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Wearable postural control system for low back
pain therapy

Alvaro Rodriguez, Juan R. Rabuilal, Member, IEEE, Alejandro Pazos Member, IEEE, Antonio
Rodriguez Sotillo and Norberto Ezquerra

Abstract—Treatment of low back pain usually includes exercise,
analgesics, prostheses, and in severe cases, surgery. Early
treatments based on postural control are essential to prevent low
back pain and mitigate permanent damage.

We present a wearable device, with an estimated cost below
100$, that uses inertial units with tri-axial accelerometers,
gyroscopes and magnetometers to measure the orientation of three
sections of the spine. The device integrates the absolute and
relative orientation from the sensors to estimate the posture of the
back in real time and uses a fuzzy system to control a vibration
unit that indicates the user when to correct the posture of the back.

We validated the device in controlled conditions, obtaining an
RMS Deviation < 1.24°. and conducted a preliminary clinical pilot
study with patients afflicted by lumbar hyperlordosis or lumbar
hypolordosis. We observed an improved postural control and a
reduction of low back pain in all cases. These results show a
promising potential of the device to reduce pain, improve postural
therapies and raise postural awareness in patients affected with
low back pain.

Index Terms— Back orientation; Imertial Measurement Unit;
Fuzzy System; Low back pain; Posture therapy.

I. INTRODUCTION

OW back pain is one of the most common reasons people go to

the doctor or miss work, and it is a leading cause of disability

worldwide [1]. More than 80% of the population have low back
pain at least once [2].

We define low back pain as muscle tension, stiffness or other
general pain localized below the costal margin and above the inferior
gluteal folds, with or without leg pain (sciatica).

A study in the United States found that, of all patients with low back
pain in primary care: 4% have a compression fracture, 3%
spondylolisthesis, 0.7% a tumor or metastasis, 0.3% ankylosing
spondylitis, 0.01% an infection [3]. and around 90% have non-specific
low back pain, which in essence, is a diagnosis based on exclusion of
specific pathology [4].
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The most important symptoms of non-specific low back pain are
pain and disability [4], commonly attributed to muscle or ligament
strains caused by repeated heavy lifting or sudden awkward
movements. Moreover, prolonged mechanical stresses on the spine
resulting from occupational activities, are important causes of non-
specific low back pain [1]. Low back pain is also related to many
conditions of abnormal curvatures in the spine such as scoliosis
(sideways curve in the spine), lumbar hyperlordosis (excessive
extension of the lumbar region), lumbar hypolordosis (abnormally
straight or even flexed lumbar region) or thoracic hyperkyphosis
(excessive convex curvature in the thoracic and sacral regions).
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Fig. 1. Spine sections and angular motions.
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Treatments to low back pain include opioid medications, spinal
injections, and in the worst cases, prostheses and surgery [2].
Nonetheless, the most common treatments in the first line of action, or
as components of a broader package, are Spinal Manipulative
Therapies (SMT) and exercise regimes [5]. Moreover, experimental
results indicate that exercise in combination with education is likely to
reduce the risk of low back pain [6]. and clinicians recommend
improving posture, general fitness, achieving a healthy weight, or
paying attention to posture as the most effective strategies for the
prevention of low back pain [7].

Postural control and maintenance of postural stability are therefore,
essential capacities in daily life, and can be major factors when
preventing low back injuries or improving the efficiency of exercise
therapies. These therapies require accurate proprioceptive information
and functional motor control in the trunk and lower limbs to achieve
appropriate muscular responses [8]. However, low back pain patients
often have these capacities affected, as they exhibit a reduced
variability in postural control strategies due to a decreased
proprioceptive reweighting capacity that is associated with a decreased
postural robustness [9].

To increase postural awareness in low back pain patients, and to
improve their ability of self-supervision during therapy exercises, our
device measures the posture of the patients, and informs them when a
correction is necessary.

Posture monitoring systems have been used in previous works for
supporting orthopedic rehabilitation [10], performance monitoring in
combat sports [11], monitoring postural stability [12], measuring
balance control [13], therapy instruction and correction [14], posture
classification [15], measuring standing inclination motion [16], trunk
posture monitoring [17] and many other applications. These systems
were also applied in the topic of this research with applications in spine
conditions such as: scoliosis and hyperkyphosis [18], scoliosis [19] and
rehabilitation after back spine surgery [20].

