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Abstract

Introduction: Amputations cause functional, musculoskeletal and cardiovascular alterations and, the more 
proximal the amputation, the larger the alterations. Objectives: To observe the effect of using lower limb 
prosthetics and that of gait speed on heart rate (HR), blood pressure (BP), oxygen consumption (VO₂) and 
energy cost (EC) during gait in traumatic lower limbs amputees. Materials and methods: The sample was 
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composed of 30 men with unilateral amputations, 10 transfemoral and 10 transtibial, compared to 10 peo-
ple with no amputations. All of them selected a pleasant walking speed (PWS) on the treadmill, and two 
other speeds were calculated, 20% above and 20% below the original one. The subjects walked for 10 min-
utes at each of the speeds and, in the last three minutes, the VO₂, HR, and BP were assessed. In order to compare 
variables between groups the variance was performed (ANOVA) followed by the Post Hoc Sheffé test (p < 0.05). 
Results: The amputees selected lower values of PWS and had higher HR, BP, and EC, VO₂ during gait when 
compared to normal individuals. The transfemoral amputees had higher VO₂ and EC compared to the trans-
tibial ones. By analyzing the speed effect, it was observed that, although the VO₂ did not increase with the in-
creased speed, there was increased cardiovascular response and reduced EC. Conclusions: Traumatic lower 
limb amputees have higher energy expenditure and cardiovascular responses during gait and, at higher 
speeds, they become more economical, reducing the EC. 

 [P]

Keywords: Amputees. Gait. Energy metabolism. Blood pressure. Heart rate. 
[B]

Resumo

Introdução: As amputações provocam alterações funcionais, musculoesqueléticas e cardiovasculares e, quanto 
mais proximal o nível da amputação, maiores essas alterações. Objetivos: Observar o efeito do uso de próteses de 
membros inferiores e da velocidade de marcha sobre a frequência cardíaca (FC), pressão arterial (PA), consumo 
de oxigênio (VO₂) e custo energético (CE) durante a marcha de amputados traumáticos de membros inferiores. 
Materiais e métodos: Foram estudados 30 indivíduos do sexo masculino, 20 possuíam amputações unilaterais 
traumáticas, sendo 10 transfemorais e 10 transtibiais, que foram comparados a 10 indivíduos sem amputações. 
Todos selecionaram uma velocidade de marcha agradável (VMA) na esteira rolante e foram calculadas e testadas 
outras duas, 20% acima e 20% abaixo da selecionada. Os indivíduos andaram por 10 minutos em cada velocidade 
e, nos três minutos finais, foram avaliados o VO₂, a FC e a PA. Para comparação das variáveis entre os grupos foi 
realizada análise de variância (ANOVA), seguida do teste Post Hoc de Sheffé (p < 0,05). Resultados: Os amputados 
selecionaram menores valores de VMA e apresentaram maior FC, PA, VO₂ e CE durante a marcha ao serem com-
parados aos indivíduos não amputados. Os transfemorais apresentaram maior VO₂ e CE quando comparados aos 
transtibiais. Ao analisar o efeito velocidade, observou-se que, apesar do VO₂ não ter aumentado com aumento da 
velocidade, houve aumento da resposta cardiovascular e redução do CE. Conclusões: Os amputados traumáticos 
de membros inferiores apresentam maior gasto energético e resposta cardiovascular durante a marcha e, em 
maiores velocidades, eles tornam-se mais econômicos, reduzindo o CE. [K]

Palavras-chave: Amputados. Marcha. Metabolismo energético. Pressão arterial. Frequência cardíaca.

Introduction

Lower limb amputations cause functional (1, 2), 
musculoskeletal (1, 2) and cardiovascular changes 
(3, 4). The more proximal the amputation level, the 
greater these changes (1, 2, 3). At rest, the amputees 
may have higher levels of catecholamines in blood, 
increased sympathetic nerve activity, increased 
blood pressure and increased heart rate (HR) when 
compared to normal individuals (3). Furthermore, 
amputees have muscle disorders, such as a reduced 
number and size of oxidative and increased glycolytic 

fibers (5), resulting in a predisposition to increased 
blood lactate levels (6).

