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ABSTRACT
Introduction: The lower limb amputation impacts the mobility of individuals, which can lead to low 
cardiorespiratory fitness. Maximum oxygen consumption (VO2max) is traditionally used to describe cardio-
respiratory fitness. However, its achievement is not always feasible in populations with functional limita-
tions and, therefore, analysis at submaximal levels of effort can be an efficient strategy. Objective: To test 
the hypothesis that individuals with unilateral lower limb amputation have lower cardiorespiratory fit-
ness at different effort intensities compared to individuals without amputation. Methods: Cross-sectional 
study with 6 individuals with lower limb amputation and 10 individuals without amputation. Cardiores-
piratory fitness was investigated by the cardiopulmonary exercise test, considering absolute and relative 
VO2peak, ventilatory threshold 1 (VT1) and Optimal Cardiorespiratory Point (POC). Results: The amputees 
had lower absolute and relative VO2peak than non-amputates. The absolute value of POC, time and load did 
not differ between groups, but the group with amputation presented the POC in a higher percentage of 
VO2peak (p = 0.007) and in a lower relative and absolute VO2 (p = 0.004 and p = 0.009, respectively). In LV1, 
there was no difference between groups in time, load and percentage of VO2peak, however amputees had 
lower relative and absolute VO2 (p = 0.046 and p = 0.032, respectively). Conclusion: Individuals with lower 
limb amputation had lower cardiorespiratory fitness at different effort intensities when compared to 
individuals without amputation, but they had the highest efficiency between the respiratory and circu-
latory systems in a higher %VO2peak.

Keywords: disabled persons; oxygen consumption; rehabilitation.

RESUMO
Introdução: A amputação de membros inferiores impacta na mobilidade dos indivíduos, podendo levar a 
uma baixa aptidão cardiorrespiratória. O consumo máximo de oxigênio (VO2máx) é tradicionalmente uti-
lizado para descrever a aptidão cardiorrespiratória. Contudo, a sua obtenção nem sempre é viável em po-
pulações com limitações funcionais e, por isso, análises em níveis submáximos de esforço podem ser uma 
estratégia eficiente. Objetivo: Testar a hipótese de que indivíduos com amputação unilateral de membro 
inferior possuem aptidão cardiorrespiratória menor em diferentes intensidades de esforço comparados a 
indivíduos sem amputação. Métodos: Estudo seccional com 6 indivíduos com amputação de membro in-
ferior e 10 indivíduos sem amputação. A aptidão cardiorrespiratória foi investigada pelo teste de esforço 
cardiopulmonar, sendo considerados: VO2pico absoluto e relativo, limiar ventilatório 1 (LV1) e Ponto Ótimo 
Cardiorrespiratório (POC). Resultados: Os indivíduos amputados apresentaram menor VO2pico absoluto 
e relativo que os não amputados. O valor absoluto do POC, o tempo e a carga, não se diferiram entre os 
grupos, porém o grupo com amputação apresentou o POC em um maior percentual do VO2pico (p = 0,007) e 
em um menor VO2 relativo e absoluto (p = 0,004 e p = 0,009, respectivamente). No LV1, não houve diferen-
ça entre os grupos no tempo, carga e percentual do VO2pico, contudo os amputados apresentaram menor 
VO2 relativo e absoluto (p = 0,046 e p = 0,032, respectivamente). Conclusão: Indivíduos com amputação de 
membro inferior apresentaram menor aptidão cardiorrespiratória em diferentes intensidades de esforço 
quando comparados com indivíduos sem amputação, porém apresentaram a maior eficiência entre os 
sistemas respiratório e circulatório em um maior %VO2pico. 

Palavras-chave: pessoa com deficiência; consumo de oxigênio; reabilitação. 
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Introduction

Amputation of lower limbs has clinical and functional problems that nega-
tively affect mobility [1]. Impaired mobility, associated or not with the inadaptation 
of prostheses and orthotics, and the reduced number of equipment and accessible 
spaces for physical exercise contribute to inadequate daily physical activity levels in 
the population of individuals with amputation. Other factors that contribute to this 
process are emotional problems such as low self-esteem, self-image, and self-confi-
dence [2,3]. In this context, it is known that one of the main problems related to a 
sedentary lifestyle is the increased risk of cardiovascular morbidity and mortality [4], 
as individuals with amputations naturally already present this increased risk [5].

