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ABSTRACT

Objectives: The aim of the present study is the assessment of thickness and percentage change in thickness of the musculus
obliquus externus abdominis (OE), musculus obliquus internus abdominis (Ol) and musculus transversus abdominis (TrA) among
women suffering from stress urinary incontinence (SUI) in comparison with healthy controls.

Material and methods: The thickness and its percentage changes of the OE, Ol and TrA among women with and without
SUl were assessed. We observed the reactions of the abdominal muscles among 84 women by means of ultrasound imaging.

Results: The thickness of the OE was significantly greater in the SUI group during rest and tension of the lower part of the
abdomen. Significant changes were found in the Ol for the controls during isometric tension of the abdominal muscles,
tension of the lower part of the abdomen, and ASLR (active straight leg raise) test of right leg. The thickness changes in
the TrA were significant for the controls during isometric tension of the abdominal muscles.

Conclusions: Our results suggest interactions of the pelvic floor and the abdominal muscles during pelvic floor activity,

differing in the women with SUl and controls.
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INTRODUCTION

Stress urinary incontinence (SUI) determines of in-
voluntary loss of urine as a result of strenuous physical
exertion activities, sneezing, coughing, or laughing [1-4].
There are many theories about the pathophysiology of
stress urinary incontinence. Over the years, attention has
been paid to the role of the urethra, pelvic floor muscles,
and the innervation of the internal and external urethral
sphincters. In each theory, an important role was played
by the increase in intra-abdominal pressure generated by
the abdominal muscles in certain situations, such as
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coughing, sneezing, and physical activity [5]. For this reason,
the interactions between the abdominal and pelvic floor
muscles have been the focus of studies by various special-
ists [6-10]. Among the available literature, the majority of
studies concern the activity of the musculus transversus ab-
dominis in the population of healthy women [11-14]. Most
commonly, these studies employed electromyography in
order to assess the correlation of the abdominal and pelvic
floor muscles. Only the study by Arab et al. [15], in which
women with and without SUI were examined by means of
ultrasound imaging, compares changes in the thickness

Department of Rehabilitation and Doctoral School, Faculty of Health Sciences in Katowice, Medical University of Silesia in Katowice, 12 Medykow St, 40-752, Poland

e-mail: jurystomek3@gmail.com

Received: 28.07.2022 Accepted: 1.08.2022 Early publication date: 7.09.2022

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

344


mailto:jurystomek3@gmail.com
https://orcid.org/0000-0001-5395-907X
https://orcid.org/0000-0002-7217-147X
https://orcid.org/0000-0002-9961-5157
https://orcid.org/0000-0002-3395-1289
https://orcid.org/0000-0003-1056-8276
https://orcid.org/0000-0002-7203-9006

Bartlomiej Burzynski et al,, Abdominal muscles and incontinence

of not only the musculus transversus abdominis but also the
musculus obliquus internus abdominis.

Objectives

The aim of the present study is the assessment of thick-
ness and percentage change in thickness of the OE, Ol, and
TrA among women suffering from SUl in comparison with
healthy controls. The authors of the present study evaluated
the thickness of the chosen abdominal muscles during pel-
vic floor muscle tension and rest, during isometric tension
of the abdominal muscles, during sucking-in of the lower
part of stomach, and during the ASLR test. Additionally, the
percentage change in the thickness of the target muscles
during the imaging of the various activities is calculated.
We focused on the reactions of the abdominal muscles to
different activities by means of ultrasound imaging.

In comparison to other authors of studies, we aimed to
assess more anterolateral abdominal wall muscles, in hopes
of detailed evaluation of their functioning and observing
differences between women with or without stress urinary
incontinence. The need to conduct a similar study resulted
from our clinical experience and observations since we
found different patterns of abdominal wall muscles func-
tioning during physiotherapy centered on improving pelvic
floor muscles function among stress urinary incontinence
women.

