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Abstract: With the COVID-19 pandemic hastening the adoption of telemedicine into
clinical practice, it has also prompted an abundance of new literature highlighting its
capabilities and limitations. The purpose of this review is to summarize the current state of
the literature on telemedicine applied in the context of a musculoskeletal examination of the
neck and upper limbs for children 3 to 18 years old. The PubMed and ScienceDirect
databases were searched for relevant articles from January 2015 to August 2021 using a
combination of keywords and nested searches. General examination components including
inspection, guided self-palpation, range of motion, sensory and motor examination, as well as
special testing are described. Although the literature is focused mainly on adult populations,
we describe how each component of the exam can be reliably incorporated into a virtual
appointment specific to pediatric patients. Caregivers are generally needed for most con-
sultations, but certain maneuvers can be self-performed by older children and adolescents
alone. There is general feasibility, validity, and substantial reliability in performing most
examination components of the upper limbs remotely, except for the shoulder exam.
Compared to those made in person, clinical diagnoses established virtually were found to
be either the same or similar in most cases, and management decisions also had high
agreement. Despite this, there is evidence that some pediatric providers may not be able to
collect all the information needed from a telemedicine visit to make a complete clinical
assessment. Lastly, currently available smartphone applications measuring joint range of
motion were found to have high reliability and validity. This narrative review not only
establishes a foundation for a structured pediatric musculoskeletal examination, but also aims
to increase physicians’ confidence in incorporating telemedicine into their standard of care.
Keywords: telehealth, telemedicine, eHealth, pediatric, musculoskeletal, evaluation

Introduction

The current COVID-19 pandemic has imposed unprecedented changes in the way we
conduct medical practice. Healthcare providers experienced an abrupt transition as
non-urgent medical services for pediatric patients were replaced by videoconference
meetings or telephone encounters,'” carrying their own set of advantages and
limitations.”

Telemedicine is an evolving platform broadly defined as the use of information
technology to deliver healthcare services at a distance.* While its efficacy and applic-
ability may vary by pediatric specialty, setting, and patient preference,” it can be used
for various purposes. One important example is virtual pediatric pain clinics. A survey
of Canadian pediatric pain clinics demonstrated a rapid transition to providing virtual
care without any changes in the frequency of appointment requests, and with most
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patients reporting no perceived change in pain levels or
occurrence of flares.® In addition, patients from these clinics
who answered the Patient Assessment of Communication
During Telemedicine survey had a largely positive percep-
tion of the therapeutic relationship with their physician when
compared to previous in-clinic visits, and would recommend
telemedicine visits to other patients.” Another related area in
which telemedicine shows potential is virtual musculoskele-
tal examinations in the context of pediatric telerehabilitation
medicine.®

Videoconference-based orthopedic consultations have
already been shown to be cost-effective and do not result
in serious adverse events.”!’ Furthermore, telemedicine
appointments have been shown to be convenient to
patients and providers, leading to increased satisfaction
and increased access to specialist care in rural or remote
areas.'""'? Given that musculoskeletal presentations in
childhood are a common reason for primary care visits,
a framework and standardized approach to assess and
diagnose these issues via telemedicine are imperative.
Not only is this of importance in the current pandemic
climate but also as telemedicine continues to evolve once
physical distancing restrictions are lifted.

There are several resources available to guide physicians
on performing certain aspects of a pediatric telemedicine
These
Association’s  “Operating  Procedures for Pediatric
Telehealth”'* and the Virtual Pediatric Gait, Arms, Limbs,
and Spine (V-pGALS) exam,'® the latter of which was
reported to be the most commonly used standardized exam

visit. include the American Telemedicine

approach among pediatric rheumatologists.'® Our recent
review also illustrates how to perform a virtual pediatric
examination of the back and lower limbs and summarizes
the advantages and limitations of performing these examina-
tions over telemedicine.!” In addition, there are several
papers describing how to perform a virtual musculoskeletal
examination in adults.'®° Despite this, there is a lack of
guidelines specific to the pediatric population on how to
perform a complete, virtual musculoskeletal examination
with or without caregiver assistance. Furthermore, there are
no other studies, to our knowledge, concurrently reviewing
smartphone applications, assessment scores and the reliabil-
ity/validity of performing such examinations. Therefore, the
objective of this narrative review was to provide physicians
with a summary of written guidelines to facilitate the physi-
cal examination of the neck and upper limbs in children 3 to
18 years old, with or without the help of a caregiver. Most of
these maneuvers are based on validated physical exam

techniques performed during face-to-face encounters,
which have been modified to enable the child and caregiver
to perform the maneuvers without requiring a clinician to be
physically present. Pictures and detailed descriptions for
patients and caregivers on how to perform these maneuvers
can be found in the Supplemental Materials. A recent study

revealed that physicians performing remote pediatric muscu-
loskeletal examinations enlisted patient or caregiver support
in 86.5% of consultations.'® While caregiver support is gen-
erally required for most visits, our own experience suggests
that certain maneuvers can be self-performed by older chil-
dren and adolescents alone. In addition to these guidelines,
we include our own recommendations for performing certain
examination components. Assessment scores amenable to
the virtual platform and currently available smartphone
applications for measuring joint range of motion (ROM)
are equally discussed.

Lastly, the overall reliability and validity of performing
individual examination components remotely is summar-
ized, as well as their effect on diagnosis and clinical
management decisions. While most studies on reliability,
validity and ROM measurement included in this review
use adult populations, our experience, as well as current
evidence suggest that they can be applied to cooperative
adolescents and older children. For instance, physical
examinations performed during videoconference-based
post-operative knee arthroscopy follow-ups in adolescents
were found to be effective and revealed no clinically
important differences when compared to in-office
appointments.”' Additionally, a smartphone inclinometer
application used to measure elbow and forearm ROM
demonstrated excellent validity and reliability in pediatric
patients aged 6 to 15 years with elbow/forearm injuries.*>
This data can increase physicians’ confidence in perform-
ing examination maneuvers and when implementing

smartphone tools into their practice.

Methods

The PubMed and ScienceDirect databases were searched
for available journal articles from January 2015 to August
2021 published in the English language. This date range
was chosen to include primarily new telemedicine technol-
ogy. A research question in the population, intervention,
comparison, and outcome (PICO) format was generated to
guide the literature search and develop a screening process
for relevant articles. The question was: “In pediatric
patients with musculoskeletal pathology of the neck and
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upper limbs, are consultations delivered via telemedicine
feasible and comparable to in-person appointments in
terms of clinical outcomes?” The following keywords
were used: telehealth, telemedicine, tele-assessment, tele-
consultation, mHealth, eHealth, pediatric, adolescent,
child, neck, cervical spine, shoulder, elbow, wrist, hand.

Two distinct sets of searches were performed. The first
search screened for articles with the broader scope of
remote physical examination in the pediatric population.
The nested search used in PubMed was: (“telemedicine”
[MeSH] OR “telehealth” OR “tele-assessment” OR “tele-
consultation” OR “telerehabilitation” OR “eHealth” OR
“mHealth”) AND (“pediatric” OR “adolescent” OR
“child*”) AND “musculoskeletal”. A total of 52 citations
were found from which titles and abstracts were screened
for relevance and consideration for thorough review. We
excluded 47 articles due to lack of relevance to our topic.
Similarly, ScienceDirect was searched using the terms:
(“telemedicine” OR “telehealth”) AND (“pediatric” OR
“child” OR “adolescent”) AND “musculoskeletal”. A
total of 257 citations were found of which 246 were
excluded. Publications on smartphone applications for
ROM measurement were also screened for on PubMed
and ScienceDirect using the following nested search:
“smartphone” AND “range of motion”. The searches
yielded 626 total citations, of which 569 were excluded
as they did not pertain to the joints covered in our review
or lacked relevance.

