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Wheelchair basketball improves the treatment of urinary tract 
infection in people with motor disabilities: a clinical trial
Ramirie N. Cavalcante1 , Adeliana C. S. Santos1,2 , Rosilene Andrade Silva Rodrigues1,3 ,  
Amanda Colichio Bini Napoleão4 , Sikiru O. Balogun3,5 , Benedito R. M. de Andrade1 ,  
Carlos A. Fett3,6 , Arturo A. Z. Zavala7 , Karuppusamy Arunachalam6 , Ruberlei G. de Oliveira1,3,4*

ORIGINAL ARTICLE

INTRODUCTION
There are several types of people in a wheelchair with motor 
disabilities (PWD-M)1, featuring the spinal cord injury (SCI) 
and presenting typical neurological symptoms, such as neuro-
genic intestine and bladder2. PWD-M are constantly affected 
by urinary tract infection (UTI) due to the incomplete blad-
der emptying and incorrect usage of relief probes, which are 
potential triggers for cystitis, urethritis, and pyelonephritis, 
leading to increased inflammation of biomarkers (i.e., IL-6, 

C-reactive protein, and leukocytes) and increased compli-
cations of kidney dysfunction (urea and creatinine) such as 
chronic kidney disease3.

Few studies on physical medicine and rehabilitation have 
analyzed the benefits of wheelchair basketball (WB) in PWD-M 
on the prevalence of UTI4-6. because it is asymptomatic and 
has limited complaints in the early stages of the infection7,8. 

Therefore, there is a knowledge gap in the understanding of 
functional limitations in PWD-M engaged in high-performance 
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SUMMARY
OBJECTIVE: Few studies on physical medicine and rehabilitation analyze the benefit of wheelchair basketball in people with motor disabilities. Given 

these, this study aimed to investigate the effect of the intervention of wheelchair basketball on urinary tract infection in people with motor disabilities.

METHODS: A 12-month experimental follow-up was conducted in a single-center study. A total of 48 male individuals aged 18–55 years were allocated 

to the control group and experimental group. The experimental group practiced wheelchair basketball for 2 h, twice a week. Intra- and intergroup 

comparisons were made pre- and post-interventions over urinary tract infection.

RESULTS: There was a significant improvement in urinary tract infection and urine culture in pre- and post-intervention antibiograms, respectively. 

Moreover, the intergroup comparison presented a decrease in infection caused by Klebsiella pneumoniae, as well as an increase in the time variability 

of partially activated thromboplastin, average corpuscular hemoglobin, and hemoglobin and platelets. In the experimental group, there was an 

increase in hemoglobin and hematocrit and a decrease in glycated hemoglobin (%HbA1
C

). On the intragroup comparison, there was a reduction of 

triiodothyronine (T3), %HbA1
C

, interleukin-6 pre-intervention, and C-reactive protein post-intervention.

CONCLUSIONS: There was a decrease in urinary tract infection and improvement in biochemical, immunological, and microbiological biomarkers 

evaluated with physical exercise practice by wheelchair basketball, as well as by multiprofessional follow-up and health guidance.

KEYWORDS: C-reactive protein. Klebsiella pneumoniae. Interleukin-6. Escherichia coli. Sports medicine. Quality of life.
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exercise associated with kidney function7. In this sense, data regard-
ing the accessibility of complete examinations, as well as health 
services, and clinical trial research with a long-term follow-up of 
intervention with WB in PWD-M are scarce in the literature8. 

In view of these, this clinical trial aimed to investigate the 
effect of the 12-month intervention of WB on the inflamma-
tory, immunological, microbiological, and biochemical param-
eters, as well as the effect on UTI in PWD-M.

METHODS

Study design
This is a 12-month experimental follow-up study with inter-
vention of WB training. It is outlined by randomized clinical 
essay strategy, allocated in two arms, following standardization 
from Consolidated Standards of Reporting Trials (CONSORT, 
2010) (Figure 1).

