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ABSTRACT
Background: In subjects with transfemoral amputation, mechanical changes are observed due to the dependence of an artificial limb
for the support of body weight associated with a loss of musculature of the lower limb, leading to compensatory movements in the hip,
pelvis and trunk during gait. Objective: This study aimed to analyze two models of prosthetic feet, articulated and solid ankle cushion
hell (SACH), in relation to static balance. Methodology: This is an observational and interventional case study, with a quanti-qualitative
character of a transfemoral amputee. The adapted Romberg test and the evaluation with the baropometer were used. This study was
approved by the research ethics committee of the South Minas Foundation’s teaching and research foundation - FEPESMIG and approved
according to the number of protocol 1,826,838 and CAAE 61766416.9.0000.5111. Results: Data from the evaluation of baropodometry
associated with the Romberg test for the articulated foot showed a pressure of + 50.0%, anterior quadrant pressure of 20%, posterior
quadrant pressure of £ 30.0%, a posterior quadrant distribution of + 60.0% and an anterior quadrant distribution of + 40.0%. On the other
hand, the SACH foot data showed a pressure of 50%, anterior quadrant pressure of + 20.0%, posterior quadrant pressure of + 30.0%, a
posterior quadrant distribution of + 60.0%, and anterior quadrant distribution of + 40.0%. Conclusion: The choice of foot type should
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take into account the individuality of the patient, as well as the application of a complete program of intervention in physiotherapy.
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INTRODUCTION

In subjects with transfemoral amputation, mechanical
changes are observed due to the dependence of an artificial
limb for the support of body weight associated with a loss
of musculature of the lower limb, leading to compensatory
movements in the hip, pelvis and trunk during gait*.
The prostheses are developed to provide better comfort to
the limb amputated according to the anatomy and physiology
of the subject, providing an improvement in postural control,
orthostatism and ambulation®?. Amputee walking may differ
due to prosthetic foot, lack of active dorsiflexion, plantar
flexion, strength, power, and proprioception, resulting in
biomechanical alterations®. There are basically four types
of feet, known as Solid Ankle-Cushion Heel (SACH) foot,
dynamic, articulated and dynamic response. Postural control
involves two strands: the static balance in which it consists of
the ability to exercise activities and keep the body in balance
in rest situations and the dynamic balance that fits into the
ability to exercise activities and keep the body in balance in

situations of movement, when submitted to various stimuli®.
The proprioceptive, vestibular and visual systems give rise to
neurological impulses, whose information is processed by
the central nervous system and return through the efferent
pathways to maintain balance control®. The importance of
these systems in an amputation occurs in the involvement of
the structures involved in the stages of sensory information
processing, such as damage to the mechanoreceptors, located
in the stump and can alter the balance!”.

The equilibrium can be analyzed by balancing platforms,
among which the baropodometer evaluation, which analyzes
the weight discharge quantifying the body oscillations, being
able to verify if the displacement of the pressure center as
the mobile point of the feet that oscillate with the transfer
of weight“®. The present study aimed to analyze the static
balance of an subject submitted to transfemoral amputation,
using 2 models of prosthetic foot, being evaluated by specific
instruments after physiotherapeutic intervention.
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STUDY DESIGN

Ethical Aspects

The present study was submitted to the Ethics in Research
Committee of the South Minas Research and Education
Foundation - FEPESMIG and approved according to the
protocol number 1.826.838 and CAAE 61766416.9.0000.5111.
As established by the ethics and research committee with
human beings, the participant received all the guarantees
regarding his participation in the study, as well as, if in case of
any inconvenience during the study, the patient could leave the
study without any physical or moral damages, psychological
and financial. After receiving all the information pertinent to
the study, the patient received a copy of the informed consent
form, which was read, signed and delivered by the patient.
This was an observational and interventional case study, with a
quali-quantitative character. Data collection occurred between
June and July 2017 at the reference center in physical medicine
and rehabilitation of a state of Minas Gerais.