MATERIAL AND METHODS

The present study is an analysis of prospectively collected
medical data on women undergoing treatment at Uromedi-
cus Clinic, Zabrze (Poland) in the period from 1 July 2015
to 12 April 2016. Study group was consisted of women
with grade 1 or grade 2 stress urinary incontinence in ac-
cordance with the Stamey classification [16]. Stress urinary
incontinence was diagnosed by a urologist or gynecolo-
gist. Women who met the following criteria were excluded
from the study: previous pelvic floor physiotherapy, chronic
diseases (hypertension, diabetes, neurological disorders),
urogynecological and lumbosacral spine surgeries (except
caesarean section), hormonal treatment six month before
the study, current lower urinary tract infection. The con-
trol group was consisted of women who attended medical
centre to complete the preventive counselling visit during
which SUI and other genitourinary system disorders were
excluded by a urologist or gynecologist. The Bioethics Com-
mittee of the Academy of Physical Education in Katowice
stated that all procedures were performed according to
the medical experiment design and approved in Resolution
No. 4/2011. Patients have given their informed consent for
participation in the study.

For the purposes of the present research, assessment of
the thickness of the OE, Ol, and TrA among both the study

group and the control group was carried out. Measurement

of muscle thickness was performed during the following

activities [17]:

® during rest position (the patient lying on her back and
without muscle tension);

® duringisometric tension of the abdominal muscles (the
patient lying on her back and performing volitional
tensing of the abdominal muscles with no change in
their length);

® during sucking-in of the lower part of stomach (the
patient lying on her back and performing volitional
sucking-in of the navel towards the spine);

® during pelvic floor muscle volitional tension (the patient
lying on her back and per performing pelvic floor muscle
lifting in the direction of the head);

® during ASLR tests (the patient lying on her back and
raising the straightened left lower leg, then the right
leg, 20 cm from the vertical) [18]. This test allowed as-
sessment of abdominal muscle reflex activity using ul-
trasound imaging.

Assessment of abdominal muscle thickness was per-
formed by means of ultrasound imaging. A linear probe
(60 mm width) and frequency of 7.5 MHz were applied.
Detailed probe positioning is presented in the paper by
Burzynski et al. [17], Hodges et al. [19], and Adams et al.
[20]. Each measurement was carried out on the right side of
abdomen, three times. The final value of muscle thickness
was the average value of the three attempts. Patients were
instructed in the technique of muscle tensing before each
ultrasound trial in order to verify that patients could tense
correctly. Ultrasound images were frozen and recorded at
the end of exhalation in order to minimize the impact of
breathing. The commands such as “tense” and “release’,
“raise”and“release”,“suck in”and“release” were applied dur-
ing assessment [11]. The application of the ultrasound probe
and a specimen ultrasound image of examined muscles are
shown in Figure 1 and Figure 2, respectively.

Based on measurements of muscle thickness, the au-
thors of the present study chose to calculate the percentage
changes in the thickness of the target muscles thickness
during each assessed activity. The percentage muscle thick-
ness changes were calculated as follows:

. MTa - MTr
% of muscle thickness change = Y/ x 100

where: MTa = muscle thickness during volitional (isome-
tric tension of abdominal muscles, sucking-in of the lower
part of stomach, pelvic floor muscle tension) and reflexive
(ASLR test) activity; MTr = muscle thickness during rest.
The medical data collected for the purpose of the
present study was arranged in a Microsoft Office Excel
2007 spreadsheet. The STATISTICA Stat Soft program was
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Figure 1. Point of application of ultrasound transducer (source: own
material)

used for statistical analysis. For the purpose of comparison
of the study and control group, the Student’s t-test for two
independent samples was used. Across the entire statistical
analysis, the level of statistical significance was p < 0.05.

RESULTS

After considering all inclusion and exclusion criteria,
the final analysis included the data of 84 women who at-
tended lower urinary tract physiotherapy. The study group
consisted of 40 women suffering from SUl and the control
group of 44 women with no symptoms of micturition dis-
orders. Characteristics of the SUI and control group was
presented in Table 1.

In the study group, the thickness of the OE was statisti-
cally significantly greater than that of the control group
during two activities: 1. rest and 2. tension of the lower part
of the abdomen. There were no statistically significant dif-
ferences concerning the OE during the four other activities,
although in each case the thickness values for the study
group were higher than those for the control group. In the
case of the Ol and TrA, there were no significant differences
between the study and control group (Tab. 2).