 16 

Assessed for eligibility 
 

Excluded (n=52) 
Not meeting inclusion criteria (n=02) 
Declined to participate (n=48) 
Other reasons (n=2) 
Osteomyelitis of the ilium CG =01 
Did not perform physical test EG=1 

Analysed (n=19) 
Excluded from analysis (moved from town=01; 

depressive=1) (n=2) 

Lost to follow-up (give reasons) (n= 01) 
Discontinued intervention (moved from town) (n= 01) 

Allocated to intervention (EG; n=21) 
Received allocated intervention (n=20) 

Did not receive allocated intervention (give 
reasons) (n= 1) 

Lost to follow-up (give reasons) (n=06) 
Discontinued intervention (give reasons) 

(n= 06) 

Allocated to intervention (CG; n=27) 
Received allocated intervention (n=25) 
Did not receive allocated intervention 

(depression=1; moved from town=1; total n=2) 

Analysed (n=19) 
Excluded from analysis (depression, fail on 

rescheduling, worsening on accessibility, so did 
not do final test) (n=08) 

Allocation

Analysis 

Follow-Up 

Randomized (n=48) 

Enrollment 

N=400 

Male 

Figure 1. Standardization from Consolidated Standards of Reporting Trials (CONSORT, 2010).
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Participants, criteria of selection, exclusion 
criteria, and randomization
A total of 48 male individuals, aged 18–55 years, were divided 
into the control group (CG; n=21) and experimental group 
(EG; n=27). 

People with motor disabilities who signed the free informed 
consent form were presorted and then recruited through sub-
scription supplied by Physically PWD Association and State 
Health Secretary.

People with motor disabilities who refused to give blood 
and urine samples examination, those not participated in the 
WB intervention, absence or affinity with the sport, severe sco-
liosis, advanced cancer, usage of amphetamines, and those who 
gave up the research were excluded from the study. 

Later, a simple-random raffle of 100 male PWD-M was 
made, for possible losses and withdrawals. Out of this raffle, 50 
participants were selected for EG and CG in accordance with 
the International Wheelchair Basketball Federation (IWBF).

Clinic trial registration: All participants signed the consent 
form (TCLE in Portuguese) according to resolutions 466/12 
from National Health Council (CNS) approved by the Research 
Ethics Committee CEP-HUJM: CAAE: 56973516.3.000.5541 
and Brazilian Clinical Trials Registry (ReBEC) number: RBR-
9w7vxd (https://ensaiosclinicos.gov.br/rg/RBR-9w7vxd) and 
WHO UTN U1111-1204-1907 (https://apps.who.int/utn/
utnvalid.aspx). 

Intervention
By following general rules for the sports practice, the EG per-
formed WB training twice a week, with approximately 2 h 
of training involving physical and tactical conditioning tech-
niques. The study was performed between 2018 and 2019. 
The WB training was performed in the Gymnasium of Sports 
and Leisure Adjunct Secretary with support from the Hospital 
and the University staff. 

Assessment
The biochemical tests were performed using an automated bio-
chemical device, VITROS Fusion 5.1 model, System of Ortho-
Clinical Diagnostics from Johnson & Johnson® (Barcelona, CA, 
USA). For hematological analysis, a complete hemogram test 
was performed, using the device from MINDRAY© of Bio-
Medical Electronics (Shenzhen, China).

The urinalysis was performed by simple reading of biochemical 
values in the Uriscan pro BioSys+ Kovalent© (Niterói, RJ, Brazil) 
device, and then through centrifugation and analysis. In the second 
sample, the urine was cultured in a CPS culture medium plate, 

and in the case of positive urine culture samples, the antibiograms 
were processed in a VITEK Compact 2 device, BIOMERIEU© 

(Niterói, RJ, Brazil). T3, T4, and TSH levels, serum concentrations 
of vitamins D and B12, and MDA and IL-6 levels were evaluated. 

Efficacy measures
The primary outcome was to estimate the UTI prevalence 
by sedimentoscopy analyses of abnormal elements (SAE) on 
moment’s pre- and post-intragroup intervention with drugs 
prescription according to the medical records of urine and 
blood markers. As a secondary outcome, the objectives were 
the quantification of biomarkers on moment’s pre- (baseline) 
and post-intragroup and intergroup interventions.

Safety measures
Adverse events to health were monitored during the research 
by a multiprofessional team. Monitoring of the participant was 
adopted, with field journal, standardized form for anamnesis, 
which included sociodemographic data, lifestyle and health 
background, usage of medication or illicit drugs, anthropom-
etry, functional physical tests, and complementary examina-
tions. During WB training, blood pressure, pulse oximeter, 
and frequency counters were assessed. 