Characteristics of the Case Report

The present study deals with a case description of a
patient of 25 years, 88kg, 1.75m. The patient in question was
the victim of a truck accident, which caused serious injuries
to the lower limbs, especially in the lower left limb, which
due to complications after the accident was amputated at
the transfemoral level. After the surgery, the patient was
hospitalized for 3 days after discharge and remained in his
home for 30 days, and only sought a physical therapy service
55 days after the postoperative period. In the physiotherapy
sector the patient was evaluated, and the short, medium and
long term goals were established by the rehabilitation team.

Baropodometry Evaluation

The static balance was measured through the plantar
pressure center using baropodometry®1% associated with the
adapted Romberg test!*>'?, Baropodometry is an objective and
guantitative exam that analyzes plantar pressure on a platform
composed of sensors that aim to measure and compare the
pressures developed at different points of the plantar region
in several different situations. This means of evaluation has no
empirical scores, but rather reliable and objectively measured
data. The use of baropodometry in the evaluation of the body
posture balance is a very recent technology, there is very little
research relating to its use, most of the time it is used for
clinical purposes, which explains to some extent, few academic
articles published in this area®,

Romberg Test

When examining the Romberg’s signal, the examiner
observes the patient’s postural balance on a flat surface,
standing initially with his feet together and with his eyes open,
and then examining him in the same position with his eyes
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closed®*2), On the days of collection the subject climbed the
baropodometer and was instructed to remain with arms at
the side of the body and with open eyes fixed at an imaginary
point on the wall and then with eyes closed, remaining in
that position for 30 seconds. The choice of the Romberg test
adapted for the evaluation of the static balance in 30 seconds
is justified by the results obtained, which demonstrated that
the largest oscillations occur in the interval of 30 seconds***?),
During collection, the individual was subject to minimal risk
and may present slight discomfort during collection.

Intervention Protocol

The physiotherapeutic protocol*® consisted of
15 physiotherapeutic care in the sector of the physical
rehabilitation center, with a frequency of 3 times a week, with
a duration of 60 minutes of care. The first care was preceded
by a detailed postural evaluation of the patient. Still during
the evaluation, the patient had the first contact with the
prosthesis, as he was aware, that he would have 2 options
of foot prosthesis to use, and that the one that achieved the
best results in terms of static and dynamic equilibrium would
be the prosthesis. The suggested prosthetic foot models
were: SACH foot and the articulated foot. Physiotherapeutic
interventions were composed of sensory-motor exercises of
double task and gait with obstacles. All interventions were
divided into 30 minutes with articulated prosthetic foot and
30 minutes with solid prosthetic foot ankle cushion hell (SACH).
The protocol was divided into 5 phases:

- Phase I: balance with bipodal support, associated with
double task of adduction and abduction of shoulder with
mechanical resistance of 2kg, number of repetitions
3 times, with interval of 30 seconds between sets;

- Phase II: performance of the balance board with
bipodal support, associated with double task of flexion
of shoulder with mechanical resistance with theraband
average resistance, number of repetitions 3 times, with
interval of 30 seconds between the series;

- Phase III: jump, bipodal, on the trampoline, associated
with double task of jumping and throwing a medicine
ball of 1kg, number of repetitions 3 times, with interval
of 30 seconds between sets;

- Phase IV: performance of gait training with resistance
of a 1kg bilateral shin guard, number of repetitions
3 times, with interval of 30 seconds between sets;

- Phase V: performing the training of walking changing
the direction and passing through obstacles stuck in
the ground, with average distance of 30cm, number of
repetitions 3 times, with interval of 30 seconds between
the series;
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For the processing of data captured in the platform of
baropodometry was used the program Microsoft Excel,
for tabulation of the data. The results were described in
descriptive form and described in percentage.

RESULTS

The measurement of the plantar pressure center through
the baropodometry platform associated with the Romberg
test, at this first moment was applied to the articulated foot.
Foot pressure was very close to the ideal in the evaluation,
with + 51.0% pressure discharge in the prosthetic foot (left)
and * 49.0% in the right foot (Table 1).

The data obtained in the evaluations with the foot
SACH one perceives that the pressure was ideal in the 1st
reassessment and + 50% of pressure discharge in the left foot,
which is the lower limb amputated and right foot, at the end
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foot pressure and + 55% of right foot. The pressure of the left
quadrant of the left foot with the eyes opened evolved from
the evaluation that presented + 23%, in the final evaluation
already presented + 27%. (Table 2).