The technology used in these previous works includes: inductive
sensors [21], [22], camera or optical systems [23]-[25], tracking suits
[26]. [27]. accelerometers [19]. [28]. [29], or Inertial Measurement
Units (IMUs) [10]-[20]. Inductive sensors measure changes in length
and are not suitable to measure back rotations and angles that are
necessary in our research; optical systems and ftracking suits are
usually expensive and require specific facilities; and devices based on
accelerometers only, are affected by drift and not reliable enough for
mid-long sessions. Thus, in our opinion, IMU technology is currently
the best suited for this work.

Previous IMUs systems monitored the back in different ways. Thus,
configurations with one [12], [13], two [16]. [19]. [20] and three
sensors [15],[17], [18] are common in the literature. According to [30],
five sensors placed at equal distances are necessary to reconstruct the
spine shape. However, five-sensor configurations are impractical to
wear, expensive and no other work we are aware of uses this
configuration. Advised by clinicians, we consider that a three-sensor
configuration, with sensors placed in the upper trunk (T1/T2), middle
trunk (T12) and pelvis (S1), is the most effective solution to monitor
conditions such as scoliosis, Iumbar hyperiordosis. Iumbar
hypolordosis and thoracic hyperkyphosis; where the spine can acquire
a s-shape curvature, and therefore cannot be observed with less than 3
sensors. This configuration was successfully used to study some of
these problems in [17], [18].

Comparing our device with the previous IMU devices for posture
monitoring applicable in our scenario [15]-{20]. They didn’t present
accuracy results with real back motions [15], [19], [20]. present lower
accuracy [16]-[18]; and were not tested with real patients [15]-{20].

In addition to posture monitoring, our device detects when the
position of the back deviates from predefined parameters, and informs
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the user in real time on when to correct the posture using a vibrotactile
system. This approach was tested with success in applications such as
preventing excessive walking sway [31] detection of loss of balance in
hospital and home-care patients [32], optimization of training
exercises [33] and in rehabilitation environments [14], [34]; but has
not been used before in conjunction with posture monitoring sensors
to assist low back pain patients with postural therapy

The device works as follows. First, the clinician establishes the
correct biomechanical position (baseline posture) for the activity; and
uses the provided software to define permitted deviation for each
angular movement and section of the column. The baseline posture and
permitted deviation are specific to each user and activity. And we
defined them based on information extracted from physiotherapy
sessions, such as the range of motions each patient was able to perform.

‘When the user wears the device and performs the programmed
activity. The device uses the three IMUs, each one composed by an
accelerometer, a gyroscope and a tri-axial magnetometer, to obtain
postural measurements in real time. If the posture deviates from the
baseline, a fuzzy expert system controls a vibration unit that sends a
stimulus to the user to correct the posture when appropriate.

The device records the performance of the user in each training
session, so the user and the clinician can extract the data and review
the session, observing the evolution of correct and incorrect postures
with their timestamps in a graphic interface. This information is vital
to adapt therapies and activities to each person, and to define and
improve exercise plans.

To our knowledge, the only commercial alternatives to perform a
similar functions have a price range of 2000%$-4000%, and do not
provide technical details or an accuracy comparison [35]-[37]. The
estimated cost of our solution. if commercialized. is below 1008$.

In summary. our device is a cost effective wearable that measures
the posture of the back in real time using 3 IMU units; and then uses a
feedback system controlled by a fuzzy expert system to give
information back to the user. As far as our knowledge goes, this is the
first time this strategy is used fo assist low back pain patients with
postural therapy; and the first time a postural control system reports
results with low back pain patients.

II. MATERIALS AND METHODS

A. Measuring the angular movements of the spine

The spinal column, also called vertebral column, starts at the base of
the skull and continues to the pelvis. It contains layers of bone called
vertebrae, and cartilaginous discs that absorb and distribute the
pressure and prevent friction during movement.

The spine contains three segments that form three natural curves
when viewed from the side. Two "c-shaped” curves in the neck and
lower back, called lordosis. conform the cervical and lumbar spine
segments. They have 7 and 5 vertebrae respectively. Between them,
one "reverse c-shaped" curve called kyphosis forms the thoracic spine
segment with 12 vertebrae.

We describe the posture of the spinal column with three angular
motions: Bend defined as the rotation in the front-to-back or
longitudinal axis, X; Tilt, that represents the rotation around the
transverse or ¥-axis of the body; and Twisf, which represents the
rotation within the horizontal plane, i.e. the vertical or Z-axis of the
body. Fig. 1 shows the spine rotations in detail.

To measure the angular motions of the spine, we integrate three
orthogonal gyroscopes that measure the angular velocity, three
accelerometers that measure the acceleration and three magnetometers
that calculate the orientation using the magnetic field of the Earth.

