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Abstract

Background: Telemedicine plays a very important role in our society by allowing
providers to treat patients who do not have easy access to a healthcare facility,
especially in the setting of the COVID-19 pandemic.

Objective: We aimed to create an extensive, yet concise guide for medical providers
to virtually evaluate patients with foot concerns.

Methods: This article outlines how to conduct a well-planned virtual consultation
with specific questions, instructions, and examination manoeuvres to navigate
musculoskeletal foot problems.

Conclusion: With this narrative review, we have provided a guide with suggestions,
questions and interpretations of answers to help physicians new to the practice of
telemedicine have successful virtual encounters with patients suffering from foot

musculoskeletal ailments.

Email: Pujalte.george@mayo.edu
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1 | INTRODUCTION

The COVID-19 pandemic has changed our lives in multiple
important ways. Social distancing has mandated a reevaluation of
the way physicians effectively handle the increasing patient load
(Wosik et al., 2020). An effective strategy to approach this is by
conducting medical evaluations virtually (by telephone or video
call), which is known as telemedicine or telehealth (He et al., 2020).
Virtual medical visits are not only useful during times of social
distancing, but also offer healthcare access to people living in far
away or underserved areas (Rutledge et al, 2014). Furthermore,
there is a certain monetary and psychological cost involved in
waiting times, time off work and transportation associated with in-
person visits, which may be alleviated by virtual consultations. A
Norwegian study evaluating the cost-effectiveness of telemedicine

in orthopaedic consultations found that for 300 consultations, the

COVID-19, evaluation, foot, telemedicine, telephone

cost savings amounted to approximately €18,616 ($22,576) (Buvik,
Bergmo, et al., 2019).

It is estimated that 40% of the US population suffer from foot
problems (Ho & Baumhauer, 2017). Patients would benefit greatly if
more physicians learn to effectively examine and manage these
problems through virtual consultations. Foot evaluations present
unique challenges because it is a relatively small body area with many
anatomic components. There are 26 bones, 33 joints and more than
100 ligaments, tendons and muscles in each foot (Coughlin
et al., 2014). However, the advantage of foot evaluations is that a lot
of anatomic components commonly suffering injury are located su-
perficially and may therefore be recognisable when patients point out
location of maximal discomfort. Through a properly executed video
medical visit, practitioners may successfully perform full evaluations
and recommend management plans. Furthermore, as technology

improves, telemedicine will become increasingly precise and efficient.
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Interestingly, a systematic review by Hazenberg et al. (2020) looked
into the feasibility, effectiveness, costs and limitations of prototype
devices used for diabetic patients. The aim was to prevent, assess,
monitor and manage diabetic foot pathology via telemedicine. Results
suggested that some of these devices showed promising results
(Hazenberg et al., 2020).

Patient satisfaction is extremely important. Even with the ben-
efits of telemedicine, some patients may be unwilling to engage in
virtual visits due to a variety of reasons. However, some studies
suggest that after patients partake in a virtual visit, satisfaction levels
are comparable to in-person consultations (Howard & Kauf-
man, 2018). A study conducted at the University Hospital of North
Norway evaluated the personal satisfaction of 389 orthopaedic pa-
tients based on self-filled surveys after having either a traditional
doctor's visit or a telemedicine video visit. Results indicated that both
groups had the same percentage of positive contentment-level.
Furthermore, 89% expressed a preference for video-assisted
consultation for their next appointment (Buvik, Bugge, et al., 2019).

To accomplish a telemedicine visit effectively, physicians need to
have an in-depth understanding of foot anatomy, injury mechanics,
classical findings, and be familiar with current management guide-
lines. Also, they need to thoroughly and systematically approach
every case to ensure details are not missed, as these can lead to
incorrect diagnosis. Though many physical examination manoeuvres
and special tests may be performed virtually, some are simply not
possible. If during an encounter the physician considers the case
merits a face-to-face evaluation, the patient should be scheduled for
an in-office appointment.

The intention of this paper is to serve as a guide for executing a
virtual medical visit for patients with musculoskeletal foot problems.
This is not an exhaustive guide that covers every possible foot concern,
but rather a template for how a virtual encounter should be carried out,
while covering some common foot lesions. Every encounter should be
tailored to each specific case and guided by patient answers.