The comparative data of baropodometry of the
articulated prosthetic foot (Figs. A, B and C) and SACH
foot (Figs. D, E and F) associated to the modified Romberg’s
test with open eyes were described in figure 1. The evaluation
was performed in 3 different moments, being pre intervention,
in the 7th physiotherapeutic intervention and after the
15th intervention. It can be observed that the plantar
distribution in Figures D, E and F referring to the SACH foot
have a greater filling in the platform, corresponding to a better
adaptation to the baropodometry test, and consequently
providing a greater static balance with the eyes closed to

of the protocol (final evaluation) was presented + 45% of left  the patient.
Table 1. Baropodometry of the articulated Foot.
DATE Evaluation 12 Reavaluation Final Evaluation
Eys open-closed OE CE OE CE OE CE
Pressure 51% 41% 55% 51% 46% 42%
Posterior Quadrant Pressure 17% 12% 19% 11% 27% 23%
;z';tt Anterior Quadrant Pressure 33% 29% 36% 39% 19% 19%
Posterior Quadrant Distribution 34% 30% 35% 22% 59% 55%
Anterior Quadrant Distribution 66% 70% 65% 78% 41% 45%
Pressure 49% 59% 45% 49% 54% 58%
Posterior Quadrant Pressure 32% 40% 33% 28% 30% 36%
Left
Rigth Anterior Quadrant Pressure 17% 18% 12% 22% 24% 22%
Posterior Quadrant Distribution 65% 69% 73% 56% 56% 63%
Anterior Quadrant Distribution 35% 31% 27% 44% 44% 37%

Note: OE = open eyes; CE = closed eyes. References - Pressure = + 50.0%. Anterior Quadrant Pressure = 20% Posterior Quadrant Pressure = + 30.0%. Posterior Quadrant

Distribution = 65 - + 60.0%. Anterior Quadrant Distribution = + 35.0 - + 40.0%.

Table 2. Baropodometry of Solid Ankle-Cushion Heel Foot.

DATE Evaluation 12 Reavaluation Final Evaluation
Eyes open-closed OE CE OE CE OE CE
Pressure 54% 46% 55% 50% 48% 45%
Posterior Quadrant Pressure 23% 11% 22% 15% 27% 35%
:t:t Anterior Quadrant Pressure 32% 35% 33% 35% 20% 24%
Posterior Quadrant Distribution 42% 24% 40% 30% 57% 76%
Anterior Quadrant Distribution 58% 76% 60% 70% 43% 24%
Pressdo 46% 54% 45% 50% 52% 55%
Posterior Quadrant Pressure 35% 31% 31% 33% 29% 36%
:(?;::h Anterior Quadrant Pressure 11% 23% 14% 17% 23% 19%
Posterior Quadrant Distribution 76% 58% 69% 66% 55% 65%
Anterior Quadrant Distribution 24% 42% 31% 34% 45% 35%

Note: OE = open eyes; CE = closed eyes. References - Pressure = 50%. Anterior Quadrant Pressure = + 20.0% Posterior Quadrant Pressure = + 30.0%. Posterior Quadrant

Distribution = 65 - + 60.0%. Anterior Quadrant Distribution = + 35.0 - + 40.0%.
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Figure 1. Evaluation with baropodometry associated with the modified Romberg test with open eyes.

Note: Figure A, B and C referring to the baropodometry test of the articulated prosthetic foot associated with the modified Romberg Test with open eyes.
Figure D, E and F referring to the SACH foot baropodometry test associated with the open-eyes modified Romberg’s test.

The comparative data of the articulated prosthetic
foot baropodometry (Figs. H, H and 1) and SACH foot
(Figs. J, K and L) associated with the modified Romberg’s
closed-eyes test were described in figure 2. The evaluation
was performed in 3 different moments, being pre intervention,
in the 7th physiotherapeutic intervention and after the
15th intervention. Note that in the 1st pre-intervention
evaluation the patient presented better static balance as well
as greater foot filling on the platform using the articulated
foot, in the evaluation performed in the 7th intervention the
articulated foot also presented a superior result and after the
15th intervention the evaluation indicated superior advantage
of the SACH foot, regarding the balance associated with the
Romberg test with the eyes closed.

