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Abstract
Introduction. To investigate the efficacy of biofeedback abdominal muscles training on the bladder control and the quality of 
life in paraplegic patients.
Methods. Overall, 60 male and female paraplegic patients aged 20–40 years were randomly divided into 2 groups. The pa-
tients in the study group were treated with abdominal muscles biofeedback strength training, and the control group received 
pelvic floor biofeedback strength training 2 times per week. The subjects in both groups were evaluated before and after the 
treatment by (1) measuring post-void urine residual volume, (2) overactive bladder questionnaire, the Arabic version.
Results. There was a significant difference between the 2 groups. In the study group, the urine residual volume decreased to 
the normal range and the quality of life questionnaire score decreased, which showed good improvement. In the control group, 
there was no significant difference, with minimal changes: the urine residual volume was still high and the quality of life question-
naire score remained high.
Conclusions. Abdominal muscles biofeedback training must be a main point in the bladder rehabilitation program for para-
plegic patients as it decreases the urine residual volume and optimizes quality of life.
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Introduction

Spinal cord injury (SCI) patients experience decreased 
independence as they have social and physical problems and 
exhibit increased mortality rates [1]. The life expectancy of 
individuals with SCI still remains below that of the general 
population [1–6].

A study showed that urogenital diseases are among the 
leading causes of death in Norway [5] and in Finland [7]. West 
et al. [8] found that urinary tract infections in SCI could lead 
to bladder carcinoma that needed invasive treatments. Until 
now, there is no simple, safe, and non-invasive method to 
regulate micturition in SCI patients [9].

Increased residual urine is considered to be an important 
risk factor for urinary tract infections [10]. Recurrent urinary 
tract infections are a major problem affecting SCI patients 
with neurogenic lower urinary tract dysfunction undergoing 
intermittent catheterization, even if adequate catheterization 
techniques are applied [11].

Catheterization remains the most accurate method of as-
sessing residual bladder volumes. It was preferred to ultraso-
nography for quantitative determination of bladder volumes, 
particularly with low residuals; it provides good qualitative 
measurement of bladder capacity except at low bladder vol-
umes [12].

The Credé manoeuvre (applying external pressure on 
the bladder) can be used to empty the bladder but it can lead 
to renal damage in a long perspective. Therefore, intermittent 
catheterization is the best choice till now [13]. However, Wyn-
daele [11] observed that intermittent catheterization could 
cause complications like urinary tract infections. A clean in-

termittent catheter can lead to high rates of urinary tract infec-
tions beside the psychosocial problems that the injury 
causes to the patients and their families. It is thus important to 
perform studies on the effect of different bladder manage-
ment methods on the quality of life [14].

The aim of this study was to determine the efficacy of bio-
feedback training of the abdominal muscles to improve blad-
der control in paraplegic patients. It was hypothesized that 
there would be no effect of the abdominal training with elec-
tromyography biofeedback on bladder function in paraplegic 
SCI patients.

Subjects and methods

Subjects and study design

The current study was conducted in Eden healthcare and 
rehabilitation resort, in the period from March 1, 2019 to De-
cember 30, 2019, to investigate the effect of electromyogra-
phy biofeedback training of the abdominal muscles on bladder 
function in paraplegic SCI patients. In the study group, there 
were 6 (20%) females and 24 (80%) males. In the control 
group, the sex distribution was as follows: 5 (17%) females 
and 25 (83%) males. There was no significant difference in sex 
distribution between the study and the control group (p = 0.73) 
(Table 1).

A pretest-posttest randomized controlled experimental 
design was used to investigate the effect of abdominal mus-
cles biofeedback training with electromyography on bladder 
function in the paraplegic SCI patients, as shown in Figure 1.

https://orcid.org/0000-0002-4996-6645


M. Gamal, N. Latif, E. Samir, F.H. Ameen, D.I. Amin  
Electromyography biofeedback training in spinal cord injury

52

 
Physiother Quart 2022, 30(1) 

Table 1. Baseline demographic and clinical characteristics of the participants

Study group Control group p

Age, mean ± SD (years) 30.7 ± 7.57 31.63 ± 7.3 0.62

Gender, n (%)

Males 24 (80%) 25 (83%)
0.73

Females 6 (20%) 5 (17%)

Level of injury, n (%)

(ASIA C) T10–L1 19 (63.3%) 18 (60%)
0.79

(ASIA D) T10–L1 11 (36.6%) 12 (40%)

Time after injury, n (%)

4–7 months 20 (66.6%) 22 (73%)
0.57

8–12 months 10 (33.3%) 8 (26.6%)

