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Abstract
There is a great deal of confusion about the use of the Valsalva manoeuvre (VM), 
and its potential to harm or benefit the pelvic floor when performing resistance train-
ing (RT). The VM is completed when expiratory pressure is exerted on a closed or 
partially closed glottis. This creates a haemodynamic response that corresponds to 
an increase in blood pressure and then heart rate. For the RT athlete, the VM is a 
term used to describe bracing of the abdominal musculature to increase trunk stiff-
ness and lumbar stability by intensifying intra- abdominal pressure. This gives indi-
viduals a performance advantage during RT. Within pelvic health, the VM is used 
to assess pelvic floor dysfunction (PFD), and in particular, pelvic organ prolapse. 
Emerging literature demonstrates that rates of PFD are high in resistance- trained 
female athletes, and therefore, it has been suggested that avoidance of the VM 
helps to reduce pelvic floor complaints in this population. However, this is unre-
alistic given that an involuntary, transient VM occurs at loads greater than 80% of 
an individual’s one repetition maximum, and removal of the VM would potentially 
reduce performance in RT athletes. Physiotherapists need to use their evaluation 
and management skills to improve the symptoms of individuals who participate in 
RT and experience PFD. This clinical commentary reviews the physiology of the 
VM, explores rates of PFD in resistance- trained female athletes, and makes recom-
mendations for the evaluation and treatment of these individuals. Unique consid-
erations for the pregnant female participating in RT are also discussed.
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Introduction
Sports such as CrossFit, Olympic weightlifting 
and powerlifting have seen a dramatic increase 
in participation in the past decade (Huebner 

et al. 2021). This has resulted in a significant 
rise in the number of women engaging in resist-
ance training (RT) at both the recreational and 
competitive levels (Huebner et al. 2021). These 
sports include RT at both high intensities and 
high loads. Female athletes report elevated rates 
of pelvic floor dysfunction (PFD) (Rebullido 
et al. 2021), and those participating in high- load 
and high- impact RT appear to be no exception 
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(Álvarez- García & Doğanay 2022; Skaug et al. 
2022). Reports suggest that symptoms of PFD 
may be as high as 50% in RT (Wikander et al. 
2021). This occurs most frequently when lifting 
closer to one’s maximum capacity [one repeti-
tion maximum (1 RM)], and when performing 
the Valsalva manoeuvre (VM) (Wikander et al. 
2021).

The VM is an important physiological phe-
nomenon. In RT athletes, it refers to a breath 
strategy that involves forced expiratory flow 
against a closed glottis (Hackett & Chow 2013). 
When lifting at external loads greater than 80% 
of an individual’s 1 RM or maximum volun-
tary contraction, a transient VM is performed 
(MacDougall et al. 1992). Execution of the VM 
during RT results in an increase in trunk stiff-
ness (Hughes et al. 1989), an elevation in in-
trathoracic and intra- abdominal pressure (IAP) 
(Blazek et al. 2019), and increased electromyo-
graphic activation of the paraspinal musculature 
(Thompson et al. 2006). In this context, the VM 
confers a performance advantage since it enables 
an increase in force transfer, and therefore, more 
weight can be lifted.

In the context of urogynaecology, the VM in-
volves bearing down against a closed glottis to 
evaluate changes in the range of motion of the 
vaginal wall (Spahlinger et al. 2014). This tech-
nique is an integral component of the assessment 
of pelvic organ prolapse (POP), in which the 
movement of the anterior, posterior and apical 
components of the vaginal walls is evaluated us-
ing measures such as the Pelvic Organ Prolapse 
Quantification (POP- Q) system (Madhu et al. 
2018). An intentional bear- down, as seen in POP 
assessment, should not be a component of the 

VM while bracing during RT. However, while 
describing unique manoeuvres, this overlapping 
of terminology creates confusion in the research 
and clinical spaces (Bø et al. 2023). Pelvic floor 
physiotherapists and obstetrical providers may 
discourage the use of the VM during RT out of 
fear of exacerbation, or the development, of POP 
or other PFDs such as urinary incontinence (UI) 
(Bø et al. 2023). Figure 1 highlights differences 
in the direction of pressure between these two 
manoeuvres.