The gait with the use of prosthesis causes higher 
energy expenditure when compared to the gait of 
normal individuals (1, 2, 7-11). During normal gait, 
the energy expenditure as a function of speed has the 
shape of a concave curve up, suggesting the existence 
of a more economical speed, which requires less oxy-
gen consumption (VO2) (1, 3, 12, 13). In their daily 
walking, non-amputees adopt a so-called pleasant 
walking speed (PWS) which, in most cases, is close 
to the most economical speed(1, 12). In turn, lower 
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limb amputees adopt a lower PWS, which is probably 
far from the economic speeds (1, 8, 9, 14).

The increased energy expenditure during the gait 
with prosthesis has been justified through the bio-
mechanical changes resulting from the compensatory 
gait adopted by amputees (8, 9, 15, 16). Few studies 
have associated metabolic and cardiovascular vari-
ables during gait and evaluated the behavior of these 
variables during various walking speeds. Considering 
the functional (1), musculoskeletal (1) and cardiovas-
cular (3, 4) changes occurring after amputation and 
the use of low running speeds by these individuals (1, 
8, 9, 14), one can assume that the increased energy 
expenditure during gait with prosthesis would also 
be caused by cardiovascular changes and the adop-
tion of lower and less economical running speeds. 
Therefore, the aim of this study was to observe the 
effect of wearing prostheses (transtibial and trans-
femoral) and gait speed on HR, blood pressure (BP), 
VO2 and energy cost (EC) during the gait of lower 
limb traumatic amputees.

Materials and methods

This study is characterized as a cross-sectional 
observational, controlled one, with a convenience 
sample of a paired selection of amputees and non 
amputated subjects in Juiz de Fora, MG, Brazil, and 
surrounding towns. Data collection occurred in the 
city of Juiz de Fora at the University Hospital of the 
Federal University of Juiz de Fora in 2008 and 2009.

Ethics Committee

According to Resolution No. 196/96 of the 
National Health Council (Conselho Nacional de 
Saúde, CNS), which regulates research involving 
human subjects, participation in this study was 
voluntary. All participants were informed about 
the nature and purpose of the study and signed 
the informed consent form (ICF). This study was 
submitted to the Research Ethics Committee of the 
Federal University of Juiz de Fora and approved un-
der opinions 015/2007 and 159/2007. This study 
was registered in the Brazilian Registry of Clinical 
Trials (Registro Brasileiro de Ensaios Clínicos) un-
der the identification RBR-4xrgxs. 

Subjects

Thirty healthy and sedentary adult male sub-
jects participated, 20 of them had unilateral trau-
matic lower limb amputations, 10 being transfemoral 
(Transfemoral Group) and 10 transtibial (Transtibial 
Group). These groups were compared with 10 indi-
viduals without amputations (Non-amputees Group). 

In order to be part of the sample, the amputees 
should present amputation due to traumatic causes, 
have at least three years of amputation, be using the 
prosthetics for more than two years, walk without 
gait aid devices and use the prostheses with dynam-
ic response Sach™ feet. The transfemoral subjects 
should have mechanical knees. All individuals in 
the amputation and control groups should be male, 
healthy, sedentary and without diagnosis of hyper-
tension or cardiovascular disease and not use drugs 
that interfere in cardiovascular and hemodynamic 
variables. In addition, none of the subjects should 
have any pathology that could change gait quality, 
such as neuromuscular and joint disease involving 
the lower limbs.

Experimental design

The experimental protocol of this study occurred 
on three non-consecutive days. On the first day, the 
subjects underwent initial assessment, physical ex-
amination and familiarization with the treadmill. On 
the second day, all of them went through the PWS 
determination protocol and were instructed on the 
speeds that would be studied. On the last day, all sub-
jects were assessed regarding the gait.

Assessment and physical exam

All subjects were initially assessed through medi-
cal history, physical therapy evaluation, measurement 
of blood pressure (BP) and HR at rest. To review 
these last two variables, the subjects should be at 
rest for at least 10 minutes in the supine position. 
Then all of them underwent anthropometric assess-
ment, which evaluated body mass (kg), through the 
Asimed™ scale, and height (m), through the Asimed™ 
stadiometer. The amputees were evaluated using the 
lower limb prosthesis.
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All assessments were performed at the University 
Hospital of the Federal University of Juiz de Fora 
(HU-UFJF), in the Dom Bosco unit, in the morning, 
to avoid interference of the circadian rhythm in the 
variables studied.