Analysis of the percentage changes in the thickness of
the OE did not present any statistically significant differences

Figure 2. Ultrasound image for muscle thickness assessment;

(1) reference distance of 1 cm; (2) distance from the origin of musculus
transversus abdominis to the point of thickness measurement of each
muscle (individually variable); (3) thickness measurement of
musculus transversus abdominis; (4) thickness measurement

of musculus obliquus internus; (5) thickness measurement of
musculus externus (source: own material)

between study and control groups during each assessed
activity. However, in the case of the O, there were statisti-
cally significant differences between the study and control
groups during isometric tension of the abdominal muscles,
tension of the lower part of the abdomen, and ASLR test of
right leg, where higher percentage changes were found
for the control group. Analysis of the percentage muscle
thickness changes in the TrA showed statistically significant
difference between study and control groups only during
isometric tension of the abdominal muscles, again with
a higher result for the control group (Tab. 3).

DISCUSSION

The reliability, validity and safety of ultrasound im-
aging as a means of assessment of abdominal muscle
thickness, for example in order to evaluate muscle activ-
ity, has been borne out by several past clinical studies
[21-24]. Moreover, the ultrasound imaging is still the
part of the “gold standard” in the gynaecological imag-
ing options [25].

The results of the present study indicate differences in
the thickness values of selected abdominal muscles, and
in their percentage changes in reaction to different ac-
tivities, between women with and without SUI symptoms.

Table 1. Characteristics of the study and control group

Group Age [years] Body mass [kg] Height [cm] BMI [kg/m?]
SUI [x + SD] 452+738 68.6 = 10.5 164.7 £5.2 252+34
Control [x £ SD] aMN7+77 63.4+7.2 165.2 4.4 23.2+27

BMI — body mass index; SUI — stress urinary incontinence; X — mean; SD — standard deviation
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Table 2. Thickness values of assessed muscles during different activities in the study and control groups

Muscle thickness during activity [mm]

Isometric L Pelvicfl
Muscle  Group tension of ower part evicfloor —  asiRtest ASLR test
Rest . of abdomen muscle volitional .
abdominal . 3 —rightleg — leftleg
tension tension
muscles
SUI [x £ SD] 537+1.01 495+1.24 541+1.12 531+1.25 4.76 £ 1.00 533+1.37
OE Control [x + SD] 4.86+0.83 4.55+0.98 488 +1.04 5.00+1.25 452 +1.04 488+1.22
p value 0.014* 0.103 0.029* 0.269 0.277 0.125
SUI [x + SD] 7.50+1.47 8.62+2.03 8.16 + 1.87 8.08+2.12 7.18+1.76 711+1.64
Ol Control [x + SD] 7.26+153 9.11+£243 8.63+1.63 8.02+1.77 7.48 +1.60 6.88+1.30
p value 0.464 0.317 0.228 0.893 0.429 0413
SUI [x + SD] 3.77+£0.97 497 £1.63 5.60+1.38 5.08+1.32 411£1.10 3.98+1.04
TrA Control [x + SD] 3.64 +£0.81 5.63+1.73 572+1.63 523+1.86 398+1.12 3.81+£0.98
p value 0.517 0.077 0.718 0.680 0.588 0.430

*Statistically significant result (student’s t-test, p < 0.05); ASLR — active straight leg raise test; OE — musculus obliquus externus; O — musculus obliquus internus;
SD — standard deviation; SUI — stress urinary incontinence; TrA — musculus transversus abdominis; X — mean

Table 3. Percentage change of muscle thickness during different activities in the study and control groups

Muscle

Muscle thickness change [%]

Group Isometric tensionof  Lower part of Pelvic floor muscle ASLR test ASLR test
abdominal muscles  abdomen tension  volitional tension  — right leg — leftleg

SUI [x £+ SD] -6.70 £ 18.74 3.08 £ 19.56 -0.28+£17.15 -10.17£1595 -2.08 + 14.50
OE Control [x + SD] -5.41+£15.01 1.89 +19.07 2.07 £22.55 -5.81+17.54 1.45 +19.67

p value 0.730 0.780 0.590 0.240 0.353

SUI [x + SD] 15.97 +23.86 9.62+17.41 8.14+18.71 —4.44£13.73 —4.37 £ 15.00
ol Control [x + SD] 28.46 +32.65 21.93+2343 12.96 + 2331 4.79+17.45 -3.61+11.80

p value 0.047* 0.007* 0.297 0.009* 0.799

SUI [x + SD] 36.05 + 36.83 56.08 +42.85 40.54 +35.93 11.13£23.18 8.13+£2232
TrA Control [x + SD] 57.32+42.26 58.96 + 33.95 43.46 + 30.04 10.33£19.83 5.17 £19.83

p value 0.016* 0.735 0.688 0.864 0.526

*Statistically significant result (student’s t-test, p < 0.05); ASLR — active straight leg raise test; OE — musculus obliquus externus; Ol — musculus obliquus internus;
SD — standard deviation; SUl — stress urinary incontinence; TrA — musculus transversus abdominis; X — mean