These sensors present primarily two sources of error. First, there is a
noise component or bias, which affects the three gyroscopes and
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Fig. 2. Scheme implementation of the DCM algorithm in the postural control device.

accelerometers. We remove this source of error subtracting the average
signal registered in a long term analysis with the device in a resting
position with no rotation [38], [39]. The second source of error is the
tendency of the signal to drift out from the initial position. Drift is one
of the biggest problems of gyroscopes. We correct the drift in the
gyroscopes using the information from the accelerometers and
magnetometers.

After the error correction, we integrate all the nine sensors to obtain
the rotation matrices that describe the relative position of the spine with
respect to the coordinate system of the Earth in the upper trunk, middle
trunk and pelvis, and in relation to each other.

From the Earth frame of reference, the Ry, Ry and R: transformations
represent the rotations of the spine in the position of the sensor with
their corresponding rotation angles: Bend (), Tilt (6). and Twist ().

Eq. (1) shows the equation to rotate a vector measured in the frame
of reference of the spine to the frame of reference of the Earth [40]:
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Being ux uy, u-a vector in the frame reference of the Earth, and vy, v,
vza vector in the frame reference of the spine. The R matrix, also called
Direction Cosine Matrix (DCM) [41], is updated from the gyroscopic
signals according to Eq. (2) [41].

1 —w, (t)dt  w,(t)dt
R(t+dt)=R(t)| w,(t)dt 1 —w,(t)dt | (2)
—w, (t)dt  w(t)dt 1

Being w(t) the rotation rate measured by the gyroscopes in the
corresponding axis. However, as gyroscopes are not reliable enough to
measure positions in long periods due to its drift. We add in Eq. (3) a
correction term.

“!(I):“,g)w('f)—‘r“‘comecﬁm(r) 3)
Eq. (4) represents the Twist correction vectors using the
magnetometers [40].

0
Correctiony,,, = R’ 0
TV —TX,
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Ve = Vg €05 (@) + 2, 5in (9)

Being Xmag, Vmag, Zmag the output of the magnetometers and, xc, ye, zc
the corrected values. However, despite Twisf correction being
common, is still the bottleneck in the accuracy of IMUs. As
magnetometers are sensitive to magnetic interference caused by metal
objects close to the subject. In our scenario, we take advantage of
having 3 separated magnetometers to reduce the short term effect of
this interference by using the mobile average of the magnetometers.
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Also, as magnetic interferences should be similar in all sensors and the
orientation of the back is determined by relative displacements, instead
of absolute ones. We also included a function to sync periodically the
magnetometers when the 3 sensors are aligned in the same orientation
and plane, setting their 0 position. This feature increases the long term
reliability of the output.
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Fig._ 3. Postural control device. The IMU are sensors placed in the upper trunk
(T1/T2), muddle trunk (T12) and pelvis (S1). Each sensor is attached to the
skin using a surface adhesive electrode with a snap button.

Eq. (5) shows the Tilf-Bend correction vectors using the
accelerometers [40].

IZI xrm::
Correctiongy_geg =| 1y |¥| Vaee | )
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Being Xace, Vace, Zacc the output of the accelerometers, and 7z, 7y, 7z
the Z row of the direct cosine matrix.

After obtaining the Twisf and Tilt-Bend correction vectors, we feed
them to a proportional Plus Integral (PI) feedback controller, which
output Weorrection, is the additive correction term to the gyroscopes from
Eq. (3) that allow us to update the R matrix. Eq. (6) shows the equation
of the PI controller.

Wiomaction () = K —i
(t

e(t) =Wy, Correctiony, . (t)+ Wy, g, Correctiony, . (1)

©
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Being Kr and K7 constant tuning parameters called proportional and
integral gain tuned using the Ziegler—Nichols method [42]; e(f) the
estimation error in moment f; and Wrwix and WritBend Weight
parameters adjusted empirically to provide a rapid response (large
weighting) to Twist relative to Tilf and Bend [41].

Finally. after updating the DCM matrix, the Euler angles that
describe the orientation of the back can be obtained from the R matrix,
using Eq. (7) [40]:

V= arctan(rﬂ,ru)
0 =—arcsin(r,) (7)
¢= arctan(rzy,?;z )
Fig. 2 details the implementation of the DCM algorithm.