Given that the first search yielded minimal pediatric-
specific articles, a second search was performed to identify
articles describing the physical examination of the neck,
cervical spine, shoulder, elbow, wrist and hand, regardless
of the patient population. The keywords mentioned pre-

viously were combined into nested searches used in

Table | Nested Searches Used in Second PubMed Iteration

PubMed, which are described in Table 1 along with the
citations the searches yielded, and the number of citations
ultimately included in our review. A similar approach was
used for the ScienceDirect database. Duplicates from both
searches were removed, and reference lists of included
citations were screened for other relevant articles, which
escaped our initial search. Finally, some additional refer-
ences were individually selected during manuscript pre-
paration to provide clarification on certain topics.

Neck and Cervical Spine

Examination of the neck and cervical spine should be
conducted with the camera placed at a level allowing for
visualization of the head, shoulders, elbows, and hands. It
is recommended that a caregiver be present to assist with
camera placement, and that there be enough room for gait
assessment. Patients should also be instructed to wear
clothing exposing the neck and upper limbs in their
entirety.

Inspection and Palpation

First, the physician can observe the neck for atrophy,
fasciculations, scarring, and swelling in the coronal and
sagittal planes. This involves inspection for general pos-
tural symmetry, head tilt, cervical lordosis, head-forward
posture, and rounded shoulders, among others. They can
then guide the patient or the caregiver to palpate the neck
for tenderness as well as the spinous processes, occiput,
paraspinal musculature, upper trapezius, levator scapulae
and sternocleidomastoid.

ROM Assessment

The assessment of cervical spine ROM can be accom-

plished either by observation, or by using more

Section Nested Search Citations Citations
Yielded Included

Neck and (“telemedicine”[MeSH] OR “telehealth” OR “tele-assessment” OR “teleconsultation” OR 370 5

cervical spine “eHealth” or “mHealth”) AND (“neck” OR “cervical spine”)

Shoulder (“telemedicine”[MeSH] OR “telehealth” OR “tele-assessment” OR “teleconsultation” OR 74 I

“eHealth” or “mHealth”) AND (“shoulder*” OR “rotator cuff”)

Elbow and (“telemedicine”’[MeSH] OR *“telehealth” OR “tele-assessment” OR “teleconsultation” OR 26 4

Forearm “eHealth” or “mHealth”) AND (“elbow*” OR “forearm”)

Wrist and (“telemedicine”’[MeSH] OR *“telehealth” OR “tele-assessment” OR “teleconsultation” OR 224 8

Hand “eHealth” or “mHealth”) AND (“wrist*” OR “hand*” OR “finger*”")
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quantitative methods, such as goniometry. The physician
can observe for pain and limited ROM in flexion, exten-
sion, lateral flexion or rotation of the neck. In children, it
can be especially effective to ask them to mirror the
physician’s movements on the screen. One such movement
can be touching their shoulder with their ear in order to
assess for lateral flexion.?® Similarly, shoulder ROM can
also be assessed if there is suspicion that shoulder pathol-
ogy is causing referred pain to the neck.

Obtaining quantitative measurements of cervical ROM
can be facilitated using several goniometrical tools.
Smartphone applications utilizing the device’s inclinometer
function are likely to be the easiest and cheapest tool to apply
in clinical practice. However, physicians should be aware
that there are no studies assessing the reliability or validity of
smartphone goniometers in measuring neck ROM in pedia-
tric populations. A summary of currently available applica-
tions and the different joint ROM they measure is found in
Table 2. We identified several applications for cervical ROM
that demonstrate high reliability and validity; however, a
substantial proportion requires a head mount to anchor the

smartphone to the patient, which may be impractical.**°
Applications which do not require a head mount include
Goniometer Pro (5fuf5; AppStore),*! Clinometer + Bubble
Level (Peter Breitling, AppStore; Plaincode, Google
Play),”*** and Compass (Apple; AppStore).*® Recent studies
comparing the applications to a manual goniometer and
digital inclinometer found them to have good-to-excellent
inter- and intra-rater reliability as well as high concurrent
validity in nearly all neck movements. To use these applica-
tions in a videoconference, physicians can ask the caregiver
to place the phone over different areas of the patient’s head
and then guide them through different neck movements.
Alternatively, patients can have their ROM measured prior
to a virtual visit.

Neck posture can be assessed by observation or by photo-
grammetry. The use of photogrammetry to quantitatively
measure sagittal neck posture over telemedicine has been
described in one study in which the researchers guided the
patient’s caregiver to place colored adhesive markers on the
patient's anatomical landmarks (C7, acromion, tragus and

canthus).’® These served as reference points that allowed

Table 2 Smartphone Apps and Their Studied Reliability and Validity in Measuring Joint ROM?*

Application Technology | Platform | Demonstrated Validity and Reliability in Joint ROM
Clinometer + Bubble Level (Peter Breitling; Inclinometer | AppStore Cervical flexion/extension, lateral flexion, rotation®>33
Plaincode) Google
Play
GetMyROM (Interactive Medical Productions, LLC) | Inclinometer | AppStore Shoulder forward flexion, abduction, internal/external
rotation*
Elbow extension®®
Werist extension®®
Dr. Goniometer (CDM S.r.L) Photo- AppStore Shoulder forward flexion, abduction, internal/external
capture rotation*
Forearm supination70
Angle Meter* (Smart Tool Factory) Inclinometer | Google Elbow flexion/extension and forearm supination/pronation?>
Play
Goniometer Pro (5fuf5) Inclinometer | AppStore Cervical flexion/extension, lateral flexion, rotation®'
Elbow flexion®®”'
Wrist flexion/extension, radial/ulnar deviation®’
Measure (Apple) Inclinometer | AppStore Forearm supination/pronation’>7>
Wrist flexion/extension, radial/ulnar deviation’>”3
Compass (Apple) Compass AppStore Cervical flexion/extension, lateral flexion, rotation
MCP, PIP, DIP joint flexion (index)®
Goniometer (June Gaming) Inclinometer | AppStore MCP, PIP, DIP joint flexion (index)88

Notes: “Available as of June 2021. *Validated in children 6 to 15 years old.

Abbreviations: ROM, range of motion; MCP, metacarpophalangeal; PIP, proximal interphalangeal; DIP, distal interphalangeal.
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the researchers to measure the sagittal head angle, craniocer-
vical angle and shoulder angle using Microsoft Paint and an
angle measurement software.>> Despite the ability of these
three angles to quantitatively assess upper cervical spine
extension, abnormal forward head posture and forward
shoulder placement, respectively, this process was not vali-
dated in pediatric populations. Furthermore, it may prove to
be difficult and time-consuming to implement in practice
when compared to simple observation.

Sensory Examination

Sensory assessment can generally be performed by asking
the patient to pinpoint the location of their numbness or
paresthesia. Light touch sensation of the C2-T1 derma-
tomes can be screened independently by the
patient or preferably by a caregiver using a tissue or cotton
ball."®3%37 The physician may ask the patient to keep their
eyes closed to better concentrate on subtle sensory differ-
ences. If a more subtle sensory loss is suspected or if the
patient’s description is unclear, the physician can direct the
patient or assistant to assess pinprick sensation with either
a paperclip, pin, toothpick, pencil tip, or hairbrush.
Temperature sensation can also be assessed with assistance
from the caregiver, using an icepack or spoon that has
previously been immersed in hot or cold water.
Additionally, pictures of the dermatomes may be supplied

to the patient and caregiver to facilitate localization.