The changes in muscle thickness of the OE, Ol, and TrA dur-
ing volitional pelvic floor muscle tension indicate existing
co-activation of the abdominal muscles with the pelvic floor
muscles. Sapsford et al. [11] make the same claim in their
paper, in which the reaction of the abdominal muscles to
maximum volitional pelvic floor muscle tension among
healthy women was observed. A similar conclusion was
presented by Madill et al., showing that during pelvic floor
muscle tension the most active muscles are the musculus
transversus abdominis, musculus obliquus internus abdominis,
musculus obliquus externus abdominis, and the lower part of
the musculus rectus abdominis [12].

In the present study, there were no statistically significant
differences observed in the musculus transversus abdominis
thickness values during each assessed activity, though the
average muscle thickness among healthy women was higher

www. journals.viamedica.pl/ginekologia_polska

than in the group of women with SUI symptoms — a similar
finding to the results of the study by Madokoro et al. [22].
Analysis of the percentage changes in musculus transversus
abdominis thickness in the present study shows that, among
women suffering from SUI, these changes were significantly
lower than in the control group, which again corresponds to
the findings of the Madokoro et al. [22]. The study by Tajiri
etal.[14] indicates that changes consisting in the reduction
of the thickness of the musculus transversus abdominis are
asignificantrisk factor in urinary incontinence. However, the
results of the present study and of the study by Madokoro et
al. do not support such a correlation [14, 22].

The other muscle for which a statistically significant per-
centage change in thickness was observed is the musculus
obliquus internus abdominis. Its percentage changes were
lower in the group of women with SUI symptoms during all

347



Ginekologia Polska 2023, vol. 94, no. 5

assessed activities except for the ASLR test of the left leg.
Results for isometric tension of the abdominal muscles, ten-
sion of the lower part of the abdomen, and the ASLR test of
the right leg were all statistically significant. Assessment
of the musculus obliquus internus abdominis in a study by Arab
et al. [15] likewise found that changes in muscle thickness
among healthy women were greater, but their results were
not — unlike in the present study — statistically significant.

In the present study, the analysis of thickness of the
musculus obliquus externus abdominis shows that, among
women suffering from SUI, the muscle was thicker during
each assessed activity, and that the results during rest and
tension of the lower part of the abdomen were statistically
significant. On the other hand, analysis of the percentage
change of the musculus obliquus externus abdominis shows
no significant differences between the study and control
groups during each activity. The only study concerning the
musculus obliquus externus abdominis which the authors of
the present study have been able to compare to theirs, by
Figueiredo et al. [26], also indicates that there is no strong
correlation between muscle thickness changes and urinary
incontinence.

Based on the foregoing, the authors tend to draw atten-
tion to further need for conducting research assessing the
correlation between individual abdominal wall muscles with
pelvic floor muscles. Perhaps it will allow the development
of that kind of strategy of female SUI management, which
will be focused on only on the pelvic floor muscle’s function,
but also on abdominal wall muscles functioning. Currently,
several authors observed and described certain pelvic floor
and abdominal wall muscle associations. However, due to
significant differences in their methodology, there is difficult
to develop detailed standards including therapy of abdomi-
nal wall muscles among female SUI patients.

The present authors acknowledge some limitations in
this study. The first concerns the relatively low number of
participants, which, if increased, might reveal new significant
differences and/or strengthen the current findings. A similar
effect could be achieved by inclusion in the study of women
suffering from grade 3 SUL. Moreover, in the present study,
the thickness of the musculus rectus abdominis was not
assessed. It would be worthwhile to extend the study to
include measurement of the activity of the musculus rectus
abdominis, thereby achieving evaluation of all the antero-
lateral abdominal wall muscles.

