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RESUMO

Introdugdo: Uma das fun¢des dos musculos do pavimento pélvico (MPP) é suportar os érgdos pélvicos e a continéncia. Este
mecanismo da continéncia tende a alterar-se quando os MPP estdo expostos a exercicios de alto-impacto.

Objetivos: Descrever as alteragdes dindmicas no pavimento pélvico (PP) em atletas de elite, nuliparas.

Métodos: Foi utilizada a ecografia translabial para avaliar a anatomia e a fungdo do PP nas atletas (n=8), tendo sido realizada apds
a mic¢do e em decubito dorsal através de sonda vaginal. A descida dos 6rgdos pélvicos foi avaliada em manobra de Valsalva. O
volume foi avaliado em repouso, durante a contragdo maxima voluntdria (CMV) e em Valsalva. As atletas realizaram cada manobra
pelo menos 3 vezes, sendo a mais eficaz utilizada para avaliagdo.

Resultados: A descida do colo vesical foi de 14 mm para a atleta de langamento de dardo, sendo o valor mais alto quando
comparado com as restantes participantes. Trés atletas apresentaram retocele (natagdo, ginastica e langamento de dardo) e 4
participantes apresentaram defeito paravaginal (voleibol, equitagdo, langamento de dardo e corrida). A voleibolista apresentou o
maior valor da area hiatal do musculo elevador durante a CMV.

Conclusdes: As atletas mostraram diferengas minimas nos parametros avaliados. A amostra foi pequena para generalizar
resultados, mas ha uma tendéncia para as atletas de exercicios de alto impacto apresentarem a menor CMV. S3o necessarios mais
estudos para corroborar estes resultados.

Palavras-chave: contragcdo maxima voluntaria; ecografia translabial; elevador do anus; fungdo do pavimento pélvico.

ABSTRACT

Introduction: One of the functions of the pelvic floor muscles (PFM) is to support the pelvic organs and continence. This continence
mechanism tends to change when PFM are exposed to high-impact exercises.

Objetives: To describe the dynamic changes in the pelvic floor (PF) in elite nulliparous athletes.

Methods: Translabial two and three-dimensional ultrasound was used to assess PF anatomy and function in athletes (n=8). This
ultrasonography was performed after voiding and in the supine position, using a vaginal probe. The descent of the pelvic organs
was assessed on a maximum Valsalva maneuver, whilst the volume datasets were acquired at rest, during maximum voluntary
contraction (MVC) and during a Valsalva maneuver. The athletes performed each maneuver at least 3 times, with the most
effective being used for evaluation.

Results: The bladder neck descent was 14 mm for the javelin thrower, being the highest value when compared to the remaining
participants. Three athletes featured the rectocele (swimming, gymnastics and javelin throw) and 4 participants presented a
paravaginal defect (volleyball, horsemanship, javelin throw and printer). The volleyball athlete had the highest value of the levator
hiatal area in MVC value.

Conclusions: The athletes present minimal differences in the evaluated parameters. The sample is small to generalize the results,
but there is a tendency for athletes of high-impact exercises to have a lower CMV value. Further studies are needed to corroborate
these results.

Keywords: maximal voluntary contraction; translabial ultrasound; levator ani; pelvic floor function.

RESUMEN

Introduccion: Una de las funciones de los musculos del suelo pélvico (MSP) es apoyar los érganos pélvicos y la continencia. Este
mecanismo de continencia tiende a cambiar cuando las MSP estan expuestas a ejercicios de alto impacto.

Objetivos: Describir los cambios dinamicos en el suelo pélvico (SP) en atletas nuliparos de élite.

Métodos: Se utilizé ultrasonido translabial para evaluar la anatomia y la funcién de la SP en atletas (n = 8), que se realizé después
de orinar y en posicién supina a través de un tubo vaginal. El descenso de los 6rganos pélvicos se evalué mediante la maniobra de
Valsalva. El volumen se evalud en reposo, durante la contraccion voluntaria maxima (CVM) y en Valsalva. Los atletas realizaron
cada maniobra al menos 3 veces, siendo la mas efectiva la utilizada para la evaluacion.

