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Abstract

Introduction: Functional disability is common in patients with chronic kidney disease, especially in those 
on hemodialysis. Muscle strength can be evaluated by a dynamometer; however, no study using this tech-
nique on the quadriceps of patients undergoing hemodialysis was found in literature. Objective: To assess 
the effects of cycloergometer training on the quadriceps muscle strength of patients with chronic kidney 
disease undergoing hemodialysis. Method: This was a clinical trial including 46 patients, both men and 
women, over 18 years old who had been undergoing hemodialysis for more than six months and signed an 
informed consent form. Patients were allocated into two groups: intervention group (n = 22) and control 
group (n = 20). The intervention group underwent intradialytic training in a physical therapy protocol 
with the cycloergometer for two months, whereas the control group, in turn, was only reevaluated two 
months after the initial evaluation. All patients were assessed for demographic data at baseline and, two 
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months later for quadriceps muscle strength by standardized dynamometry and with the use of a rigid belt 
and suction cups. Results: A significant increase was detected in quadriceps muscle strength in the right and 
left lower limbs in the intervention group when compared with the control group. Conclusion: Quadriceps 
muscle strength improved after patients with chronic kidney disease on hemodialysis underwent training 
with the cycloergometer. 

Keywords: Muscle Strength. Chronic Renal Insufficiency. Exercise. Physical Therapy Modalities. 

Resumo

Introdução: A incapacidade funcional é comum em pacientes com doença renal crônica, especialmente 
naqueles em hemodiálise. A força muscular pode ser avaliada pelo dinamômetro, porém não localizamos na 
literatura estudo dessa técnica em quadríceps de pacientes em hemodiálise. Objetivo: Analisar os efeitos do 
treinamento com o cicloergômetro na força muscular do quadríceps de pacientes com doença renal crônica 
em hemodiálise. Método: Este estudo foi prospectivo e randomizado com inclusão de 46 pacientes, acima de 
18 anos, de ambos os gêneros que realizavam hemodiálise há mais de seis meses e assinassem o termo de 
consentimento livre e esclarecido. Os pacientes foram alocados em dois grupos: intervenção (n = 22) e controle 
(n = 20). O grupo de intervenção realizou dois meses de treinamento intradialítico de um protocolo fisioterápico 
com o cicloergômetro, já o grupo controle foi somente reavaliado após dois meses da avaliação inicial. Todos 
foram avaliados quanto a dados demográficos e força muscular do quadríceps no início e no fim do estudo por 
dinamometria com padronização da técnica, e uso de cinto rígido e ventosas. Resultados: Houve aumento 
significante da força muscular de quadríceps em membro inferior direito e esquerdo no grupo intervenção 
quando comparado ao controle. Conclusão: Houve melhora da força muscular após o treinamento realizado 
com o cicloergômetro na força muscular do quadríceps de pacientes com doença renal crônica em hemodiálise.

Palavras-chave: Força muscular. Insuficiência renal crônica. Exercício. Modalidades de Fisioterapia.

Resumen

Introducción: La discapacidad funcional es común en pacientes con enfermedad renal crónica, especialmente 
aquellos en hemodiálisis. La fuerza muscular se puede evaluar por medio del dinamómetro, pero no hemos 
encontrado en la literatura un estudio con esta técnica en cuádriceps de pacientes en hemodiálisis. Objetivo: 
Analizar los efectos del entrenamiento con cicloergómetro sobre la fuerza muscular del cuádriceps de 
pacientes con enfermedad renal crónica sometidos a hemodiálisis. Método: Se trata de un estudio prospectivo y 
aleatorizado, en el que incluyó a 46 pacientes, mayores de 18 años, de ambos sexos, que realizaban hemodiálisis 
durante más de seis meses, y que firmaron el formulario de consentimiento informado. Los pacientes fueron 
asignados en dos grupos: intervención (n = 22) y control (n = 20). El grupo intervención realizó dos meses 
de entrenamiento intradialítico de un protocolo de fisioterapia con el cicloergómetro, mientras que el grupo 
control fue reevaluado solamente tras dos meses de la evaluación inicial. Todos fueron evaluados en cuanto a 
los datos demográficos y la fuerza muscular del cuádriceps al principio y al final del estudio por medio de la 
dinamometría con estandarización de la técnica, y el uso de correas rígidas y ventosas. Resultados: Hubo un 
aumento significativo en la fuerza muscular del cuádriceps en las extremidades inferiores derecha e izquierda 
en el grupo intervención en comparación con el grupo control. Conclusión: Se observó la mejora de la fuerza 
muscular tras el entrenamiento con cicloergómetro en la fuerza muscular del cuádriceps de pacientes con 
enfermedad renal crónica en hemodiálisis.