An important part of the rehabilitation of RT- 
focused female athletes is ameliorating the symp-
toms of PFD. This is because stress UI during 
lifting can affect athletic performance (Skaug 
et al. 2022), and PFD during exercise is a bar-
rier to participating in it (Dakic et al. 2021). It 
is important that clinicians understand the role 
of RT and, specifically, the VM on pelvic floor 
function in women, and subsequently, interven-
tions to improve symptoms. The aims of the pre-
sent clinical commentary are to: provide readers 
with an understanding of the VM in the context 
of RT performance; highlight unique components 
of the evaluation process that may aid pelvic 
floor physiotherapists treating resistance- trained 
women with PFD; and offer guidance for the 
management of PFD in these individuals. For 
the purposes of this paper, and to circumvent any 
confusion of terminology, the VM in the context 
of RT will be termed “abdominal bracing”.

Physiology of the Valsalva manoeuvre
The utilization of the VM increases pressure 
across the different segments of the body (i.e. 
the cranial, ocular, thoracic and abdominal 

(a) (b)

Figure 1. Demonstration of a Valsalva manoeuvre for (a) prolapse assessment and (b) bracing for resistance training. 
Arrows indicate the line of force with increases in intra- abdominal pressure. Image adapted from and used with the 
permission of Pelvic Guru, LLC (© 2021).
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regions) (Looga 2005; Pstras et al. 2016). The 
following sections highlight major features of 
the VM that are relevant to clinicians working 
with women who participate in RT.

Cardiovascular system
When investigating haemodynamics and the rel-
ative load on the cardiac system during the VM, 
cardiac evaluation involves a sustained strain for 
15 s against a closed glottis (Ghazal 2017). A 
detailed account of the intricacies of the haemo-
dynamic response to this manoeuvre is outside 
the scope of the present paper. For this com-
mentary, the authors will focus on blood pres-
sure and heart rate.

When a VM is initiated, there is a transient 
increase in arterial blood pressure, which is fol-
lowed by a progressive decline (Pstras et al. 2016). 
As blood pressure drops, there is an increase in 
heart rate to counter blood pressure changes and 
maintain IAP throughout the duration of the ma-
noeuvre (Pstras et al. 2016). Similar haemody-
namic responses occur during abdominal bracing 
in RT (Hagins et al. 2004; Watanabe et al. 2022). 
The magnitude of IAP escalation and the subse-
quent haemodynamic response are very variable. 
The length of time during which individuals hold 
their breath differs based on the form of exercise, 
the number of sets and repetitions, the load, and 
experience (Kawabata et al. 2010; Kawabata & 
Shima 2023). More- experienced lifters generate 
a larger change in IAP, and therefore, a great-
er haemodynamic response than their untrained 
counterparts (Kawabata et al. 2010; Drury & 
Green 2023).

The abdominal brace may cause side effects, 
particularly in experienced lifters, although the 
manoeuvre is considered low- risk for those with-
out significant cardiovascular disease (Hackett 
& Chow 2013). Elevation of intraocular pres-
sure may lead to a subconjunctival haemorrhage 
(Vera et al. 2020). If a breath- hold is sustained 
for longer durations, presyncope or full syncope 
may occur as a result of hypotension (Hackett 
& Chow 2013). These side effects are generally 
transient and benign. If patients are experiencing 
these effects on a regular basis, advising them to 
avoid the VM and adopt an exhale- on- exertion 
strategy instead is recommended. Referral to a 
physician for cardiac testing may also be prudent.

Musculoskeletal system
Intra- abdominal pressure is an important vari-
able for the expression of strength during RT 
(MacDougall et al. 1992; Niewiadomski et al. 

2012). Resistance training intensity is expressed 
as a measure of effort. Effort can be intensified 
through increasing the number of repetitions in 
order to approach muscular failure, or an increase 
in load lifted compared to maximum capacity  
(1 RM) (Currier et al. 2023). Both a greater ex-
ternal load and a higher number of repetitions 
result in increases in IAP (Saldaña García et al. 
2020). This creates more demand on the mus-
cles of the trunk and greater fatigue (Clark et al. 
2021). The core musculature is often concep-
tualized as a canister where the co- contraction 
of each of the “sides” is responsible for trans-
fer of force. The muscles involved in this force 
transfer and, ultimately, RT performance include 
the abdominal wall (i.e. the internal oblique, ex-
ternal oblique and transversus abdominis), the 
chest wall, the spinal erectors (i.e. the multi-
fidus, paraspinals and erector spinae) and the 
pelvic floor muscles (PFMs) [i.e. the levator ani 
(iliococcygeus, pubococcygeus and puborectalis)] 
(Thompson et al. 2006; Hamlyn et al. 2007).

