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ABSTRACT

Introduction: Lower limb amputation affects mainly economically active young adults, causing great socio-
-economic impact due to impaired work capacity, socialization, and quality of life. Thus, the use of orthostatic
devices could make reintegration of the individual back into the work environment possible. Objective: To
evaluate the immediate effect of using a postural elevation device on physiological parameters and plantar
pressure levels in amputees who practice physical activity. Methods: Sociodemographic and perceived sleep
quality data were collected from 14 adults of both sexes with lower limb amputations, who practice physical
activity. The participants were placed in postural elevation equipment for a period of 90 minutes with monitoring
of physiological parameters such as blood pressure, heart rate, and oxygen saturation. Parameters related to the
autonomic nervous system and plantar pressure levels were also evaluated. Data were also collected during
recovery at 15- and 30-minute intervals after using the device. Data analysis was performed using two-way
ANOVA or a mixed-effects model with Sidak’s multiple comparisons test. Results: For all cardiovascular para-
meters (p>0.05) analyzed, the activation level of the autonomic nervous system (p>0.05), and plantar pressure
(p>0.05), no evidence of differences was observed during use of the orthostatic device in all evaluated periods.
Conclusion: The use of postural elevation equipment for 90 minutes does not generate, as an immediate effect,
changes in physiological parameters and postural control in amputees who practice physical activity. Level of
evidence I; Therapeutic studies - investigation of treatment results. Clinical relevance statement.

Keywords: Amputees; Autonomic nervous system; Biomechanical phenomena.

RESUMO

Introducdo: A amputacdo de membros inferiores afeta em sua maioria adultos jovens economicamente ativos,
0 que ocasiona grande impacto socioeconémico devido ao comprometimento da capacidade laboral, socializa¢éo
e qualidade de vida. Desta forma, as utilizagées de dispositivos ortostdticos possibilitariam a reinser¢éo do individuo
no ambiente de trabalho. Objetivo: Avaliar o efeito imediato da utilizacdo de um dispositivo de elevacdo postural
nos parametros fisioldgicos e nos niveis da pressdo plantar de amputados praticantes de atividade fisica. Métodos:
Foram coletados os dados sociodemogrdficos e a percep¢do da qualidade do sono de 14 adultos de ambos os sexos
com amputagdes de membro inferior que praticam atividade fisica. Os participantes foram colocados em um equi-
pamento de elevacdo postural durante 90 minutos com monitorizagéo dos pardmetros fisioldgicos como presséo
arterial, frequéncia cardiaca, saturagao e sistema nervoso auténomo, além dos niveis da presséo plantar. Os dados
também foram coletados durante a recuperacdo (15 e 30 minutos depois do uso do dispositivo). A andlise dos dados
foi realizada pela ANOVA two-way ou modelo de efeitos mistos com teste de comparagbes mdltiplas de Sidak, p <
0,05. Resultados: Para todos os parametros cardiovasculares (p > 0,05) analisados, nivel de ativagdo sistema nervoso
auténomo (p > 0,05) e pressao plantar (p > 0,05) ndo foram observadas diferencas ao longo do uso do dispositivo
ortostdtico em todos os periodos avaliados. Conclusdo: A utilizacGo do equipamento de elevagéo postural por 90
minutos ndo gera como efeito imediato, alteracdes nos parametros fisioldgicos e no controle postural de amputados
praticantes de atividade fisica. Nivel de evidéncia Il; Estudos terapéuticos: investigacédo dos resultados dos
tratamentos Declaragdo de relevdncia clinica.

Descritores: Amputados; Sistema nervoso auténomo; Biomecanica.