               ASIA – classification by the American Spinal Cord Injury Association

Figure 1. Study design

The 60 randomized patients suffered from urinary incon-
tinence after traumatic partial SCI at the level of the thoracic 
vertebra T10 and below; the injury had occurred 4–12 months 
earlier. The subjects were randomly divided into 2 groups by 
using a random sequence generator. The 30 participants in 
the study group (A) were treated with abdominal muscles 
strengthening with electromyography biofeedback surface 
electrodes. The used device was Cadwell Sierra II Wedge 
electromyography system connected to an 8 RAM computer. 
The 30 subjects in the control group (B) received pelvic floor 
biofeedback training with invasive electrodes.

Patients were included if their age ranged 20–40 years, 
and if they had experienced SCI within the previous 4–12 
months and were medically stable. The exclusion criteria in-
volved impaired bladder function before SCI, any severe 
medical condition that might interfere with the treatment or 
affect the results, and anticholinergic drugs administration.

Assessment

All the participants were assessed before and after the 
treatment period (6 weeks) by:

(1) Measuring the post-voiding residual urine volume with 
an intermittent catheter (the patient tried to empty the blad-
der alone, without any assistive tools, and then the residual 
urine was measured by using intermittent catheterization).

(2) The overactive bladder (OAB-V8) questionnaire in 
the Arabic version, which is validated to be used in the Arabic 
language [15].

Treatment

The patients received the treatment program for 2 ses-
sions per week, for 6 weeks. The study group received elec-
tromyography biofeedback training for the abdominal mus-
cles by using surface electrodes. The surface electrodes were 
placed over the lower abdominal muscles and the patient was 
encouraged to contract the abdominal muscles from supine 
position by isometric contraction. The participant focused on 
the monitor for visual biofeedback and on the sound of the 
contractions as auditory biofeedback. The control group un-
derwent pelvic floor electromyography biofeedback training 
by using invasive electrodes. The individuals were encour-
aged to contract the pelvic floor muscles as if they were try-
ing to stop the urine flow. They also focused on the monitor for 
visual biofeedback and on the sound of the contractions as 
auditory biofeedback. Each session lasted for 30–45 minutes.

Statistical analysis

– Descriptive statistics and the t-test were conducted for 
comparison of the subject characteristics between the groups.

– The chi-squared test was performed to compare sex 
distribution between the groups.

– Mixed ANOVA served to compare the effect of time 
(pre- vs. post-treatment) and the effect of treatment (between 
the groups), as well as the interaction between time and treat-
ment in the mean values of the residual volume and OAB-V8 
scores.
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– The level of significance for all statistical tests was set 
at p < 0.05.

– All statistical analyses were performed with the Statis-
tical Package for the Social Sciences (SPSS), version 25 for 
Windows.

Sample size

The sample size estimation was based on power analysis 
(mean difference: 26.87, standard deviation [SD]: 5.64). The 
G*Power 3.1 software (Heinrich Heine University Düsseldorf, 
Düsseldorf, Germany) was used, with the power of 80% and 
probability of 0.05.

Ethical approval
The research related to human use has complied with all 

the relevant national regulations and institutional policies, 
has followed the tenets of the Declaration of Helsinki, and has 
been approved by the Ethics Committee of Faculty of Physi-
cal Therapy, Cairo University (approval No.: P.T.REC/012/ 
001994).

Informed consent
Informed consent has been obtained from all individuals 

included in this study.

Results

The post-void residual urine volume decreased signifi-
cantly in group A, while there was no significant decrease 
in the post-void residual urine volume in group B (Table 2, 
Figure 2). The OAB-V8 questionnaire revealed a significant 

difference and improvement in group A, while there was no 
significant difference in group B (Table 3, Figure 3).

Effect of treatment on residual volume

Study group

The mean ± SD residual volume in the study group was 
340 ± 84.85 ml before the treatment and 53 ± 11.78 ml after 
the treatment. The mean difference equalled 287 ml and the 
percentage of change was 84.41%. There was a significant 
decrease in the residual volume in the study group after the 
treatment compared with that before the treatment (p = 0.0001) 
(Table 2, Figure 2).