Palabras clave: Fuerza muscular. Insuficiencia renal crónica. Ejercicio. Modalidades de Fisioterapia.
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Introduction

Functional disability is a frequently observed trait in 
patients with chronic kidney disease (CKD) and prevalent 
in those requiring some type of renal replacement 
therapy such as hemodialysis (HD) [1]. Several studies 
demonstrated [2-5] diminished capacity in the activities 
of daily living and performance in maximum or 
submaximal exertion tests in this population. 

The pathophysiological explanation for this 
condition is that the uremic syndrome causes 
changes to several systems as it progresses, including 
the cardiorespiratory and muscular systems [2, 5]. 
Thus, complaints of generalized fatigue, and dyspnea 
should be considered as indicative of the need for 
referring these patients to rehabilitation [5, 6].

In the literature, rehabilitation programs are 
recommended in the pre-, intra- or postdialytic 
period, but the adherence to protocols and their 
effectiveness as to their impact on patients’ quality 
of life, functional capacity, and muscle-strength 
recovery are still vague in terms of reproducibility 
[5-8]. This controversy derives from a series of tests 
for evaluating peripheral muscle strength; however, 
no technique is considered the “golden standard” [8]. 

The study and analysis of muscle strength 
by dynamometry are adequate for CKD patients 
undergoing HD, with the extra benefit of 
standardization of effectiveness evaluation and 
reproducibility. Therefore, this study sought to 
assess the effects of aerobic training using the 
cycloergometer on the quadriceps muscle strength of 
patients with chronic kidney disease on hemodialysis.

Method

Setting, ethics and participants

A cohort of 46 patients undergoing hemodialysis 
at the dialysis sector of a public university hospital 
in São Paulo, SP, Brazil, was evaluated after approval 
from the Research Ethics Committee (CAEE number 
41799915.5.0000.5479 and Clinical Trials number 
NCT # 02834026). 

Patients aged ≥ 18 years, having undergone 
hemodialysis for more than six months, clinically 
stable, without a previous or current record of lung, 
muscle/joint or neurological disease, were included 
after agreeing to participate and giving voluntary 
informed consent.

Those requiring any surgical intervention up to 
six months before or during the protocol, showing 
any cardiac decompensation, using continuous 
or night-time oxygen and using an assistive gait 
device, prostheses or orthoses for the lower limbs, 
were excluded.

All patients underwent the same hemodialysis 
protocol for four hours, three times a week, using 
polysulfone membrane (Fresenius) and a standard 
bicarbonate solution (sodium: 138.0 mEq/L; 
potassium: 2.0 mEq/L; calcium: 2.5 mEq/L; 
magnesium: 1.0 mEq/L; chloride: 108.5 mEq/L; 
acetate: 3.0 mEq/L; bicarbonate: 32.0 mEq).

All participants were evaluated by the same 
examiner throughout a blind study. Data such as 
participants’ body mass index (BMI), age, sex, time on 
hemodialysis, disease etiology and dominant lower limb 
were collected with the aid of a standardized form. 

Laboratory tests such as creatinine (mg/dL) 
and urea (mg/dL) were obtained from the patients’ 
medical records, as well as the Kt/V value (a measure 
of hemodialysis dosage). After the initial evaluation, the 
patients were allocated either into the intervention group 
(n = 23) or the control group (n = 23). Confidentiality was 
ensured by using sealed opaque envelopes containing 
the number sequences for randomization generated by 
the java.util software. 

Outcome assessment: dynamometry

The evaluation and reevaluation of quadriceps 
muscle strength in all patients in both groups 
was performed by using a manual dynamometer 
(MicroFET 2, Draper –  USA). The device was attached 
to the limb with the aid of a rigid belt and secured 
to the site by a suction cup at a fixed point with the 
patient seated. This means that the examiner does 
not need to be present, and the dynamometer records 
the measurement without any interaction with the 
researcher. All measurements were taken from both 
the right and left limbs, and knee extension was 
tested as described by Thorborg et al. in 2010 [8].