2 | PROPER SETTING FOR CONSULTATION

Before starting the telemedicine visit, patients must comply with a
few conditions to maximise benefits. The patient should wear shorts
that end above the knee and wear no shoes or socks. This allows
ample exposure of the foot, ankle and knees. A portable tablet or
laptop with tilting capabilities and a camera should be used. A mobile
phone may also be utilised; however, it may be difficult to stabilise
and tilt it (a person assisting the patient may help do this). The room
should be large enough to allow the patient to take at least four to six
steps for gait evaluation. The area should be well-lit with the camera
oriented in the correct direction for proper visualisation, ensuring no
strong backlight (e.g., from a window or lightbulb) disturbs the video.
Different camera angles, heights and positions will be required
throughout the evaluation. Finally, for the seated part of the exam-
ination, a stool high enough to allow free movement of feet (no

contact with the ground) will be ideal. Preferably, a checklist with

requirements would be given to the patient a few days prior to the
appointment to allow proper preparation.

3 | HISTORY TAKING

As with any medical consultation, the first step should be to obtain a
comprehensive history of the patient's background and events that
resulted in seeking medical attention. Details of the chief complaint,
previous injuries, social, medical and surgical history, allergies and
current medications should be carefully questioned, as well as a re-
view of each organ system. Finally, measurements such as height,
weight and vital signs may be taken by the patient and reported to
the physician as part of a comprehensive medical evaluation and
billing purposes if sphygmomanometer, scale and thermometers are
available. It is helpful to obtain information regarding the type and
age of footwear most commonly used by the patient, as this could
yield clues pertaining to the source of pain (Dufour et al., 2009). It is
also important to question patients regarding use of walking aid (i.e.,
walker or cane). Associated symptoms should always be inquired as
well. Fever, sweating profusely during the night and loss of weight
may be related to an infection or a malignant process. If there is
swelling present on both feet, it is likely a systemic problem such as
kidney or heart disease or a circulatory problem. Neurological
symptoms such as weakness or numbness are commonly related to
problems in the spinal cord or peripheral neuropathy. If a traumatic
event took place, it is essential to ask about any swelling or bruising

at the time of injury and later.

4 | THE TELEPHONE VISIT

Telephone visits without the visual aid of a camera require an
especially thorough, careful and thoughtful questioning process. Af-
ter initial history is obtained, specific questions and diagnostic test
manoeuvres may be employed via verbal instructions at the discre-
tion of the physician. The physician should always use terms the
patient easily understands and rephrase when the patient does not or
is providing ambiguous or unhelpful responses. Table 1 presents a set
of possible questions to ask the patient, examples of tests that can be
performed and possible interpretation of patient responses. To be as
consistent as possible, it helps to frame questions while maintaining
standardised anatomic positioning in mind. This should be explained
to the patient. If the patient has access to a portal or web-based
health care system, they may be able to take pictures of their foot

or ankle and upload them for the physician to review.

5 | THE VIDEO VISIT

Like any other medical consultation, beginning the patient interview
with questions about course, onset, duration, intensity, exacerbating

and relieving factors and associated symptoms as part of their history
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TABLE 1 Foot evaluation questions/instructions by telephone
Clinician's questions

‘If you look at the soles of the shoes you wear most often, can you
describe to me the wear pattern on it?

‘Do you use any insoles and walking aids’
‘Are you able to describe where on your foot it hurts the most?’

‘Stand in front of a mirror so you can see your whole feet, ankles,
knees and a few inches above. Examine carefully and compare
your lower limbs

Looking at your feet next to each other, are there any differences in
size or colour? Is there any bruising or swelling?’ (Figure 1a)

‘Looking at your feet next to each other while you are standing,
does the big toe on the painful foot point in towards the other
toes on that same foot more than compared to your other foot?

‘Take one hand and cup the heel bone. Squeeze the sides of the heel
bone. Does this reproduce your pain?’ (Figure 1b)

‘Use your thumb and press over the bottom of your heel up towards
the inside; is there any specific point or area on the bone that is
painful?’ (Figure 1c)

‘Grab your toes and pull them back so they point up towards your
head. Does this cause pain over the bottom of your heel or
arch?’ (Figure 2a)

‘With your foot muscles, try to extend your toes towards you and at
the same time place your hand on top of your toes and oppose
this movement by pushing them away from you. Does this cause
pain?’ (Figure 2b)

‘Now try the opposite. Try to flex your toes down towards the floor
against the resistance of your hand pulling them back up
towards you. Does this cause pain?’ (Figure 2c)

‘On the outside (lateral) edge of the foot, press along the bone in the
midportion of the foot that leads to the small toe. Is there any
pain over the length of the bone?’ (Figure 3a)

‘With one hand, hold the ankle steady and with the other hand grab
the midfoot (the area of the foot in front of the ankle, but before
the toes begin) and rotate or twist. Does this cause pain?’
(Figure 3b)

‘With one hand, hold the ankle steady and with the other hand grab
the midfoot and move the bones of the midfoot up and down.
Does this cause pain?’ (Figure 3c)

‘Squeeze the midfoot as if you are trying to compress the bones of
the midfoot together. Does this cause pain or make a clicking or
popping noise?’ Figure 4a

‘Squeeze the foot right where the toes begin. Does this cause pain
or clicking?' (Figure 4b)

‘Press along the ball of the foot before the big toe begins. Is there a
specific point that reproduces your pain?’ (Figure 4c)

‘Are you able to safely stand on your tiptoes for 2-3 s? If so, are you
able to safely take four to six steps on your tiptoes?’