On the other hand, good cardiorespiratory fitness is associated with better 
general health status, with the direct measure of maximum oxygen consumption 
(VO2max) being the gold standard for its quantification. The VO2max is an important 
predictor of mortality [6,7], and its achievement depends on the performance of a 
maximum effort. However, in individuals with functional limitations, this level of 
intensity is not always reached, with the effort being commonly interrupted by peri-
pheral factors [8] and limiting the interpretation and application of results. In situa-
tions like this, oxygen consumption at peak effort (VO2peak) is used.

To minimize this problem, Ramos et al. [9] proposed the Cardiorespiratory 
Optimal Point (COP), the lowest value of the ventilatory equivalent of oxygen during 
exertion. Reflects the ventilatory economy for obtaining oxygen to meet the metabo-
lic demands of active muscles during exercise. The analysis of COP has already been 
described in the population of non-athlete men and women, without obesity and 
cardiorespiratory diseases [9], and professional adult soccer players [10]. But inte-
restingly, in searches previously carried out in the scientific databases PubMed/ME-
DLINE and SciELO, no evidence was found about its application in populations with 
physical limitations, particularly in individuals with amputation. 

Physical-motor disability is the second most prevalent in Brazil [11]. Consi-
dering the negative repercussions on general health status related to low energy ex-
penditure commonly described in individuals with amputations [2], strategies and 
measures must be taken to promote an active lifestyle in this group. In this context, 
knowing the cardiorespiratory fitness of people with amputation is relevant, as pro-
fessionals who deal directly with this audience need to know the characteristics and 
physiological demands to plan and prescribe exercises properly. Understanding that 
the maximum effort in individuals with functional limitations is not always reached, 
the use of COP can be a good strategy since its analysis is performed at submaximal 
intensities. The study of COP in individuals with an amputation will be an original 
approach in the scientific literature and may provide support for further studies in 
this area of knowledge. In this sense, this study aims to test the hypothesis that indi-
viduals with unilateral lower limb amputation have lower cardiorespiratory fitness 
at different effort intensities compared to individuals without amputation.
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Methods

Study design and sample
A comparative observational cross-sectional study was carried out with 16 

individuals divided into two groups: with amputation (N = 6) and without amputa-
tion (N = 10). The amputated group was composed of men aged 18 years or over, with 
unilateral transtibial or transfemoral amputation and physically active (all recrea-
tional paracanoe practitioners, with a minimum time of three months). The sample 
was selected for convenience because it was all participants in a sports project of the 
modality in Rio de Janeiro, Brazil. Information related to the amputation of the parti-
cipants is described in Table I. Smokers and individuals with musculoskeletal limita-
tions that could make it impossible to carry out the protocol were excluded from the 
study. For comparison purposes, a group of individuals without amputation was also 
considered respecting the same inclusion and exclusion criteria, except for amputa-
tion and the practice of paracanoeing. The physical activity level in the non-amputee 
group was investigated by completing the International Physical Activity Question-
naire (IPAQ) short version [12], including individuals classified as “active” or “very 
active” who practice aerobic and strength training. The outcome variables conside-
red for the cardiorespiratory fitness assessment were VO2peak, ventilatory threshold 1 
(VT1), and COP.

Table I - Variables related to the amputation of each participant

N Type of amputation Cause Amputation time (years)

1 Transtibial Vehicle accident 13

2 Transtibial Osteomyelitis 18

3 Transfemural Vehicle accident 5

4 Transtibial Osteomyelitis 6

5 Transtibial Osteomyelitis 7

6 Transtibial Exposed fracture 16

The study was submitted and approved by the institutional Research Ethi-
cs Committee (CAAE: 17691113.1.0000.5235), and all participants signed an informed 
consent form to participate in the study.

Cardiopulmonary exercise testing
The cardiopulmonary exercise test (CPET) was performed in a cycle ergometer 

for upper limbs (TopExcite; TechnoGym; Italy) in an environment with controlled 
temperature (≈22°C) and humidity (≈60%) [13]. The protocol adopted was an initial 
load of 20w and successive increments of 5w every minute, with cycling between 50-
60 rpm [14]. Participants were verbally encouraged to perform maximum effort, and 
CPET was interrupted by maximum voluntary exhaustion or upon the appearance of 
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some criterion under recommendations proposed by the American College of Sports 
Medicine [15].