Electromyographic tracings of relative acti-
vation patterns during a static VM (i.e. closing 
the nose and mouth, and forcefully exhaling as 
if you were popping your ears on an airplane) 
show that approximately equal contributions are 
made by each component of the core canister, 
including the PFMs (Thompson et al. 2006). 
This changes in relation to the movement being 
performed, the position of the trunk and the de-
gree of spinal movement (Hamlyn et al. 2007). 
However, to date, most of the electromyographic 
data on RT and the VM have not been used to 
evaluate the contribution of the PFMs (Hamlyn 
et al. 2007; Clark et al. 2021). Although insights 
can potentially be extrapolated on the contribu-
tions of the core canister to functional perfor-
mance, more research is needed to clarify role 
of the pelvic floor. While some pilot data exist 
(Dietze- Hermosa et al. 2020), these researchers 
used lower relative loads, and little is known 
about the IAP that the pelvic floor withstands un-
der different RT loads (as percentages of 1 RM). 
Intra- abdominal pressure is highly individual, 
and the amount that individuals can withstand 
while still maintaining continence varies from 
person to person (Dietze- Hermosa et al. 2020).

There are two opposing theories relating to re-
petitive exposure of the pelvic floor to the VM 
and the risk of PFD. One postulates that a train-
ing effect will occur, and the pelvic system will 
adapt to the pressures to which it is exposed 
(Bø et al. 2023). The other is that RT and re-
petitive exposure to the VM will weaken the 
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structures around the pelvis, making individuals 
more likely to experience issues such as POP 
(Bø & Nygaard 2020). Indeed, PFM thickness 
is greater in women who are regular exercisers 
than those who are not, but this does not trans-
late into an increase in the strength of these mus-
cles (Menezes et al. 2022). The impact of regu-
lar RT on static support around the pelvis and 
the subsequent risk of POP is unclear (Bø et al. 
2023). Occupational heavy lifting is a known 
risk factor for the development of POP, which 
has led to recommendations to avoid high- load 
RT and the VM in order to mitigate this pos-
sibility (Currier et al. 2023). However, occupa-
tional heavy lifting is not equivalent to gradual 
and progressive voluntary RT (Cai & Davenport 
2022), and despite the increased risk of PFD in 
female athletes, particularly those participating in 
a high- impact or high- load sport, there does not 
seem to be a greater risk of PFD later on in life 
when they have retired from it (Bø & Sundgot- 
Borgen 2010). Additionally, avoiding the VM is 
not possible because athletes will transiently per-
form a VM at loads greater than 80% of their 
1 RM (MacDougall et al. 1992). Therefore, it is 
unrealistic for health professionals to advise RT 
athletes to avoid the VM. It is important for cli-
nicians to: be aware of the mechanisms of PFD 
and risk factors for RT athletes; incorporate RT- 
specific components into the pelvic floor exami-
nation; and implement appropriate strategies to 
return athletes participating in RT to leak- free 
sport.

Pelvic floor dysfunction in resistance 
training female athletes
With the rise in popularity of resistance- focused 
exercise modalities such as CrossFit, power-
lifting, weightlifting and functional fitness, at-
tention has been brought to the incidence and 
prevalence of PFD in both recreational and 
elite- level athletes. A recent systematic review 
of cross- sectional studies of CrossFit highlighted 
that, when pooled across studies, approximate-
ly 36% of female athletes leak during CrossFit 
movements (Álvarez- García & Doğanay 2022). 
The majority of these symptoms occur dur-
ing impact movements, such as jump rope and 
double- unders, or during high- load resistance 
exercises, such as the squat and the deadlift 
(Álvarez- García & Doğanay 2022).

For those engaging in powerlifting and weight-
lifting, the numbers appear to be equivalent or 
slightly higher. In a survey of female competitive 

powerlifters, the rate of UI in the previous 
3 months was reported to be 44% (Wikander et al. 
2021). The deadlift was the most common cause 
of leaking (Wikander et al. 2021). The incidence 
of UI was linked to age, parity and strength, with 
those who were stronger experiencing increased 
rates of incontinence (Wikander et al. 2022). A 
study by Skaug et al. (2022) involving elite- level 
powerlifters and weightlifters demonstrated that 
50% (n = 90/180), 23% (n = 23/180) and 80% 
(n = 144/180) of female athletes surveyed experi-
enced UI, subjective symptoms of POP and anal 
incontinence, respectively (Skaug et al. 2022).