Table 2. Mean pre- and post-treatment residual volume in groups A and B

Residual volume (ml)

Study group Control group

Mean ± SD Mean ± SD

Pre Post Pre Post

340 ± 84.85 53 ± 11.78 331.66 ± 92.36 293.33 ± 87.82

Mixed ANOVA

Within-group comparison (time effect)

F = 394.44 p = 0.0001

Between-group comparison (group effect)

F = 41.28 p = 0.0001

Interaction effect (time*group)

F = 58 p = 0.0001

Pairwise comparison (Bonferroni correction)

MD % of change p

Pre vs. post
Group A 287 84.41 0.0001

Group B 38.33 11.56 0.002

MD p

Study vs. control
Pre-treatment 8.34 0.71

Post-treatment –240.33 0.0001

MD – mean difference

Figure 2. Mean pre- and post-treatment residual volume  
in the study and control groups
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Control group

The mean ± SD residual volume in the control group was 
331.66 ± 92.36 ml before the treatment and 293.33 ± 87.82 ml 
after the treatment. The mean difference equalled 38.33 ml 
and the percentage of change was 11.56%. There was a sig-
nificant decrease in the residual volume in the control group 
after the treatment compared with that before the treatment 
(p = 0.002) (Table 2, Figure 2).

Comparison between groups

Before treatment. The mean difference in the pre-treat-
ment residual volume between the study and control groups 
was 8.34 ml. The difference was not statistically significant 
(p = 0.71) (Table 2).

After treatment. The mean difference in the post-treatment 
residual volume between the study and control groups was 
–240.33 ml. The difference was statistically significant (p = 
0.0001) (Table 2).

Effect of treatment on OAB-V8 scores

Study group

The mean ± SD OAB-V8 score in the study group was 
13.36 ± 1 before the treatment and 3.43 ± 1.35 after the 
treatment. The mean difference equalled 9.93 and the per-
centage of change was 74.33%. There was a significant de-
crease in OAB-V8 scores in the study group after the treat-
ment compared with that before the treatment (p = 0.0001) 
(Table 3, Figure 3).

Control group

The mean ± SD OAB-V8 score in the control group was 
13.5 ± 0.82 before the treatment and 9.56 ± 1.7 after the 
treatment. The mean difference equalled 3.94 and the per-
centage of change was 29.19%. There was a significant de-
crease in OAB-V8 scores in the control group after the treat-
ment compared with that before the treatment (p = 0.0001) 
(Table 3, Figure 3).

Comparison between groups

Before treatment. The mean difference in the pre-treat-
ment OAB-V8 scores between the study and control groups 

Table 3. Mean pre- and post-treatment overactive bladder (OAB-V8) questionnaire scores in groups A and B

OAB-V8 scores

Study group Control group

Mean ± SD Mean ± SD

Pre Post Pre Post

13.36 ± 1 3.43 ± 1.35 13.5 ± 0.82 9.56 ± 1.7

Mixed ANOVA

Within-group comparison (time effect)

F = 1009.37 p = 0.0001

Between-group comparison (group effect)

F = 166.93 p = 0.0001

Interaction effect (time*group)

F = 188.97 p = 0.0001

Pairwise comparison (Bonferroni correction)

MD % of change p

Pre vs. post
Group A 9.93 74.33 0.0001

Group B 3.94 29.19 0.0001

MD p

Study vs. control
Pre-treatment –0.14 0.57

Post-treatment –6.13 0.0001

MD – mean difference

Figure 3. Mean pre- and post-treatment overactive bladder  
(OAB-V8) questionnaire scores in the study and control groups
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was –0.14. The difference was not statistically significant 
(p = 0.57) (Table 3).

After treatment. The mean difference in the post-treat-
ment OAB-V8 scores between the study and control groups 
was –6.13. The difference was statistically significant (p = 
0.0001) (Table 3).

Discussion

Paraplegic SCI patients prefer regaining bladder control 
function to regaining walking and normal sensation because 
of the associated psychological problems for the patients 
and their families [16]. The bladder control is divided into how 
to empty the bladder and how to close the urine pathway 
independently; both functions are affected after SCI, which 
causes a great impact on the daily routine. Different man-
agement methods are used but sometimes they can induce 
side effects after long-term usage [17]. Long-term manage-
ment strategies like intermittent catheterization and conser-
vative pharmacological therapy are mostly applied to increase 
the bladder capacity and decrease bladder overactivity in 
order to provide the patient’s satisfaction, avoiding any medi-
cal complications as much as possible [18]. Although inter-
mittent catheterization is the best management method for 
long-term use, it causes medical problems such as scarring, 
formation of false tracts, urinary tract infections, and some 
renal diseases [19]. So, a new management strategy with 
fewer side effects is needed to alleviate bladder disfunction, 
which is among the top ranked disorders affecting the quality 
of life [20].