Training protocol

The patients in the control group were evaluated 
and reevaluated two months later, and followed the 
dialysis unit’s routine, including fistula care, diet 
and maintaining daily activity. This group was not 
offered any type of exercising. The intervention group 
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underwent 24 training sessions three times a week 
for eight consecutive weeks in the intradialytic period.

Training was initiated one hour after the beginning 
of the hemodialysis and continuously monitored with a 
frequency meter throughout the protocol. The training 
consisted of 10-minute warm-up with active exercises 
for the lower and upper limbs in seated position, 
30-minute activity on a cycloergometer (ACTE, Mini 
Bike) positioned in front of the patient’s chair, followed 
by a 10-minute cool-down with the ergometer rotation 
gradually decreasing until the heart rate (HR, in 
bpm) and blood pressure (BP, in mmHg) returned to 
parameters close to the initial ones [5].

The movement made on the ergometer had the 
intensity necessary to keep HR between 50% and 70% 
of maximum heart rate (maxHR), which was estimated 
using the Karvonen et al. [9] formula (maxHR = 220 – 
age in years) and maintained throughout the protocol. 

Statistical analysis

Statistical Package for Social Sciences (SPSS) 
software (version 13.1.) was used for analyzing the 

database. Qualitative variables were assessed by 
using the Chi-squared test. The t-test was used in 
parametric measurements within the group for the 
quantitative variables, and the Wilcoxon and Mann-
Whitney (WMW) test for comparisons between the 
intervention and control groups. A 5% significance 
level was adopted in the study.

Results

This study sample was comprised of 46 patients 
randomized into an intervention group (n = 23) and a 
control group (n = 23).

Allocation and follow-up of all the participants 
is described in a flowchart according to the 
template suggested by Consolidated Standards of 
Reporting Trials –CONSORT (2017) [10], as shown 
in Figure 1.

Table 1 shows the two groups were homogeneous 
regarding the age, BMI, time on hemodialysis, Kt/V, 
creatinine and urea when compared with each other 
in the evaluation.

Figure 1 − Flowchart representing the recruitment of research participants, sample distribution, group division for treatment 
and data analysis.
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Table 1 − Comparison of anthropometric and laboratory variables in the evaluation of patients in the intervention (I) and 
control (II) groups
Variable Group n Median Minimum Maximum

Age (years)
I 22 40.50 28.00 62.00

0.488
II 20 40.00 30.00 61.00

BMI (kg/m2)
I 22 22.80 18.42 28.44

0.061
II 20 22.28 19.20 25.72

Time on HD (years)
I 22 5.00 2.00 17.00

0.279
II 20 6.00 3.00 16.00

Kt/V
I 22 1.42 0.98 1.91

0.405
II 20 1.21 0.98 1.83

Creatinine (mg/dL)
I 22 9.98 6.20 18.20

0.659
II 20 10.61 6.10 18.20

Urea (mg/dL)
I 22 146.05 61.00 243.00

0.724
II 20 150.30 93.00 215.00

Figure 2 − Progression of quadriceps muscle strength on the dominant side between evaluation and reevaluation in 
intervention (n=22) and control (n=20) groups. 
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Discussion

The objective evaluation of quadriceps muscle 
strength in patients with CKD undergoing 
hemodialysis can increase the number of techniques 
for evaluating rehabilitation protocols used in 
this population. In this sample, the patients’ 
muscle strength in both right and left lower 
limbs significantly increased after two months of 
intradialytic training with the cycloergometer.

On average, the initial sample profile included 
patients in the fourth decade of life and of both 
sexes [2, 5]. Were these patients not in need of 
hemodialysis, they could be fully engaged in 
productive activity. However, once they develop 
CKD, they report functional limitations preventing 
them from performing their activities of daily living, 
and the hemodialysis treatment could also be an 
obstacle for physical activity. Our study shows that 
training can be performed during hemodialysis and 
benefits muscle strengthening.

We cannot state that inactivity affects functional 
ability since the quality of life, level of labor 
activity or functional capacity were not evaluated. 
However, several studies affirm that inactivity can 
lead to a vicious cycle, in which limitation creates 
an appropriate setting for increasing inactivity 
[1-6, 11, 12].

In this study, a similar number of women and 
men was observed in the groups. This is different 
from some epidemiological and systematic review 
studies emphasizing the increased incidence of 
CKD in women [2, 5, 13]. Instead, the sample of 
patients from a public hospital in this study had a 
homogeneous sex distribution, with equal benefits 
of exercising for men and women.