‘Are you able to safely stand on your heels for 2-3 s? If so, are you
able to safely take four to six steps on your heels?

Interpretation

Attempt to correlate wear pattern description to any possible
misalignment

Interpret answer
Attempt to correlate patient's description to anatomic structures

Possible trauma, infection, ligamentous injury or inflammatory (i.e.,
gout)

Ask about fevers, inverted or everted injuries, falls or other
traumatisms

Possible hallux valgus

Possible calcaneal injury or stress fracture

Possible plantar fasciitis

Possible plantar fasciitis

Possible flexor tendon pathology

Possible extensor tendon pathology

Possible fifth metatarsal injury or stress fracture

Possible peroneus brevis tendinopathy

Possible midfoot injury, such as a Lisfranc injury

Possible midfoot injury, such as a Lisfranc injury

Possible midfoot injury, such as a Lisfranc injury

Possible Morton neuroma
Possible midfoot injury (depending on where the patient squeezed)

Possible sesamoid injury or stress fracture

Testing for balance, gastrocnemius and Achilles tendon integrity
and strength, ankle flexibility, posterior impingement, midfoot
and metatarsophalangeal joints integrity and $S1/52 nerve
function

Testing for balance, anterior leg compartment (tibialis anterior,
extensor hallucis longus, extensor digitorum brevis, fibularis
tertius) integrity and strength, ankle flexibility, anterior
impingement, plantar fasciitis/heel problems and L4/L5 nerve
function
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TABLE 1 (Continued)

Clinician's questions

‘Do you feel any numbness or pain in any part of your foot, ankle,
legs or buttocks?’

‘Using a light object such as a pen or pencil, close your eyes and
lightly brush the top of your foot. Now try your other foot. Do
they feel the same?

‘Repeat this on the space between your first and second toe’
‘Repeat this on the middle of the plantar surface of your feet’
‘Repeat this on the lateral surface of your feet’

‘Repeat this on medial surface of your feet’

‘Press on your first toenail with your fingers for 2 s, and then quickly
release it. How long did you see it took for your white toenail to
become red again? Repeat contralateral side’. Compare sides.

‘Press the skin in front of your shin bone firmly with your index
finger, and then quickly let it go. Did it leave an indentation on
your leg? Repeat contralateral side’.

‘Do you have any pain in your foot, calf or thigh when you exercise
(such as walking up a steep hill or a flight of stairs) and relieved
by rest?

‘Using a rope or belt, pull the front of your foot up (dorsiflexion) as if
you were stretching your calf muscle. Does this cause pain?’

Interpretation

Correlate possibly affected nerve with respective dermatome
location described by patient

Superficial peroneal nerve

Deep peroneal nerve
Branches of the tibial nerve
Branches of the sural nerve
Saphenous nerve

Normal capillary refill time should be less than 2 s

No evidence of pitting oedema should be present

No intermittent claudication should be present

Homan sign should be negative

FIGURE 1 (a) Inspection of lower limb. (b) Examination of hindfoot for injuries. (c) Exploration of plantar fasciitis

7

FIGURE 2 (a) Continued exploration of plantar fasciitis (notice toes are being passively dorsiflexed). (b) Examination of flexor tendon
integrity. (c) Examination of extensor tendon integrity (notice toes are actively trying to extend against resistance of hand)
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FIGURE 3
midfoot joints integrity

FIGURE 4

(a) Examination of lateral border of foot for injuries. (b) Examination of midfoot joints integrity. (c) Continued examination of

(a) Continued examination of midfoot joints integrity. (b) Continued examination of midfoot joints integrity. (c) Exploration of

first proximal and medial metatarsal, sesamoid bones and tendons of flexors of hallucis brevis muscles integrity

will help the clinician formulate subsequent targeted questions. After
taking a thorough history, examination of the foot consists of in-
spection, palpation, range of motion testing, strength testing and
neurovascular assessment. As part of the inspection, it is crucial to
note the wear marks on both the sole and heel of the patient's
footwear, for this can yield useful information. For example, early
lateral, proximal and mid shoe wear, indicate a supination deformity,
whereas wear on the medial border indicates a pronation deformity
(Coughlin et al., 2014; Dufour et al., 2009). The patient should also be
asked about the use of insoles and walking aids.