CONCLUSIONS
Results of the present study indicate the pelvic floor
muscle tension has an impact on abdominal muscles (mus-
culus obliquus externus abdominis, musculus obliquus internus
abdominis and musculus transversus abdominis). Also, there
are the differences in the activity of the abdominal muscles

(musculus obliquus externus abdominis, musculus obliquus
internus abdominis and musculus transversus abdominis)
between women with SUI and healthy controls. Based on
the results of the present study, the authors suggest the
physiotherapy for women with stress urinary incontinence
should be focused not only on the pelvic floor muscles, but
also on the abdomens.

Acknowledgments

The authors appreciate the assistance of Mr Alex Tilbury in
the correction of the English language version of present
article.

Confiict of interest
All authors declare no conflict of interest.

REFERENCES

1. Haylen BT, de Ridder D, Freeman RM, et al. An International Urogyne-
cological Association (IUGA)/International Continence Society (ICS)
joint report on the terminology for female pelvic floor dysfunction.
Int Urogynecol J. 2010; 21(1): 5-26, doi: 10.1007/500192-009-0976-9,
indexed in Pubmed: 19937315.

2. Nambiar AK, Arlandis S, Ba K, et al. European Association of Urology
guidelines on the diagnosis and management of female non-neurogenic
lower urinary tract symptoms. Part 1: Diagnostics, overactive bladder,
stress urinary incontinence, and mixed urinary incontinence. Eur Urol.
2022; 82(1): 49-59, doi: 10.1016/j.eururo.2022.01.045, indexed in Pub-
med: 35216856.

3. Wilazlak E, Grzybowska ME, RechbergerT, et al. The Urogynecology Sec-
tion of the Polish Society of Gynecologists and Obstetricians Guideline
for the diagnostic assessment of stress urinary incontinence in women.
Ginekol Pol. 2022 [Epub ahead of print], doi: 10.5603/GP.a2021.0256,
indexed in Pubmed: 35315030.

4.  Stangel-Wojcikiewicz K, Rogowski A, Rechberger T, et al. Urogynecol-
ogy Section of the Polish Society of Gynecologists and Obstetricians
guidelines on the management of stress urinary incontinence in women.
Ginekol Pol. 2021;92(11):822-828, doi: 10.5603/GP.a2021.0206, indexed
in Pubmed: 34907521.

5. Falah-Hassani K, Reeves J, Shiri R, et al. The pathophysiology of stress
urinary incontinence: a systematic review and meta-analysis. Int Urogy-
necol J. 2021;32(3): 501-552, doi: 10.1007/500192-020-04622-9, indexed
in Pubmed: 33416968.

6.  Neumann P, Gill V. Pelvic floor and abdominal muscle interaction: EMG
activity and intra-abdominal pressure. Int Urogynecol J Pelvic Floor
Dysfunct. 2002; 13(2): 125-132, doi: 10.1007/5001920200027, indexed
in Pubmed: 12054180.

7. Ferla L, Darski C, Paiva L, et al. Synergism between abdominal and
pelvic floor muscles in healthy women: a systematic review of obser-
vational studies. Fisioter Mov. 2016; 29(2): 399-410, doi: 10.1590/0103-
5150.029.002.a019.

8. Vesentini G, El Dib R, Righesso LA, et al. Pelvic floor and abdominal
muscle cocontraction in women with and without pelvic floor dys-
function: a systematic review and meta-analysis. Clinics (Sao Paulo).
2019;74:e1319,doi: 10.6061/clinics/2019/e1319, indexed in Pubmed:
31778432.

9. Park SY, Oh S, Baek KH, et al. Comparison of abdominal muscle thick-
ness between the abdominal draw-in maneuver and maximum
abdominal contraction maneuver. Healthcare (Basel). 2022; 10(2), doi:
10.3390/healthcare10020251, indexed in Pubmed: 35206865.

10. Zachovajeviene B, Siupsinskas L, Zachovajevas P, et al. Effect of dia-
phragm and abdominal muscle training on pelvic floor strength and
endurance: results of a prospective randomized trial. Sci Rep.2019;9(1):
19192, doi: 10.1038/541598-019-55724-4, indexed in Pubmed: 31844133.