Motor Examination

Upper extremity motor strength can be assessed either by
manual muscle testing (eg, resisted biceps flexion) or by
functional testing. Manual muscle testing of the upper
extremity myotomes (C5-T1) can be facilitated with self-
applied resistance or resistance provided by the caregiver.
If available, having the patient perform movements with a
5 to 10-Ib (household) weighted object can suggest at least
4/5 strength and is sufficient for revealing asymmetries in
strength.®’ Tyer et al proposed a modified strength scale
where patients are considered to have 5/5 strength if they
are able to perform the following:*’

e Abduct the shoulder with weight > 10 1bs.

e Flex the elbow with weight > 10 Ibs.

e Extend the elbow with weight > 10 lbs.

e Extend the wrist with weight > 5 Ibs.

e Make a full fist with near maximal resistance from
contralateral hand.

e Abduct fingers fully with near maximal resistance
from contralateral hand.

Despite these useful alternatives, the physician’s inabil-
ity to directly provide resistance with manual testing
makes it difficult to detail anything beyond 3/5 strength
and therefore functional testing may be more useful in the
telemedicine setting.*® When assessing muscle strength via
functional testing, physicians can ask the patient to per-
form triceps chair or wall push-ups. Younger children can
be asked to put out their arms “like a boxer” for biceps
strength, “chicken wings” for deltoid strength and to “push
away” for triceps strength. Each position can be held for 5
seconds, evaluating for weakness.'® Observing patients as
they make a fist, extend their thumb, abduct/adduct their
digits, or make an “OK”/perfect sign also serves as a
simple way to assess nerve function. As a final point, we
urge physicians to remain cautious of their findings as
strength assessment in children has been shown to be
reliable in only 29% of videoconference appointments.'®

It is also worth noting that no reliable method of
eliciting reflexes over telemedicine has been identified,

except clonus at the ankles and the Babinski reflex,®'®*

although the latter has questionable applicability.*”**

Special Testing

Deep neck flexor endurance testing (DNFET) involves tim-
ing how long a supine patient can hold their neck flexed
against gravity to the point of failure. Diminished neck
flexor endurance has been associated with neck pain, cervi-
cal lordosis and headaches, and improvement in the score
correlates with decreased pain and increased function.*° It
has been shown to be reliable in adolescents aged 14 to 17,
and a normative data set for clinical comparison has been
published for this age group.*® Although DNFET has not
been studied in younger children, it has been shown to have
high validity and reliability in adults when performed over
telemedicine under physician guidance.>* Given DNFET’s
in-person reliability in adolescents and virtual reliability
and validity in adults, we encourage physicians to use it
confidently in adolescents aged 14 to 17.

Physicians can screen for cervical radiculopathy by
instructing the patient to perform a Spurling test without
requiring the help of a caregiver. This can be done by asking
them to complete a full neck extension, and then lateral
bending to the right and left shoulder while using a towel to
provide a downwards axial force (Figure S1).1836:37 A
positive test would recreate the patient’s radicular pain or
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paresthesia in the arm. If a cervical myelopathy is sus-
pected, the physician can ask the patient to rest their chin
on their chest to reproduce Lhermitte’s sign (Figure S2).
Similarly, Wartenberg’s sign and the grasp/release test, two
special tests for cervical myelopathy, can also be easily
reproduced in the telemedicine setting. Lastly, the Roos
stress test can be performed to evaluate for thoracic outlet

syndrome (Figure S3).

Assessment Measures

Cervical pain in children can be assessed with the Young
Spine Questionnaire (YSQ) which measures prevalence
and frequency of spinal problems as well as pain intensity,
activity restrictions, care-seeking behaviour and influence
of parental back trouble.*' Traditional neck pain and dis-
ability scores such as the Northwick Park Neck Pain
Questionnaire (NPQ) and the Neck Disability Index
(NDI) were designed for the working-age population and
thus include sections unapplicable to children. While there
is currently no evidence of a validated pediatric form of
the NPQ or NDI, the YSQ has been shown to be valid and
feasible for children aged 9 to 11 years.

Reliability and Validity

A survey of pediatric theumatologists performing virtual
musculoskeletal exams revealed that 62% of the cervical
spine assessments were reliably performed over
videoconference.'® When comparing virtual cervical spine
consultations in adults to their face-to-face counterpart, a
high degree of concurrent validity as well as excellent inter-
and intra-rater reliability was observed for neck posture,
active ROM, and DNFET.** Additionally, substantial and
near-perfect intra-rater reliabilities were observed for

Lhermitte’s sign and the Spurling test, respectively.*

Shoulder

Before initiating the consultation, patients should be
instructed to wear clothing exposing the upper limbs
fully from hand to shoulder, including the scapular region.
An assessment of the cervical spine should be performed
prior to initiating the examination of the shoulder. In a
post-operative shoulder evaluation, physicians can con-
dense the core examination to emphasize inspection of
the surgical site and ROM testing.

Inspection and Palpation
With the patient facing the camera, physicians can assess
the symmetry and contour of the shoulders. Similarly,

scapular winging can be assessed with the patient’s back
towards the camera. Scars, erythema, atrophy, deformity
and swelling should be assessed in both views.

Patients can then be guided to perform self-palpation
beginning at the sternal notch followed by sternoclavicular
joint, clavicle, acromioclavicular joint, acromion, and sub-
acromial space noting any tenderness in these areas. The
scapular spine can be palpated if ROM allows. If the
patient is cooperative and can be guided to externally
rotate their shoulder by 10° they can self-palpate the
bicipital groove with the opposite hand.?® Sufficient ana-
tomical knowledge, palpatory skills and graded pressure
are necessary to perform palpation, which may render it
unsafe if the assistant palpates too intensely.

ROM Assessment

Shoulder ROM can be assessed virtually through visual
estimation, web-based goniometers, digital photography or
inclinometer-based smartphone applications. To assess
ROM through visual inspection, the patient should face
the camera when performing active abduction, and turn
90° to the side for forward flexion, extension, internal and
external rotation. In addition, the patient can face away
from the camera when performing an Apley scratch test to
assess for internal rotation.*’ Abnormalities in scapular
motion during abduction and forward flexion may suggest
scapular dyskinesia or weakness of scapular stabilizing
muscles. Physicians can demonstrate movements to
patients beforehand and caregivers can assist in passive
ROM testing. To facilitate this process for young children,
they can be asked to reach for a toy in all planes of motion.
To complement visual inspection, internet-based goni-
(eg,
Protractor by Ben Burlingham) compatible with most

ometers are available as browser extensions
videoconferencing applications (including Zoom, InTouch
Health, and Doxy.me) when launched through the Google
Chrome browser.?’

Shoulder ROM can also be quantified using digital
photography followed by joint angle quantification
through an image manipulation software, such as
Photoshop (Adobe) or ImageJ (National Institutes of
Health). This method has been found to have excellent
inter-rater reliability** and is as accurate as manual gonio-
metry and visual estimation for all shoulder motions.*’

Two smartphone applications, GetMyROM (Interactive
Medical Productions, LLC; AppStore) and Dr. Goniometer
(CDM S.r.L; AppStore) were studied for their ability to

measure shoulder abduction, forward flexion, internal and

https:
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external rotation. Both applications require the use of an
armband to position the smartphone along the humerus or
forearm. While GetMyROM is an inclinometer-based app,
Dr. Goniometer is photo-capture-based that allows parents
to take a picture with the shoulder in the frame, and
subsequently position moveable markers to calculate the
angle. Overall, they were found to have good-to-excellent
inter- and intra-rater reliability as well as excellent validity
when compared to manual goniometry.*® Despite this, both
applications were only studied in adults and photos must
be taken at a specific angle to yield good results, which
may present a challenge when dealing with younger
children.