When prompted to describe the circumstances 
that led to their pelvic floor symptoms, heavier 
loads (1–5 RM), the use of a weightlifting belt, 
technical faults, nutritional considerations (e.g. 
constipation and hydration) and parts of the 
menstrual cycle were reported by the participants 
(Wikander et al. 2021). These factors give valu-
able information to guide the clinician’s subjec-
tive interview when treating individuals who are 
experiencing leaking during RT.

These high rates of pelvic floor symptoms in 
resistance- trained individuals align with the ex-
isting literature on PFD in adolescent females 
participating in sports (Rebullido et al. 2021; 
Álvarez- García & Doğanay 2022). This raises 
questions about how female athletes are being 
trained in these exercise modalities and the edu-
cation that they receive about the pelvic floor, 
and highlights a need for potential modifications 
to the coaching of these movements to prevent 
the high rates of PFD seen in those participating 
in RT.

Additionally, despite these high rates, work 
by Forner et al. (2020) showed that subjective 
reports of prolapse were substantially less for 
those who were able to lift > 50 kg than those 
who could lift ≤ 15 kg (59.7% versus 15.2%, re-
spectively). A potential hypothesis is that those 
with more reserves of strength place less strain 
on the pelvic floor during activities of daily liv-
ing. During exercise, RT athletes utilize external 
loads that greatly exceed the requirements of ac-
tivities of daily living. As such, they may exhibit 
an increase in symptoms when they approaching 
their maximum thresholds, which include those 
seen in sport or recreational RT in a gym setting.

Evaluation of pelvic floor dysfunction in 
resistance training female athletes
The evaluation and management of PFD, includ-
ing stress UI and POP, is within the scope of 
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practice of pelvic floor physiotherapists, urolo-
gists, urogynaecologists and obstetricians, al-
though approaches may vary depending on spe-
cialty and education (AUA 2016; CPA 2023). 
Stress UI occurs when there is an involuntary 
loss of urine during times of elevated IAP 
(Haylen et al. 2016). Increases in IAP occur 
when coughing, sneezing, laughing or vomiting 
(Haylen et al. 2016). Intra- abdominal pressure 
fluctuates to varying degrees during exercise (de 
Gennaro et al. 2019). As mentioned above, ap-
proximately half of athletes leak urine during 
high- load RT (Skaug et al. 2022), and a sub-
set only do so during exercise- related activities 
(Wikander et al. 2021). This subcategory of UI 
is termed “athletic incontinence” (Araujo et al. 
2017).

Athletic incontinence may occur because the 
strength and coordination of the PFMs is suffi-
cient to meet the IAP increases of daily fluctua-
tions such as coughing, but hits a “failure” point 
at impact or load thresholds generated during ex-
ercise. Therefore, it is important to include sport- 
specific components to a pelvic floor evaluation 
to cater for the individual needs of the patient. 
It is acknowledged that much of the following 
section relates to the present authors’ clinical ex-
periences, and has yet to be formally evaluated 
by research.

During the subjective examination, clinicians 
should ask a patient which movements cause 
urine or gas leakage, and the circumstances and 
severity of these symptoms. It is also important 
to identify known risk factors that may provide 
an insight into the symptom profile. Those that 
may influence the onset of pelvic floor symptoms 

during RT include age (Brito et al. 2022), parity 
(Wikander et al. 2022), relative strength numbers 
(Wikander et al. 2021), time of day, periodization 
block, caloric intake (Whitney et al. 2021) and 
phase of the menstrual cycle (Wikander et al. 
2021). Education relating to the impact of these 
risk factors on pelvic health is a vital compo-
nent of managing PFD in RT. Table 1 highlights 
unique considerations for the patient who leaks 
during RT.

The objective evaluation should include video 
or in- person analysis of high- load barbell move-
ments. Patients often experience symptoms at 
a particular threshold (e.g. when lifting > 75% 
of their 1 RM), and exploring technical faults 
provides relevant information at those loads. 
Coaching and correcting faults can lead to im-
provements in symptoms. Functional analysis 
should be done with individuals using their pre-
ferred breathing strategy.

