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Abstract

Introduction Tele-rehabilitation is a method of delivering rehabilitation services using information, technology and commu-
nication to everyone, irrespective of their geographic location. National zeal for competitive sports and COVID pandemic has
led to an increase in its demand and popularity worldwide. The athletes need immediate treatment and correct rehabilitation
to keep them in their game. This review aims to bring into perspective the importance of telemedicine and telerehabilitation
in orthopaedics and sports medicine with a focus on virtual reality.

Methods Articles were searched based on suitable keywords ‘telemedicine’, ‘telerehabilitation’ ‘orthopedics’, ‘orthopae-
dics’, ‘sports’ and ‘India*’ which were combined using suitable boolean operators in PubMed, Scopus and Web of Science.
Government guidelines and laws were also reviewed in view of telehealth and telemedicine.

Conclusion Tele-rehabilitation and virtual physical therapy are innovative and cost-effective ways to provide the best reha-
bilitative services to the patients at their doorstep. Virtual reality should be incorporated into the Indian telehealth delivering
system with a special focus on the remote athlete population.

Keywords Telerehabilitation - Remote rehabilitation - Virtual rehabilitation - Sports medicine - Orthopedics - Virtual

reality - Psychology - Nutrition - Telemedicine - eHealth

Introduction

In 2017, an executive boardroom meeting was organized
by the World Health Organization. The meeting was—
Rehabilitation 2030: A call for action. They acknowledged
the unmet rehabilitation needs and also the importance of
greater access to rehabilitation services throughout the globe
[1]. Tele-rehabilitation is one of the methods of providing
these much needed rehabilitation services through the use of
information and communication technologies, as established
by the American Telemedicine Association [2]. Knowing
and understanding the functioning of telerehabilitation is the
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need of the hour, not only to achieve a sustainable develop-
mental goal but also to bring a necessary health service to
the doorstep of the patients.

Rehabilitation is the act of restoring someone to a healthy
or a normal life. Another dimension in rehabilitation is—the
return to play/sport. With the ever-increasing popularity of
sports worldwide, various sports have become more compet-
itive and less forgiving to those with an injury. An important
factor in early return to play is early and correct rehabilita-
tion [3]. This has also led to the launch of a Centralised Ath-
lete Injury Management System (CAIMS) in India in June
2021. The aim of this online athlete management system is
to provide them with correct rehabilitation on time [4].

This review aims to bring into perspective as per the
available literature, the importance and effectiveness of
telerehabilitation in sports and exercise medicine.
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Methods

A systematic search of the PubMed, Scopus, and Web of
Science databases was performed using the search terms
combined with suitable boolean operators[(telemedicine
OR telerehabilitation) AND (orthopedics OR orthopaedics
OR sports) AND India*] Reference lists of the articles were
also screened. Bibliographic references were then fed into
the EndNote software application to check for duplication,
compilation and subsequent manual selection. The last date
searched was 25th July 2022. This search led to 25 relevant
papers (Fig. 1). We did not contact the authors for any addi-
tional information. Apart from online databases, WHO and
various government websites were also searched in view
of guidelines laid by them to practice tele-based health
services.

Results

The key messages and recommendations from these arti-
cles have been summarised in Table 1 [5—37]. The research
papers showed that there is evidence regarding the effective-
ness of telerehabilitation as a method of providing health
care [5-9]. Various papers gave guidelines on conducting
a teleconsultation for rehabilitation [12, 13]. Post-operative
wound care, suture removal and drain removal could also be

Fig.1 PRISMA Flowchart

done using telecommunication [11]. Devices such as smart
watch [17-19], accelerometer [20-23], and other movement
sensors [34] could be used along with telerehabilitation The
use of virtual reality for rehabilitation was also explored and
had a positive review [15, 16, 24-26]. Based on these papers
it can be concluded that telerehabilitation and virtual reality
should be incorporated into the Indian telehealth delivering
system with a special focus on the remote athlete population.