B. Architecture and design

The device consists of a belt with three IMUSs sensors located in the
cervical, thoracic and lumbar areas and were attached to the skin using
a surface adhesive electrode with a snap button (Fig. 3). Each IMU
sensor measures the displacements in the X, Y and Z-axis in a section
of the spine. Each IMU uses an ADXI.345 gravitational 3-axis
accelerometer with up to 13-bit resolution at £16 g. maintaining 4
mg/LSB scale factor in all g ranges; an ITG3200 3-axis gyroscope with
a sensitivity of 14.375 LSBs per °/sec and a full-scale range of
+2000%sec; and a HMC5883 3-axis magnetometer with up to 1° in
compass heading accuracy.

For the vibration unit, we used a common coin shaped 12000 rpm
mobile phone vibration motor.

The device also contains a 16 MHz ATMega 328P processor that
receives the data obtained by the IMUs, obtaining the inclination,
curvature and rotation of the back in real time.

An additional 16 MHz ATMega 2560 processor confrols the
Bluetooth and USB communication interfaces, activates or deactivates
the vibration unit to stimulate the user reaction, and records the data in
a micro SD card, all in real time. Finally, we also included a set of
physical buttons to control the main functions of the device.

The normal operation frequency of the device is measurements per
second.

C. Fuzzy control system

The device has three internal states that determine the vibration
response in real time:

e  State 0: The posture is correct. The variable ta (deactivation
time) measures how long the position of the back has been
inside the specified parameters, and resets when transitioning
to this state.

e  State 1: The posture is incorrect. When the device reaches this
state from the State 0, the variable t. (activation time) resets and
counts the time the posture of the back deviates from the
specified parameters.
eState 2: The posture is incorrect, and the vibration unit
activates.

Fig. 4 shows a schematic with the states, transitions and variables
that define the responses of the device. The control rules of the expert
system in the device are as follows:

e In State 0, when the device detects an incorrect posture, it goes

immediately to State 1.

e In State 1 or State 2, the device goes instantly to State 0 when
the position of the back returns to the specified parameters.

e If the device stays in State 1 for some time (ta reaches a
threshold 7). it will enter State 2 and activate the vibration unit.

e  Unless the device remains in State 0 for some time (ta reaches a
threshold £2), t1 is set to 0.
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Fig 4. States, transitions and time vanables of the device.

‘We added a fuzzy logic to the device to obtain a more flexible and
natural behavior. According to it, when the back is in a correct position
for a long time, it takes longer to vibrate after the detection of an
incorrect posture. In addition, if the posture is correct for a shorter time,
it takes less time to vibrate. The time base thresholds for the device are
currently stablished by the clinician, using time ranges from 10 to 25
seconds, to allow for a non-intrusive feedback over long periods of
times.

In summary, we created a fuzzy system to control the vibration
response of the device. This system contains an expert system based in
a small set on rules, and a fuzzy strategy to prevent the vibration
response unit from activating or deactivating during sudden
movements in daily activities. Thus, fuzzy sets define the thresholds of
the system #1 and {2 using initial reference values provided by the
clinician.

The time thresholds and the baseline posture are, thus, configuration
parameters of the system that can be tuned individually. This patient-
based approach allows clinicians to plan individual training sessions,
and to adjust movement ranges and speed responses to the goals of the
session and to the patient. The clinician or the patient, after a
supervised training period, can then gradually lower these parameters
as the posture improves.

IIT. EXPERIMENTAL RESULTS

A. Static validation

To validate the accuracy of the device when measuring static
orientations. We fixed the device at predefined rotation angles and,
using a pendulum that we graduated with marks for each degree of
amplitude. We performed 50 measurements at random orientations,
using different sensors and rotation axis, ranging from -45 to 45
degrees.

The RMS error for the experiment was in all cases < 1°, with an
average value of 0.54° and a maximum error of 0.80°.

B. Dynamic Validation with a Rocking Platform

To validate the accuracy when measuring angular motions. We
fixed the device to a rocking platform with a programmable periodic
oscillating movement, and compared the oscillations measured by the
IMUs with the ground truth obtained with an optical system [43], [44].
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Fig. 5. Tilt rotation measured by the device and ground truth for the
experiments with the rocking platform. (a) Experiment with 15° of amplitude
and a frequency of 0.2Hz. (b) Experiment of 0.5° of amplitude and a frequency
of 0.3Hz. Bend and twist rotations present identical results.

We conducted the rocker experiments with oscillation amplitudes
of 15° and 0.5° for all axis, obtaining an almost identical accuracy in
the Bend. Tilt and Twist measurements of the IMU. The maximum
error was of 0.22° for the movements of 15°, and of 0.05° for the
movements of 0.5°, showing a very good performance in all cases.

