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Abstract

Introduction: Physiotherapists use different methods
such as tactile feedback, scales and biofeedback to
teach patients applying the partial weight bearing in-
structions. Biofeedback systems are more effective and
objective method than usage of conventional bath-
room scales in training patients to comply with weight-
bearing limitations.

Aim: The current review will focus on the availability
and clinical use of biofeedback in-shoe device in pa-
tients with prescribed PWB.

Methods: A literature search was performed using the
following keywords: partial weight bearing, biofeed-
back in-shoe device and surgery. Five databases were
searched appropriate for screening (PubMed, PEDro,
Google Scholar, Clinicaltrials.gov and ScienceDirect).

Results: Filtration strategy was used in a literature
search. 15 sources were selected for final analysis. Qual-
itative analytical approach was used in data processing.

Conclusion: Biofeedback systems have been more ef-
fective than conventional bathroom scales in training

patients to comply with weight-bearing limitations.
With additional randomised controlled trials, biofeed-
back devices may very well become a part of the main-
stay of clinical practice in orthopaedic partial weight-
bearing patients.
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Introduction

Partial weight bearing (PWB) is a common intervention
in rehabilitation process of orthopaedic patients and
patients who had certain lower-body injuries. ' PWB is
defined as a particular amount of patient’s weight dur-
ing standing and walking, when using assistive device. >
the purpose of PWB is that limiting the amount of body
weight during rehabilitation will enable better ingrowth
of prosthesis or prevent dislocation and promote heal-
ing in fracture care. * PWB is prescribed by the treating
surgeon or physiotherapist and starts on the first day
after surgical procedure with low weight bearing on the
affected limb and increases until full weight bearing is
accomplished. ** Physiotherapist prescribes the maxi-
mum kgs or % of weight bearing. ¢ By partial weight
bearing, 20-50% of the body weight is tolerated. ’

Physiotherapists use different methods such as tactile
feedback, scales and biofeedback to teach patients
applying the partial weight bearing instructions. ® The
most common method is use of scale. & The difficulty
in transferring the static measurement of scales to the
dynamic activity in gait has limited the use of scales in
partial weight-bearing training. ° Biofeedback systems
are more effective and objective method than usage of
conventional bathroom scales in training patients to
comply with weight-bearing limitations. 1°

New technological advances have provided commercial-
ly available biofeedback systems that are fully portable
such as Smartstep (Andante Medical Devices Ltd, Beer
Sheva, Israel) and Sensistep (Evalan, Netherlands), Pedar
(Novelgmbh, Munich, Germany) and F-Scan (Tekscan Inc.,
Boston, MA, USA). The SmartStep insole measures the
force applied under the heel and forefoot of the affected
limb. The data is received and analysed by the miniature
portable control unit, which is worn around the ankle.
12 SensiStep uses a force sensor that is placed inside a
special sandal. This sensor registers how much axial
force is exercised on the leg and sends data wirelessly via
Bluetooth and WiFi. This provides information about the
intensity of movement and the amount of weight on the
leg. ** F-scan and Pedar are available for researches and
clinical use and have good accuracy and validity. > The
Pedar system is one of the most commonly used systems
for in-shoe pressure measurement. The Pedar in-shoe
systemis aninsole with 99 capacitive sensors. The system
works with Bluetooth wireless telemetry system in a wide

range. The system connects to highly conforming, elas-
tic sensor insoles that cover the entire plantar surface of
the foot (Novel). ** The OpenGo science system (Moticon,
Munich, Germany) incorporates 12 capacitive sensors, a
3D accelerometer and a temperature sensor, measuring
peak pressures, pressure distribution, acceleration, mo-
tion sequences, gait patterns and temperatures. It oper-
ates wireless and the data is stored on a flash drive. The
insole can be placed in any shoe and the system has an
automated zeroing system so the shoes can be changed
at random. '* OpenGo has shown a good correlation be-
tween the insole and the force plate system for temporo-
spatial. A study showed that the system could be used in
broad clinical trials that require step by step or gait analy-
sis over a long period of time. ** The F-scan mobile system
isacommercial in-shoe force/pressure measurement sys-
tem. The in-shoe system has been used in clinical studies
focused mainly on the evaluation of various therapeutic
measurements. ¥ The system uses ultra-thin in-shoe sen-
sors and provides pressure information intended for gait
analysis. Another advantage is that the system utilizes
relatively low-cost sensors and pressure data is stored in
a data-logger, so the subject can move freely. " The insole
consists of two polyester sheets whose inner surfaces are
printed with electrical circuits. The insole consists of 860
individual pressure-sensing locations, which leads to a
sensor density of 4 per cm2. *® The total mass of all exter-
nal devices is approximately 1.8 kg. This includes two in-
shoe sensors, two receiver units attached to the subject’s
lower leg, one data-logger unit attached at the waist level
and several connection cables. 1"*# Different studies show
that the system not only responds to the applied pres-
sure, but also can be influenced by other variables, such
as surface contact hardness conditions, creeping and
temperature. 1 Comparative studies found out that F-
scan had higher average errors, but a lower repeatability
for contact area, especially at lower pressures. This is due
to an interaction between the inherent noise in the resis-
tive system and the larger number of sensors. *** Orpyx
LogR (Orpyx Inc., Calgary, Canada) is a solution designed
for the accurate, real-time measurement of foot and plan-
tar pressure analysis. The system uses eight SSR sensors,
itis less expensive but available only on limited basis.