Sample size
The sample calculation used the following formula:

� (1)

Statistical analysis
Sample distribution analysis was made with the Shapiro-Wilk 
test, and comparison on moments pre- and post-interventions 
was carried out with t-test, paired or not paired, with significance 
level at p<0.05 and 95% confidence interval. Analysis was done 
with the intent of treating (ITT) for UTI with physical exercise 
(PE) compared to WB effect versus CG without WB effect. 

RESULTS
Of the participants included (n=100), allocated, and random-
ized by stratification and initial sample pairing, EG began and 
concluded the study, due to one participant not having accom-
plished the first part of laboratory exams requested. Next, the 
CG initiated the study but concluded with withdrawal and 
participants who did not perform laboratory examinations 
PWD-M were analyzed (Table 1).

https://ensaiosclinicos.gov.br/rg/RBR-9w7vxd
https://apps.who.int/utn/utnvalid.aspx
https://apps.who.int/utn/utnvalid.aspx
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The SAE urinalysis test was found positive in 30% pre-in-
tervention in EG and 75% in CG. On the post-intervention 
moment, SAE was observed only with a reduction of 19% in 
the EG, while in the CG, it was 57.90%. In the urine culture 
test, only Escherichia coli was observed in the pre- and post-in-
terventions in EG. In contrast, in the CG pre- and post-inter-
vention moments, these bacteria as well as Klebsiella pneumonia 
(20%) and other strains were observed. There was a reduction 
of UTI (p=0.004) in the EG compared to the CG. On inter-
group comparison, there was an improvement (p=0.011) in the 
UTI. In addition, on the intergroup comparison, UTI caused 
by K. pneumoniae was found in the CG (p=0.027) (Table 2).

In the pre-intervention intragroup analysis of the EG, there 
was an increase in mean corpuscular hemoglobin (MCH) 
(p=0.032), hemoglobin (Hb) (p=0.01), hematocrit (Ht) 
(p=0.005), and activated partial thromboplastin time (APTT) 
(p=0.008). In the pre-intervention intergroup comparison, there 
were higher values in MCH (p=0.032) and mean corpuscu-
lar hemoglobin concentration (MCHC) (p=0.021), as well as 
APTT (p=0.046). However, there was a decrease in platelets 
(p=0.022). In addition, there was decrease in the prothrombin 
of EG (p=0.02) (Table 2).

In the EG, the %HbA1C (p<0.001) as well as IL-6 (p=0.044) 
were reduced, and there was an increase in creatinine (p=0.008), 
when compared at baseline and after intervention. In the CG, 
a decrease in the values of %HBA1C (p=0.026), T3 (p=0.010), 
and IL-6 (p=0.006) was observed in the intra-group compar-
ison. In the inter-group comparison, there was a reduction in 
C-reactive protein (CRP) (p=0.035) (Table 2).

DISCUSSION
This clinical study analyzed the effects of a 12-month struc-
tured WB. There was a prevalence of E. coli in the UTI of par-
ticipants. Furthermore, the intergroup comparison showed 
K. pneumoniae survived in the CG, but not in the EG, implying 
that the PWD-M was protected due to the effect of a 12-month 
exercise of intervention of WB9. 

Poor hygiene during self-catheterization and relief prob-
ing, which must be done at least four to five times daily in 
PWD-M, is linked to the recurrence of UTI. Given the impor-
tance, research participants did not know they had UTIs, the 
incidence of the infection was said to be lower in the initial 
interview, or in the self-report. The habit of reusing the relief 
catheter to perform bladder catheterization was also observed 
by the same token10.

Physical activity (PA) increased gas exchange through the 
synthesis and replenishment of red blood cells (RBC) by 

Table 1. Descriptive characteristic of sample of males with physical 
disability allocated to the trial arms in the clinical study performed 
between 2018 and 2019, Cuiabá, Mato Grosso, Brazil.