Sensory Examination

As described in the previous section, physicians can screen
for touch, pinprick, and temperature sensation of the der-
matomes supplied by the axillary, radial, medial (ante)
brachial cubital and intercostobrachial nerves.

Motor Examination

Strength in internal and external rotation can be tested
independently using a door frame to provide resistance,
asking the patient if they feel pain or weakness.'® The
subscapularis can be isolated with a belly press test, and
the supraspinatus can be isolated by applying self-resis-
tance with the other arm in a Jobe/empty can test.
Alternatively, common household items of known weights,
such as a grocery bag containing canned goods, or simply
caregiver resistance, can be used in any of the shoulder
movements.'*2%43474% Seapylar symmetry, strength and
winging can be assessed by asking the patient to perform
a wall push-up.

Special Testing

Special testing of the shoulder is described in Table 3,
Figure 1A-D and Figures S4-S17. Maneuvers requiring
resistance are relatively straightforward and can be facili-
tated by a caregiver, by holding weighted objects, or by
providing self-resistance.

Assessment Scores
We identified two assessment scores that have been stu-
died in children with shoulder pathology.

(i) Pediatric/Adolescent Shoulder Survey (PASS).
This 13-question survey includes questions on pain,
symptom severity, and functional limitation. It has

been shown to have excellent psychometric proper-
ties, internal reliability and concurrent validity in
children aged 11 to 18 years, and is not affected by

49
SEX.

(i1)) Quick Disabilities of the Arm, Shoulder and
Hand (QuickDASH). This abbreviated version con-
tains 11 questions on the individual’s symptom
severity and ability to complete daily tasks, with
optional modules on work, sports and performing
arts. It was found to have good internal reliability
and validity in patients aged 8—18 years with upper

extremity injuries.>”

Although neither score has been validated in the con-
text of a remote consultation, we believe they are amen-
able to the virtual platform due to their availability and
utilization of a Likert scale, allowing for easy
administration.

In contrast, three other scores have been studied in the
telemedicine context, though not in children specifically.
These include the Constant score,”’ Shoulder Telehealth
Assessment Tool (STAT)** and the American Shoulder
and Elbow Surgeons (ASES) Standardized Shoulder
Assessment Form.> We remind physicians that using
patient-reported scores developed for adults in their pedia-
tric patients could result in unreliable data that has limited

validity or applicability.

Reliability and Validity

While there are no studies examining the reliability or
validity of virtual shoulder examinations on children, we
identified some in the adult population, which may
increase physicians’ confidence in performing a remote
exam on pediatric patients. A recent case—control study
on 62 adults with shoulder pain examined the validity of
performing a videoconference-based physical exam facili-
tated by an assistant, as compared with an in-person exam
for the diagnosis of rotator cuff tears.”* While ROM test-
ing was found to have fair-to-moderate agreement,
strength testing had slight agreement, and special testing
overall exhibited slight-to-moderate agreement. Of the
special tests, the belly press, lift-off, and Hawkins-
Kennedy tests were found to only have slight agreement,
while Neer’s sign and the drop-arm test had fair agree-
ment. Intuitively, tests that required minimal intervention
by an examiner had higher agreement, such as the painful
arc test. Despite this, there was no significant difference
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Table 3 Special Testing of the Shoulder via Telemedicine

Test (Clinical Correlate)

Assistance

Required?

How to Examine via Telemedicine

Jobe/Empty can test (supraspinatus

injury)

No*

Patient is asked to hold a weighted object, such as a large soda bottle, with their arms
in 90° abduction and 40° of forward flexion with the thumbs pointing down
(pronation). Alternatively, a caregiver can provide resistance. Pain or weakness with

resistance is a positive test.

Gerber/Lift-off test (subscapularis injury)

No*

With their back facing the camera, patients are asked to place the dorsum of their
hand on their lower back in internal rotation and lift their hand away. If the patient is
able to do the latter, a caregiver can provide resistance against extension of the arm

as it lifts off the back. Pain and weakness are a positive test.

Hornblower test (teres minor injury)

Yes

Patient places their arm in 90° in the scapular plane and flexes the elbow to 90°.
Caregiver provides resistance against the patient’s external rotation. Pain or
weakness is a positive test.

Resisted external rotation (infraspinatus

and teres minor injury)

Patient lies on unaffected side facing the camera so that the injured shoulder faces up.
With that elbow flexed at 90° and tucked to the side, patient lifts a weighted object in
external rotation. Alternatively, patient sits with arms close to their side and elbow
flexed at 90° and caregiver resists patient’s external rotation. Pain or weakness is a

positive test.

Drop arm sign (complete RC tear)

No*

Patient is asked to abduct their arm to 90° with the palm down, then lower that arm
slowly. The arm dropping to the side is a positive test. Alternatively, a caregiver can

be asked to passively abduct the patient’s arm and let it go.

Neer’s sign (subacromial impingement)

No*

Patient is asked to hold a weighted object and perform maximal forward flexion and
internal rotation of their shoulder. Alternatively, a caregiver can passively put the
patient’s arm in forward flexion and internal rotation. Pain reproduction is a positive

test.

Hawkins-Kennedy test (subacromial

impingement)

No*

Ask patient to abduct the shoulder and flex the elbow, both to 90° and use the other
hand to grasp the wrist. While keeping the elbow in the same bent position, ask
patient to push their wrist down, while internally rotating the shoulder.'®*7*® Repeat
several times. Pain is a positive test. Patient can also touch the top of their
nonaffected shoulder with the hand of affected side while lifting that elbow.”®
Alternatively, a caregiver can perform the original test with guidance.

Painful arc (subacromial impingement)

Patient is instructed to abduct the arm in the scapular plane and communicate when
they feel pain. A positive test is pain between 60—120° which reduces past 120°.

O’Brien test (AC joint pathology, glenoid

labrum injury)

No*

Patient forward flexes shoulder to 90° with full elbow extension, combined with
10—15° of horizontal adduction and internal rotation. Self-resistance or caregiver
resistance can be applied with a downward force to the tested arm. The maneuver is

repeated will full forearm supination. A weighted object can also be used. 204748

Apley scarf (crossover) test (AC joint
pathology)

Patient places their arm in 90° forward flexion and can use their other arm to adduct
the injured arm across their chest. Pain at AC joint with or without limitation of
movement is a positive test. Alternatively, a caregiver can passively perform the
adduction.

Speed test (bicipital tendonitis)

While holding a weighted object, patient forward flexes their shoulder to 60° with
the elbow in extension and forearm in supination. Pain in the bicipital groove is a
positive test. Alternatively, the patient can use resistance provided by pushing
upwards on a table/desk or apply self-resistance with the opposite arm.'® A caregiver
can also resist the patient’s flexion while palpating the bicipital groove.

(Continued)
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Table 3 (Continued).

Test (Clinical Correlate) Assistance How to Examine via Telemedicine
Required?

Yergason test (bicipital tendonitis) No* With the arm to the side and elbow flexed at 90°, patients are to provide self-
resistance against supination and external rotation. Alternatively, a caregiver can
resist supination and external rotation. Pain or weakness in the bicipital groove is a
positive test.