Discussion

India’s digital policy advocates for the use of digital tools
for improving the delivery of various healthcare facilities.
The Ministry of Health and Family Welfare of India brought
out telemedicine practice guidelines in partnership with
NITI Aayog. They mentioned 4 modes of communication
and discussed the strengths and limitations of each, these
modes included—video (telemedicine facility, video-chat
platforms), audio (phone), text-based/chat-based platforms
(WhatsApp messenger, facebook messenger, SMS, other
similar smartphone apps) and asynchronous modes (emails,
fax, recordings, etc.) [13, 38—42]. The telemedicine network
of India has come a long way since it was first started as
a pilot project by the Indian Space Research Organization
(ISRO) in 2001 [43]. These advances in communications /
internet network allow us to deliver quality health and reha-
bilitation services at any place including the patient’s home
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Table 1 Summary on tele-rehabilitation and recommendations by various authors

Is it a satisfactory and effective mode of providing treatment?
‘What does telerehabilitation include?

How to identify and take consent of a patient?

Is telemedicine accurate in diagnosing musculoskeletal conditions?

Can post-operative care be given using telecommunication?

How to teach exercises?

What are the devices that can be used for telerehabilitation?

What is the latest, is VR effective and how can it be used in sportsmen specifi-
cally?

How does VR help in improving the quality of rehabilitation?

Has telemedicine or telerehabilitation been tested clinically?

Has VR-based rehabilitation been used clinically and where?

How can VR be used in post-operative follow-up in orthopedics?

What to do in telemonitoring/follow-up?
How can you assess the quality of exercises done during rehab?

What is biometric data that is to be monitored during tele-rehab and how to
measure it?

What other biomechanical data can be obtained?

What alternatives can be used to make telerehabilitation more effective and not
monotonous?

How to make telerehabilitation more holistic?

Yes [5-9], functional MRI shows the same cortical activation in patients undergo-
ing telerehabilitation as in traditional rehabilitation [10]

Home physiotherapy training on ROM exercises, strength, balance, gait retrain-
ing, rehabilitation for RTP and RTP assessment [11]

Using UID verification and Google forms etc. [12, 13]

Yes, spine conditions can be diagnosed highly accurately [14]; in 94% of patients’
telemedicine diagnosis and surgical plan remained unchanged on subsequent
hospital visits. Radiculopathy, myelopathy and neurogenic claudication
conditions were more easy to diagnose. However deformity, tumor surgery or
revision surgeries of the spine needed an in-patient visit before confirmation of
diagnosis [14]

Yes; post-operative dressings, wound care, suture removal with or without assis-
tance (interactive video instructions), drain removal. Figure eight sutures are
more easy to remove than mattress sutures (horizontal)

Jackson Pratt drains are easier to remove [11]

Patient to be taught using video demonstration at least 2 angles using teach back
method [7, 11]

VR based digital trainer—Exer-gaming [15] Example: Xbox KINECT system—
table tennis (improving hand—eye coordination), golf, boxing (These can help in
improving reaction time), soccer (weight-shifting and weight-bearing training),
ski, football (balance training) [15]; Nintendo Wii Fit (balance training) [16]

Smart wristwatches connected to apps like Zepp/Google fit [17-19]; Belt strap
with sensor for HRM connected to apps via bluetooth [17]; Accelerometer
[20-23]; APECS

Virtual reality (VR). Yes [24-27] VR based games like boxing can help in non-
contact training before returning to training in the ring and RTP. Games like
table tennis (improving hand—eye coordination), golf (improving trunk rotation
and lumbopelvic control), boxing (improving reaction time) [15, 16]

VR system provides feedback and evaluation for rehabilitation training using
sensors like accelerometer, gyroscope, magnetometer and constellation tracking
camera, thereby improving the quality of rehabilitation [28]

Yes [29]. Clinical efficacy of VR was demonstrated in terms of motor intention
recognition rate, completion of task and average total time [29]

Yes [28, 30]. It has been used for ankle instability, focusing on improving bal-
ance, proprioception and decreasing muscle imbalance. [31] Also used in upper
limb rehabilitation training [28]

Improves early functional outcomes [11]; Multimodal stimuli is provided to the
patient and he is fully immersed in that simulation. VR-based rehab done in
TKR patients [26, 32]. Example: Nintendo Wii Fit [15], VERA system [33]

Patient’s pain, swelling, ROM, muscle strength, balance and proprioception can
be reassessed