5.1 | Inspection

The physician should closely evaluate the quality of the skin as well
as any deformities, injuries, abrasions, ulcers, scars, oedema, ulcers,
discolouration, atrophy, ecchymosis and misalignments. This is
especially important in patients with diabetes mellitus due to the
increased risk of developing ulcers (Schaper et al.,, 2016). For the
physician to completely inspect the feet, several different views with
repositioning of the camera will be involved with the patient standing
and sitting. Lighting is crucial during this part of the consultation.
Table 2 shows some suggestions on how to guide the patient through

inspection during a virtual encounter.

5.1.1 | Video of patients ankle and feet—Dorsal and
plantar view

The patient should start by placing the camera on the floor, or a
few inches from it and expose both feet and ankles side by side.
Careful evaluation of the skin and any deformities should take
place for they may vyield important clues. The tripod-like structure
of the foot (i.e., centre of calcaneus, head of fifth metatarsal and
head of first metatarsal) should be cautiously evaluated for they
support the weightbearing axis of the leg and are important
pressure points. Plantar ecchymosis for example, could be indica-
tive of a Lisfranc injury and should be evaluated with radiographic
imaging in the setting of trauma (Moracia-Ochagavia & Rodriguez-
Merchan, 2019).

512
view

| Video of the patient's ankle and feet—Lateral

From this angle, physicians may evaluate the medial and lateral as-
pects of each foot, as well as the arches and the way they contact the
floor. In a cavovarus deformity, elevation of the medial arch and a
short medial column will be evident (Krahenbuhl & Weinberg, 2019).

Also, movement of the hallux will easily be visible for evaluation of



APPLEWHITE €T AL

777

TABLE 2 Foot evaluation questions/instructions by video
Clinician's instructions
Inspection
‘Please show me the soles of the shoes you use most often’
‘Do you use any insoles and walking aids’

General inspection: ‘place the camera on the floor or a few inches
from it and show me your feet from all angles’. (Physician must
instruct patient to expose feet and carefully inspect anterior,
dorsal, lateral, posterior, medial and plantar surfaces of feet one
at a time.)

‘Take four to six steps away from the camera, turn around and take
four to six steps towards the camera’. Repeat this step as many
times as necessary.

‘Can you safely stand on your tip-toes for 2-3 s? Can you now take
four to six steps towards the camera but on your tiptoes’

‘Can you safely stand on your heels for 2-3 s? Can you now take
four to six steps towards the camera but on your heels’

‘Take a few steps back and stand so | can see your entire foot, ankle
and a few inches above your knee’ (Figure 1a)

‘Grab the camera and show me your feet from above’
Range of motion

Have the patient show you on camera doing active movements of
plantar flexion, dorsiflexion, inversion and eversion of both feet
by explaining the movements one at a time and comparing sides.
Also have them flex and extend the toes.

If a proxy examiner is present, the physician should instruct them to
repeat these movements on the patient with their feet relaxed
(passive movements) and compare sides

Several goniometer apps are available to help measure these angles
(Figure 5)

Palpation
Using one finger, indicate the point of maximal pain or discomfort

Take one hand and cup the heel bone. Squeeze the sides of the
heel bone. Does this reproduce your pain? (Figure 1b)

Use your thumb to press down over the bottom of your heel; is
this point painful? (Figure 1c)

Grab your toes and pull them back so they point up towards your
head. Does this cause pain over the bottom of your heel or arch?
(Figure 2a)

With your foot muscles, try to extend your toes towards you and
at the same time place your hand on top of your toes and
oppose this movement by pushing them away from you. Does
this cause pain? (Figure 2b)

Now try the opposite. Try to flex your toes down towards the
floor against the resistance of your hand pulling them back up
towards you. Does this cause pain? (Figure 2c)

Interpretation

Assessing the following

Inspect wear pattern

Consider answer with overall case

Meticulously inspect the quality of the skin, lack of hair (circulation
changes), nails, deformities, injuries, abrasions, ulcers, scars,
oedema, ulcers, discolouration, atrophy, ecchymosis and
misalignments

Table 4 shows some gait patterns and common related pathologies

Gastrocnemius and Achilles tendon integrity and strength, ankle
flexibility, posterior impingement, midfoot and
metatarsophalangeal joints integrity and S1/52 nerve function

Anterior leg compartment (tibialis anterior, extensor hallucis longus,
extensor digitorum brevis, fibularis tertius) integrity and
strength, ankle flexibility, anterior impingement, plantar
fasciitis/heel problems and L4/L5 nerve function