RESUMEN

Introduccién: La amputacién de miembros inferiores afecta mayoritariamente a jovenes adultos econémica-
mente activos, lo que provoca un gran impacto socioeconémico debido al compromiso de la capacidad laboral, la
socializacidn y la calidad de vida. Asi, el uso de dispositivos ortostdticos permitiria la reinsercién del individuo en el
entorno laboral. Objetivo: Evaluar el efecto inmediato del uso de un dispositivo de elevacion postural en los pardmetros
fisiolégicos y en los niveles de presién plantar de amputados que practican actividad fisica. Métodos: Se recogieron
datos sociodemogrdficos y la percepcion de la calidad del sueio de 14 adultos de ambos sexos con amputaciones
de miembros inferiores, practicantes de actividad fisica. Los participantes fueron colocados en equipos de elevacion
postural durante 90 minutos con monitoreo de pardmetros fisioldgicos como presion arterial, frecuencia cardiaca,
saturacion y sistema nervioso auténomo, ademds de los niveles de presion plantar. También se recopilaron datos
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durante la recuperacion a intervalos de 15 y 30 minutos después de usar el dispositivo. El andlisis de datos se realizd
mediante ANOVA two-way o un modelo de efectos mixtos con la prueba de comparaciones muitiples de Sidak, p <
0,05. Resultados: Para todos los pardmetros cardiovasculares (p> 0,05) analizados, el nivel de activacion del sistema
nervioso auténomo (p> 0,05) y la presién plantar (p> 0,05), no se observaron diferencias a lo largo del uso del dis-
positivo ortostdtico en todos los periodos evaluados. Conclusion: El uso del equipo de elevacion postural durante 90
minutos no genera, como efecto inmediato, cambios en los pardmetros fisiolgicos y en el control postural de los
amputados que practican actividades fisicas. Nivel de evidencia Il; Estudios terapéuticos: investigacion de los

resultados de los tratamientos. Declaracién de relevancia clinica.

Descriptores: Amputados; Sistema nervioso autonomo; Fendmenos biomecanicos.

DOI: http://dx.doi.org/10.1590/1517-8692202329012021_0304

INTRODUCTION

Limb amputation is a widely used resource in cases of injuries in-
volving nerves, arteries, soft tissues, and bones'? and those that may be
related to traumatic processes, tumors, thromboses, and infections.'?
Its high prevalence has mainly been associated with military conflicts,
but is currently related to trauma resulting from traffic accidents, work
accidents, the presence of and complications from chronic diseases
such as diabetes mellitus, and urban violence.'? It affects mostly young,
economically active adults, which can have a significant socioeconomic
impact due to the loss of work capacity, socialization, and consequently
of the quality of life."* In Brazil, in 2020 alone, 25,198 lower limb am-
putation surgeries were performed, generating an annual cost to the
Brazilian healthcare system of over R$64 million, with the Southeast and
Northeast regions accounting for the highest costs for this resourse®

Amputation of the lower limbs leads to important hemodynamic,
physical, and psychological changes.* In addition, possible adverse
consequences to the cardiovascular system include high coagulability,
changes in blood pressure, and insulin resistance.> Thus, amputees seem
likely to present a functional imbalance in the autonomic nervous system
as compared to healthy and non-amputee individuals, with higher heart
rate, blood pressure, plasma norepinephrine, and sympathetic nerve
activity values.>® Furthermore, limb amputation contributes to psycho-
social alterations, leading to increased consumption of alcohol, smoking,
and reduced physical activity, with obesity as a possible consequence.’

The physical changes occur mainly due to the asymmetry caused
by the absence of the sustaining limb, the dependence on an artificial
limb (prosthesis) to help support the body, and muscle control, acti-
vation, and strength deficiencies that can lead to compensatory hip,
pelvis, and trunk movements®° Thus, changes in postural balance are
identified in amputees and the essential performance capacity of the
body to maintain daily functions and to engage, for example, in sports
and high demand activities becomes impaired.'® Therefore, although it
is a challenge, amputees should be encouraged to live physically active
lives,'"1? aiming to reduce post-amputation physical and hemodynamic
problems, in addition to promoting social inclusion, improved self-esteem,
and independence, leveraging the rehabilitation process.'

Reintegration of the amputee into the social and work environ-
ments as the final goal of rehabilitation is considered one of the greatest
challenges faced, since it requires adaptation of the environment and
the work routines.'' Thus, in relation to social policies in Brazil that
involve the health and social security of the worker, the reinstatement
of the disabled individual is currently supported by Law 13146/2015,
called the Brazilian Law for the Inclusion of Disabled Persons (Disabled
Persons Statute), which guarantees disabled persons the right to free
choice of employment and acceptance, in an accessible and inclusive
environment, with opportunities equal to those of the other people.’? It
is estimated that approximately 66% of individuals who have undergone
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lower limb amputations return to the work environment, however the
context depends on the level of disability resulting from the amputation.
Other problems with reintegration, like adaptation to the prosthesis,
restrictions on mobility, and difficulties performing work activities are
also reported and need to be the focus of studies that aim to minimize
and even eliminate this barrier to the execution of work activities.!?!
In this way, the use of devices that help amputees to return safely to
activities in the work environment ensures not only individual rights,
but also equal opportunities and improved quality of life.

