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Immediate effect of exoskeleton hbp (human body posturizer) in healthy individuals:
A pilot study.
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Abstract

Without the intervention of muscular strength and proprioceptive function, humans would not be able to
maintain the upright position , it would tend to fall. This continuous solution of instability promotes a more
dynamicity , because an unstable balance structure can be put in motion more easily than a stable balanced
structure. In fact, human body is capable more of mobility at the expense of stability. Postural control is the
ability of the body to manage high instability situation , near to the point where postural balance is no longer
recoverable. It is based on coordinated and synergistic mechanisms of proprioceptive and exteroceptive act.
The new exoskeleton HBP (Human Body Posturizer), has the objective of physiologically aligning the column
to get a beneficial effect on the alignment of the global subject by stimulating peripheral proprioceptors. We
have developed an evaluation protocol through the use of measurement instruments: the Biometrics digitized
system and the I- Moove Coordination Test , in a sample of 50 healthy young subjects , randomly taken from
healthy population , to detect changes in postural parameters and motor coordination ,before, after and during
use of HBP. Results show that the exoskeleton immediately changes the posture and balance of the subjects
examined, surely acting also on peripheral receptors toward a physiological spinal alignment.
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Introduction
Without the intervention of muscular strength
and proprioceptive function, humans would not be
able to maintain the upright position , it would tend
to fall [1,2]. This continuous solution of instability
promotes a more dynamicity , because an unstable
balance structure can be put in motion more easily
than a stable balanced structure [3]. In fact, human
body is capable more of mobility at the expense of
stability [4,5].
Postural control is the ability of the body to manage high instability situation , near to the point
where postural balance is no longer recoverable.
It is based on coordinated and synergistic mechanisms of proprioceptive and exteroceptive act [6,7].
Balance is the property of a body to maintain the
same position in a well defined spatial orientation
and it is in relationship to the inertial forces acting
on the body and the inertial characteristics of the
segments of the body [8]. Kandel charts and stands
the balance in: static, dynamic , stable , unstable
and indifferent balance [9,10,11,12].
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The posture management in CNS involves the
presence of interactions between external forces,
such as gravity , and internal forces, such as the neuromuscular forces [13,14,15].
In modern rehabilitation there are many ways to
improve and rehabilitate posture [16,17].
The development of powerful, efficient, adaptable, lightweight and low-cost mechanisms is imperative in achieving applicable exoskeletons and fulfilling the goal of integration of robots into our daily
lives. On the other hand, equally important are the
control methods that provide the necessary interface between the human user and robotic mechanism.
The control framework should be able to predict the
human intentions and apply them to the mechanism
at the correct time to achieve the desired human-robot cooperation and co-adaptation[20].
The new exoskeleton HBP (Human Body Posturizer), has the objective of physiologically aligning the column to get a beneficial effect on the
alignment of the global subject by stimulating peripheral proprioceptors [18,19]. Thanks to its versatility, HBP can be used in all age groups , from
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the youngest to the elderly ; also HBP can be worn
as a whole or separately . It can be also used in aquatic environment. It does not aggravates the patient
because its overall weight is around 1.5 kg . Modern
studies show that wearing HBP since thirty to forty
minutes a day, will cause a postural reorganization,
a loads redistribution and a pains disappearance;
then the subject performs a proper exercise both in
a health condition, and in a disease condition. Therefore, it is possible to use HBP not only as a cure but
also as essential prevention and aid in the correctly
performance of ADL to achieve an improvement in
quality of life [19].
It is used in orthopedic disorders (scoliosis , dysmorphic column , after-effects of trauma , radicular
pathologies) and neurological one (SM , parkinsonism , ataxia improving the ' balance and stability,
reducing the risk of falls of 80 %. It acts directly on
frontal lobes and prerolandic region, which are important for the movement; using this instrument,
the subject trains itself to increase the capability to
perform a specific movement through the stimulation of the area mentioned before [18]. We have
developed a research project , in order to assess
whether the use of the device exoskeleton HBP could , with immediate effect , be beneficial on overall
alignment of the subject and on the static, dynamic
performance and during specific examinations about proprioception and balance. We have developed
an evaluation protocol through the use of measurement instruments:
the Biometrics digitized system and the I- Moove
Coordination Test , in a sample of 50 healthy young
subjects , randomly taken from healthy population ,
to detect changes in postural parameters and motor
coordination ,before, after and during use of HBP.
Material and methods
This experimental study and the research protocol is compatible with the Declaration of Helsinki.
This study was conducted at the University Centre
of Physical and Rehabilitation Medicine, „Gabriele
D’Annunzio” University in Chieti.
The Human Body Posturizer (HBP) is a totally
articulated orthotic (exoskeleton - suit Hi-Tech) developed to bring the subject in a posture as possible
physiological. The HBP mechanics is fully mobile
(differs from other orthotic fixed that prevent the
movement of the underlying structure) and allow
active movement of the muscular structures .
HBP interacts with joints, allows the patient
to change the posture and maintain balance, both
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static and dynamic, through peripheral receptors.
Moreover , being constituted by several segments
which are modelled on the body , it acts particularly on peripheral receptors (skin and muscle and
fascia mechanoreceptors) that by sending pulses to
the supra-axial nerve centers, will allow the subject a new and better postural alignment. HBP is a
totally articulated orthosis , made up of four basic
elements that come into contact with various anatomic regions ; it is able to adapt to the physical
characteristics of each individual leaving freedom
of movement and allowing a continuous central reprogramming of the posture. (fig 1)