Experimental procedure

Determination of the PWS

One day before the completion of the experimen-
tal protocol, all subjects were familiarized with the 
Inbramed™ 10200 ATL treadmill for PWS selection. 
For this choice, the test started with the subject stroll-
ing at 1.5 km/h and gradually increased the speed (0.2 
km/h every minute) until the subject reported that 
the previous speed was the most enjoyable one. Then 
the subject remained at that speed for two minutes to 
confirm that he/she correctly selected the PWS.

On the same day the PWS was selected, the volun-
teers adapted to the use of the treadmill, walking in 
gait speeds that would later be assessed. For that, a 
protocol with intervals in which all subjects walked 
for 10 minutes at each speed and rested 10 minutes 
was used.

Gait assessment

For gait assessment, an interval protocol on a 
Inbramed™ treadmill, model 10200 ATL, using three 
gait speeds, was used: PWS, 20% above and 20% be-
low this value, designated respectively for +20 PWS 
and -20 PWS. The order of application of each speed 
was randomly established. 

The protocol started with a 15-minute rest in a 
sitting position, with the volunteer already making 
use of face masks for collection of the exhaled gases, 
heart rate monitor to collect HR and a cuff on the 
right arm for BP measurement. Later, a warm-up was 
performed for 2 minutes at 1.5 km/h, followed by a 
10-minute walk at the first drawn speed and a 2-min-
ute cooldown at 1.5 km/h. Then the subject rested 
for 15 minutes in a sitting position. The procedures 
were repeated with the other two speeds. During the 
final three minutes of rest and of each running speed, 
the exhaled gases and the HR were assessed and, in 
the final minute, BP was measured.

Evaluation of oxygen consumption

For the measurement of oxygen consumption dur-
ing gait, indirect calorimetry was utilized (17), with 
the use of the VO2000 Medgraph™ gas analyzer and 
with the subjects wearing face masks. Before data 
collection, the equipment was calibrated according 
to the manufacturer's recommendations.

Calculation energy cost

The EC, which is the energy required to travel a 
meter, was calculated by multiplying the VO2 in li-
ters per minute (l/min) by the caloric equivalent O2, 
given by kilocalorie per liter (kcal/l) (17). The value 
obtained was divided by the speed of travel in meters 
per minute (m/min), thereby obtaining the EC per 
meter value kilocalorie (kcal/m). The lower the value, 
the more economical the individual is.

Evaluation of cardiovascular response

The evaluation of the cardiovascular response was 
performed through HR and BP. The HR was record-
ed at the end of each speed and at rest by using the 
Polar™ R810i heart rate monitor. BP measurement 
was performed by auscultation in the right upper 
limb using an anaeroid sphygmomanometer and a 
BD™ stethoscope, considering Korotkoff ’s stages I 
and IV to identify the systolic (SBP) and diastolic 
(DBP) blood pressure, respectively.

 

Statistical analysis

For the data analysis, the Shapiro-Wilk normal-
ity test was performed and it was observed that all 
variables were normally distributed. The results were 
transformed into text and tables by using the mean 
and standard deviation and figures, through average 
and a 95% interval. For the comparison of the vari-
ables at rest a one-way variance analysis (ANOVA) 
was conducted, and for the comparison during the 
speeds analyzed a two-way ANOVA (speed and group 
factors) was conducted. Both analyses were followed 
by Sheffe’s post hoc method. The 5% significance 
level was adopted.
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Results

When comparing the Non Amputee, Transtibial 
and Transfemoral groups, it was observed that there 
was no difference in relation to body weight, height 
and resting BP, however, the Amputees had a higher 
resting HR when compared to the Non Amputees 
(Table 1).

During the gait, the group effect (Non Amputee, 
Transtibial and Transfemoral Group), speed and in-
teraction (speed x group) were observed. Therefore, 
the results of this study will be presented as: amputa-
tion effect, which shows the comparison between the 
groups during gait, considering the 3 speeds studied, 
and the interaction effect, which evaluates each group 
compared to the increase in speeds and compared to 
the other groups.