Considering the changes related to the process of lower limb am-
putation and the difficulty of reintegration into the work environment
with safety, comfort, and adaptability, the objective of the study was to
evaluate the immediate effect of using a postural elevation device on
the physiological parameters and the plantar pressure levels of amputees
who engage in physical activity.

METHODS
Description of the study subjects

This was a longitudinal experimental study, approved by the Research
Ethics Committee of the Centro Universitario Estacio do Ceard, as CAAE
number 07192819.6.0000.5038. Fourteen individuals, predominantly males
(n=8), with a mean age of 31, participated in the study. The sample had a
mean weight of 70.16 (+ 14.73) kg, a mean height of 67 (+ 0.09) cm, a mean
body mass index (BMI) of 25.20 kg/m?. The individuals played physical/
sports activities, such as soccer, handball, and track and field activities in
adapted form, with hour-long training sessions twice a week (Table 1).
Eligibility criteria

Individuals of both sexes with unilateral lower limb amputations at
the transtibial, femoral, or hip level, who had been using a prosthesis for at
least six months (in order to avoid lower limb prosthesis adaption process
issues) were included. They also had to be between 18 and 50 years of
age, between 1.55 and 1.75 meters tall, with a maximum weight of 100
kg, due to the ergonomic conditions of the postural elevation equipment.

Individuals with uncontrolled blood pressure and associated vascular
alterations (coagulation disorders, decompensated diabetes, a history
of thrombosis diagnosed after lower limb amputation surgery by the

Table 1. Characterization of the study sample (N=14)

Amputees
Sex (Male) 8
SD
Age (Years) 31(6.21)
Weight (kg) 70.16 (14.73)
Height (cm) 1.67 (0.09)
BMI (kg/m?2) 2520 (5.34)
Sleep quality (0-10) 8.18 (1.20)

SD: Standard Deviation
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physician) were excluded. Those who had any severe cognitive/psycho-
logical dysfunction that could interfere with the test performance, such
as panic syndrome, depression, or anxiety attacks during evaluation, or
individuals with any relevant speech disorder that could hinder commu-
nication during the tests were also excluded.

Equipment Description

The equipment, an orthostatic elevation device with automated
ankle movements (circulatory support system) was designed, devel-
oped, and built by the engineering team of the proposing university
in partnership with Dell Computers®. The structure of this device was
constructed using AlSI 409 stainless steel tubes, 28 mm in diameter and
0.7 mm in thickness, with joints and articulated connections that allow
the movement of the seats and backs to the vertical position. In addi-
tion, custom upholstery and special straps with pressure adjustments
were developed and installed to provide a better anthropomorphic fit
between the user and the equipment (Figure 1).

Parameter descriptors

Heart rate variability (HRV) data was collected using the Inner Balance®
sensor and application. The neurocardiac measurement was evaluated
by the RRinterval through a sensor positioned on the earlobe, which is
considered a reliable, valid, and non-invasive method.'s The data were
synchronized to the EmWave Pro software and the generated files were
submitted to the Kubios HRV® Standard version 2.1 software for data
conversion and HRV analysis, where they were transformed into the fol-
lowing variables: parasympathetic nervous system (PNS), sympathetic
nervous system (SNS), mean distance between the RR waves of the QRS
complex (RR), and mean heart rate variability (HRV).

The cardiovascular parameters were monitored by systolic blood
pressure (SBP), diastolic blood pressure (DBP), heart rate (HR), and oxygen
saturation (Sa0,), before, during, and after using the equipment. Blood
pressure was measured using a digital sphygmomanometer (BIC™), and
oxygen saturation and heart rate using an oximeter (BIC™). All data were
collected prior to, during, and after the tests with the participants in or-
thostatism. Subjects were weighed on a Renpho® digital scale and they
remained barefoot for the plantar area and plantar pressure (mean and
maximum) analysis. The measurements were taken via baropodometry,
using the Medicapteurs®T-Plate instrument, with a 50-second collection
time. Data collection was repeated at each evaluation.