Although many studies have been undertaken to
compare and validate the commercially available bio-
feedback systems in gait analysis, running analysis
2361114212324 there is as still lack of information on ran-
domized clinical trials which examine clinical and out-
patient activity use of biofeedback in-shoe devices in
patients with prescribed PWB, #57-9:15-19,22-24
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The current review will focus on the availability and cli-
nical use of biofeedback in-shoe device in patients with
prescribed PWB.

Materials and Methods

A literature search was performed using the following
keywords: partial weight bearing, biofeedback in-shoe
device and surgery. Five databases were searched
appropriate for screening (PubMed, PEDro, Google
Scholar, Clinicaltrials.gov and ScienceDirect).

A literature search performed in PubMed database
using the keywords partial weight bearing and biofeed-
back device, resulted with the number of 15 sources.
Furthermore, the strategy of filtration is used regarding
to the article types, text availability and publication da-
tes. Only clinical trials, not older than 10 years with full
text availability were searched. Advance search resul-
ted with 3 sources which were included in final analysis.

The simple literature search performed in Physiothe-
rapy Evidence Database (PEDro) using terms partial
weight bearing, biofeedback device and in-shoe device,
resulted with the number of 26 sources. Regarding to
research question and topic, 1 source was selected for
final analysis.

A literature search performed in Google Scholar data-
base using terms partial weight bearing and feedback
device resulted with 116 000 sources. Filtration strategy
was used to eliminate sources which did not met crite-
ria. Elimination criteria was; articles older than 5 years
and keywords (partial weight bearing and feedback de-
vice) not occurring in the title of article. 38 articles met
criteria. Regarding to research question and topic, 6
sources were selected for final analysis.

The simple literature search performed in Clinicaltrials.
gov database using terms surgery, biofeedback device
and in-shoe device, resulted with the number of 4 sour-
ces. Regarding to research question and topic, 1 source
was selected for final analysis.

Furthermore, the advance literature search performed
in ScienceDirect database using terms biofeedback de-
vice in partial weight bearing, resulted with the number
of 25 sources. Only clinical trials, not older than 10 years

were included in search. Regarding to research questi-
on and topic, 4 sources were selected for final analysis.

Results of literature search performed in listed databa-
ses are shown in Table 1.

Table 1. Results of literature search
performed in bibliographic databases.

Number
of sources
selected
for final
analysis

Database

Keywords

partial weight bearing,
PEDro biofeedback device, in- 1
shoe device

Surgery, biofeedback
o . 1
device, in-shoe device

Overall number of sources selected for final analysis
was 15. Qualitative analytical approach was used in da-
ta processing.

Clinicaltrials.gov

Results

The flow of information through the different phases of
a systematic review are shown in PRISMA flow diagram
Figure 1.

The summary of included records is presented in Table 2.
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Records identified through database
searching
(n=116 050)

Records after filtration strategy

(n=96)
Records screened Records included
(n=96) (n=81)

Studies included in qualitative synthesis
(n=15)

Figure 1. PRISMA flow diagram

Table 2. Summary of included records (n=15).

Three groups of
healthy volunteers
were instructed to

Gray FB, Gray bear 60 pounds of
C, McClanahan USA RCT weight on a foot in
J.% one of three ways:

on a bathroom scale,

against a therapist’s

hand, or on a force-

monitoring platform.

A force-monitoring
in-shoe device was
used to ascertain
accuracy in following
instructions
concerning partial
weight bearing.

The significantly
greater accuracy was
found in the group
instructed on the
force-monitoring
platform.
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Table 2. Summary of included records (n=15).

The SmartStep could
Study group (n=24) repeat the same
used Biofeedback results with 0.53
device (insole) and SIS DS TS kg error of mean
- used in study group for _. ©_ .
control group (n=18) . Significant correlation
measuring the amount
Isakov E. % Israel Q-RCT used force plate to S was found between
establish effectiveness AT results obtained from
validity of Smartste | eisaeellinleichios SmartStep and force
y SP  piofeedback training. P
and to compare it with plate. Smartstep

force plate. significantly improved
patients PWB.
Dobele S, The presented sensor
Deininger C, 20 young, healthy During the entire test,  sole might be a useful
Sandmann subjects completed a the axial load, the tool to obtain more
GH, Schmitt ~ Czechoslovakia Feasibility course of 500 m that acceleration and the precise insight of
A, FreudeT, study contained several temperature were outpatients’ activity
Stockle U, stairs, with a PWB of = measured with a novel and load to the injured
Lucke M. ¢ 15 kg insole sensor system. limb during the

healing process.