Figure 1 Human Body Posturizer (HBP)

For the study it was enrolled an homogeneous
sample of 50 male and 50 female subjects from students of Faculty of Physiotherapy “G.d’Annunzio”
University-Chieti
The sampling time was approximately 30 days.
The inclusion criteria of the study were:
• Age between 18 and 35
• Height between 155 cm and 200 cm
• Weight less than 120 kg
• Absence of systemic or neurological diseases
• No motor deficits, no trauma, no wounds
• No pain
• No foot-ankle dysmorphic subsystem.
To avoid learning and adaptation, we randomized
the sample in two groups: Group A and Group B.
Group A followed this procedure:
1. Digitized Biometrics Evaluation without use of
HBP (in figures “normal”)
2. Check-up by I-moove Evaluation without use of
HBP (in figures “normal”)
3. Digitized Biometrics Evaluation with HBP
4. Check-up by I-moove Evaluation with HBP
Group B followed the opposite process:
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1. Digitized Biometrics Evaluation wearing HBP
2. Check-up I-moove Evaluation wearing HBP
3. Digitized Biometrics Evaluation without HBP
(in figures “normal”)
4. Check-up by I-moove Evaluation without HBP
(in figures “normal”)
Proprioceptive platform I-moove
Imoove is a "sensory-motor" device for proprioceptive enhancing of trunk and lower limbs. Based
on a Helispheric motion, it stimulates the vertebral
natural movement because it allows to reproduce
the spiral movements of muscle chains that make
up the body system. Thanks to the instability of
helispheric training, body increase postural and
muscular control, essential for dynamic activity,
and stimulate deep muscle proprioception and restore a better balance.

Another feature of the proprioceptive Imoove system is to be able to assess the stability,
dynamic posture and coordination using the
check-up program thanks to the presence of a
monitor.(fig 2).

Figure 2 Proprioceptive platform I-moove
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the Modular Electronic baropodometric system, consisting of a detection platform with
thousands of active sensors interfaced to an
acquisition software.
The resulting data will focus on the support
surface and on the percentage of load in the
static of both feet.
Stabilometry therefore has the objective of
evaluating the postural control ability of a subject, in the standing position, through the quantification of postural sway, and the relative
contribution of various components of the
postural system (visual, proprioceptive of different origin, labyrinthine). [21]
The parameters that are measured are: the
ellipse surface of confidence, which contains
90% of sampled points and expresses the precision of the postural system; the Status-kinesigram (STKG), which represents the actual
displacement of the COP (center of pressure)
in reference to the support foot (ball-sway
area-); the length (L), in millimeters, which
represents the overall path of the COP (center
of pressure) on the platform and is an index of
energy expenditure by the system.
Gait analysis is performed by inviting the
subject to walk spontaneously on the platform
for about 35 seconds. This survey is repeated
several times to identify the functional synergies during movement and to detect any gait
and balance deficits. The parameters to consider are: bipodalic variation in the loading and
distribution area.

Digitized Biometrics Evaluation

The Digitalized Biometry is an instrumental evaluation that analyzes the information
of the plantar surface (baropodometric exam)
and balance (stabilometric exam). (fig 3)
The system used is the "Walk", made MultiSensor version; It consists of a 160 cm long
platform with 25,600 active sensors and walkway of 160 cm. This system is specific for the
baropodometric and stabilometric analysis
and for the complete analysis of the gait (minimum 3 rests on the platform).
The baropodometry is the examination of
the plantar support (To = pressure; Podo =
foot; metro = measure); it is carried out with