Resultados: El descenso del cuello de la vejiga fue de 14 mm para el atleta de jabalina, el valor mas alto en comparacion con los
otros participantes. Tres atletas presentaron rectocele (natacién, gimnasia y jabalina) y 4 participantes presentaron defectos
paravaginales (voleibol, equitacidn, jabalina y carrera). El jugador de voleibol presentd el valor mas alto del drea hiatal del musculo
elevador durante el CVYM.

Conclusiones: Los atletas mostraron diferencias minimas en los pardmetros evaluados. La muestra fue pequefia para generalizar
los resultados, pero los atletas de ejercicios de alto impacto tienden a tener el CVM mas bajo. Se necesitan mas estudios para
corroborar estos resultados.

Palabras clave: contraccion voluntaria maxima; ultrasonido translabial; elevador ano; funcidn del suelo pélvico.
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INTRODUCTION

The World Health Organization considers urinary incontinence to be a public health problem that mostly affects women and
consequently compromises their quality of life. Some people still see this pathology as a natural consequence of age and adapt to
the changes imposed by it. Nowadays it is known that it is not just a natural consequence of age, as it can also appear in young
people, including nulliparous women and athletes.

1. THEORETICAL FRAMEWORK

The important role of the pelvic floor muscles (PFM) is to support the pelvic organs, continence and childbirth (Karim, Begum et
al. 2019). Continence is a complex mechanism, involving the coordination between the PFM, the urethra, the bladder and their
supporting ligaments. This mechanism involves both striated (voluntary control) and smooth (involuntary) muscles (Bg 2004) The
aim of this study was to describe the dynamic changes in the pelvic floor in elite nulliparous athletes.

2. METHODS

2.1 Sample

This study, reporting the PF function by translabial 2D/3D ultrasonography in a sample of 8 athletes, volunteered to participate in
the study. All athletes were active in the first league of their various sports and at the time of testing had been training for a
minimum of 5 years, having reached a national or international level of competition. In this research note, the sociodemographic
and anthropometric data were collected using a structured questionnaire. The inclusion criteria were elite nulliparous athletes
trained or qualified in a particular sport, between 18 and 30 years old. The exclusion criteria were the inability to perform a correct
PFM contraction, combination of multiple sports and surgical treatment of gynecological and urological illnesses.

2.2 Data collection instruments and procedures

The sports included were: volleyball (1), swimming (n=1), karate (n=1), gymnastics (n=1), horsemanship (n=1), pentathlon (n=1),
javelin throw (n=1) and sprinting (n=1). Ethical approval was obtained from the Ethics Committee of the Hospital center of Tras-
os-Montes and Alto Douro, Vila Real, Portugal (165/2018). All participants gave informed written consent. The evaluation and
imaging were performed using GE Voluson 730 pro and were carried out by an experienced doctor, who did not have access to all
the clinical information. All athletes were imaged in a supine position, after voiding. Imaging was performed in the mid-sagittal
plane with the angle of acquisition set at 902. The posterior vesico-urethral angle was acquired at rest and during a Valsalva
maneuver. The most effective of at least three maneuvers was used for evaluation. The descent of the pelvic organs was assessed
during the Valsalva maneuver. The levator hiatus was measured at rest, during the Valsalva maneuver and MVC of PF.

2.3 Statistical analysis
Sample characteristics (age and BMI) were described using meantstandard deviation. For the biometric indices, the value of each
athlete is presented.

3. RESULTS

The results from the questionnaire indicate that all were asymptomatic for SUI or gynecological disorders. Eight international
female league players, of different sports (age, 22.4+4.1 years and body mass, 20.7+1.9 kg) (Table 1)

Concerning the 2D ultrasound, the findings were the following: the PVU angle measurements were similar, showing no difference
between them, either at rest or Valsalva. Only the karate athlete has urethral hypermobility because her value during the Valsalva
maneuver was 164.402, although it was asymptomatic. The results of bladder neck descent, relative to the symphysis pubis on
maximum Valsalva demonstrate that the most favorable value was in volleyball, with no movement/descent of the bladder, while
the worst value was in the javelin throw (still this value is within normal). Three athletes presented a mild rectocele, javelin throw,
gymnastics and swimming modalities (Table 2).