Preliminary results
Areal-time feedback of one patient show

. system based on that number of
Tkachenko-Bril .
eSHOE instrumented  correctly loaded steps
A, Jagos H, . . . .
. . . Proof of One patient aftera hip  insoles was tested in was nearly doubled.
David V, Pils K, Austria L
concept fracture. order to preliminarily The system has a
Gaudernak J, - .. L
Rafolt D. quantify its efficiency positive effect on

atimproving geriatric ~ PWB performance of
patients’ compliance.  geriatric subjects while
walking.
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Table 2. Summary of included records (n=15).

Trial

Le AY. 3

USA

RCT

10 healthy participants
were trained to
partially weight bear
25% of their body
weight on one leg.

Group 1 walked
50 steps without
feedback, followed by
50 steps with real-time
feedback. The other
five subjects (Group 2)
walked 50 steps with
feedback, followed
by 50 steps without
feedback.

Results

Asignificant statistical
difference between
the steps with and

without feedback was

found (P=0.0165). This
indicates feedback
significantly affected
the subject’s ability to
partially weight bear
within the target load
range.

Morris SJ.

Tkachenko
Bril A, David
V, Scherer M,
Jagos H, Kafka
P, Sabo A. %

USA

Austria

Feasibility
study

Feasibility
study

Subject testing of the
GaitShoe was carried
out on ten healthy
subjects with normal
gait and five subjects
with Parkinson’s
disease.

Three young male
subjects tested
REHABitation eShoe
load live-feedback
system.

Gait analysis with
GaitShoe.

The novel live
feedback system
provides an
audible and haptic
biofeedback alarm
when a predefined
threshold is reached
by the pressure
sensors’ data of a
pair of instrumented
insoles.

GaitShoe proved
highly capable of
detecting heel strike
and toe off, as well as
estimating orientation
and position of the
subject.

The alarm
functionality works
in accordance with

the stipulations. The
biofeedback also
appears to have a
positive effect on the
number of steps under
the target weight.
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Table 2. Summary of included records (n=15).

Results

Discussion

Biofeedback systems have been more effective than
conventional bathroom scales in training patients to
comply with weight-bearing limitations. " Hersko
et al. 7 randomly divided patients (N=33) who had or-
thopaedic surgery into study group (n =15) and control
group (n = 18). First group were instructed of PWB by
the biofeedback in-shoe device and second group was
instructed with usage of scales. They completed 10 days
of a rehabilitation protocol. A significant difference was
found between the control group who used biofeed-
back systems for instruction of PWB and control group
which were instructed with scales. 2" Control subjects
exceeded up to 60% of body weight beyond the permit-
ted range. ?" Tkachenko et al. *? identified that patient
with hip fracture, who was using biofeedback in-shoe
device in rehabilitation process, doubled the number of
correctly loaded steps which affected on pace of patient
recovery. The biofeedback system also has a positive
effect on PWB performance of geriatric subjects while
walking. 232 The findings suggest that biofeedback in-
shoe devices seem to be a useful tool to obtain more
precise insight of outpatients’ activity and load to the
injured limb during the healing process. 243 Similar
findings have been described in various reports. 22252734

New technological advances in orthopaedics have cre-
ated biofeedback devices designed to offer dynamic gait
feedback to patients while walking. Commercially avail-
able biofeedback systems that are the most notable in
current review are the F-Scan, PEDAR and SmartStep

weight-monitoring systems. F-Scan has real-time plan-
tar pressures, excellent for orthotics evals. ** The in-shoe
advantages of F-Scan have been utilized by researchers
who have conducted a series of useful clinical studies
focused mainly on the evaluation of various therapeutic
measures including footwear and in-shoe orthoses. 11>
19232533 A study compared the F-scan, Medilogic and the
Pedar and found that the F-scan had higher average er-
rors, but a lower repeatability for contact area, especially
at lower pressures. ?° Pedar is sensitive pressure monitor-
ing system excellent for research. 5222431 Pedar insole
system still measures uniform pressure more accurately
and with greater repeatability than does the F-Scan
system with new resistive ink insoles and with calibra-
tion via a bladder. The Pedar system also demonstrated
lower variance across sensors, suggesting that sensor to
sensor random errors were lower in the Pedar system.
22242533 Reiff ¢ compared the current biofeedback devices
regarding to criteria list (design, availability, functional-
ity, weight, price, hysteresis), concluding that F-scan and
Pedar are the best option for research and clinical use,
have the best accuracy and validity but are too expen-
sive and not affordable for public. A comparative study
between the Pedar and F-Scan system showed the supe-
riority of the Pedar system in both validity and reliability.
2 These findings, generally, indicate that applications re-
quiring the greatest accuracy and/or repeatability would
be best performed with a Pedar system.