Amputation effect

Table 2 describes speed, BP, HR, VO2 and EC val-
ues in each group, seen in the three speeds consid-
ered together. Regarding the Non Amputees, the 
Transtibial ones had lower running speed and higher 
values of HR, VO2 and EC, as the Transfemoral ones, 
besides the differences presented by the Transtibial 
ones, had higher SBP and DBP. When comparing 
the Transfemoral and Transtibial groups, there 

was a difference in the metabolic variables, and the 
Transfemoral ones had higher VO2 and EC values than 
the Transtibial ones.

Interactions

By analyzing the behavior of SBP and DBP at the 
three speeds analyzed, it was observed that only the 
Transfemoral group showed an increase of SBP when 
comparing the highest with the lowest gait speed 
studied (Figure 1).

As gait speed increased, an increase in HR was 
observed only in the amputee groups. The increase 
was higher in the Transfemoral group, which pre-
sented the HR difference at all speed increases. The 
Transtibial Group, however, only presented a HR 
difference when comparing the values obtained at 
higher and at the lower speeds. When analyzing the 
VO2 behavior in the three speeds studied, there was 
no significant difference from the increased speed in 
any group (Figure 2).

In relation to the EC, a reduction of these val-
ues was observed as gait speed increased in the 
Transfemoral and Transtibial groups. This reduc-
tion was also found in the Non Amputees group. 
Nevertheless, it only occurred by comparing the 
values of EC in highest and in the lowest gait speed 
(Figure 3).

Table 1 - Characterization of the sample at rest (mean ± standard deviation)

Amputees

Non amputees
(n = 10)

Transtibial
(n = 10)

Transfemoral
(n = 10)

Age (years) 42.20 ± 4.54 39.30 ± 3.59 42.20 ± 4.54

Body mass (kg) 76.20 ± 6.06 79.00 ± 3.85 79.40 ± 4.42

Height (m) 1.73 ± 0.10 1.74 ± 0.07 1.75 ± 0.06

SBP at rest (mmHg) 121.30 ± 6.79 123.50 ± 8.18 126.40 ± 5.31

DBP at rest (mmHg) 78.70 ± 5.73 84.10 ± 5.64 84.60 ± 6.86

HR at rest (bpm) 82.20 ± 9.00 91.60 ± 2.87* 92.10 ± 4.72*

Note: *Signifi cant difference from the Non Amputees group.
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Table 2 - Mean and standard deviation of speed, systolic blood pressure (SBP), diastolic blood pressure (DBP), heart 
rate (HR), oxygen consumption (VO2) and energy cost (EC) for the three walking speeds analyzed and compared 
between groups

Amputees

Non amputees
(n = 10)

Transtibial
(n = 10)

Transfemoral
(n = 10)

Speed (km/h) 3.07 ± 0.58 2.44 ± 0.57* 2.20 ± 0.38*

SBP (mmHg) 127.70 ± 8.28 132.13 ± 8.01 137.33 ± 7.01*

DBP (mmHg) 85.83 ± 12.16 89.86 ± 5.69 94.73 ± 2.80*

HR (bpm) 94.13 ± 11.29 119.00 ± 19.61* 124.60 ± 14.02*

VO2 (l/min) 0.87 ± 0.16 1.25 ± 0.24* 1.59 ± 0.19*#

EC (Kcal/m) 0.08 ± 0.01 0.15 ± 0.04* 0.21± 0.04*#

Note: * Signifi cant difference from the Non Amputees group. #Signifi cant difference from the Transtibial Amputees group.
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Discussion

The main findings of this study were: 1) At rest, 
the amputees had similar AP and higher HR than the 
non amputees; 2) The amputees, even walking at low-
er speeds, presented higher SBP, DBP, HR, VO2 and 
EC. The more proximal the level of amputation, the 
lower the gait speed, the higher the VO2 and the EC; 
and 3) the increase of gait speed causes an increase 
in HR in amputees without, however, increasing the 
VO2 due to the improvement of the EC.

Amputation effect during rest

During rest, the amputees had a higher HR and 
the same AP when compared to the group of Non 
Amputees. Corroborating this study, there is evi-
dence that amputees have high levels of HR, which 
occur due to increased sympathetic nerve activity 
and hemodynamic changes in those individuals (3). 
To justify these results, there is an association with 
increased serum levels of catecholamines due to the 
compression of the fitting on the stump and vascular 
alterations resulting from the amputation (3, 4, 18).
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expenditure in amputees(1, 7, 8, 10), who claim that 
the largest biomechanical changes during gait and 
the loss of muscle mass and inserts present in these 
individuals lead to an overload other muscle groups, 
thus increasing the EC for walking (1, 7, 8, 10, 27). 
The transfemoral amputees, when compared to the 
Transtibial ones had higher VO2 due to higher bio-
mechanical changes induced by the level of amputa-
tion, the loss of the physiological knee and the greater 
muscle involvement (1, 2, 8).