Sensor-based assessment [20-23]. Example: VERITAS system [33], Force-based
and speed-based sensors (eFisioTrack virtual PT) [34]

Physiological data—heart rate (HR), heart rate variability (HRV), blood pressure
(BP), temperature, oxygen saturation, electrocardiogram (ECG), SpO, (oxygen
saturation), sleep parameters—which can be measured through smart-watches,
chest strap HR monitor and similar devices [17-19]

Electromyography, range of motion, motor control, force, tone, torque, displace-
ment, etc.—can also be measured and can be used in better virtual assessment
of an individual [17-19]

Virtual yoga [11], interactive group sessions for integrative rehabilitation, telenu-
trition [35], telepsychology [36, 37]

Tele-nutrition [35], tele-psychology [36, 37], awareness about doping

MRI Magnetic resonance imaging, ROM Range of motion, RTP Return to play, UID Unique identification numbers, VR Virtual reality, HRM
Heart rate monitoring, APECS Artificial intelligence-based posture evaluation and correction system, TKR Total knee replacement, VERA system

Virtual exercise rehabilitation assistant

or a low-resource setting via various telecommunication
technologies [44—49].

In a population of 1.39 billion [50], sports literacy in
India is only 5.56% of the total population [51]. This could
be due to the very high dropout rate of young athletes; one

of the reasons for this is their injury and its inadequate reha-
bilitation [52]. Tele-rehabilitation could help in the proper
treatment of an injured athlete irrespective of his location
and thereby help in early return to play, decrease in dropout
rates and increased participation in sports.
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The advantages of telerehabilitation have been well doc-
umented in literature; it is cost effective, has good adher-
ence and low drop-out rate. It is easily accessible, the travel
time is decreased (even possible in the comfort of home),
it involves decreased dependence on others to receive care.
Hence there is a decrease in loss of training time, continuity
of care is maintained across different locations and training
centres. The main advantage is an increase in the chances of
getting specialty/quality care with an interdisciplinary team
(orthopaedic and sports medicine specialists, physiothera-
pist, sports nutritionist and psychologist and the coaches).
The ease of conducting group-based rehabilitation (such as

postoperative physiotherapy sessions, yoga, Tai Chi, and
pilates) makes it less monotonous and more engrossing for
the patient. He can compare and assess himself while per-
forming the exercises in a group. The pictographic memory
associated with it also lasts longer [10, 18, 53].

Figures 2, 3, 4, 5, 6 represents essential elements of teler-
ehabilitation and how it can bridge a gap between patients
in remote area and an apex health facility. The patient can
contact his nearest health facility to get his physical assess-
ment done, the specialists in the central institutes could
assess him and manage him using a team approach. Simi-
larly, the specialists can also follow up cases of orthopaedic

[

Telemedicine Protocol ]

Patient education: Logistics of the telehealth visit
Assessment of home environment: Adequate lighting, ample
space, neutral background, chair/bench/table for performing

examination maneuvers

Assistance (if possible): Ensure patient's safety, help with
positioning camera and in conducting some of the examination

maneuvers

[

Video
(Phone - 1-6 megabits/sec)
(Computer - 25 megabits/sec)

]

e-Verification: UID
Demographic details
obtained

Patient identification and consent

Consent taken using
google forms

Obtain History
Prepare patient for examination

3

Inspection
Posture, alignment, gait, skin
changes, presence of muscle
atrophy/hypertrophy, bony

i . application
deformity, inflammation P i

Range of Motion (ROM)
Goniometer/online protractor
from the browser or downloaded

Special Tests
(Table 4)
Vidco instructions shown

Establish diagnosis

Use
multidisciplinary

Prepare rehabilitation protocol

Consider patient
rehabilitation goals.

approach

|

Discuss with coach,

1
|
|
[

Telerehabilitation &
Telemonitoring

| L R S—

]

|

Return to Play/Sports

Fig.2 Tele-rehabilitation could bridge a gap between the patients in the remote area and the quality services that are provided at an apex centre.