Concerning the 3D ultrasound evaluations: the area of the levator hiatus at rest, the Valsalva and the MVC were measured. At
rest, the lowest value was in pentathlon and the highest value was in javelin throw. For the Valsalva maneuver, the javelin throw
athlete showed the highest value and the pentathlon obtained the lowest value. Regarding the MVC, the lowest value was in
gymnastics and the highest value was in volleyball. As for the LAM assessment, no participant showed LAM avulsion. A paravaginal
defect was detected in than half of the sample (n=4). The athletes with the defect were in volleyball, horsemanship, pentathlon
and sprinting (Table 2). There were no changes in normality with respect to the levator hiatal area and LAM avulsion (Figure 1).
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Table 1 -Participants’ characteristics (n=9)

Age (years) BMI (Kg/m?)

Sports (n=8)

Volleyball (n=1) 19 23.4
Swimming (n=1) 27 22.8
Karate (n=1) 18 17.6
Gymnastics (n=1) 29 22.0
Horsemanship (n=1) 20 20.1
Pentathlon (n=1) 19 19.0
Javelin Throw (n=1) 24 20.3
Sprinter (n=1) 23 20.6
Non-athlete (n=1) 27 20.4
Mean+SD 22.9+4.1 20.7+1.8

Note. BMI, body mass index; SD, standard deviation

Table 2 - Biometric indices of the sui, pop, levator hiatos area, lam avulsion and paravaginal defect

Assessment Volleybal ~ Swimmin Karat Gymnasti Horsemanshi Pentathlo  Javelin Sprinte
| g e cs p n Throw r
(n=1) (n=1) (n=1)  (n=1) (n=1) (n=1) (n=1) (n=1)
2D sul PVU Rest (2) 143.07 105.21 129.5 108.89 133.95 116.00 142.90 117.50
angle 2
Valsalva (2) 140.00 122.19 164.4 141.15 126.29 127.00 160.87 146.16
0
Bladder neck descent 0 5 10 0.17 7.15 4 14 6
(mm)
POP Cystocele No No No No No No No No
Rectocele No Mild No Mild No No Mild No
3D Levator hiatal area Rest (cm?) 13.43 12.63 12.50 13.96 14.67 11.14 15.32 13.30
Valsalva 13.33 15.36 17.33 15.60 14.65 11.65 19.26 13.48
(cm?)
MVC (cm?) 11.5 10.82 10.67 8.61 11.25 9.72 11.39 10.98
LAM avulsion No No No No No No No No
Paravaginal defect Yes No No No Yes No Yes Yes

Note. 2D, two-dimensional ultrasound; 3D, three-dimensional ultrasound; LAM, levator ani muscle; MVC, maximum voluntary contraction; POP, pelvic organ
prolapse; PVU, posterior vesico-urethral; SUI, stress urinary incontinence.

. Gymnastics
Volleyball o Swimming : ; v

Horsemanship

Pentathlon Karate REAE

Throw

Sprinter

Figure 1 - Measurement of maximum voluntary contraction (A) in the minimal hiatal dimensions.

4. DISCUSSION

Previous studies using 3D ultrasound imaging had evaluated functional and morphological parameters of young nulliparous
athletes, such PF trauma and distension of the levator hiatos (Dietz 2019). Kruger et al (Kruger, Dietz et al. 2007) found the levator
hiatal area at rest, 12.71+2.49 cm? in the high-impact, frequent intense training (HIFIT) group and 12.77+2.43 cm? in the control
group. Found the levator hiatal area on valsalva, 21.5349.98 cm? in the HIFIT group and 14.91+7.18 cm?in the control group. Found
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the levator hiatal area on pelvic floor muscle contraction, 10.59+1.71 in the HIFIT group and 9.7242.11 in the control group . These
findings are similar to this study. The dynamic assessment of the LAM was able to demonstrate that no participant presented LAM
avulsion. Despite this, the javelin throw athlete had a markedly increased levator hiatus area during a voluntary Valsalva
maneuver. This might be explained by a higher awareness by high-impact athletes regarding the kinesthetics involved in high
impact exercises, which can enable them to use task-specific muscles, as well as more abdominal strength, and the resulting
increase in intra-abdominal pressure they are able to develop (Kruger, Dietz et al. 2007). The volleyball athlete had the highest
value of the levator hiatal area in MVC, so she contracted the PFM less. As explained above, high-impact exercises can cause PF
disorders, namely weakening of the PFM, which in turn can lead to SUI (Carvalhais, Da Roza et al. 2018). This tends to be more
prevalent in high-impact sports (Pires, Pires et al. 2020), such as gymnastics, track and field, and some ball games (Gram and Bg
2020).