Load-shift test (glenohumeral joint Yes Patient sits with arms relaxed at sides while caregiver moves humeral head anteriorly

instability) and posteriorly. Substantial movement is a positive test.

Anterior apprehension (anterior No* Patient performs 90° of shoulder abduction combined with 90° of external rotation.

shoulder instability) Apprehension with the sensation of subluxation of the humeral head is a positive test,
not pain. Patient can also place their elbow against a vertical surface and slightly lean
forward.”® Alternatively, the patient can lie supine in the same position with the arm
hanging off the bed while the caregiver slowly provides an external rotation force.

Sulcus sign (inferior shoulder instability) Yes Patient sits with the arm to the side and caregiver pulls elbow downward. A gap > |
finger-width between lateral acromion and humeral head suggests inferior instability.

Roos test (thoracic outlet syndrome) No Instruct patient to place shoulders in 90° abduction- external rotation and then open
and close fists slowly for 3 minutes. Pain in the neck, shoulder, arm with paresthesia
in forearm and fingers is a positive test.

Note: *Test can be facilitated by a caregiver.
Abbreviations: RC, rotator cuff; AC, acromioclavicular.

between the overall diagnostic accuracy of the virtual
versus in-person exam for rotator cuffs tears, providing
level III evidence of non-inferiority.

When compared to a traditional visit, telemedicine
appointments in adults with shoulder conditions demon-
strated high levels of agreement with respect to clinical
diagnosis and subsequent management decisions.’> >’
Clinical diagnoses were either the same or similar in
59-85% of cases, agreement in the recommended manage-
ment pathway was 62—71%, and agreement on the need for
additional diagnostic testing (eg, pathology and radiology)
was 75-100%. Nonetheless, videoconference examina-
tions of the shoulder were found to yield less physical
exam information compared to a conventional appoint-
ment, took longer to complete and were associated with
less satisfaction by both patient and examiner.”’

Lastly, there is evidence that telehealth visits for follow-
up after rotator cuff surgery in adults are safe and effective.
After undergoing a virtual physical examination at follow-
up, patient-reported outcome measures and pain scores were
not significantly different from patients assessed through an
in-person appointment.>*® Furthermore, 96% of surgical
plans established in virtual visits did not change after in-
person evaluation.”® Although not validated in children, this

evidence suggests that the telemedicine platform can be a
reasonable follow-up model to consider for patients seeking
convenient and effective care following their surgery.

Elbow and Forearm

Prior to their appointment, patients should be dressed in
appropriate clothing to provide complete exposure of the
elbow. They should allow for adequate room in front of
their device for examination, and the camera should be
positioned at the elbow level both when standing and
sitting. Along with a core elbow exam and special testing,
physicians may want to screen for cervical spine pathol-
ogy, which may co-exist and/or refer pain to the elbow. In
a post-operative elbow examination, physicians can use a
condensed version of the core elbow examination with
emphasis on inspection of the surgical site and ROM
testing.

Inspection and Palpation

All sides of the elbow should be inspected for swelling,
ecchymosis, erythema, scars, and incisions. Assessment
for the “Popeye” deformity and abnormalities in the
patient’s resting elbow position and carrying angle should
be performed.***° If concerned about a distal biceps or
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Figure | Special testing of the upper limbs | (A) Jobe/Empty can test: patient holds weighted object, such as bag with canned goods, with their arms in 90° abduction and 40°
of forward flexion with the thumbs pointing down. (B) Resisted external rotation: in the lateral decubitus position with the elbow flexed at 90° and tucked to the side,
patient lifts weighted object in external rotation. Hawkins-Kennedy test: (C) with the shoulder and elbow abducted to 90°, patient pushes their wrist down while internally
rotating that shoulder. (D) Alternatively, patient can touch the top of their unaffected shoulder with the hand of affected side while lifting that elbow. (E) Mill test: patient
extends the affected arm in pronation with the wrist in flexion. Their opposite hand grips the other and pulls downward, providing resistance.

triceps injury, the symmetry of the muscle contour should
be appreciated at rest, in flexion or while holding weighted
items.?° Patients can then be asked to localize areas of pain
and to palpate over the lateral epicondyle, medial epicon-
dyle, and olecranon for tenderness.

ROM Assessment

While assessing for symmetry and pain, active elbow
flexion and extension can be visualized with the patient
turned to their side, or alternatively, facing the camera with
the shoulder abducted to 90°. Similarly, supination and
pronation can be visualized with the patient directly facing
the camera with the elbows flexed. Passive ROM may be
assessed by a caregiver. Additionally, physicians can

employ the Beighton score to assess for generalized hyper-
mobility, where a passive extension of the elbow greater
than 10° is considered hypermobile.®!

Quantification of elbow ROM can be achieved using
either a web-based goniometer, digital photography or inclin-
ometer-based smartphone applications. While web-based
goniometers can be used within videoconferencing
applications,”® recording ROM by placing the goniometer
up to the computer screen has also been shown to be compar-
able to in-person measurements.** Digital photography was
shown to have good validity, intra- and inter-rater reliability
when measuring elbow flexion, extension, pronation and
supination.***%* It was also shown to have equivalent accu-

racy and near-equivalent precision when compared to visual
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estimation and goniometry.*> In addition, measurements
based on photographs taken by patients showed no statistical
difference from those taken by surgeons,®® suggesting that
patients can obtain accurate photographs at home.
Interestingly, smartphone mirror “selfies” were also shown
to have excellent validity and intra-rater reliability when
compared to manual goniometry, but patients’ ability to
take a usable selfie was inversely correlated with age.®’
Several studies have shown that smartphone applica-
tions possess moderate-to-excellent inter-rater reliability,
intra-rater reliability and validity when compared to
visual estimation, manual goniometry and digital
inclinometers for elbow flexion, extension, pronation and
supination.”***"> Among the apps currently available for
download are Angle Meter (Smart Tool Factory; Google
Play),22 Dr. Goniometer,70 Goniometer Pr0,69’71
GetMyROM,*® and Measure (Apple; AppStore).”>”?
These applications either require a wrist strap, hand grip
or simple positioning of the smartphone along the forearm,
wrist or fingers. One such study demonstrated excellent
reliability and validity using the Angle Meter app in
pediatric patients aged 6 to 15 years with elbow/forearm
injuries.> Once familiar with the app, physicians can thus
use Angle Meter as a valid alternative to visual inspection
or goniometry for assessing elbow flexion/extension and

supination/pronation in children of that age group.

Sensory Examination

As described in the Neck and Cervical Spine section,
physicians can screen for touch, pinprick and temperature
sensation of the dermatomes supplied by the lateral/medial
antebrachial cubital nerves and radial nerve. Cubital tunnel
syndrome, posterior interosseous nerve syndrome, and
pronator teres syndrome can all be screened for using the
special tests described in Table 4.

Motor Examination

Strength testing of the elbow can be performed against
gravity, against caregiver-applied resistance, and while
holding common household items such as canned goods
or fluid-filled containers.***° Pain localizing to the medial
epicondyle with wrist extension and supination while
holding a weighted object is suggestive of medial epicon-
dylitis. Similarly, pain localizing to the lateral epicondyle
with  wrist lateral

flexion and pronation suggests

epicondylitis.