Telemedicine Flowchart
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Fig.3 Tele-rehabilitation
Protocol | Tele-rchabilitation Protocol ]

[ Video ] [ Audio ] [ Text ]

e-Verification: UID
Demographic details
obtained

Conscnt taken using

H o H ] H H QM
Patient identification and consent J soogle forms

l

Obtain digital documentation of
history and/or surgical notes

regarding expectations and goals

Counsel patient and coach
of rehabilitation

Aided by:
Tele-nutrition

[ Plan rehabilitation from Day 1 to ]
Tele-psychology

Return to Play

Video - Preferred

Tele-monitoring at regular
mode of assessment

intervals to assess progress

Patient: Videoconferencing ]

I

One attempt at relocation

Mock Case:

Refer to emergency
immediately

Patellar dislocation

[ Relocation successful

Reduce pain and
swelling: Normalize
ROM & gait pattern;

Pelvis and hip
stabilization exercises

[ Set goals for non-operative virtual rehabilitation

ROM, Swelling, Tendemness,
Thigh girth, Quadriceps isometric
hold, alignment

!

Hinged knee brace; Isometric Follow along videos of
quadriceps & CKC VMO exercises will be
exercises; Balance training ) demonstrated.
i

Neoprene knee sleeve; Gait
retraining; Progressive strength
and balance training

' ‘ ™
Phase 3 Proximal limb control; Sports s",lTs‘; ::j_“ﬁo"::‘t‘ﬂ and
{Wk 7 and beyond) specific rehab; RTP ) Y balance test
.

ROM: Range of Motion; CKC - Closed Kinetic Chain; OKC - Open Kinetic Chain; VMO -
Vastus Medialis Oblique; RTP - Return to Play.

Fig.4 Mock Case Tele-rehabilitation of 1st time Patellar Dislocation
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[ 2 weeks Post-op Arthroscopic Bankart Repair ]

Virtual Telerchabilitation

!
Minimize pain (VAS <2/10); Achieve staged
ROM: PFF upto 135" & PER upto 50" (end of
wk 6): Normalize RC guarding and
neuromuscular control; CKC scapular exercises
\( avoid protraction) Y,
)
/Achie\'e staged ROM: WNL (end of wk 12);
Begin RC strength and endurance training;
PNF exercises; CKC & OKC scapular
exercises; Functional exercises; Core stability;

J

Patient: Videoconferencing ]

Total leg strengthening.

i

\exercises.

Progression of CKC and OKC exercises:
Neuromuscular dynamic stability exercises;
Begin sports specific exercises & protected
plyometric exercises; Continue functional

Telemonitoring for
quality of excrcise
assessment

i

-

Participation -> Competition

-

Same as phase 4 (progressive)

Return to play progression -> Training ->

Virtual reality based
training before RTP

J/

PPF - Passive FOrward FLexion; PER - Passive External Rotation; RC - Rotator cuff; WNL -
Within Normal Limits; CKC - Closed Kinetic Chain; OKC - Open Kinetic Chain.

Fig.5 Mock Case Tele-rehabilitation 2-week post-operative arthroscopic Bankart Repair

surgeries so as to provide the best course of action in
future-tele-follow-up.

The prerequisites for a telemedicine or telerehabilitation 3.
visit by a sports person/orthopaedic patient are: [11]. 4.

1. Good internet connection.18 Telecommuting requires 5.
5—25 Mbps download speed. HD video teleconferenc-
ing requires a minimum download speed of 6 Mbps 6.
whereas HD personal video call (example: skype)
requires 1.5 Mbps [54, 55]. 7.
2. High-quality camera and microphone. 51, 52:Some digi-
tal examination cameras that can be used for telemedi-
cine have been mentioned by Baker J et al. (2018) [56].
Chris Patricoski et al. described 10 considerations for 8.
digital camera selection include: (1) camera user expe-
rience, (2) clinical application, (3) image quality, (4)
advanced settings that may be needed, (5) ease of usage,
(6) macro setting, (7) power source, (8) image transfer,
(9) docking station requirement and (10) price. After
these considerations, they found that Kodak V1233, Fuji

F40 and EX-Z1200 were a good choice for telemedicine
7).

Adequate room lighting

Adequate space to stand and move about in front of the
camera

Availability of sturdy chair, bench and table for perform-
ing various tests

Determine correct laterality [58]. Patient should be
wearing comfortable and loose clothing.