DISCUSSION

Amputees need a longer time to respond appropriately
to situations of disturbance to balance, since they present
alterations in the somatosensory system, important for

maintaining balance™”. Some parameters of pressure center
distribution (COP) are accepted as normal, for example,
with respect to the load, or pressure distribution in the
anteroposterior direction should have an approximate behavior
of: 40% in the anterior portion and 60% in the posterior; turn
in the lateral-lateral direction this load distribution to be
around 50% in each support. Alterations in this proportion
of load distribution are common and can have the most
diverse causes: anthropometric, muscular, articular, postural,
proprioceptive®™). The proprioceptive, vestibular and visual
systems give rise to neurological impulses, whose information
is processed by the central nervous system and return through
the afferent pathways to maintain balance control®®. Postural
control can also be influenced by several physiological factors,
such as breathing, heart rate and venous return, which
generate constant oscillations in the body balance that can be
verified through the displacement of the pressure center”,
In a study of Fritzen® that analyzed the gait kinematics of
11 transtibial amputees with different types of prosthetic feet,
he presented that the articulated foot, compared to the other
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Figure 2. Baropodometry evaluation associated with the modified Romberg test with closed eyes.

Note: Figure G, H and | referring to the baropodometry test of the articulated prosthetic foot associated to the modified Romberg test with closed eyes.
Figure J, K and L for the SOP foot baropodometry test associated with the closed-closed modified Romberg’s test

feet, showed a greater movement of plantar and dorsal flexion,
without the accumulation and return of energy, influencing
the increased knee and hip flexion. These results point to the
benefits of sensory-motor intervention in reducing plantar
contact pressure in subjects with transfemoral amputation.
However, the subject did not have alterations regarding the
asymmetry of plantar pressure between the right and left feet
after the intervention, leading to in consideration also the
presence or not of the vision.

The time of use of the prosthesis is also directly related
to the oscillations, because the longer the use time, the
more imbalance tends to decrease!. In general, the subject
presented improvement in the pressure distribution between
the feet, being presented both in bipodal support with open
eyes and bipodal with closed eyes, both articulated foot and
SACH foot, but a greater pressure was identified in the right
support of this subject. This may be related to the intervention
time. Even though there is no similarity in the values of the
pressure distribution between the feet, the decrease in plantar

pressure promoted by sensory-motor exercise can improve
the somatosensory afferents of the feet, contributing to the
facilitation of postural control and, consequently, to decrease
the risk of falls. During the analysis on the baropodometry
platform, the subjects were placed in orthostatic position for
30 seconds on the pressure platform, looking at an imaginary
fixed point located on the wall. This time for data collection
of baropodometric variables was the same as that adopted
in another study®”. When studying the oscillations in the
sagittal plane and in the frontal plane in amputated and
non-amputated individuals, they noticed that the largest
oscillations of the body occur within this time interval. In a
study of Barauna®” performed using biophotogrammetry, they
demonstrated that transtibial amputees obtained a significant
anterior oscillation in cm when compared to control subjects
without amputation, which is consistent with the findings of
another study® that compared the static and dynamic balance
of limb amputees inferior and verified that a greater oscillation
is a consequence of the change of the center of pressure in
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the anteroposterior plane, also reporting that the instability
was related to this oscillation. Factors such as fear of falling,
as well as difficulty in unloading body weight symmetrically
could also contribute to the increase of these oscillations
and consequent decrease of the stability mechanism. All the
amputees analyzed did not present the articulated ankle, and
the foot was SACH type.

CONCLUSION

The present study noted that the articulated foot presents
greater functional mobility, that is, it would be better used
in individuals with greater gait potential, and however, the
SACH foot presents greater safety, stability and greater area
ofcontact with soil. Therefore, it is concluded that the choice
of foot type should take into account the individuality of the
patient, as well as the application of a complete program of
intervention in physiotherapy.
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