Speed effect on gait

The increase in gait speed caused the amputees’ 
HR increase, however, there are no studies analyz-
ing the effect of gait speed on HR in amputees which 
could be compared with our results. It is believed 
that the HR increase in amputees can be justified by 
the attempt to increase cardiac output in higher gait 
speeds. Kurdibaylo et al. (18), when assessing the HR 
behavior during maximum exercise, observed that by 
increasing exercise intensity, the amputees, especially 
the transfemoral ones, showed a slight increase in 
the end systolic volume and, to compensate, the HR 
increased sharply in order to maintain cardiac output. 
It is believed that during gait, a similar mechanism 
may have occurred.

When assessing the behavior of the metabolic 
variables during gait, it was found that there was 
no increase in VO2 at higher speeds due to the EC 
improvement, especially in the amputees. There 
is evidence that, at higher gait speeds, there is a 
reduction of the biomechanical changes in lower 
limb amputees due to a reduced oscillation of the 
center of body mass, increased pendulum movement 
and ease of implementation of gait phases, especially 
in the transfemoral amputees (8, 10, 22, 28), which 
probably explains the reduction of EC values at 
higher speeds.

During normal gait, there is a speed range, close to 
the CGC, which is more economical(1, 9, 12, 17, 26), 
and which also occurs with lower limb amputees (9), 
since by increasing gait speed, there is a decreased ca-
loric intake per meter walked. However, in this study, 
the most pleasant speed was not the most economical 
one, which was also found by Jaegers et al. (26) and, 
because only three gait speeds were assessed, it was 
not possible to find the most economical speed range 
for these individuals.

Regarding BP values at rest, our results were dif-
ferent from those found in the literature, which report 
the presence of high blood pressure and predispo-
sition or presence of systemic arterial hypertension 
(SAP) in traumatic lower limb amputees (3, 19). These 
results were probably different due to the fact that 
our volunteers were younger and that we adopted 
the presence of hypertension and/or cardiovascular 
disease as exclusion criteria. 

Although the amputees assessed do not pres-
ent increased BP, they have high HR levels at rest, 
generating a propensity to develop hypertension 
and increased cardiovascular risk. There is evi-
dence that the increase in HR, the plasma catechol-
amine levels (19) and the hemodynamic changes 
in traumatic lower limb amputees (3, 19), in the 
long term, predispose them to increased BP, devel-
opment of SAH (18, 19, 20) and increased risk of 
developing cardiovascular disease and mortality
(3, 4, 18, 19, 20).

The effect of amputation on gait

The amputees in this study adopted a lower PWS 
when compared to the non amputees and, the more 
proximal amputation, the lower the speed adopted. 
These results are in agreement with those reported 
in the literature (1, 21, 22), which states that the am-
putees adopt lower gait speeds in order to reduce en-
ergy expenditure (1, 8, 9, 14) acquire greater dynamic 
stability during walk (16, 22, 23) and reduce the risk 
of falls in this activity. The transfemoral amputees, 
due to the loss of the physiological knee, have higher 
biomechanical changes during gait causing them to 
walk more slowly (2, 8, 24).

Although the amputees adopt a lower PWS, they 
present a higher cardiovascular and metabolic re-
sponse and, the more proximal the amputation, the 
greater the changes. Similar results regarding HR dur-
ing gait were also found in other studies (24, 25, 26). 
However, in relation to the AP there were no stud-
ies that could be compared with ours. The increased 
heart rate and blood pressure can probably be justi-
fied by the sympathetic nervous activity present in 
these individuals, seen in traumatic amputees at rest 
using lower limb prosthesis (19).

During gait, even adopting a slower PWS, the am-
putees had a higher VO2 and EC. These results were 
also found in other studies that evaluated the energy 
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cardiovascular rehabilitation programs for traumatic 
lower limb amputees is justified.
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