Tools (from provider/freeware) for teleconsultation
should be downloaded and pre-installed in the computer/
laptop like the consultation application, online protractor
or goniometer websites or apps etc. [18].

It is essential that the patient sees a video guide on do's
& don'ts of teleconsultation including a demonstration
of various physical examination tests prior to his/her
telehealth visit. (11) (Table 2) [11, 59-61]

The additional set-up/accessories that can be used to

improve the quality of telerehabilitation are:
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Mock Case:

[ Patient: Videoconferencing ]

Postop Total Knee Arthroplasty

!

Preoperatively

\

Patient introduced to virtual reality based video
exercise guide with casy step-by-step
demonstration and follow up guide at home,

1st demonstration - Physical therapist present
and exercises taught using teach-back method.

Balance training,
Quadriceps scts.

Synchronous
monitoring by
therapist

J

l

7

\

Virtual assistant based rchabilitation
Digital trainer with visual, audible instruction and
feedback on exercise quality(Bettger et al.)

Physician checks:
Telerchabilitation
Telemonitoring

1

VR system will track activity, exercise quality,
posture, gait, adherence and performance,

Asynchronous
monitoring by
therapist

I

Phase | (Wk 1): Attain full cxthsion and 100° flexion; Quadriceps sets; Single leg raises; Gait-retraining.
Phase I (Wk 2-5): Attain 0-125" flexion, Add lower extremity strengthening; proprioception; static and dynamic

balance.

Phase IIT (Wk 6-8): Attain full ROM. Ambulate without support. Add eccentric exercises (after confirmation from

doctor); improve unilateral balance,

Virtual check-in for progress and re-assessment
by the physician based on collected data.

Fig.6 Mock Case Tele-rehabilitation of Total Knee Arthroplasty

1. Wearable technology like smart-watches/chest strap HR
monitor/portable pulse oximeters can help in collecting
certain parameters of health (like HR, HR variability,
sleep patterns, etc.) which can help in assessing the
performance of the athlete and thereby can help in the
improvement of the performance [17-19].

2. There are technologies which can potentially compen-
sate for the deficit in the virtual examination of the mus-
culoskeletal system like motion sensing input devices
etc.

3. Use of mobile apps like—APECS could also be used
by the physician as well as patients. APECS stands for
Artificial Intelligence-based Posture Evaluation and
Correction System. It is an app developed by doctors.
It was first released on Jul 27, 2018 on the google play
store, offered by New Body Technology. It has photo-
grammetric algorithms which could help in accurate
posture assessments preventing low backache etc.

4. Virtual reality; a technology that can help in revolution-
izing the delivery of telehealth, telemedicine and teler-
ehabilitation [62].

Virtual reality (VR) is an advanced communication
interface that assists in the biomechanical assessment
(posture, alignment), balance, coordination, reaction time
training, strength and endurance of the athlete in telemedi-
cine and telerehabilitation.

Essentials of a VR system—Head-mounted display
(fully immersive) or monitor display device (partially
immersive) like desktop monitor; interactive input device
like mouse, joystick; PC (personal computer) engines; 3D
accelerator cards for real time 3D simulation display [62].

VR devices could be PC (personal computer) based,
mobile-based, console-based or standalone.

In a PC-based device the system includes Oculus Rift
S, HTC COsmos/Vive Pro/Pro Eye, Valve Index or HP
Reverb G2. For these systems, the specifications are as fol-
lows: Video card—NVIDIA GTX 1060/AMD Redeon RX
480 or greater; CPU—Intel i15-4590/AMD Ryzen 51500X
or greater; Memory—8 GB RAM or greater; Video Out-
put—DisplayPort; USB Ports: 1 X USB 3.0 port; OS—
Windows 10. Sensors include—Accelerometer, gyroscope,
magnetometer and constellation tracking camera. [63] The
resolutions should be 2560 x 1440 or above, with a refresh
rate ranging between 90-120 Hz. They should also have
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high body tracking with high user interaction using con-
trollers [62, 63].