Data Collection and Procedures

All procedures and data collection were explained to the participants
who read and signed the Free and Informed Consent Form. First, the

Figure 1. Orthostatic elevation device.
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participants answered a form developed by the researchers to collect
personal data for sample characterization. Then height and weight were
measured with a metric tape measure and digital scale. Because of the in-
fluence of sleep on cardiac parameters and the autonomic nervous system,
sleep quality was evaluated according to the individual’s perception using
a Likert scale from 0 to 10, with higher values corresponding to better sleep
quality. After the initial collection of demographic data and physiological
parameters (HR, BP, Sa0,, and HRV) the participant was positioned on
the postural elevation device and the safety straps were secured by the
researchers in the chest, hip, thigh, and leg regions. The participant was
oriented on how chest straps work and how to adjust them if necessary. The
individual was seated on the device and remained at rest for five minutes
before the first heart rate frequency variability evaluation was performed
using the short duration protocol (5 minutes) of the Inner Balance™ with
the sensor positioned on the earlobe."”~"* With the participant still in the
pre-test resting position, oxygen saturation and heart rate were measured.

The device was then elevated to the orthostatic position (Figure 2).
While the participant remained in this condition without performing any
specific task for 90 minutes, the Sa0,, BP, and HR parameters were collected
at 15-minute intervals. The measurement of the ANS and baropodometry
were conducted every 30 minutes. The baropodometric analysis of the
plantar area was collected at times 0, 30, 60, and 90 minutes of device
elevation and the mean and maximum pressure were collected for 50 se-
conds at each time. After the 90-minute period, the device was adjusted to
the resting position allowing the participant to remain in a sitting position.
The Sa0,, BP, and HR parameters were also collected 15 and 30 minutes
after the end of the experiment to verify the return to resting conditions
and as a control. Thus, the participants completed a total of 10 evaluations.

Data analysis

The data were analyzed using Graphpad Prism 9.0 statistical software.
The Shapiro-Wilks normality tests were applied, followed by two-way
ANOVA or the mixed-effects model with Sidak multiple comparison test
(p <0.05). The data were expressed as mean =+ standard deviation and/
or C195% (confidence interval).

The normality values considered were systolic blood pressure (SBP)
and diastolic blood pressure (DBP) of 120/80 mmHg,”*?" heart rate lower
than 100bpm, and oxygen saturation above 95%.”'

RESULTS

The cardiovascular parameters evaluated in this study are presented
in Table 2. No evidence of differences was observed for any of the pa-
rameters collected and evaluated before, during, or after the use of
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Table 2. Comparison of the evolution of cardiovascular parameters during 90 minutes

Table 3. Kinetic variables of the participants.

of maintaining the orthostatic position Amputees (N=14)
Amputees (N=14) Mean | (SD) | pvalue | Mean difference (Cl 95%)
Mean Difference Area
i p value (C195%) baseline 1329 | 317 — -
Systolic Blood Pressure (nmHg Time (30) 1242 | 354 | 09999 1.14 (-41.07 t0 43.35)
Baseline 1136 (11.51) - - Time (60) 1225 | 409 0.9998 1.21 (-41.00 to 43.43)
Time 0 1150 (14.54) >0.9999 -143(-8.78 t0 5.93) Time (90) 1262 | 414 | >0.9999 -0.71 (-42.93 to 41.50)

Time 15 minutes 117.1(11.39) >0.9999 -3.57 (-14.76 to 7.61) Mean pressure

Time 30 minutes 120.7 (17.74) 09514 -7.14 (-21.85 10 7.57) baseline 4338 | 7752 — —

Time 45 minutes 1 17 1(13.26) >0.9999 -357 (-14.76 10 7.61) Time (30) 4586 | 1048 | 09348 -24.86 (-136.7 t0 87.03)

Time 60 minutes 1193 (14.92) 0.9839 -5.71 (1856 to 7.13) Time (60) 4743 1254 07722 -40.50 (-152.4 t0 71.39)

Time 75 minutes 119.3 (15.92) 0.9968 *5 71 (-19.96 t0 8.53) Time (90) 4603 [ 1305 | 09224 -26.50 (-138.4 t0 85.39)

Time 90 minutes 120 7 (15.92) 0.8734 4 (-20.50 t0 6.22) Maximum pressure
Recovery 15 minutes 1 4(10.85) >0.9999 fOA86 (-9.8510 8.13) baseline 1091 | 2206
Recovery 30 minutes 6.0 (10.76) >0.9999 -243 (-11.05 t0 6.19) Time (30) 1200 |352.8| 0.7910 -108.9 (-421.1 t0 203.2)

Diastollc Blood Pressure (mmHg) Time (60) 1266 |3213| 04502 -1754 (-487.5 to 136.8)
Baseline 4(10.69 - - Time (90) 1245 | 3331 0.5594 -154.4 (-466.5 t0 157.8)
Time 0 80 71(12.07) 0.9998 -3.57 (-13.88 to 6.73) SD: Standard Deviation, Cl: Confidence Interval

Time 15 minutes 77.86 (11.22) >0.9999 -0 71 (-11.78 t0 10.35)

Time 30 minutes 7929 (1 O 72) >0.9999 4 (-12.05 t0 7.76) Table 4. Functional analysis of the autonomic nervous system (N=14).