During CPET, the metabolic analysis of respiratory gases was performed using 
a gas analyzer (VO2000; MedGraphics; Brazil), in which the readings of pulmonary 
ventilation (VE; L/min) and the expired fractions of oxygen (FeO2; %) and carbon dio-
xide (FeCO2; %) were taken to calculate the ventilatory variables: relative and absolu-
te oxygen consumption (VO2; mL.kg-1.min-1 and L/min, respectively) and ventilatory 
equivalents of oxygen (VE/VO2) and carbon dioxide (VE/VCO2). The information was 
recorded breath-by-breath and analyzed as a mean of 30 seconds. For standardization 
purposes, the highest value presented in the curve in the last minute of the test was 
considered as peak VO2.

Ventilatory threshold 1 - VT1
To determine VT1, we opted for the graphic inspection of the behavior of 

ventilatory equivalents - VE/VO2 and VE/VCO2. VT1 was defined as the point on the 
curve at which there was an increase in the VE/VO2 curve without the concomitant 
increase in VE/VCO2 [16]. The analysis of VT1 was performed independently by two 
experienced evaluators, and then the evaluators’ agreement in each test was verified. 
In case of disagreement, a third evaluator was consulted.

Cardiorespiratory Optimal Point (COP)
COP was defined as the lowest value on the VE/VO2 curve during exercise, as 

described by Ramos et al. [9]. In addition to the absolute value of VE/VO2, the VO2 
value (in mL.kg-1.min-1, in L/min, and as a percentage in relation to the peak), the 
load (w), and the time of effort (min:s) referring to the moment of identification of 
the COP.

Statistical procedures
The results were described as median (minimum value-maximum value). 

Given the sample size of the study subgroups, we chose to use a non-parametric 
statistical procedure for comparisons between subgroups. Thus, the Mann-Whitney 
test was applied considering the level of statistical significance of 5%. Analyzes were 
performed using the Statistical Package for Social Sciences (SPSS 20.0) (Armonk, NY: 
International Business Machines Corporation).
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Results

The groups of individuals with amputation (N = 6) and without amputation 
(N = 10) were comparable in terms of age, total body mass, Body Mass Index, and we-
ekly frequency of physical exercise (Table II) and statistically different regarding the 
time of physical exercise practice. 

Table II - Demographic, anthropometric and physical exercise characteristics of the study subgroups

Individuals with 
amputation (N=06)

Individuals without 
amputation (N=10)

p-value*

Age (years) 38.0
21-52

33.5
22-40

0.664

Total body mass (kg) 87.8
62.70-125.4

85.6
71.5-102

0.914

Body mass index (kg/m2) 27.9
21.8-38.1

27.1
21.6-31.5

0.828

Physical exercise practice time 
(months)

3
3-12

12
6-18

0.006

Weekly frequency of physical 
exercise (days/week)

4
3-5

4
3-5

0.958

Data presented as average (minimum value – maximum value); *Mann-Whitney test; statistical signi-
ficance when p-value < 0.05

The results regarding exercise cardiorespiratory capacity are shown in Table 
III. At the end of the exercise, the groups presented similar total time and total effort 
load (p = 0.386 and p = 0.785, respectively). When analyzing the VO2peak, we noticed a 
higher median value among individuals without amputation, both in absolute and 
relative to body mass analysis. All study participants, regardless of the group, repor-
ted peripheral fatigue (upper limbs) as a reason for effort interruption.

The absolute value of COP, time and load at the time of occurrence did not 
differ between groups (p = 0.786; p = 0.212 and p = 0.240, respectively), but individuals 
with amputation presented this point at a higher percentage of VO2peak (p = 0.007) and 
in a lower relative and absolute VO2 (p = 0.004 and p = 0.009, respectively). In both 
groups, COP preceded the occurrence of VT1.

VT1 was identified in all participants in the amputee group, while in the non-
-amputated group, in 70%. There was no difference between the groups about time 
and load at the time of reaching VT1 (p = 0.253 and p = 0.170, respectively) and per-
centage of VO2peak (p = 0.568). However, amputees had lower relative and absolute VO2 
at this time (p = 0.046 and p = 0.032, respectively).
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Table III - Variables related to the cardiopulmonary exercise test of the study subgroups

Individuals with 
amputation (N=06)

Individuals without 
amputation (N=10)

p-value*

Total effort time (min:s) 17:59
(11:23-24:13)

17:30
(13:09-22:00)

0.386

Load at the end of effort (w) 102.50
(70.00-135.00)

100.00
(80.00-125.00)

0.785

VO2peak (ml.kg-1.min-1) 15.75
(6.06-19.65)

32.31
(25.39-39.71)