In a mobile-based device, the system includes Samsung
Gear VR, Google Cardboard or Google Daydream. The
minimum resolution required is 1024 x 768 with a refresh
rate ranging from 60 to 90 Hz. Body tracking should also be
available with low to medium user interaction using gaze or
joystick or built-in pad [62].

In console-based and standalone devices have simi-
lar specifications. These systems include PlayStation VR,
Xiaomi MI XR, Oculus Quest 2, Lenovo VR Classroom 2
[64]. Exergaming is a blend word which can be defined as
a technology-driven physical activity. A preliminary study
conducted on stroke survivors found that virtual reality-
augmented rehabilitation has significantly better outcomes
than conventional therapy. This virtual reality environment
was provided using the video game—XBox Kinect system.
Kinect system uses infrared depth sensor and RGB camera to
capture data for creating 3D human body model in real-time
and for body position and motion assessment [15].

The advantages of VR includes: increase in activation of
the primary sensorimotor cortex, the supplementary motor
area and cerebellum while performing hand clenching tasks;
it reduces health staff time and increases patient motivation
towards rehabilitation [15]. The kinect-based VR training
includes auditory and visual stimulation; further feedback
information about winning or losing and repetitions of the
same motion provides a variable engrossing (versus per-
formed in front of a mirror in conventional physical ther-
apy) and barrier-free tool for rehabilitation exercises [15].
In-built logging-in tracking system of VR provides informa-
tion about compliance. Despite sparse evidence, functional
improvements observed by combining VR and tele-rehab
seem to be comparable to traditional rehabilitation [30].

Tele-Integrative Medicine for Athletes: Complementary
and various integrative health techniques like yoga, tai chi,
self-massage, mindfulness meditation have been used for
managing chronic pain and can be easily incorporated into
telemedicine as supportive rehabilitative care for athletes
[64].

Tele-Psychology for Athletes: The mental health of elite
athletes impacts their physical performance [65] and we
need to address this issue through telepsychiatry while we
address their physical symptoms through telerehabilitation.
Various studies have shown that in-person treatment is com-
parable to telehealth services for mental health conditions
like PTS, anxiety and depression [66].

Tele-Nutrition for Athletes: Nutrition also plays an impor-
tant role in the rehabilitation and general well being of the ath-
lete. Need for education about nutrition is essential to improve
performance by promoting healthy weight gain or loss and
adequate energy intake [67]. Not only is nutrition essential for
recovery, it is also essential for maintaining the correct body

@ Springer

composition and anthropometric parameters for the athletes
according to their respective sports. Tele-nutrition can help
increase awareness regarding the relative energy deficiency in
sports and to help the athletes have a healthy outlook towards
food and calorie intake.

Current research and various clinical studies have sug-
gested that using biometric data for telerehabilitation (Table 1)
enhances performance and makes individualized telerehabili-
tation protocol. It can also help in improved virtual physical
assessment & improves the adherence of the patients to the
rehabilitation program thereby improving outcomes [17].

Limitations of Tele-Rehabilitation include: difficulty in
performing a comprehensive physical examination, technical
difficulties, patient confidentiality problems, patients consider-
ing online interactions as impersonal and dangerous, decreased
satisfaction in asynchronous telerehabilitation; increased
chances of misdiagnosis, and potential medico-legal risks [68].

Limitations of virtual reality-based rehabilitation include:
high cost of establishing a setup, cybersickness/simulation
sickness (headache, eye strain, nausea, vomiting, dizziness,
ataxia, etc.), perceptuomotor after-effects, sleepiness, fatigue,
etc. [61, 69].

The authors suggest and propose that the versatility of
telemedicine and telerehab can only be exploited fully if we
start early, that is incorporate it in school/colleges physical
education curriculum, connect schools/colleges to remote
telemedicine centres. This will help in catching the youth
interested in sports (talent identification) and giving proper,
adequate injury care and rehabilitation when necessary. Even
the existing Primary Health Centre network in India estab-
lished as part of the National Health Mission could help in
setting up a common telerehabilitation consultation office for
the rural population that the PHC caters to. Health workers in
the 23,391 PHCs all over India could be trained to perform the
various physical examination tests that need to be performed to
reach a particular diagnosis. Coaches should also be involved
in the rehabilitation of these athletes to ensure compliance with
telerehabilitation.
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