Table I and Table IT show the average and maximum measurement
errors for each axis, and Fig. 5 details the results for 7ilf as an example.

TABLEI
AVERAGE ERROR ()
. . 0.5° 15°
(Rotation) Experiment Experiment
X (Bend) 0.03 0.17
¥ (Tilh) 0.04 0.15
Z (Twist) 0.05 0.16
TABLEII
MAXIMUM ERROR (%)
. . 0.5° 15°
(Rotation) Experiment Experiment
X (Bend) 0.09 0.20
¥ (Tilh) 0.14 0.20
Z (Twist) 0.15 0.22
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C. Dynamic Validation with Back Exercises

‘We designed an experiment to validate the device in real conditions,
in the back of a real person when performing a back exercise.

Fig. 6. One of our lab members wearing the device moments after one of the
exercise sessions mn the validation experiment.

The experiment consisted in performing a series of lateral bending
exercises starting from a neutral upright sitting position, using different
speeds and amplitudes of movement. And comparing the
measurements of the device with the ones provided by an optical
system.

Fig. 7. Exercise session mn the validation experiment. The figure represents a
composite image from two frames in one of the recorded videos. Colored
rectangles show the detected position of the markers by the computer vision
algorithm, and next to each marker 1s displayed the corresponding orientation
estimated by the algorithm.

It should be noted that we assuming that the performance of the
sensors will be similar in all planes, as supported by sensor
specifications, our previous results and previous works. This was also
assumed in all similar experiments in the literature [16]-{18].

The optical system we used for reference consisted on a set of white
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rectangular stick markers placed in each sensor, a video camera to
record the experiments and a computer vision algorithm implemented
in OpenCv to analyze the images.

‘We used a Panasonic DMC-TZ101 camera, placed in parallel to the
bending plane at a distance of 1.2 meters, and recorded the experiment
in Full-HD resolution at 50 frames per second using a tripod and
manual focus configuration. The computer vision algorithm tracked
the markers in the image using contrast difference and the OpenCv
implementation of the Douglas-Peucker algorithm for polygonal shape
fitting [45]. The results of this algorithm were latter verified using a
block-matching technique to measure subpixel displacements in
deformable surfaces published in [46], [47] obtaining a maximum
difference of 0.4° and no significant average difference for the two
algorithms.

The validation process consisted in comparing the change in the
orientation of the markers registered by the optical system, with the
change in orientation in each sensor registered by the device.

Fig. 6 shows one of our lab members wearing the device for the
experiment and Fig. 7 illustrates the operation of the Computer Vision
algorithm during the experiment.

We performed 3 recordings, with 3 to 5 series of exercises per

recording, and each recording lasted approximately 5 minutes. Fig. 8
shows an example of the rotation obtained with the device, and the
corresponding estimation from the optical system during one of the
exercises.
To minimize the evaluation error, we focused our numerical
comparison on the thoracic sensor and the lumbar sensor, as during the
exercises, the plane of the cervical sensor with respect to the camera
plane was not stable enough to obtain useful readings from the camera.
In addition, to estimate the RMS difference between the optical system
and the device, we manually aligned the output signals of both systems
and we used bilinear interpolation to be able to compare the same
timestamps.

The average RMS deviation for these experiments was <1.24°, and
the maximum absolute obtained error was 6.34°. Despite the RMS
deviation being probably overestimated due to the contribution of
interpolation and alignment error sources. These results are
comparable to or better than the ones in similar experiments [16]-{18],
where the authors reported the average RMS deviation between the
their sensor modules and a 3-D video-based motion analysis system
with six cameras (Vicon 370, Oxford) for single plane motions. Table
ITI shows these results.

Degrees (<) | —Optical Rotation - -Measured Rotation

40
30
20
10
0
-10
-20
-30

40
01:09

01:26 01:44 02:01 02:18 02:36 02:53

Time (mm:ss)

Fig. 8. Example of bend rotation measured by the device and by the optical
system in the thoracic sensor, for a segment with two series of exercises
extracted from one of the recording sessions from the validation experiments.
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Fig. 9. Results of the pilot study performed at the Spinal Cord Injury Unit of the University Hospital Complex of A Coruiia, Spain. With patients afflicted by
lumbar hyperlordosis or lumbar hypolordosis 1 (a) to 5 (e). The plots show the evolution of the absolute and relative activation rates of the sensors of the wearable
device. These activation rates indicate the percentage of time leaning forward or backward in an incorrect way.
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TABLEII
AVERAGE ERROR (%)
. RMS
Work Deviation |
‘Wong and Wong, 2008 [18] =150
‘Wong and Wong, 2009 [17] <310
Mjesund et al_, 2017 [16] =1.80
This work <124

D. Clinical pilot study

To verify the suitability of the system in a clinical scenario with a
set of trials with five patients affected with low back pain and needing
postural therapy performed at the Spinal Cord Injury Unit of the
University Hospital Complex of A Corufia, Spain.