Time 45 minutes 80 OO (8.771) >0.9999 -2 86 (-12.01 t0 6.30) Amputees (N=14)

Time 60 minutes 43(12.92) >0.9999 -429 (-17.13 to 8.56) Mean (SD) p value |Mean difference (Cl 95%)

Time 75 minutes 82 86 (12.67) 0.9928 -5.71 (-19.28 to 7.85) PNS index

Time 90 minutes 80.71(9.972) >0.9999 -3.57 (-16.34 t0 9.19) Time (0) 149 161 - -

Recovery 15 minutes | 75.71 (11.58) >0.9999 143 (-9.97 t0 12.82) Time (30) 0.26 1.02 0.19 122 (-032t0 2.77)
Recovery 30 minutes | 77.14 (9. 139) >0.9999 0.000 (-9.73 t0 9.73) Time (60) 001 0.93 0.13 148 (-0.25 to 3.21)
Heart Rate (bpm) Time (90) 0.16 0.83 0.28 1.32 (-049 to 3.14)
Baseline 7593 (11.12) SNS index
Time 0 75.29 (12. 84) >0.9999 0.64 (-12.36 to 13.64) Time (0) -0.05 067

Time 15 minutes 78.93 (11.44) >0.9999 -3.00 (-14.25 to 8.25) Time (30) 0.53 0.84 0.15 -0.58 (-1.28 10 0.12)

Time 30 minutes 78.64 (17.98) >0.9999 -2.71 (-25.73 t0 20.30) Time (60) 0.64 1.00 0.48 -0.69 (-1.78 t0 041)

Time 45 minutes 7871 (11.91) >0.9999 -2.79 (-19.92 to 14.35) Time (90) 0.53 0.65 0.16 -0.57 (-127 10 0.12)

Time 60 minutes 79.36 (13.17) >0.9999 73 43 (-18.29 to 11.43) Mean PNS RR

Time 75 minutes 79.07 (14.47) >0.9999 4 (-19.87 t0 13. 59) Time (0) 799.5 101.3 --- -

Time 90 minutes 77.86 (1342) >0.9999 93 (-15.39 to 11.54) Time (30) 7704 1111 0.99 29.07 (-63.87 to 122.0)
Recovery 15 minutes | 6943 (12.80) 09218 650 (-6.30 to 19.30) Time (60) 7616 115.8 0.96 37.93 (-60.74 to 136.6)
Recovery 30 minutes | 70.36 (13.22) 0.9973 5.57 (-8.45 to 19.59) Time (90) 7556 113.0 097 43.86 (-73.90 to 161.6)

Oxygen Saturation (%) Mean SNS HR
Baseline 98.00 (1.47) Time (0) 76.21 9.58
Time 0 97.93 (1.07) >0.9999 0.07 (-2.04 t0 2.18) Time (30) 79.50 10.98 0.98 -3.29 (-12.84 t0 6.27)

Time 15 minutes 97.21 (1.58) 0.9922 0.78 (-1.07 t0 2.64) Time (60) 8043 11.77 0.92 -4.21 (-14.27 t0 5.84)

Time 30 minutes 97.50 (1.34) >0.9999 050 (-1.75 10 2.75) Time (90) 81.00 11.13 0.94 -479 (-16.64 to 7.07)

Time 45 minutes 9743 (0. 94) >(0.9999 057 ( 151to 2. 30) PNS: Parasympathetic Nervous System, SNS: Sympathetic Nervous System, SD: Standard Deviation

Time 60 minutes 97.14 (1.66) 0.9988 086 (-140t0 3.11)

Time 75 minutes 9721 (158) >0.9999 0.78 (-1.64 t0 3.21) the postural balance control of amputees who practice physical activity.

Time 90 minutes 97.50 (1.09) >09999 0.50 (-1.05 t0 2.05) The results demonstrate that for this population the use of the device
Recovery 15 minutes | 97.71 (138) >09999 028( 199 10 2.56) for 90 minutes did not influence the parameters evaluated, and the
Recovery 30 minutes | 97.86 (1.23) >0.9999 4(-198 10 2.27)

SD: Standard Deviation, Cl: Confidence Interval

the orthostatic elevation device (p>0.05), indicating constancy of the
vital signs evaluated during the experiment within the parameters of
normality considered in the present study.