0.001

VO2peak (L/min) 1.23
(0.70-1.46)

2.88
(2.01-4.01)

0.001

Time in COP (min:s) 4:03
(1:30-6:11)

2:49
(2:00-4:20)

0.212

Load in COP (w) 37.50
(25.00-50.00)

32.50
(30.00-40.00)

0.240

Lower VE/ VO2 (COP) 15.30
(13.30-20.00)

15.30
(12.60-20.00)

0.786

VO2 in COP (ml.kg-1.min-1) 7.07
(3.03-8.00)

9.03
(7.50-18.13)

0.004

VO2 in COP (L/min) 0.53
(0.35-0.81)

0.81
(0.60-1.60)

0.009

%VO2peak in COP (%) 45.83
(39.63-55.44)

28.55
(21.35-51.98)

0.007

Time in VT1 (min:s) 10:41
(6:51-15:05)

10:01
(3:19-14:26)

0.253

Load in VT1 (w) 67.50
(40.00-90.00)

52.50
(30.00-75.000

0.170

VO2 in VT1 (ml.kg-1.min-1) 9.24
(3.46-14.27)

16.27
(9.33-31.00)

0.046

VO2 in VT1 (L/min) 0.72
(0.40-1.06)

1.50
(0.72-2.73)

0.032

%VO2peak in VT1 (%) 57.85
(56.76-72.62)

56.45
(34.21-88.00)

0.568

COP = Cardiorespiratory Optimal Point; VT1 = Ventilatory threshold 1; *Mann-Whitney test; statistical 
significance = 5%. Data presented as (minimum value – maximum value); *Mann-Whitney test; statis-
tical significance when p-value < 0.05

Discussion

The present study aimed to test the hypothesis that individuals with unila-
teral lower limb amputation have lower cardiorespiratory fitness at different effort 
intensities compared to individuals without amputation. The main findings were 
that the group with amputation had lower VO2peak for the same effort intensity when 
compared to the group without amputation, as well as the VO2 at submaximal effort 
intensities, that is, in COP and VT1. However, the amputated group reached COP and 
VT1 in percentage values of VO2peak similar to the group without amputation. 
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The VO2max is the variable that best represents the aerobic capacity of an indi-
vidual, with higher values being associated with a lower risk of fatal and non-fatal 
cardiovascular events [6,7]. In the present study, in the two investigated groups, none 
of the participants reached VO2max. This may be related to the type of ergometer used, 
which, among other factors, influences the maximum metabolic response [17,18]. 
Particularly about the cycle ergometer for upper limbs, it is known that 1) it mobili-
zes a smaller amount of muscle groups when compared to other ergometers such as 
the treadmill and the ergometric bicycle; and 2) the gestures of movement are less 
familiar than the gestures in the ergometers mentioned above, in addition to not 
being muscle groups commonly used in daily activities, a fact that can facilitate the 
interruption of the test due to peripheral muscle fatigue. All study participants re-
ported upper limb fatigue as the main cause for cessation of exertion. These factors, 
taken together, may have contributed to achieving VO2peak instead of VO2max.

Regarding VO2peak, it was observed that individuals with amputation had a 
median value approximately 50% lower than individuals without amputation, reflec-
ting lower integrity of the respiratory, circulatory, and muscle systems, determinants 
of cardiorespiratory fitness [16]. This difference was noticed both in the absolute 
analysis, in L/min, and in the body mass (ml.kg.min-1). To achieve the same intensity 
at the end of the effort, amputees probably resorted to a higher percentage of contri-
bution of the glycolytic anaerobic system for the generation of ATP since the aerobic 
system did not rise as much as the non-amputee group. It is known that variables 
such as age, level of daily physical activity, and body size influence VO2max [8]. Even if 
amputees practiced physical exercises recreationally on average three times a week, 
it is believed that in their daily lives, due to the lower mobility commonly caused by 
the removal of the limb, these individuals have a lower energy expenditure, leading 
to lower fitness cardiorespiratory when compared with congeners without amputa-
tion. Recently, a study including the participation of 72 individuals with lower-limb 
amputations – mostly men, with amputation at the transtibial level, and with a mean 
age of 53.6 years – showed that 61% of the participants did not have enough physical 
activity daily to be classified as sufficiently active, and 33% was classified as seden-
tary [3]. 