Variables n %

Age (completed years) 
M±DP (35±8.8) Minimum and 
maximum=(20–54)

48 100

Etiology

TRM-spinal injury 28 58.3

Child Poliomyelitis 11 22.9

Plegia fracture of lower member (MI) 02 4.2

TRM-TCE (cranium encephalic trauma) 02 4.2

Amputee, bifid spine, HTLV, transverse myelitis, 
Suzuki syndrome

05 10.4

Disability time 

2–5 years 16 33.3

6–10 years 15 31.3

11–15 years 01 2.1

Above 20 years 16 33.3

Neurogenic bladder (self-report)

Yes 32 66.7

No 16 33.3

 Pressure ulcer

Yes 10 20.8

No 38 79.2

 UTI (self-report)

Yes 04 8.3

No 44 91.7

 Usage of vesicle probe

Yes 25 52.1

No 23 47.9

 Usage of diapers

Yes 13 27.1

No 35 72.9

 UTI (EAS) biochemical

Did not do tests 06 12.5

Yes (reference over 5 leukocytes/field) 19 39.6

No 23 47.9

 Social security

Receives nothing (Zero income per capita) 05 10.4

Active worker 06 12.5

Disease aid BPC 14 29.5

Disease aid by work accident 03 6.3

Accident aid (private insurance, DPVAT) 04 8.4

Retirement by accident 16 33.3

HTLV=human T-lymphotropic virus; UTI=urinary tract infection; BPC=continued 
delivery benefit; DPVAT=Danos Pessoais por Veículos Automotores Terrestres 
(Brazilian public insurance).
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the bone marrow, as evidenced by improved Ht and Hb values 
in the EG compared to the CG in hematological tests. In this 
way, after 12 months of EG intervention, the practice of WB 
resulted in a positive Ht and Hb outcome11.

There was an increase in time in the EG in the APTT, a 
laboratory test that analyses the effectiveness of the intrinsic 
route to measure the time of fibrin clot formation12, due to 
stimulation by prolonged PE, which leads to the improve-
ment of muscle responsiveness to trauma. In the CG, there 
was an increase in the APTT and platelets at baseline, most 
likely due to the existing UTI with hematuria issues due to 
recurrent infections11,12. 

Participants with anemia diagnosed by the Hb, MCH, 
and MCHC values, dehydration, infection, and coagulation 
markers, as well as platelet and APTT alterations, had chronic 
inflammatory and/or infectious processes reported in the base-
line clinic11. The variable creatinine improved with an increase 
in the EG, which can be attributed to the care provided and 
WB that improved kidney function13. There is no worldwide 
consensus estimating kidney function in PWD-M, although 
they stated that there are limitations as simple approaches based 
on serum creatinine concentration and glomerular filtration 
rate generally overestimate creatinine clearance14. A 24-h urine 
collection has been recommended for the monitoring of kid-
ney function in patients with SCI. They also claimed that the 
serum creatinine level is not sensible on precocious detection 
of kidney function in SCI patients15

.

HbA1C was reduced in both EG and CG, but with a greater 
reduction in the EG, which can be attributed to the practice 
of PE and multidisciplinary monitoring in both arms of the 
study16,17. In the practice of PE, there is a decrease in % HbA1C 
through the mechanism of glucose uptake by skeletal muscle 
cells through GLUT-4 receptors, as well as by providing car-
diometabolic fitness by WB practitioners18.

IL-6 is an important inflammatory mediator in kidney and 
inflammatory diseases and was found to be elevated in plasma 
after the practice of acute PA of high intensity19. There was a 
reduction of intragroup values on pre- and post-interventions 
on EG and CG. However, no improvement was achieved on 

intergroup after 12 months of intervention of WB, with both 
values being above normative parameters of IL-6 according to 
the normative parameters of PWD-M19-21.

C-reactive protein is an acute-phase biomarker with low spec-
ificity and was the only one biomarker in the intergroup that 
showed improvement after the WB intervention. Conversely, 
it was attenuated in the intergroup comparison at post-inter-
vention of the WB intervention. The practice of PE for more 
than 6 weeks of intervention20, as well as associated health care 
contributed positively with a better prognostic adaptation of the 
anti-inflammatory response and lower UTI rates in PWD21,22.

Compared with our results, a few PWD studies find diffi-
culty in equalizing participants at baseline and in accessing and 
transporting participants. Several changes such as locomotion, 
collection error by PWD-M23, a lack of hygiene, difficulty in 
raising awareness on non-reuse of probes on self-catheterism, 
and insufficient places for the collection were some of the lim-
itations of this study. 

CONCLUSIONS
The follow-up showed that WB practice reduced UTI as well as 
improved the prognosis of inflammatory biomarkers in PWD-
M. As a result, further training on current recommendations/
consensus on the particular management of UTI in people 
with PWD-M is required. Furthermore, due to the scarcity 
of evidence-based knowledge, more well-designed research is 
urgently required. 
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