The results of this study showed that the residual urine 
volume decreased significantly in the study group after the 
abdominal muscles training with electromyography biofeed-
back. Measuring the residual urine volume is an important 
point in the evaluation of the lower urinary tract dysfunction 
and urinary incontinence [21]. Al Afraa et al. [22] found that 
it was more safe and healthy for the urine post-void residual 
volume to decrease to 50 ml or less to avoid urinary tract in-
fections and dysfunctions. Oh et al. [23] measured the quality 
of life among patients who used intermittent catheterization 
secondary to SCI and concluded that their quality of life was 
affected in all health domains. Patients empty their bladder 
with the Credé manoeuvre, which increases the abdominal 
pressure by the diaphragm or by the abdominal muscles [24]. 
So, the results of this study suggest a new safe, non-invasive 
method by training the abdominal muscles to empty the 
bladder without using intermittent catheterization. This may 
change the known medical protocol for long-term manage-
ment of bladder dysfunction after this type of SCI.

Limitations

The limitations in this study were as follows: there was 
no financial support; some patients refused to use the inva-
sive electrodes (which is an important cause to think about 
a new applicable method that does not lead to the patient’s 
psychological problems); sometimes it was embarrassing 
for the patient that defecation happened during the session 
while using the invasive electrodes, which caused psycho-
logical problems to the patient and their family; and in some 
cases, the patient refused to complete the treatment program.

Conclusions

Abdominal muscles training with electromyography bio-
feedback for the paraplegic SCI patients injured at the level 

of T10 and below is effective for improving bladder function 
as the patients can empty the bladder voluntarily.

Acknowledgements
We would like to thank the Dar el Mona physiotherapy 

and rehabilitation resort, Eden healthcare resort, and Badr 
University in Cairo for their encouragement and providing 
time to complete this research.

Disclosure statement
No author has any financial interest or received any finan-

cial benefit from this research.

Conflict of interest
The authors state no conflict of interest.

References
1.	 Ahuja CS, Wilson JR, Nori S, Kotter MRN, Druschel C, 

Curt A, et al. Traumatic spinal cord injury. Nat Rev Dis 
Primers. 2017;3(1):17018; doi: 10.1038/nrdp.2017.18.

2.	Whiteneck GG, Charlifue SW, Frankel HL, Fraser MH, 
Gardner BP, Gerhart KA, et al. Mortality, morbidity, and 
psychosocial outcomes of persons spinal cord injured 
more than 20 years ago. Paraplegia. 1992;30(9):617–630; 
doi: 10.1038/sc.1992.124.

3.	 Krause JS, DeVivo MJ, Jackson AB. Health status, com-
munity integration, and economic risk factors for mortality 
after spinal cord injury. Arch Phys Med Rehabil. 2004; 
85(11):1764–1773; doi: 10.1016/j.apmr.2004.06.062.

4.	 O’Connor PJ. Survival after spinal cord injury in Australia. 
Arch Phys Med Rehabil. 2005;86(1):37–47; doi: 10.1016/ 
j.apmr.2004.03.018.

5.	 Lidal IB, Snekkevik H, Aamodt G, Hjeltnes N, Stang-
helle JK, Biering-Sørensen F. Mortality after spinal cord 
injury in Norway. J Rehabil Med. 2007;39(2):145–151; 
doi: 10.2340/16501977-0017.

6.	Garshick E, Kelley A, Cohen SA, Garrison A, Tun CG, 
Gagnon D, et al. A prospective assessment of mortality in 
chronic spinal cord injury. Spinal Cord. 2005;43(7):408–
416; doi: 10.1038/sj.sc.3101729.

7.	 Ahoniemi E, Pohjolainen T, Kautiainen H. Survival after 
spinal cord injury in Finland. J Rehabil Med. 2011;43(6): 
481–485; doi: 10.2340/16501977-0812.

8.	West DA, Cummings JM, Longo WE, Virgo KS, John-
son FE, Parra RO. Role of chronic catheterization in the 
development of bladder cancer in patients with spinal 
cord injury. Urology. 1999;53(2):292–297; doi: 10.1016/
s0090-4295(98)00517-2.

9.	Ren J, Chew DJ, Biers S, Thiruchelvam N. Electrical 
nerve stimulation to promote micturition in spinal cord 
injury patients: a review of current attempts. Neurourol 
Urodyn. 2016;35(3):365–370; doi: 10.1002/nau.22730.