11. Sapsford RR, Hodges PW, Richardson CA, et al. Co-activation of the ab-
dominal and pelvic floor muscles during voluntary exercises. Neurourol
Urodyn.2001;20(1):31-42, doi: 10.1002/1520-6777(2001)20:1<31::aid-
nau5>3.0.co;2-p, indexed in Pubmed: 11135380.

348 www. journals.viamedica.pl/ginekologia_polska


http://dx.doi.org/10.1007/s00192-009-0976-9
https://www.ncbi.nlm.nih.gov/pubmed/19937315
http://dx.doi.org/10.1016/j.eururo.2022.01.045
https://www.ncbi.nlm.nih.gov/pubmed/35216856
http://dx.doi.org/10.5603/GP.a2021.0256
https://www.ncbi.nlm.nih.gov/pubmed/35315030
http://dx.doi.org/10.5603/GP.a2021.0206
https://www.ncbi.nlm.nih.gov/pubmed/34907521
http://dx.doi.org/10.1007/s00192-020-04622-9
https://www.ncbi.nlm.nih.gov/pubmed/33416968
http://dx.doi.org/10.1007/s001920200027
https://www.ncbi.nlm.nih.gov/pubmed/12054180
http://dx.doi.org/10.1590/0103-5150.029.002.ao19
http://dx.doi.org/10.1590/0103-5150.029.002.ao19
http://dx.doi.org/10.6061/clinics/2019/e1319
https://www.ncbi.nlm.nih.gov/pubmed/31778432
http://dx.doi.org/10.3390/healthcare10020251
https://www.ncbi.nlm.nih.gov/pubmed/35206865
http://dx.doi.org/10.1038/s41598-019-55724-4
https://www.ncbi.nlm.nih.gov/pubmed/31844133
http://dx.doi.org/10.1002/1520-6777(2001)20:1%3c31::aid-nau5%3e3.0.co;2-p
http://dx.doi.org/10.1002/1520-6777(2001)20:1%3c31::aid-nau5%3e3.0.co;2-p
https://www.ncbi.nlm.nih.gov/pubmed/11135380

Bartlomiej Burzynski et al,, Abdominal muscles and incontinence

Madill SJ, McLean L. Relationship between abdominal and pelvic floor
muscle activation and intravaginal pressure during pelvic floor muscle
contractions in healthy continent women. Neurourol Urodyn. 2006;
25(7):722-730, doi: 10.1002/nau.20285, indexed in Pubmed: 16817184.
Tajiri K, Huo M, Maruyama H. Effects of co-contraction of both transverse
abdominal muscle and pelvic floor muscle exercises for stress urinary
incontinence: arandomized controlled trial. J Phys Ther Sci. 2014; 26(8):
1161-1163, doi: 10.1589/jpts.26.1161, indexed in Pubmed: 25202173.
Tajiri K, Huo M, Yin Ke, et al. An approach to assessment of female uri-
nary incontinence risk using the thickness of the transverse abdominal
muscle during co-contraction of both the transverse abdominal muscle
and the pelvic floor muscle. J Phys Ther Sci. 2011; 23(1): 45-48, doi:
10.1589/jpts.23.45.

Arab AM, Chehrehrazi M. The response of the abdominal muscles to
pelvic floor muscle contraction in women with and without stress uri-
nary incontinence using ultrasound imaging. Neurourol Urodyn. 2011;
30(1): 117-120, doi: 10.1002/nau.20959, indexed in Pubmed: 21046655.
Stamey TA. Endoscopic suspension of the vesical neck for urinary incon-
tinence in females. Report on 203 consecutive patients. Ann Surg. 1980;
192(4): 465-471, doi: 10.1097/00000658-198010000-00005, indexed in
Pubmed: 7425693.

Burzynski B, Jurys T, Knapik M, et al. Abdominal complex muscle in
women with stress urinary incontinence - prospective case-control
study. Archives of Medical Science. 2021, doi: 10.5114/aoms/135708.
Chang WJ. Active straight leg raise. J Physiother. 2012; 58(2): 132, doi:
10.1016/51836-9553(12)70098-X, indexed in Pubmed: 22613248.
Hodges PW, Pengel LHM, Herbert RD, et al. Measurement of muscle con-
traction with ultrasound imaging. Muscle Nerve. 2003; 27(6): 682-692,
doi: 10.1002/mus.10375, indexed in Pubmed: 12766979.

www. journals.viamedica.pl/ginekologia_polska

20.