In this sample, patients with different etiologies 
for CKD were included. This feature agrees with 
national data [14], demonstrating the diversity 
of causal factors and also the high prevalence 

of hypertension as the initial cause of CKD and 
subsequent substitutive therapy provided by 
hemodialysis. Severe metabolic changes were 
observed at the participants’ baseline in this study 
as in the general population [12, 15, 16] due to the 
high urea levels found in these patients [1, 2].

As our study progressed, we observed that 
rehabilitation is positively impacted by several 
protocols such as those performed with intermittent 
positive pressure [13] or those with neuromuscular 
electrostimulation [15]. However, these protocols 
have limitations to the objective evaluation of the 
findings regarding the gain of muscle strength since 
the techniques previously proposed are poorly 
reproduced [8], despite the great diversity of 
techniques for muscle strength evaluation. Thus, this 
study sought to standardize a technique targeting 
the population with CKD.

The evaluation provided by dynamometry has 
evolved over the years and today the presence 
of an examiner is no longer necessary due to 
many available manners to secure the measuring 
equipment to the site [8] such as the use of a rigid 
belt and suction cups in this study. Previously, this 
examiner would handhold the dynamometer and 
resist against the patient’s movement. This feature 
caused the test to be considered subjective, since 
differences in muscle strength readings across 
examiners [8] rendered them ineffective.

Once the evaluation technique had been 
standardized, CKD patients on hemodialysis 
presented higher values of quadriceps muscle 
strength after an aerobic rehabilitation protocol 
with the use of the cycloergometer. The increase 
in muscular strength was credited to the aerobic 
exercise done with the use of the ergometer in a 
systematized manner, even without an increase in 
load. The potential of aerobic activity in patients 
with various chronic diseases, including CKD, has 
been reported [18-21].

Table 2 − Comparison of the summed values recorded for the right and left sides in the intervention (I) and control (II) 
groups

Variable Group Number of joints Median Minimum Maximum

Strength (kg) I 44 1.62 -0.40 3.80 0.001

II 40 -0.20 -0.80 1.10

No adverse effects from exercising were registered in this study.
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A gain in strength may be a side effect of aerobic 
activity [19, 21] since this protocol did not include 
any incremental load exercise, which agrees with 
the findings in a study by Watson et al., who 
observed [22] that aerobic training in patients 
with CKD not undergoing dialysis also increases 
muscle strength when compared with a protocol 
with resistance exercises. The tension created by 
the pedaling movement when using the ergometer 
and possible alteration of the fiber metabolism in 
muscles can explain the increase in muscle strength 
[19-21], thereby indirectly generating resistance 
gain and muscle strength, both observed in the 
quadriceps of this population.

This study was limited to the analysis of quadriceps 
strength alone, thus, the effect of training on other 
lower limb muscle groups, the potential of this type of 
rehabilitation using a cycloergometer for promoting 
functional capacity and its impact on the quality of 
life and labor activities are unknown. Chung et al. 
[23], in a systematic review of the literature, state 
that intradialytic exercises can potentially increase 
physical capacity and have a positive impact on the 
quality of life. This fact becomes more relevant when 
the multiple factors responsible for poor quality of 
life and the high mortality rates are observed among 
patients who enter hemodialysis programs [24].

The time a patient with CKD phases III and V 
should spend in a rehabilitation program, is, on 
average, 12 weeks, as proposed in the literature 
[22, 23, 25]. Positive effects on quadriceps muscle 
strength were noticed as early as with 8 weeks of 
training, 3 times a week.

The impact of the exercise intensity was not 
evaluated in this protocol since training was 
based on submaximal heart rate frequency [10]. 
It is hypothesized that prescribing exercise 
intensity based on maximum stress tests [2, 5] 
may lead to different answers in our group’s 
future studies since it is known that training with a 
cycloergometer can impact left ventricular function 
in patients undergoing hemodialysis [26, 27] and 
that resistance exercises may benefit the reduction 
of the inflammatory profile in this population [28].

We emphasize, however, that even with a 
conservative exercise training intensity and a two-
month protocol, no adverse events occurred during 
the sessions and this protocol was seen to positively 
impact muscular strength in patients with CKD 

under hemodialysis – even in older patients, in 
whom sarcopenia and protein dysfunction may 
be more evident [29, 30].

Conclusion

Quadriceps muscle strength improved 
after patients with chronic kidney disease 
on hemodialysis underwent training with 
the cycloergometer.
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