Figure 2 Proprioceptive platform I-moove

Experimental Protocol
All subjects were submitted to a postural assessment, including a three-dimensional visual
analysis of the spine to look for any asymmetries
and postural abnormalities visible and quantifiable
(hypo-hyper lordosis, kyphosis, forward head posture, scoliosis
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Regardless of whether or not the HBP device,
digitized biometrics consisted of the following procedural sequence:
- Baropodometry static: The patient is made to
stand on the platform in a natural and relaxed position (stationary for 5-10 seconds), to evaluate the
basic posture, the characteristics of the plantar surface, the difference percentage of the bearing and
load surface between the two sides;
- Stabilometric Analysis: it was performed with
parallel feet, 30 seconds with open eyes and 30 seconds with closed eyes; the anteroposterior and
lateral-lateral oscillations and the area of the confidence ellipse area and the sway area have been taken into consideration for this study.
Gait analysis: the subject was walking on the
platform forward and back for about 30 seconds
in the most natural way possible. We evaluated the
difference percentage of the plantar support surface and of the load between the two feet.
After this evaluation the patient with or without
wearing HBP (it depends on the group in which
patient was encloed) on to perform the check-up
I-Moove. For this purpose, i-moove has been calibrated under these conditions: intensity level 2,
sensitivity level 1; the duration of the check-up was
60 seconds. The data used for the study were: coordination index and stability index.
Results
The difference in the bearing surface in percent
during gait analysis records an improvement in
both groups , the group A passes from a difference
of 7.86% (SD 6.81) to 5.78% (SD 4.37) , the group
B passes by a difference equal to 6.43% (SD 5.18)
to a difference wearing exoskeleton equal to 4.76%
(SD 3.98) , with a decrease of the average values
of the percentage difference of the plantar surface
support between left and right in the gait analisys
with the use of HBP (fig 4).

Figure 4 The difference in the bearing surface in percent
during gait analysis
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The difference of distribution of load in percent in gait analysis records an improvement in
both groups , the group A passes by a difference of
10.46% (SD 13,24) to 8.23% (SD 7.59) , the group B
passes by a difference equal to 8.63 % (SD 6.12) to a
difference wearing exoskeleton equal to 7.06% (SD
5.05), with a decrease of the average values of the
difference of the distribution of load percentage
between left and right with the use of HBP (fig 5).

Figure 5 The difference of distribution of load in percent in
gait analysis

The difference about the sway area during the
stabilometry performed with open eyes and parallel
feet recorded a worsening in all groups , Group A
passes by a length equal to 1112.88 mm (SD 371.69)
to 1404.22 mm (SD 564.65) , Group B passes by a
length equal to 1.432.48 mm (SD 569.12) to a value
of 1536.72 mm (SD 588.84), showing a deterioration
of the average values ofthe sway area stabilometry
(open eyes) with the use of HBP (fig 6).

Figure 6 The difference about the sway area during the stabilometry performed with open eyes and parallel feet recorded a
worsening in all groups

The difference in the length of the ball (sway
area) while running the stabilometry performed
with parallel feet and closed eyes recorded a worsening in all groups; group A passes from a value of 1095.48 mm (SD 399.85) to 1338.52 mm
(SD 525.39), the group B passes from a length of
1453.68 mm (SD 616.74) to a value of 1452.56 mm
(SD 530.62) , highlighting a worsening of the average values of length of the ball in stabilometry
with closed eyes using the HBP (fig 7).
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Figure 7 The difference in the length of the ball (sway area)
while running the stabilometry performed with parallel feet
and closed eyes recorded a worsening in all groups
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The “coordination index” results from the evaluation of the check-up I- Moove average values
with the exoskeleton HBP are higher than average
values without use of HBP in both groups taken
into account: in fact the group A passes by a score of 65.76 pt . (SD 18.49) without HBP to a score
of 79.64 pts. (SD 10.04) with the use of the device
HBP ; group B passes by a score of 70.28 pts. (SD
12.59) to a score of 78.96 pts. (SD 9.43) with exoskeleton (fig 10).

The difference in the percentage of plantar support surface in static recorded a deterioration in
both groups , the group A passes from a difference
of 5.43% (SD 4.11) to 5.99% (SD 5.57) , group B
passes from a difference of 5.42% (SD 4.99) to a
difference with exoskeleton amounted to 6.99 %
(SD 6.37) , so it shows an increase of the average
values of the difference percentage of the surface
between right and left in static using HBP (fig 8).

Figure 10 The “coordination index” results from the evaluation
of the check-up I- Moove average values with the exoskeleton
HBP

Figure 8 The difference in the percentage of plantar support
surface in static recorded a deterioration in both groups

The “stability index” results from the evaluation
of the check-up I- Moove average values with the
exoskeleton HBP are practically unchanged comparised with the evaluation in the normal condition in
both study groups , in fact the group A passes from
a score of 27.36 pts. (SD 8.32) without HBP to a score of 27.84 pts. (SD 8.76) with the use of the device
HBP ; in group B there is a worsening , going from a
score of 28.88 pts. (SD 11.41) to a score of 28.16 pts.
(SD 9.94) with exoskeleton (fig. 11)

The difference of the distribution of load in percent in static analysis recorded a deterioration in
both groups , the group A passes from a difference
of 8.07 % ( DS 6.96) to 10.57% ( DS 8.70) , the group B passes from a difference equal to 11.02% (SD
8.23) to a difference with exoskeleton equal to 11.82
% (SD 9.04) , so it shows an increase of the average
values of the percentage difference of the distribution of load between right and left in static using
HBP (fig 9).