Misalignments such as varus or valgus

Foot deformities such as hallux valgus
Normal values

Ankle joint

Dorsiflexion 0-20°

Plantar flexion 0-50°

Inversion 0-35°

Eversion 0-15° (anatomic structures of the hip joint responsible for
internal and external rotation of foot)

Metatarsophalangeal joints

Flexion 0-30°

Extension 0-80°

Interphalangeal joints

Flexion 0-50°

Extension 50-0°

Possible interpretation if pain is reproduced
See Table 3

If pain is reproduced (especially also when patient runs/jumps/
walks), possible calcaneal injury or stress fracture

Possible plantar fasciitis

Possible plantar fasciitis

Possible flexor tendon pathology

Possible extensor tendon pathology

(Continues)
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TABLE 2 (Continued)

Clinician's instructions

On the outside (lateral) edge of the foot, press along the bone in
the midportion of the foot that leads to the small toe. Is there
any pain over the length of the bone? (Figure 3a)

With one hand, hold the ankle steady and with the other hand
grab the midfoot (the area of the foot in front of the ankle, but
before the toes) and rotate or twist. Does this cause pain? A
proxy examiner may be useful during this manoeuvre
(Figure 3b).

With one hand, hold the ankle steady and with the other hand
grab the midfoot and move the bones of the midfoot up and
down. Does this cause pain? A proxy examiner may be useful
during this manoeuvre (Figure 3c)

Squeeze the midfoot as if you are trying to compress the bones of
the midfoot together. Does this cause pain or make a clicking
or popping noise? (Figure 4a)

Squeeze the foot right where the toes begin (at the level of bases
of toes). Does this cause pain or clicking? (Figure 4b)

Press along the ball of the foot before the big toe begins. Is there
a specific point that reproduces your pain? (Figure 4c)

Strength test

Interpretation
Possible fifth metatarsal injury or stress fracture

Possible peroneus brevis tendinopathy

Possible midfoot injury, such as a Lisfranc injury

Possible midfoot injury, such as a Lisfranc injury

Possible midfoot injury, such as a Lisfranc injury

Possible Morton neuroma or midfoot injury (depending on where
the patient squeezed)

If this reproduces pain in the medial part of the ball of foot, possible
sesamoid injury or stress fracture

This section is ideally be done with another person as a proxy examiner. Though it is possible to attempt manoeuvres on oneself, it requires a certain
level of agility, flexibility and strength and will provide limited data. A commonly used scale to measure strength is the Medical Research Council

Manual Muscle Testing scale:
Grade 0—no contraction
Grade 1—flicker or trace of contraction
Grade 2—active movement with gravity eliminated
Grade 3—active movement against gravity
Grade 4—active movement against gravity and resistance
Grade 5—normal power
Manoeuvre

Have the examiner place one hand on top of patient's midfoot and
resist the patient trying to dorsiflex (from a seated position with
the foot not contacting the ground). Repeat on contralateral
side.

Similarly, the examiner places one finger on top of the first toe and
resists the patient trying to dorsiflex it. Repeat contralateral
side.

The examiner now places hand on top of toes 2-5 and resists
patient from dorsiflexing them. Repeat contralateral side.

Have the examiner place one hand under the patient's foot and
resist the patient trying to plantarflex. Repeat on contralateral
side.

Similarly, the examiner places one finger under the 1st toe and
resists the patient trying to plantarflex it. Repeat contralateral
side.

The examiner now places hand under toes 2-5 and resists patient
from plantarflexing these. Repeat contralateral side.

Have the examiner push medially against lateral border of foot,
while patient attempts to evert foot while in plantar flexion

Muscles tested

Tibialis anterior

Extensor hallucis longus

Extensor digitorum longus

Muscles of posterior leg compartment

Flexor hallucis longus

Flexor digitorum longus

Peroneal longus and peroneal brevis
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TABLE 2 (Continued)

Clinician's instructions
Neurovascular assessment

Do you feel any numbness or pain in any part of your foot,
ankle, legs or buttocks?

Using a light object such as a pen or pencil, close your eyes and
lightly brush the top of your foot. Now try your other
foot. Do they feel the same?

Repeat this on the space between your first and second toe
Repeat this on the middle of the plantar surface of your feet
Repeat this on the lateral surface of your feet

Repeat this on medial surface of your feet

Position the camera so | can see your toes. Press on your first
toenail with your fingers for 2 s, and then quickly release
it. How long did you see it took for your white toenail to
become red again? Repeat contralateral side. Compare
to what you saw on the screen as video may be delayed.