Special Testing

Although the most common pediatric elbow injuries are
fractures,’* medial and lateral epicondylitis are frequent in
children who are baseball pitchers and who play racket
sports, respectively. Panner disease and osteochondritis dis-
secans are common in children who engage in sports invol-
ving overhead throwing or weight-bearing on their arms,
such as football and gymnastics. In toddlers, subluxation of
the radial head can occur when a parent grabs the arm of a
falling child or when the child is pulled by the hand. Given
the high prevalence of elbow pathology in active children,”
condition-specific examination over telemedicine is man-
dated. Efforts have been made to adapt several special tests
of the elbow for videoconference consultations.'®->%-¢%-7¢
They include tests for instability, valgus extension overload,
tendinopathy, and nerve entrapment syndromes. The most
notable tests of the elbow and forearm are presented in
Table 4, Figures 1E and S18-S27, nearly all of which can
be performed without a caregiver’s assistance. In the con-
text of cubital tunnel syndrome, the Tinel test has been
suggested to have poor feasibility, while the elbow flexion
test has good feasibility and can serve as a viable
alternative.”’” Modified tests for medial and lateral epicon-

dylitis were also shown to have good feasibility.

Reliability and Validity

A study of pediatric rheumatologists performing video con-
sultations of the elbows, wrists, and hands concluded that
63% of assessments were reliably executed.'® In adults, one
study investigating remote consultations for elbow patholo-
gies compared conventional face-to-face physical findings
(including ROM, self-palpation, strength, neural tension
and special testing) and pathoanatomical diagnoses to those
obtained through videoconference appointments.” It showed
that 73% of the diagnoses were either similar or identical. In
addition, ROM, strength, and special testing demonstrated
high levels of agreement (68-98%) except for neural tension
tests and joint palpation. The poor agreement in neural ten-
sion testing was attributed to the difficulty in explaining to a
naive patient how to perform them as well, having to perform
them actively rather than passively, as is conventionally done
by the examiner in-office. Joint self-palpation also exhibited
poor agreement due to some examiners’ inability to deter-
mine if the patient was palpating the correct anatomical
landmarks. Given that current evidence on the topic is lim-
ited, especially in pediatric populations, we suggest that
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Table 4 Special Testing of the Elbow and Forearm via Telemedicine

Test (Clinical Correlate) Assistance How to Examine via Telemedicine
Required?

Chair push-up test (posterolateral No Patient is seated and instructed to push off from a chair with the forearms in supination.

rotatory instability) Pain or apprehension suggests instability.

Mill test (lateral epicondylitis) No* Patient extends the affected arm in pronation with the wrist in flexion. Their opposite
hand grips the other and pulls downward, providing resistance. Pain in the lateral
epicondyle or on palpation is a positive test. If present, caregiver can provide resistance.

Cozen test (lateral epicondylitis) No* With the patient’s forearm and palm flat on a table, they are instructed to make a fist,
radially deviate and extend the wrist while providing resistance against extension with the
contralateral hand.”” Pain in the lateral epicondyle or on palpation is a positive test. If
present, caregiver can provide resistance.

Maudsley test (lateral epicondylitis) No* With the patient’s forearm flat on a table and in pronation, they are asked to provide self-
resistance against ipsilateral 3rd digit extension. Pain in the lateral epicondyle or on
palpation is a positive test. If present, caregiver can provide resistance.

Reverse Mill test (medial No* Patient extends the affected arm in supination with the wrist in extension. Their opposite

epicondylitis) hand grips the other and pulls back, providing resistance. Pain in the medial epicondyle or
on palpation is a positive test. If present, caregiver can provide resistance.

Hook test (distal biceps tendon No With the unaffected elbow in flexion, patient is asked to “hook” its biceps tendon with

rupture) their index finger and compare this to the contralateral side. Inability to hook the tendon
is a positive test.

Tinel sign over the ulnar groove No* Physician can direct patients (or caregivers) to locate then tap on the ulnar nerve at the

(cubital tunnel syndrome) elbow. A tingling sensation in the ulnar distribution of the forearm and hand is a positive
sign.

Elbow flexion test (cubital tunnel No Patient is asked to touch their shoulder with the fingertips of the ipsilateral hand and

syndrome) hold this position for | minute. A tingling sensation in the ulnar distribution of the
forearm and hand is a positive sign.

Resisted supination (PIN syndrome) No* Patient is asked to rest the forearm on the armrest of a chair with the wrist hanging off
the edge. While holding a weighted object or weighted bags, they are asked to supinate
the forearm.®° Reproduction of symptoms is a positive test. Alternatively, a caregiver can
provide resisted supination.

Resisted pronation (pronator teres Yes Caregiver is asked to provide resistance against patient’s pronation while extending the

syndrome) patient’s elbow. Reproduction of pain or discomfort is a positive test.

Note: *Test can be facilitated by a caregiver.
Abbreviation: PIN, posterior interosseous nerve.

physicians remain cautious when examining children’s
elbows and forearms remotely.

Wrist and Hand

Patients should be examined with their hands resting on a table
and the camera focused on them from above. Alternatively,
patients can hold their hands up in front of the camera. If
handheld devices are the only option available, they can be
secured in a steady position or held by a caregiver during the
appointment. Prior to performing their examination, physicians

may want to screen for cervical spine and elbow pathology as
they may cause referred pain to the hand. Overall, inspection
can be accomplished over telemedicine with minimal limita-
tion, as are most aspects of the motor examination aside from
strength against resistance.”’ Palpation can be substituted with
guided self-palpation but peripheral pulses, temperature and a
formal sensory examination with two-point discrimination
cannot be conducted remotely.””’® Lastly, certain special
tests can be performed consistently when incorporating the
modifications highlighted below.
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Inspection and Palpation

Inspection begins with the dorsal and volar aspects of the
hand and wrist by having the patient hold their hands up to
the camera and perform full pronation and supination.
Physicians should observe for erythema, ecchymosis, atro-
phy, swelling, deformities, contracture, and visible signs of
arthritis or trauma while comparing to the contralateral side.
Despite not being able to properly assess peripheral pulses
and temperature, physicians can assess for abnormalities in
the colour of the hands or have patients perform a capillary
refill test with the fingernail near the camera. Visualization of
the digital cascade should be performed by asking the patient
to make a series of fists through flexion and extension of the
digits, paying close attention to deficits in ROM or malrota-
tion. Physicians can also expand their inspection to the fore-
arm, elbow and upper arm as well as the nail complex.
Patients can be asked to localize areas of numbness or par-
esthesia and then be guided to self-palpate anatomical land-
marks for tenderness. This can be facilitated by a graphical
depiction of relevant surface anatomy provided by the phy-
sician prior to the exam. Areas include, among others, the
(MCP),
proximal interphalangeal (PIP), and distal interphalangeal

carpometacarpal (CMC), metacarpophalangeal
(DIP) joints. Tenderness on palpation of the Al pulley can
suggest a diagnosis of the trigger finger, although guiding the
patient to this landmark has poor feasibility.”” Previous injury
with tenderness reported on palpation of the anatomical
snuffbox warrants further investigation for a scaphoid
fracture.

ROM Assessment

Using the contralateral hand, the patient is asked to first
demonstrate passive ROM for end-range flexion and exten-
sion in all digits and both wrists. Caregivers can assist in
this process. Active ROM of the wrist can be evaluated with
the patient turned 90 degrees to the side for flexion/exten-
sion and facing the camera for radial/ulnar deviation.
Younger children can be instructed to place their hands in
a prayer position to assess for wrist extension.® Active
ROM of the hand can be assessed by visualizing the digital
cascade followed by thumb opposition and abduction/
adduction of the digits. In addition, self-assessment of the
Ist and 5th MCP hypermobility using the Beighton score
can be easily performed by patients.