Considering the submaximal effort intensities, this study considered the 
following moments: 1) COP and 2) VT1. COP was first described in 2012 by a team of 
Brazilian researchers [9], following the assessment of healthy men and women on 
a treadmill. The authors noted that COP was achieved, on average, at 44% of VO2max 
and before VT1. In professional soccer players, the COP was reached between 48.4% 
and 57% of the VO2max, this variation being related to the position on the field – par-
ticularly the goalkeepers reached the COP in a higher percentage of the VO2max and 
a lower VO2max [10]. In the present study, amputees achieved COP in a higher % of 
VO2peak compared to non-amputates (median amputees’ group = 45.83; non-amputa-
tes = 28.55), with values like those described by Ramos et al. [9], which averaged 44%. 
However, even if there was a difference, the two groups reached the COP in a % of 
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the VO2peak close to what is reported in the literature, that is, between 30 and 50% [9].
COP values lower than 22, assessed through the effort performed on a cycle 

ergometer for lower limbs by healthy individuals and with chronic diseases, were as-
sociated with a lower risk of mortality [19]. Taking this value alone as a reference, we 
could suggest amputees would have a good clinical prognosis (median COP = 15.30; 
lowest value = 13.3; highest value = 20.0). However, this result must be interpreted 
with caution considering the following issues: 1) metabolic adjustments during phy-
sical effort are dependent, among others, on the ergometer and the exercise protocol. 
Therefore, there may be differences between the COP obtained in efforts performed 
with the upper and lower limbs, reflecting the number of mobilized muscle groups 
and differences in fiber types [8] and 2) the group had low VO2peak, which is indi-
cative of low cardiorespiratory fitness. Ramos and Araújo [19] evaluated maximal 
cardiorespiratory capacity on a cycle ergometer for lower limbs in 3331 adults with 
and without chronic diseases. Through the combination of COP [stratified at < 22 
(low), 22-30 (medium) and > 30 (high)] and VO2max [stratified at < 15.75 (low); 15.76-
30 (medium) and > 30 (high) ml.kg.min-1] it was found through the analysis of the 
Kaplan-Meier survival curve, that regardless of the COP classification (low, medium 
or high), when in the presence of a low VO2max, the risk of death is greater (the higher 
the COP and the lower the VO2max, the greater the mortality).

Another approach that highlights the lower cardiorespiratory fitness in am-
putees is related to VT1. VT1 represents the moment of effort when the transition 
from aerobic to anaerobic metabolism begins. From this moment on, exercise ceases 
to be almost exclusively aerobic and starts to have an increase in the contribution of 
anaerobic mechanisms in the energy production process [8]. Progressive efforts per-
formed above VT1 are associated with decreased effort tolerance [20].

In the present study, as much as amputees have reached VT1 in a percentage 
of VO2peak within the expected range for the healthy population, that is, 50-60% [21] 
and similar to the non-amputee group, this percentage does not match a good car-
diorespiratory fitness to the group given the VO2 value at the time of VT1 (almost 50% 
lower than the non-amputee group). It can be suggested that although amputees 
have low cardiorespiratory fitness, it seems that they have a similar tolerance to non-
-amputates about the onset of the metabolism transition.

The present study has as a limitation the small sample size, which may limit 
the inference of the findings. However, as far as the authors are aware, this is the first 
approach involving the assessment of exercise-cardiorespiratory fitness in individu-
als with lower-limb amputations at different intensities. Specifically, this is the first 
investigation of COP in this population: a variable that reflects the efficiency of the 
integration between the cardiovascular and respiratory systems and with good appli-
cability in populations that present functional limitations that prevent reaching ma-
ximum effort [9].

Whereas lower limb amputation is related to less participation in physical 
activities for reasons ranging from lack of accessibility, materials (prostheses and 
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orthotics) and emotional issues such as problems with self-esteem, self-image, sel-
f-confidence, and motivation [22], knowledge of the cardiorespiratory fitness of in-
dividuals with amputation becomes necessary and relevant in the context of rehabi-
litation. The use of VO2peak, VT1, and COP as a basis for exercise prescription allows 
stimuli to be effectively individualized according to demands and physiological con-
ditions, a fact that will favor the occurrence of more consistent chronic adaptations.

As future perspectives, studies are expected to be carried out involving, among 
others: 1) larger sample size to increase the power of inferences; 2) the population of 
women since metabolic responses differ according to sex; 3) the creation of cut-off 
points for COP classification involving a cycle ergometer for upper limbs.

Conclusion

Individuals with unilateral lower limb amputation have lower cardiorespi-
ratory fitness at different effort intensities when compared to individuals without 
amputation.
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