10.	 National Institute on Disability and Rehabilitation Re-
search. The prevention and management of urinary tract 
infections among people with spinal cord injuries. Na-
tional Institute on Disability and Rehabilitation Research 
Consensus Statement. January 27–29, 1992. J Am Para-
plegia Soc. 1992;15(3):194–207; doi: 10.1080/01952307. 
1992.11735873.

11.	 Wyndaele JJ. Complications of intermittent catheteriza-
tion: their prevention and treatment. Spinal Cord. 2002; 
40(10):536–541; doi: 10.1038/sj.sc.3101348.

12.	 Simforoosh N, Dadkhah F, Hosseini SY, Asgari MA, 
Nasseri A, Safarinejad MR. Accuracy of residual urine 
measurement in men: comparison between real-time 
ultrasonography and catheterization. J Urol. 1997;158(1): 
59–61; doi: 10.1097/00005392-199707000-00016.



M. Gamal, N. Latif, E. Samir, F.H. Ameen, D.I. Amin  
Electromyography biofeedback training in spinal cord injury

56

 
Physiother Quart 2022, 30(1) 

13.	 Chang SM, Hou CL, Dong DQ, Zhang H. Urologic status 
of 74 spinal cord injury patients from the 1976 Tangshan 
earthquake, and managed for over 20 years using the 
Credé maneuver. Spinal Cord. 2000;38(9):552–554; doi: 
10.1038/sj.sc.3101060.

14.	 Liu C-W, Attar KH, Gall A, Shah J, Craggs M. The rela-
tionship between bladder management and health-re-
lated quality of life in patients with spinal cord injury in 
the UK. Spinal Cord. 2010;48(4):319–324; doi: 10.1038/
sc.2009.132.

15.	 Al-Shaiji TF, Alkabbani M, El-Nahas AR, Thahir A, Almu-
tairi MF, Al-Terki A. Validation of the Arabic linguistic 
version of the 8-item overactive bladder questionnaire 
(OAB-V8). Int Urogynecol J. 2019;30(12):2153–2156; 
doi: 10.1007/s00192-019-03905-0.

16.	 Anderson KD. Targeting recovery: priorities of the spinal 
cord-injured population. J Neurotrauma. 2004;21(10): 
1371–1383; doi: 10.1089/neu.2004.21.1371.

17.	 Herrity AN, Williams CS, Angeli CA, Harkema SJ, Hub-
scher CH. Lumbosacral spinal cord epidural stimulation 
improves voiding function after human spinal cord injury. 
Sci Rep. 2018;8(1):8688; doi: 10.1038/s41598-018-
26602-2.

18.	 Benevento BT, Sipski ML. Neurogenic bladder, neuro-
genic bowel, and sexual dysfunction in people with spi-
nal cord injury. Phys Ther. 2002;82(6):601–612; doi: 
10.1093/ptj/82.6.601.

19.	 Jamil F. Towards a catheter free status in neurogenic 
bladder dysfunction: a review of bladder management 
options in spinal cord injury (SCI). Spinal Cord. 2001; 
39(7):355–361; doi: 10.1038/sj.sc.3101132.

20.	 Piatt JA, Nagata S, Zahl M, Li J, Rosenbluth JP. Prob-
lematic secondary health conditions among adults with 
spinal cord injury and its impact on social participation 
and daily life. J Spinal Cord Med. 2016;39(6):693–698; 
doi: 10.1080/10790268.2015.1123845.

21.	 Goode PS, Locher JL, Bryant RL, Roth DL, Burgio KL. 
Measurement of postvoid residual urine with portable 
transabdominal bladder ultrasound scanner and urethral 
catheterization. Int Urogynecol J Pelvic Floor Dysfunct. 
2000;11(5):296–300; doi: 10.1007/s001920070020.

22.	 Al Afraa T, Mahfouz W, Campeau L, Corcos J. Normal 
lower urinary tract assessment in women: I. Uroflowmetry 
and post-void residual, pad tests, and bladder diaries. 
Int Urogynecol J. 2012;23(6):681–685; doi: 10.1007/
s00192-011-1568-z.

23.	 Oh S-J, Ku JH, Jeon HG, Shin H-I, Paik N-J, Yoo T. Health-
related quality of life of patients using clean intermittent 
catheterization for neurogenic bladder secondary to 
spinal cord injury. Urology. 2005;65(2):306–310; doi: 
10.1016/j.urology.2004.09.032.

24.	 Greenstein A, Rucker KS, Katz PG. Voiding by increased 
abdominal pressure in male spinal cord injury patients – 
long term follow up. Paraplegia. 1992;30(4):253–255; doi: 
10.1038/sc.1992.64.