SUI is mainly related to bladder neck hypermobility, PFM and pelvic ligaments which are weak or damaged (Lasak, Jean-Michel et
al. 2018), as well as changes to the structure of the neuromuscular and connective tissues supporting the bladder neck and the
urethra. If athletes continue to strengthen their PFM, urine leakage may never happen (Livingston 2016). It is extremely important
to have PFM training in these athletes, as it is advised for the prevention and treatment of SUI in several studies (Hagovska, Svihra
et al. 2017). In order to better accomplish the MVC, the participants received information about the structure / function of the
PFM, in addition to learning to develop awareness of them. This means that the athletes received assistance in contracting the
correct muscle during the MVC, without contracting the other related muscles, such as the rectus abdominis, the thigh adductor
and the gluteus maximus (accessories). Doing so would mean a considerable decrease in the contractile activity of the PFM (Kruger,
Dietz et al. 2007). SUI can interfere with athletes’s participation in sport and fitness activities, consequently affecting their health,
self-esteem and well-being (Pires T 2020).

Two-dimensional (2D) ultrasonography has been one of the tools used to assess anatomical changes in the mobility of the pelvic
organ of women suffering from SUI and POP (Dietz 2017). The findings showed that the PVU angle at rest does not show major
changes. The findings during the Valsalva maneuver, demonstrated one participant (karate) had parameters compatible with
urethral hypermobility. Although karate is considered a moderate impact sport, in fact the athlete mentioned that running, a high
impact sport (Mitchell, Haskell et al. 2005), is also part of her daily training, which may justify these results. Women with SUI
commonly (or high impact sports) show an increase in bladder neck mobility and a descent below the level of the symphysis pubis
during the Valsalva maneuver. Dietz et al (Dietz, Eldridge et al. 2004) noted that the HIFIT nulliparous women group showed a
considerably higher mobility of the bladder neck, as well as in the levator hiatal area than the control group. However, most of
the HIFIT women were asymptomatic for Ul, as observed in our study as well. The bladder neck descent measurements were the
highest in the javelin throw (even though, within normal ranges). The remaining measurements were within the normal
parameters (Dietz 2004). There is no definition of ‘normal’ for bladder neck descent, although a cut-off of 2.5 cm has been
proposed to define hypermobility (Dietz 2004). Urethral mobility as a measure of urethral support, focuses mainly on the bladder
neck (Dietz 2017). There is minimal information available on the mobility of the remainder of the urethra, which we believe is
important to understand urethral support and the pathophysiology of SUI and urodynamic stress incontinence (Dietz 2019).
According to Dietz et al (Dietz 2004), the retrovesical (or posterior urethrovesical) angle usually opens to up to 160-180¢°, from a
normal value of 90-120¢. Such a change in the retrovesical angle is often (but not always) associated with funneling. Three athletes
(swimming, gymnastics and javelin throw) demonstrated a mild rectocele, but were asymptomatic for clinical symptoms of POP.
The women with increased pelvic organ descent are usually associated to having ‘weak’ PFM. There is a known correlation
between hypermobility syndrome and some connective tissue disorders, including an increased risk for POP (Pirpiris, Shek et al.
2010). These differences may be explained by the differences in the connective tissue itself or the muscle biomechanics, which
may have originated before or after the high-impact training (Kruger, Dietz et al. 2007).

CONCLUSIONS

Although the sample is very small for large conclusions, there is a tendency for high-impact sports to suffer more changes in PFM,
namely weak MVC that may lead to the appearance of SUI, as was the case with volleyball and javelin throw athletes.

Future research with a larger sample of high-performance athletes is necessary to explore whether they present similar results
after the intervention.
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