Figure 9 The difference of the distribution of load in percent in
static analysis recorded a deterioration in both groups

Figure 11 The “stability index” results from the evaluation of
the check-up I- Moove average values with the exoskeleton
HBP

In the stabilometric analysis performed with
parallel feet and opened eyes the mean values of
the surface of the ellipse of confidence increases
with the use of HBP in both groups ;in group A
switching from 18.61 mm2 (SD 32.81) without
device to 25.25 mm2 (SD 40.29) with the device
HBP, instead, group B is increased from a value of
20.57 mm2 (SD 22.51) to a value of 33.87 mm2 (SD
49.20) with the use of the exoskeleton HBP (fig 12).
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Figure 12 The stabilometric analysis performed with parallel
feet and opened eyes: the mean values of the surface of the
ellipse area

In the stabilometric analysis performed with
parallel feet and opened eyes, the mean values of
the surface of the ellipse of confidence increases
with the use of HBP in a group and remains unchanged in the other; in group A, it switches from
27.24 mm2 (SD 41.06) without device to 27.52
mm2 (SD 40.01) with the device HBP ; in group B
increased from a value of 18.51 mm2 (SD 24.14) to
a value of 31.57 mm2 (SD 47.36) with the use of the
exoskeleton HBP (fig 13).

Figure 13 The stabilometric analysis performed with parallel
feet and opened eyes

All patients participating in the trial have responded to an interview with questions that concerned the proposed convenience or any discomfort resulted in wearing the HBP. 60 % of subjects
reported that this device is comfortable, 40% of
patients consider it uncomfortable (5 % coccygeal
region ; 17 % hip joint region ; 10 % cervical region
; 3% ankle region ; 7 % humeral region) (figure
11). 50 patients in the trial , the 86 % of them consider the HBP exoskeleton a light weight device ,
on the contrary 14 % f them felt that it is heavy to
wear (fig 14).
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Figure 14 Questionnaire that concerned the proposed convenience or any discomfort resulted in wearing the HBP

Discussion and conclusion
Analysing these datas, it can be stated that the
exoskeleton immediately changes the posture and
balance of the subjects examined, surely acting also
on peripheral receptors toward a physiological spinal alignment.
It was evident the ease of installation and adaptability of HBP to the patient.
At the end of the study, only partially the results
set in the goals, which were a significant improvement in posture and stability, were obtained.
The cause is due to the young age and the optimum health condition of the sampled individuals
and the lack of a long time of adaptation, since the
evaluation procedures were carried out, for reasons
related to the study, all within a single day for each
patient.
An improvement of posture and a feeling of
symmetry, although not statistically significant, but
assessable and objectivable with the tools used in the
assessment have been verified.
Being a pilot study, this research provide only
evidences about the influence of HBP during its immediate use in healthy subjects.
Many studies have shown the importance of exoskeleton and robotic systems in functional and postural patients rehabilitation.[22,23,24,25]
In the paper we proposed an approach for adaptive learning of exoskeleton behaviour, on the patient's posture, motor coordination and the comfort
of the HBP rehabilitative support.

The approach uses the static and dimanic stabilometry test and coordination test by I-Moove check-up through the muscle activity feedback to include the human in the exoskeleton management.
Muscle activity is not an estimation of an output
torque but rather an information in which direction
should the torque change to minimise the human
muscular effort.[26]
This essentially makes the exoskeleton torque
behaviour adapt to the current human behaviour.
The proposed approach provides an interface
between the human user and exoskeleton in body
motion tasks in healthy subjects. We showed its
feasibility on different postural tests (statics and
dynamics) mechanical systems designed for trunk
movements assistance. The advantage of the proposed approach is that it can operate without predetermined behaviour, it was considered comfortable by
person who have worn it.
Both while using it immediately after use, the
exoskeleton system(HBP) is evident the interaction
with the tonic postural system and the motor coordination in the healthy subject, to the direction of
rebalancing.
It dynamically forms the support and different
possibility to assist the operator in the desired task.
In this study, no influence on the repeatability of
the objective evaluation of tests used is shown.
To strengthen this hypothesis, further studies to
determine the therapeutic effect on posture and
balance of H.B.P. used both in medium and long
period, through the same evaluation methods that
we used in this study should be executed .
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