SmartStep, Soleforce, Sensistep and eShoe are more ap-
propriate for monitoring of outpatient activity because
of simplified design and operating system. Studies found
out that the orthopaedic patients who were using Smart-
Step, Soleforce® or eShoe biofeedback systems are able
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to follow weight-bearing instructions better and had
positive effect on the number of steps under the target
weight. 2?8333 Furthermore, significant improvement
in peak load and reduced use of walking aids was found
in orthopaedic patients who used biofeedback in-shoe
devices. ¥ In the validity study, the biofeedback system
OpenGo science and system SmartStep provided valid
feedback in the lower weight-bearing categories, and
the biofeedback system SensiStep showed poor validity
of feedback in all weight-bearing categories. ! Further-
more, SmartStep overall usability seemed only accept-
able from the patient’s perspective.

Furthermore, relatively few studies have been designed
to examine the use of biofeedback in orthopaedic pa-
tients, 145791517.1925212837138 The findings here suggest
biofeedback may be an effective tool with orthopaedic
patients. With additional research biofeedback devices
may very well become a part of the mainstay of clinical
practice in orthopaedic partial weightbearing patients.

Conclusion

Biofeedback systems have been more effective than
conventional bathroom scales in training patients to
comply with weight-bearing limitations. New techno-
logical advances in orthopaedics have created biofeed-
back devices designed to offer dynamic gait feedback
to patients while walking. Commercially available bio-
feedback systems that are the most notable in current
review are the F-Scan, PEDAR and SmartStep weight-
monitoring systems. Studies found out that the ortho-
paedic patients who were using biofeedback systems
are able to follow weight-bearing instructions better
and had positive effect on the number of steps under
the target weight. The findings suggest biofeedback
may be an effective tool with orthopaedic patients. With
additional research biofeedback devices may very well
become a part of the mainstay of clinical practice in or-
thopaedic partial weightbearing patients. The current
review also has identified the need of development of
new, less expensive in-shoe biofeedback device which
will be appropriate for clinical use and monitoring of
outpatient activities with prescribed PWB.

Plans are underway to develop less expensive biofeed-
back in-shoe device called ReStep, in collaboration with
Croatian company FizioTech d.o.o Pula, intended for
clinical use and patient home use.
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DOSTUPNOST I UPORABA RAZLICITIH BIOFEEDBACK UREDAJA

ZA DOZIRANO OPTERECENJE

! Petra Josipovic
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Fiziotech d.o.o, (R&D) department

Sazetak

Uvod: Fizioterapeuti primjenjuju razlicite metode kao
Sto su taktilna sprega, uporaba vage i uporaba uredaja
za biofeedback u ucenju pacijenata pravilnom dozira-
nom optereéenju nakon operacijskih zahvata. Ucenje
ortopedskih pacijenata pravilnom doziranom optere-
¢enju ekstremiteta s pomocu uredaja za biofeedback
objektivnija je i u¢inkovitija metoda fizioterapijskog tre-
tmana od metode primjene vage.

Cilj: Sistemati¢ni pregledni ¢lanak fokusirat ¢e se na
problematiku dostupnosti i klinicke uporabe uredaja
za biofeedback kod pacijenata kojima su fizioterapeut
i lijecnik propisali dozirano optereéenje.

Metode: U pretrazi su upotrijebljene sljedeée kljucne
rijeci: dozirano opterecdenje, uredaj za povratnu sp-
regu u cipeli, uredaji za biofeedback, operacija. Pre-
traga je provedena u pet bibliografskih baza podataka
(PubMed, PEDro, Google Scholar, ClinicalTrials.gov i
ScienceDirect).

Rezultati: U pretrazi literature primijenjena je strate-
gija filtracije izvora prema odredenim parametrima. U
obradi podataka primijenjen je kvalitativni analiticni
pristup. Za konacnu analizu odabrano je 15 prikladnih
izvora.

Zakljucak: Sustavi za biofeedback ucinkovitiji su od
konvencionalnih vaga u poducavanju pacijenata pravil-
nom doziranom opterecenju ostecenih ekstremiteta.
Daljnjim znanstvenim, randomiziranim i klini¢kim
istrazivanjima, sustavi za biofeedback mogu postati
vazan dio klini¢ke prakse u tretmanu ortopedskih paci-
jenata s propisanim doziranim opterecenjem.

Kljucne rijeci: dozirano optereéenje, biofeedback uredaji, po-
stoperativna rehabilitacija






