling times.14,36,52

CONCLUSION

Virtual telehealth platforms for care delivery are likely to
endure, in part because of patient and clinician satisfaction,
health care savings, geographical expansion, and improved
time efficiency. The physical examination is long consid-
ered by clinicians to be a cornerstone in the evaluation of
musculoskeletal patients, and this has resulted in the slow
adoption of virtual telehealth visits. However, further con-
sideration reveals that the majority of a traditional shoul-
der and knee examination can be accomplished virtually
with little to no modification of tests and still enable clinical
decision making. We have provided the first comprehensive
description of a shoulder and knee physical exam for the
purpose of telehealth virtual visits, including several
abnormality-specific special tests. Specifically, we provided
(1) verbal instructions in layman’s terms that can be pro-
vided to the patient before or read verbatim during the
virtual visit, (2) video demonstrations of the general shoul-
der and knee exam as well as special tests accompanied by
audio instructions that can be shown to patients via
screen-share options, and (3) a corresponding checklist for
documentation. These tools improve the patient’s under-
standing of what is being asked and, in return, will likely
improve the reliability and accuracy of the virtual physical
exam. Future studies will aim to validate the virtual phys-
ical exam components presented here.

SUPPLEMENTAL MATERIAL

The appendices for this article are available at http://
journals.sagepub.com/doi/suppl/10.1177/232596712096
2869
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