Physicians can use digital/smartphone photography to
quantify hand and wrist ROM. This method was shown to
have excellent inter- and intra-rater reliability as well as

substantial to near-perfect agreement with manual gonio-
metry and visual inspection for wrist flexion, extension,
radial and ulnar deviation in adults.**”*"®' Despite this,
one study found that self-taken photographs of the wrist
had lower intra-rater reliability than visual estimation
alone.®” For finger ROM, three studies in adults demon-
strated that smartphone photography had excellent inter-
and intra-rater reliability for MCP, PIP and DIP joint flexion
and extension measurements.**> *> However, only two of the
three studies demonstrated high validity when compared to
manual goniometry. In addition, there were no statistical
differences between photo measurements of the wrist and
fingers taken by patients’ family members when compared
to those obtained by specialist physicians.””*"*> When
patients were provided with an illustrated instruction
sheet, as low as 5% of the digital photographs were missing
or deemed inadequate for measurements.*® Given the
above, we suggest that patients’ and their families’ self-
taken photographs may be valid and reliable in measuring
wrist and finger ROM when presented with adequate
instructions beforehand. Nonetheless, physicians should
remain cautious of its applicability, especially when asses-
sing the digits, and weigh its convenience against a simpler
method such as visual inspection.

Several apps for measuring wrist ROM were identified
and found to have moderate-to-excellent inter- and intra-
rater reliability as well as excellent validity when com-
pared to a digital inclinometer and manual goniometer for
all wrist movements.®®"%7387 Among the apps currently
GetMyROM,
Measure. All of these require users to place the smart-

available were Goniometer Pro, and
phone over the dorsal and volar aspects of the hand, with
or without the use of a strap, while active and passive
ROM are measured. Similarly, two currently available
apps have been identified for measuring finger ROM:
Goniometer (June Gaming; AppStore) and Compass
(Apple; AppStore).*® Both have excellent inter-rater relia-
bility and good validity when compared to radiographic
measurements and manual goniometry for MCP, PIP and
DIP joint flexion. Despite this, physicians found them to
not to be very user-friendly relative to simple visual

inspection.

Sensory Examination

Light touch sensation can be assessed by instructing the
patient to place a soft object, such as a tissue, along the
palm of the hand and each digit. A paperclip can help
assess for pinprick sensation along the volar aspect of the
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pinky finger, index finger and first dorsal webspace to
evaluate the ulnar, median and superficial radial nerves,
respectively. Although a formal assessment of two-point
discrimination was suggested not to be feasible,”” physi-
cians can attempt it through the use of a paperclip with the
sharp tips bent closer and closer together.***° Providing a
graphical depiction of relevant sensory distributions can
aid the patient in subjectively comparing sensation
between both hands.

Motor Examination

Physicians can assess the active motor function of the
extrinsic flexor and extensor muscles of the hand by hav-
ing the patient block movement at certain joints in order to
isolate the muscle group of interest. For example, the
flexor pollicis longus can be isolated by having the patient
block the MCP joint of the thumb and flex through the
interphalangeal joint. The intrinsic muscles of the hand
can be assessed next, paying attention to a possible
Wartenberg’s sign. Each maneuver should be demonstrated
beforehand to help patients reliably reproduce the move-
ments. Strength testing of wrist flexion/extension, digit
extension/flexion, digit abduction and thumb abduction
can be performed with resistance provided by a caregiver.
Physicians can also ask patients to hold a full water bottle
for resisted wrist ROM, supination/pronation and squeez-
ing of the hand, with the bottle deforming.”’ A simple
nerve exam can be conducted by asking the patient to
make a “thumbs up”, “OK”/perfect sign and abduct the
digits, evaluating the branches of the radial, medial and
ulnar nerves, respectively. Lastly, physicians can perform a
functional assessment by observing handwriting, thumb
opposition, pinch strength (eg, lifting a load, opening
water bottle, or opening a resealable bag), cylindrical
grasp strength (eg, opening a jar) and spherical grasp

strength (eg, squeezing a tennis ball).”%"!

Special Testing

Special tests of the wrist and hand are summarized in
Table 5 and in Figures S28-S36, all of which can be
performed independently with prior demonstration by the
physician. Given that hand injuries peak in toddlers and
teenagers,”” pathology-specific testing of the hand is war-
ranted based on the patient’s history and physical exam-
ination. Tests suggested to be reliably performed over
telemedicine include the Phalen and reverse Phalen tests,
Wartenberg sign, as well as modified versions of the
Finkelstein, Froment and triangular fibrocartilage complex

(TFCC) load tests.”” If there is suspicion of juvenile idio-
pathic arthritis affecting the hands, physicians can ask
patients to twist open the lid of an unopened jar or try
pinching a piece of paper between the thumb and second
digit, and then attempt to remove it with the opposite
hand.’® Pain at the base of the thumb with both these
maneuvers is suggestive of first CMC joint arthritis.
Lastly, self-assessment of 1st MCP hypermobility can be
easily performed by patients, and a positive finding along
with other signs can pinpoint towards systemic hypermo-
bility disorders. While fractures represent one fifth of hand
injuries in children,”® skier’s thumb, trigger finger, and
ulnar nerve injury from an associated elbow fracture are

less common but should be assessed for nonetheless.”>**

Reliability and Validity

When compared to in-person examination, virtual inspec-
tion of the hands, specifically evaluating the quality of scars
and incision sites after recent surgery, were found to have
near-perfect agreement in two of the three studies we
identified.”>**® The odd study reported that less than half of
scars were noted on inspection over telemedicine, but this
was without prior history taking and had no effect on sub-
sequent clinical diagnoses.”’ Furthermore, older scars are
harder to identify, and without formal palpation, adequate
assessment of skin moisture, turgor and heat are lacking.
This can be remedied through active inquiry when inspect-
ing the hands, higher camera resolution and good room
lighting. Patient-reported localization of pain and altered
sensation were found to have near-perfect agreement over
videoconference =~ when  compared to  in-person
appointments.’’*® Visual assessment of wrist and finger
ROM was found to have good-to-excellent inter- and intra-
rater reliability and near-perfect agreement with in-person
goniometry and inspection.”’*>"°7 Given that experience
level may impact the reliability of these measurements, we
suggest that all ROM assessments be conducted by the same
examiner.”” Performing a virtual motor examination includ-
ing wrist flexion/extension strength as well as grip/pinch/
squeeze strength was shown to be in good agreement with
in-person assessments.”’"*® Special testing (observation of
contracture, finger triggering and Al pulley tenderness,
recognizing subcapital metacarpal and scaphoid fractures
as well as a positive Finkelstein test) demonstrated good
agreement with in-person assessments.”’ Lastly, in a study
of 18 adults with hand pathologies who underwent a virtual

physical examination, there was perfect agreement with
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Table 5 Special Testing of the Wrist and Hand via Telemedicine

Test (Clinical Correlate)

How to Examine via Telemedicine

Phalen test (carpal tunnel syndrome)

Patient is instructed to place the dorsum of both hands against each other in forced flexion
and hold this position for 30-60 seconds. Presence of paresthesia in the median nerve
distribution is a positive test.

Reverse Phalen test (carpal tunnel syndrome)

Patient is instructed to place both palms against each other as in a prayer and hold this
position for 30—-60 seconds. Presence of paresthesia in the median nerve distribution is a

positive test.

Tinel sign at the wrist (carpal tunnel syndrome)

Patient (or caregiver) is instructed to gently tap along the base of the palm over the distal
palmar crease where a positive test is reproduction of paresthesia in the median nerve

distribution.