In Table 3, the values related to the distribution characteristics of
the plantar area and pressure captured by the baropodometer are
presented. No differences were observed before or during the use of
the orthostatic elevation device for the variables area, mean pressure,
and maximum pressure (p>0.05).

No difference was observed between the HRV values measured
before and during the use of the orthostatic elevation device (p>0.05)
(Table 4). In addition, sleep quality had a score of 8.18 (£ 1.20), indicating
good quality reported by the study participants.

DISCUSSION

The objective of the study was to evaluate the immediate effect of
using a postural elevation device on the physiological parameters and
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amputees remained clinically stable. Considering that the individuals
included practice physical activity, the parameters evaluated such as
BP HR, Sa0,, and HRV were stable and without statistically significant
differences after the use of the orthostatic elevation device.

It is known that practicing physical activity generates benefits such
as reduced mortality in healthy individuals and/or in those with heart
diseases?® and leads to an increase in cardiorespiratory fitness, preventing
cardiovascular and chronic diseases.?* The SBP and DBP values remained
unchanged throughout the monitoring, demonstrating that the use of
postural elevation support does not alter parameters considered important
in amputees who practice physical activity, maintaining physiological
homeostasis. Although this relationship is not yet well established, the
loss of metabolic activity in the tissues can contribute to an increase in
insulin and hyperlipidemia in the blood, and the increased blood pressure
associated with the increase in sympathetic activity, especially during acti-
vities in which there is elevated pressure in the stump region (for example,
during gait or standing) can lead to an increase in risk factors related to
cardiovascular diseases.?> The present study sample does not include
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diagnoses of diabetes and the participants practice physical activities,
which may have contributed to the stability of the analyzed variables.

In humans, during rest, there seems to be a predominance of parasympathe-
tic activity, while during stimuli, such as orthostatism, the sympathetic nervous
system makes a greater contribution, explained, for example, by the fact that
the system is preparing for situations of stress and effort.> These changes were
described by Mahananto, Igasaki, and Murayama (2015), demonstrating that
healthy individuals have an increase in sympathetic activity, and a decrease in
parasympathetic and vagal activity when moving from a sitting to an upright
posture.? Silva et al. (2019) evaluated amputees and observed that the active
change in posture, from a sitting to a standing position, lead to an activation
of autonomic and sympathetic modulation within the expected behavior of
the individuals.® Our results showed that using the orthostatic device did not
generate any interference in the sympathetic and parasympathetic nervous
system parameters measured, indicating that the use of the device for 90 minutes
did not influence the perception of stress or physical effort generated by the
prolonged standing position beyond what was expected by the volunteers.

Multifactorial components such as biomechanical restrictions, mo-
vement and sensory strategies, orientation in space, control of dynamics,
and the cognitive process seem to contribute to postural control in the
presence of lower limb amputations.’® The device used in the study
features a system of straps that provides the participant with greater
trunk and lower limb stability. Considering that, in a standing position,
the baropodometry values could increase in the absence of stabiliza-
tion, which would create harmful effects for the amputees, such as, for
example, reduced blood flow, greater tissue pressure, and, consequently,
a higher chance of tissue injury (pressure sores or blisters), the results
demonstrate that the dynamic control strategy evaluated by means of
mean plantar pressure and maximum pressure were not influenced by

using the orthostatic position, suggesting that the equipment offered
sufficient support to aid in bearing the individual's weight.

One participant reported mild edema during the orthostatic position,
which was controlled by actioning the circulatory support system. This
system allows mobilization of the ankle for the movements of dorsifle-
xion and plantar flexion, ranging between zero and five degrees, and
was developed to minimize the presence of swelling due to overload
and posture maintenance.

Study limitations and future directions

The fact that the study assessed the immediate effect of using the
elevation device and was not able to extrapolate the data for continuous
and long-term use is a limitation. The data indicate that using new assistive
technologies can be considered since they do not generate harmful effects
for the amputee. Thus, further studies should be conducted to evaluate
the implications of long-term and work-environment use of this device.

CONCLUSION

Using the postural elevation device for 90 minutes did not cause an
immediate effect of changes in the physiological parameters or in the
postural control of amputees who practice physical activity.
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