21.

22.

23.

24,

25.

26.

Adams L, Pace N, Heo A, et al. Internal and external oblique muscle
asymmetry in sprint hurdlers and sprinters: a cross-sectional study.
J Sports Sci Med. 2022; 21(1): 120-126, doi: 10.52082/jssm.2022.120,
indexed in Pubmed: 35250341.

Madokoro S, Miaki H. Relationship between transversus abdominis
muscle thickness and urinary incontinence in females at 2 months post-
partum. J Phys Ther Sci. 2019; 31(1): 108-111, doi: 10.1589/jpts.31.108,
indexed in Pubmed: 30774216.

Gibbon KC, Debuse D, Hibbs A, et al. Reliability and precision of
sonography of the lumbar multifidus and transversus abdominis dur-
ing dynamic activities. J Ultrasound Med. 2017; 36(3): 571-581, doi:
10.7863/ultra.16.03059, indexed in Pubmed: 28150321.

Sanchez Romero EA, Alonso Pérez JL, Munoz Fernandez AC, et al.
Reliability of sonography measures of the lumbar multifidus and trans-
versus abdominis during static and dynamic activities in subjects with
non-specific chronic low back pain. Diagnostics (Basel). 2021; 11(4), doi:
10.3390/diagnostics11040632, indexed in Pubmed: 33915766.

Gnat R, Saulicz E, Migdowicz B. Reliability of real-time ultrasound
measurement of transversus abdominis thickness in healthy trained
subjects. Eur Spine J. 2012;21(8): 1508-1515, doi: 10.1007/500586-012-
2184-4, indexed in Pubmed: 22327252.

Luczynska E, Zbigniew K. Diagnostic imaging in gynecology. Ginekol
Pol. 2022 [Epub ahead of print], doi: 10.5603/GP.a2021.0209, indexed
in Pubmed: 35072254,

Figueiredo VF, Amorim JSC, Pereira AM, et al. Associations between low
back pain, urinary incontinence, and abdominal muscle recruitment
as assessed via ultrasonography in the elderly. Braz J Phys Ther. 2015;
19(1): 70-76, doi: 10.1590/bjpt-rbf.2014.0073, indexed in Pubmed:
25714438.

349


http://dx.doi.org/10.1002/nau.20285
https://www.ncbi.nlm.nih.gov/pubmed/16817184
http://dx.doi.org/10.1589/jpts.26.1161
https://www.ncbi.nlm.nih.gov/pubmed/25202173
http://dx.doi.org/10.1589/jpts.23.45
http://dx.doi.org/10.1002/nau.20959
https://www.ncbi.nlm.nih.gov/pubmed/21046655
http://dx.doi.org/10.1097/00000658-198010000-00005
https://www.ncbi.nlm.nih.gov/pubmed/7425693
http://dx.doi.org/10.5114/aoms/135708
http://dx.doi.org/10.1016/S1836-9553(12)70098-X
https://www.ncbi.nlm.nih.gov/pubmed/22613248
http://dx.doi.org/10.1002/mus.10375
https://www.ncbi.nlm.nih.gov/pubmed/12766979
http://dx.doi.org/10.52082/jssm.2022.120
https://www.ncbi.nlm.nih.gov/pubmed/35250341
http://dx.doi.org/10.1589/jpts.31.108
https://www.ncbi.nlm.nih.gov/pubmed/30774216
http://dx.doi.org/10.7863/ultra.16.03059
https://www.ncbi.nlm.nih.gov/pubmed/28150321
http://dx.doi.org/10.3390/diagnostics11040632
https://www.ncbi.nlm.nih.gov/pubmed/33915766
http://dx.doi.org/10.1007/s00586-012-2184-4
http://dx.doi.org/10.1007/s00586-012-2184-4
https://www.ncbi.nlm.nih.gov/pubmed/22327252
http://dx.doi.org/10.5603/GP.a2021.0209
https://www.ncbi.nlm.nih.gov/pubmed/35072254
http://dx.doi.org/10.1590/bjpt-rbf.2014.0073
https://www.ncbi.nlm.nih.gov/pubmed/25714438