Finkelstein test (de Quervain’s tenosynovitis)

Patient places wrist at edge of table with ulnar aspect of hand hanging off the edge. They are
asked to actively ulnar deviate their wrist. If there is no pain aggravation at tip of radial styloid
process, patient can use the contralateral hand to provide an ulnar deviation force. If there
still is no pain provocation, patients can use the contralateral hand to flex the thumb into the

palm, assessing for pain along the tip of the styloid process.

Wartenberg sign (ulnar nerve palsy, cervical

myelopathy)

Patient is asked to hold all fingers in adduction while fully extending them. The small finger

drifting into abduction indicates a positive test.

Froment sign (ulnar nerve palsy)

Patient grasps piece of paper between thumb and index finger on affected side and attempts
to pull it out with the opposite hand. Difficulty holding the paper or compensation by flexing

interphalangeal joint of thumb is a positive test.

TFCC load test (TFCC tear)

With the affected wrist in ulnar deviation, patient is instructed to apply a force across the ulna

with the contralateral hand, furthering the ulnar deviation. Pain is a positive test.

Press test (TFCC tear)

Seated patient pushes their body weight up off of a chair using the wrists. Focal ulnar wrist

pain is a positive test.'?2

Thumb MCP joint stress test (ulnar collateral

ligament rupture/“skier’s thumb”)

Patients should be asked to use their opposite hand to radially deviate the affected thumb
from the MCP joint. Physician observes for either increase in angulation in the case of a
complete tear, or laxity in the joint in the case of a partial tear.

Triggering of finger

Patients can be asked to grab and release the large handle of a mug or other similar object
with digits 2-5.7® Subsequent extension with pain and triggering of a digit after removing the

fingers form the handle may be suggestive of trigger finger.

Ist CMC grind test (carpometacarpal OA)

Patient grips the metacarpal bone of their affected thumb and moves it in a circle, loading it

with gentle axial forces. Pain with possible crepitus is a positive test.

Abbreviations: TFCC, triangular fibrocartilage complex; MCP, metacarpophalangeal; CMC, carpometacarpal; OA, osteoarthritis.

regard to the overall clinical management decisions.”®
Moreover, pediatric rheumatologists performing video
examinations of the hands, wrists, and elbows found that

63% of assessments were reliably executed.'®

Discussion

Adult studies have shown that there is general feasibility,
validity, and substantial reliability in performing most
components of the upper limbs’ examination remotely
except for the shoulder exam. Clinical diagnoses estab-
lished virtually were found to be either the same or similar

to those made in-person in the majority of cases, and
management decisions had high agreement. Despite this,
some pediatric providers felt that they were unable to
gather the necessary information to formulate a complete
clinical assessment.'® This may suggest a discrepancy
between the reliability of virtual examinations in the con-
text of a research study and in real-world clinical practice,
especially in the setting of a pediatric virtual visit. We
emphasize that pediatric musculoskeletal examinations
require creativity depending on the location of the family
and patient, knowledge of how to navigate technical

Journal of Pain Research 2021:14

3187

Dove!


https://www.dovepress.com
https://www.dovepress.com

Boisvert-Plante et al

Dove

issues, consideration of the examination sequence, and of
how to cue the child to gain optimal views of the areas of
interest, all of which are added challenges providers must
consider. Concurrently, there is general agreement among
pediatric specialists that routine follow-up visits, request
for bloodwork, and patient concern for worsening condi-
tion can be performed reliably over telemedicine; mean-
while, agreement is divided for new patient consultations
and follow-ups due to flares.'®

Given the above, we recommend that physicians main-
tain a low threshold for undertaking further in-person
evaluation. Providers can also screen new patient referrals
and automatically direct the most urgent cases to a dedi-
cated clinic. Most new and established patients can then be
scheduled for a videoconference or phone appointment.
This triaging process at a dedicated pediatric neurologic
clinic has been demonstrated to be effective in transition-
ing to virtual patient care,' and may reduce the burnout
physicians may feel from handling emergent cases
remotely.

Lastly, virtual consultations can be complemented with
pediatric assessment scores and smartphone applications
as clinicians see fit. The latter have been shown to reliably
measure joint ROM in adults and can potentially be
applied in adolescents and older children as well. We
envision that this smartphone technology, in conjunction
with assessment scores, can serve as a low-cost, feasible
option for remotely monitoring patients. For instance,
post-operative patients can measure their ROM prior to
follow-up visits, serving as a tool in evaluating their pro-
gress and the possible need for further intervention.
Despite the demonstrated reliability and validity of these
applications, we urge physicians to remain cautious when
interpreting results as they were studied within controlled
clinical settings. Furthermore, the same reliability and
validity cannot be assumed for patients and caregivers
who are not familiar with using the applications.
However, there is sufficient evidence that, with a standar-
dized technique and clear instructions, the reliability of
ROM measurements can be improved in untrained
examiners.”®

Pediatric telemedicine provides many advantages such
as increased access to healthcare as well as increased
patient and caregiver satisfaction due to perceived conve-
nience, timesaving and cost-saving.''*'> Nonetheless, there
are limitations that should not be overlooked. There is, for

instance, some evidence that virtual consultations may

increase physicians’ level of burnout and decrease patient

engagement and confidentiality.'® In addition to
provider reluctance in integrating telemedicine into their
practice,” it could increase disparity in healthcare delivery
to rural and minority groups who lack access to such

technology.'-'*-1%!

Keeping these limitations in mind,
physicians must be willing to adapt their practice to ensure

patient safety and well-being.

Conclusion
Telemedicine for musculoskeletal pathology in pediatric
patients presents an opportunity to deliver timely patient
and family-centred care while minimizing potential expo-
sure to COVID-19. Our review provides clinicians with
foundational guidelines for performing a virtual musculos-
keletal examination of the neck, cervical spine, and upper
limbs, serving as a starting point for integrating the remote
exam into clinical practice. It also highlighted pediatric
assessment scores as well as currently available smartphone
applications for their reliability in measuring joint ROM,
serving as tools that clinicians can adopt into their practice.
Adult studies have demonstrated that there is general
feasibility, validity, and substantial reliability in perform-
ing most components of the virtual examination. Given
that some pediatric specialists felt that they were unable to
gather the necessary information to formulate a complete
clinical assessment of their patients, we recommend retain-
ing a low threshold for undertaking further in-person eva-
luation is the diagnosis or management plan remains
unclear. Future research should therefore be dedicated to
validating musculoskeletal examinations in children, iden-
tifying barriers in conducting such examinations thor-
oughly, and training physicians on providing virtual care.
Upon setting a triaging system to identify patients appro-
priate for remote consultations and those for in-person
visits, a well-structured telemedicine consultation provides
many advantages to patients, families, and clinicians.
Overall, with clinician acceptance and caregiver coopera-
tion, telemedicine is a reliable and effective tool which can
be integrated into our standard of care for pediatric
patients and their families.

Abbreviations

V-pGALS, virtual pediatric gait arms limbs spine; ROM,
range of motion; PICO, population intervention compar-
ison outcome; DNFET, deep neck flexor endurance test-
ing; YSQ, Young Spine Questionnaire; NPQ, Northwick
Park Questionnaire; NDI, neck disability index; PASS,
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pediatric/adolescent shoulder survey; QuickDASH, quick
disabilities of the arm, shoulder and hand; STAT, shoulder
telehealth assessment tool; ASES, American Shoulder and
Elbow Surgeons; CMC, carpometacarpal; MCP, metacar-
pophalangeal; PIP, proximal interphalangeal; DIP, distal
interphalangeal; TFCC, triangular fibrocartilage complex.
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