Press the skin in front of your shin bone firmly with your index
finger, and then quickly let it go. Did it leave an
indentation on your leg? Repeat contralateral side

Do you have any pain in your foot, calf or thigh when you
exercise (such as walking up a steep hill or a flight of
stairs) and relieved by rest?

Using a rope or belt, pull the front of your foot up (dorsiflexion)
as if you were stretching your calf muscle. Does this
cause pain?

Internal rotation Neutral External rotation
Inversion Eversion
Dorsiflexion Neutral Plantarflexion

Jd4 P

FIGURE 5 Ankle joint planes of motion

Interpretation

Correlate possibly affected nerve with respective dermatome

Superficial peroneal nerve

Deep peroneal nerve
Branches of the tibial nerve
Branches of the sural nerve
Saphenous nerve

Normal capillary refill time should be less than 2 s

No evidence of pitting oedema should be present

No intermittent claudication should be present

Homan sign should be negative

range of motion. Limitation of hallux range of motion could be a sign
of hallux rigidus and will be evident when comparing to the contra-
lateral side (Ho & Baumhauer, 2017).

5.1.3 | Video of the patient's ankle and feet—
Posterior view

From this view hindfoot and ankle alignments may also be evalu-
ated, which should be neutral to slightly valgus under normal con-
ditions. Only the fourth and fifth toes should be visible from this
angle. If more are seen, referred to as too many toes sign, increased
heel valgus in the setting of an adult acquiring flat foot may be
present; however, it is important to compare both sides of the foot
as this could also be caused by the legs being externally rotated. At
this point, the patient should be asked to stand on their tiptoes if
possible. Both ankles should fall into a varus alignment if there is
normal subtalar movement (Krahenbuhl & Weinberg, 2019).
Furthermore, in the setting of flat feet, if an arch forms medially
when standing on tiptoes, this is a sign that the flat foot deformity
is flexible (Alazzawi et al., 2017). If the patient is unable to assume
a posture on tiptoes, there may be an Achilles tendon injury and

further tests should be performed.
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TABLE 3 Patient localisation of pain, anatomic site of pain and possible underlying pathologies

Where is the pain
located?

‘The front of my ankle’

‘The inside of my foot’

‘The outside of my foot’

‘The top of my foot’

“The bottom of my
foot/underneath my
foot’

‘My heel’

‘My big toe’

‘My toes’

‘My little toe’

Specific anatomic location

Anterior ankle, localised at tibiotalar
joint

Medial and posteromedial midfoot

Lateral midfoot

Dorsal surface of the midfoot

Dorsal surface of the metatarsals

(forefoot)

Plantar surface

Calcaneus/posterior pian

First toe (MTP, PIP and DIP)

Second to fourth toes (MTP, PIP and
DIP)

Fifth toe (MTP, PIP and DIP)

Common pathologies

Degenerative osteoarthritis, syndesmotic injury, anterior ankle impingement
(Berman et al., 2017), tibiotalar osteophyte (Berman et al., 2017), ankle joint
capsule injury (e.g., violent and excessive plantar flexion)

Lisfranc injury, pes planus, pes cavus, medial ankle impingement, subtalar
degenerative changes, middle facet coalition, peroneus longus insertional
tendinopathy (Alazzawi et al., 2017), navicular fracture, spring or deltoid
ligament (Lui, 2017), tibialis posterior insertional tendinopathy, flexor hallucis
longus pathology or tarsal tunnel syndrome

Stress fracture of distal fibula, anterior talofibular ligament injury, lateral ankle
impingement, sinus tarsi syndrome, tarsometatarsal synovitis (fourth/fifth),
cuboid fracture, painful os peroneum syndrome, calcaneal fracture, malunion
fracture

Degenerative disease, post traumatic arthritis, tarsal bones stress fracture,
ligament injury (i.e., Lisfranc injury), tibialis anterior or peroneal brevis
insertional tendinopathy, osteoarthritis

Metatarsalgia, metatarsal fracture (including stress injuries), Morton's neuroma,
stress fracture, Freiberg disease, metatarsophalangeal joint synovitis, nail
pathology

Plantar fasciitis, flexor digitorum longus tendonitis, sesamoiditis (Alazzawi
et al., 2017), metatarsalgia (Besse, 2017), Morton neuroma (Munir
et al,, 2020), plantar plate disruption (Drakos et al., 2015)

Insertional Achilles tendonitis, calcaneus fracture, plantar fasciitis/rupture,
posterior ankle impingement, os trigonum pathology, osteophyte, malunion
fracture, tarsal tunnel syndrome, foreign body reaction, first branch of lateral
plantar nerve entrapment (Tu, 2018), fat pad atrophy/contusion

Hallux valgus/rigidus, inflamed bunion, sesamoiditis, sesamoid fracture, turf toe,
fracture of the phalanx, flexor hallucis longus insertional tendonitis
(Wentzell, 2018), gout, callus, arthritis

Hammer toe, claw toe, mallet toe (Alazzawi et al., 2017), fracture of the phalanx,
Morton neuroma (Munir et al., 2020)

Inflamed bunionette, fracture of the phalanx, callus, fifth metatarsal fracture
(Jones fracture) (Bowes & Buckley, 2016), peroneus brevis insertional
tendinopathy

Abbreviations: DIP, distal interphalangeal; MTP, metatarsophalangeal; PIP, proximal interphalangeal.