Inclusion criteria for our study included all adult patients (ages from
18 to 65) afflicted by Iumbar hyperiordosis or lumbar hypolordosis
who underwent a back school program with lessons given by a
therapist with the aim of preventing low back pain.

The five selected patients had the same gender and profession, and
no patient was excluded from the study.

Before the experiment. all patients answered a quality of life
assessment survey that included a Visual Analog Scale (VAS) about
back pain. The VAS scale used for this study measures from 0-10 the
intensity of the pain where 0 represents no pain and 10 represents the
worst possible pain.

After an initial assessing, the clinician configured the device with
the physiological characteristics of each patient; and introduced the
patient to the device and the protocol. Each patient then wore the
device during normal daily activities, such as working in a computer
in an office chair, in 10 to 35 sessions in a period of 4 months. Each
session had a minimum duration of one hour. depending on the
evolution and availability of each patient, no patient reported
discomfort or pain during the exercises.

The experiment was limited to monitoring the anomalies in the ¥-
axis (Tilf), i.e. leaning forward or backward in an incorrect way. Since
only this movement was relevant for the clinicians in relation with the
conditions of lumbar hyperilordosis or lumbar hypolordosis. Fig. 9
shows the obtained results.

After the experiment, all patients underwent a clinical analysis and
answered the survey again. In all patients, we observed an
improvement in the reaction time to the stimulus, the clinical analysis
reported an improved postural control after a small number of sessions
and all patients reported an improvement in quality of life and a
reduction of low back pain of 2 points in average in the VAS scale.

These results show a very promising potential for learning postural
control in therapy environments for low back pain. However, more
experiments with bigger sample sizes, and stronger experimental
controls are required in order to obtain meaningful statistical results.

The device is now undergoing additional test, and more clinical
trials are being planned in different centers of different nations.

E. Cost Comparison

As far as our knowledge goes, none of the authors in the literature
made their prototype available to the public or provided a price
estimation. Table IV shows a prize comparison of available
commercial alternatives with the price of our device if developed
commercially, according to our estimations. We included all products
that to our knowledge can be used to monitor the posture of the back,
and no product was excluded.
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TABLEIV
PRIZE COMPARISSION
Product Prize I
Lumo Fit [35] Discontinued
Valedo Motion [36] 3,930.00$*
ViMove2 [37] 1,990.008 / 149.00$ month**
This work =100%

*Prize from authorized federal supply schedule price list [48].
**Monthly subscription includes free access to the myViMove patient application.

IV. CONCLUSION

We designed a non-invasive, cost effective wearable device to
measure the back position, study spinal deviations and establish a
control method that helps individuals to control their posture; with the
aim of improving the effectiveness of physical therapies in low back
pain patients.

This device uses gyroscopes, accelerometers and magnetometers to
measure the angular movements in different sections of the back, and
performs an integrated analysis to obtain the postural information of
the patient in real time.

The device uses a fuzzy expert system to send a physiological
“feedback™ to the patient. This signal is a vibration that communicates
that the current posture deviates from the parameters estimated by the
clinician and needs a correction, as far as we know, this is the first time
this approach is used in a control system for low back pain therapy.

We validated the device in laboratory and real conditions,
improving previous results and showing that our device reliably
measures the correct and incorrect postural situation of the spine in
each of its sections. and as a whole.

‘We tested the device in a clinical pilot study with 5 patients. In all
cases an improved postural control, an improvement in quality of life
and a reduction of low back pain were observed. Also none of the
patients reported discomfort or pain in the training sessions in the 4
months of the pilot study. These results, indicate that a wearable
system such as the one we present will be useful in therapy to increase
posture control, reduce low back pain, perform back exercises in a
more effective way, and to increase posture awareness in patients. This
is, as far as we know, the first time a postural control system reports
results with low back pain patients.

According to our estimations this device could be made available
for purchase with a cost below 100$, an order of magnitude below the
cost of current commercial solutions. And we plan to release a version
of the prototype in that prize range.
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