5.1.4 | Video of patients lower limb—Frontal view

This first view requires the patient to stand up straight and face the
camera with feet together. The camera may be raised to about knee
level to expose an ample view of patient's feet, ankles and knees. This
will allow the physician to do a general inspection of the lower limbs
before focussing more closely on the feet and ankles. Patient should
be asked to do a slow 360° turn on their longitudinal axis to appre-
ciate lower limbs from the sides and posteriorly as well. Any obvious
large areas of skin change anywhere on the leg should be visible.
Also, misalignment of the heel, more easily appreciated from this
view, may be due to varus or valgus angulations and may cause foot
problems. For example, the heel pad being visible from the front of
the patient, referred to as peek-a-boo sign, may indicate varus

angulation (Alazzawi et al., 2017). Physicians should ask patients to
walk away and towards the camera (several times if necessary) while
carefully examining gait. If possible, patients should be asked to
repeat this walk on their tiptoes and again on their heels, as each of
these manoeuvres may yield different clues. Table 3 shows some gait
patterns and common related pathologies (Alazzawi et al., 2017,
Gandbhir et al., 2020; Pirker & Katzenschlager, 2017; Ruzbarsky
et al,, 2016; Sharma et al., 2020).

5.2 | Palpation

The physician must rely on asking patients to palpate their own
body. It is important to ask the patient to show with one finger
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TABLE 4 Gait patterns and common underlying pathologies

Gait pattern

Trendelenburg gait

Lurching (rocking horse) gait

Myopathic (waddling) gait

High steppage gait

Antalgic gait

Knee hyperextension gait

Tip toeing (equinus) gait

Scissor gait

Ataxic gait

Equinovarus gait
Quadriceps gait

Hemiplegic (circumductory) gait

Common underlying pathologies

Glutaeus medius/minimus weakness, superior glutaeal nerve injury (L4-S1) (Gandbhir
et al.,, 2020)

Glutaeus maximus weakness (Alazzawi et al., 2017), inferior glutaeal nerve injury (L5-S2)

Developmental hip dysplasia (Sharma et al., 2020), muscular dystrophy (Sharma
et al., 2020), bilateral hip abductor injury (Gandbhir et al., 2020)

Foot drop, common peroneal nerve injury, dysfunction of the anterior compartment
dorsiflexors

Pain on weightbearing (Alazzawi et al., 2017), ankle sprains, stress fractures, plantar
fasciitis, degenerative osteoarthritis (Pirker & Katzenschlager, 2017)

Femoral nerve pathology, spinal cord pathology (Alazzawi et al., 2017), radiculopathy
(Alazzawi et al., 2017), quadriceps muscle weakness (Pirker & Katzenschlager, 2017)

Leg length discrepancy (Alazzawi et al., 2017; Ruzbarsky et al., 2016), abnormal
dorsiflexion or, plantar contractures (Alazzawi et al., 2017)

Muscular spasticity, abnormal bilateral adductor hypertonia (Pirker &
Katzenschlager, 2017)

Cerebellar disorder (Pirker & Katzenschlager, 2017), dorsal columns lesion (Pirker &
Katzenschlager, 2017)

Congenital talipes equinovarus (club foot) (Pirker & Katzenschlager, 2017)
Radiculopathy or spinal cord pathology (Pirker & Katzenschlager, 2017)

Spastic muscles

where the pain is worst to narrow down the anatomic culprit
(Alazzawi et al., 2017). An advantage of foot evaluations is that
there is relatively little space between bone and skin, so the outline
of some underlying anatomic structures may be observed. Further,
with a good knowledge of foot anatomy, it is conceivable for the
physician to pinpoint the offending structure by the patient's indi-
cation of maximal discomfort site. Table 3 shows common pain lo-
cations, the underlying anatomic structures and possible causal
pathologies (Alazzawi et al., 2017; Berman et al., 2017; Besse, 2017,
Bowes & Buckley, 2016; Drakos et al., 2015; Lui, 2017; Munir
et al, 2020; Tu, 2018; Wentzell, 2018). Table 2 shows some sug-
gestions on how to guide the patient through palpation during a
virtual encounter.

5.3 | Range of Motion (ROM)

The physician must direct the patient through a full range of motion
evaluation (flexion, extension, abduction, adduction, inversion and
eversion of foot as well as exploration of metatarsophalangeal and
interphalangeal joints), several times if necessary, looking for asym-
metries, pains or clicks. If a helper or proxy examiner is present, they
may move the patient's joint to explore passive ROM, as these are
more reliable than active movements which may interfere with
measurements (Eble et al., 2020). Several mobile telephone—based
joint angle measurement tools (i.e., goniometers) have proven to be
reliable and accurate. These may be used on several articulations,

including the ankles and toes (Mourcou et al., 2015). Table 2 shows

some suggestions on how to guide the patient through range of

motion testing during a virtual encounter.

5.4 | Strength testing

Two important challenges of a virtual foot evaluation are strength
testing and neurovascular assessment. If a family member or proxy
examiner is available, the physician may instruct them to oppose
different foot bilateral movements simultaneously and report if a
notable difference in resistance is appreciated. If no assistant is
available, patients may be asked to execute manoeuvres such as
standing on their tiptoes (which would indicate a four-fifths in
strength in plantar flexion muscles). They may also be instructed to
attempt resisting foot movements with their hands and compare
sides; however, these techniques yield limited information. Table 2
shows some suggestions on how to guide the patient through
strength testing during a virtual encounter.

5.5 | Neurovascular

For vascular assessment, it is less reliable for patients to palpate their
pulses; however, perfusion and capillary refill of toenail beds can be
easily explored with appropriate instructions. While assessing
integrity of sensory nerves is challenging, the patient may be asked to
gently stroke different parts of the foot with an instrument, such as a

pencil, preferably with their eyes closed (to eliminate visual input)
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and compare with the opposite limb. Table 2 shows some suggestions
on how to guide the patient through neurovascular assessment

during a virtual encounter.

6 | RADIOGRAPHIC CONSIDERATIONS

Radiographic studies are a very important compliment if findings
from a telemedicine visit are suggestive of osseous injury. Patients
may have studies done locally and uploaded into a virtual imaging
system, or physically mailed to the treating physician to be analysed.
Imaging results can help guide management, particularly if the aeti-
ology is not completely clear based on telephone or video evaluation

alone.

7 | LIMITATIONS OF TELEMEDICINE

Some people, both physicians and patients, may not be inclined to
engage in telemedicine for a variety of reasons. However, a carefully
planned and executed virtual medical visit may offer a multitude of
benefits and yield very successful results. Many physical examination
tests normally performed during a foot evaluation may be executed
by patients on themselves or a proxy examiner under the direction of
a physician, nevertheless it is possible that patients execute or
interpret the results of a specific manoeuvre incorrectly, which may
ultimately lead to incorrect diagnosis. This misfortune can be mini-
mised if an exhaustive patient history is considered carefully with a
thorough physical examination, including multiple manoeuvres, and
imaging if available. If a video visit results inconclusive, patients
should be encouraged to schedule an in-person appointment.

Telemedicine only works well if the technology used is at least
adequate (e.g., stable internet and software, suitable cameras,
speakers and microphones) and if the patients are familiar with the
technology. These two factors are sometimes limiting in isolated
places or third world countries, and more commonly with geriatric
patients. However, as technology improves and becomes more
accessible, each new generation is more adept to using it.

Patient satisfaction is an extremely important factor of any
medical visit. Though many studies comparing patient satisfaction
between cohorts of patients assigned to traditional in-person visits
versus cohorts assigned to telehealth show patient satisfaction to be
the same on both groups, this may not be the case for all. Many
physicians and patients prefer traditional in-person visits for they
foster stronger relationships, which ultimately encourage more trust

in patients towards their providers.

8 | CONCLUSION

There is real value in telemedicine that extends beyond times of
pandemics. By mastering the skill of performing virtual evaluations,

we can extend the reach of medical care to cover people who live in

remote areas. It's crucial to have a guide and follow a specific
sequence during telehealth visits. This allows the physician to be
thorough and effective. Almost half of the US population suffers from
foot ailments; therefore, it is important to have an effective method
of conducting foot evaluations in a virtual fashion. Despite traditional
in-person visits having many benefits, virtual visits fill a very specific
but important need in today's healthcare system. Telemedicine
should not be thought of as a replacement for traditional in-person
visits, rather it is another instrument in the toolbox that physicians
may use. Lastly, it is important to consider radiologic imaging if the
findings from the evaluation indicate an osseous injury or if aetiology

is not completely clear based on telephone or video evaluation alone.
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