Following functional analysis, assessment of 
the PFMs and visualization of the presence of 
POP can be completed, and this is often done in 
supine (Madhu et al. 2018; da Silva et al. 2021). 
For PFM strength assessments, individuals rest 
with their hips flexed and abducted. The strength 
of the pelvic floor is evaluated with digital pal-
pation (i.e. the index finger, or index and middle 
fingers) (da Silva et al. 2021). This assessment 
method is cost- effective and commonly used 
in physiotherapy practice (Deegan et al. 2018). 
However, it must be noted that no gold stand-
ard approach to measurement has been estab-
lished, and there are differences between pelvic 
floor force capacity in supine and standing as-
sessments (Deegan et al. 2018). More literature 

Table 1. Components to include in a pelvic floor evaluation of individuals who leak during resistance training

Component Unique considerations

Subjective questions With which movements do you notice symptoms? At what percentage or repetition range? At 
what point during the lift?
What is the severity of your symptoms? Do you feel like you might urinate? Is it a few drops or 
a complete emptying of your bladder?
Do you use a weightlifting belt? Does that change your symptoms?
Has your training volume recently changed (i.e. at around the time of the onset of leakage)?
Are you trying to change your weight? 
Are you getting a regular menstrual period? Do your symptoms change at different phases of your 
cycle?
What is your nutritional intake? Do you know how many calories you are consuming? 
Do you notice more symptoms when you are cutting versus when you are not? 

Functional evaluation Perform in the clinic or evaluate videos of movements that are provoking symptoms
If using video analysis, ideally view from 45° or a side angle
Evaluate bracing strategy with and without a weightlifting belt
Evaluate breath strategy during lifts

Objective measurement 
 

Evaluation of pelvic floor muscle contraction, bracing and bearing down in supine and standing 
External visualization of vaginal wall range of motion with pelvic floor muscle contraction, 
bracing and bearing down
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has been published on the benefit of the stand-
ing assessment for the evaluation of PFD (Bø 
& Finckenhagen 2003; Rodríguez- Mias et al. 
2018; Mastwyk et al. 2022), and these authors 
believe that it is a useful tool for the assessment 
of RT athletes. While the standing assessment 
typically focuses on the PFM contraction (Bø 
& Finckenhagen 2003), the present authors also 
suggest examining pelvic floor movement during 
an abdominal brace and a Valsalva strain.

During a standing assessment, the clinician 
will ask the patient to lift a leg onto a support, 
such as a stool, to allow for digital insertion. 
After returning to the resting position of a com-
fortable hip- width stance, the clinician then asks 
her to perform: (1) a pelvic floor contraction; 
(2) an abdominal brace “as if you are lifting a 
weight in the gym”; and (3) a strain or the VM 
(Fig. 2). When assessing the brace, there should 
either be no change in PFM tone or a slight lift 
of the pelvic floor. A bear- down during the brace 
is considered to be a relevant finding, and treat-
ment will involve teaching the patient an ab-
dominal bracing strategy that does not involve a 
downward strain on the pelvic floor. While still 
internally palpating, she can then transition into 
the bottom position of a squat, and this sequence 
is then repeated. Note that PFM contractions will 
generally be weaker during a standing assess-
ment than in supine (Bø & Finckenhagen 2003), 
and contractions will be weaker at the bottom 
of the squat than in a standing evaluation. When 
evaluating PFM tone while lifting a weight, the 
clinician is not cueing the pelvic floor during 
this task, but rather, characterizing any coordina-
tion issues during the abdominal brace. It may 
be clinically relevant to perform this evaluation 
after an RT session: individuals with UI show 
decreases in maximum voluntary contraction of 

the PFMs following training in contrast to their 
peers without incontinence (Lindland Ree et al. 
2007). High- intensity exercise that includes RT 
also causes changes in resting support of the 
pelvic floor, and therefore, may be an important 
consideration for POP assessment (Middlekauff 
et al. 2016). Straining during an abdominal brace 
may also sensitize the pelvis, and can contribute 
to subjective POP symptoms.

Pelvic organ prolapse assessment is done by 
visual inspection during a VM strain, or with ob-
jective measurement tools such as the POP- Q in 
supine (Madhu et al. 2018). Range of motion is 
graded during a maximal strain relative to the 
hymen (Haylen et al. 2016). A lack of agreement 
exists between the evaluation of the objective 
signs of POP and subjective complaints (Brown 
et al. 2022). Therefore, while it is important to 
utilize objective assessments of POP as part of a 
comprehensive pelvic floor assessment, modifica-
tion of subjective symptoms should be used as 
the primary measure of the effectiveness of an 
intervention. Additionally, some researchers have 
questioned established normative values, and 
have called for the integration of standing pro-
lapse assessment into standard practice as well as 
the modification of these values to reflect pelvic 
support in the standing position (Rodríguez- Mias 
et al. 2018). With the increase in popularity of 
point- of- care ultrasound (Smith et al. 2022), it 
may be possible to visually assess prolapse and 
degree of descent with bracing and while loaded 
during a pelvic floor physiotherapy assessment.

Treatment of pelvic floor dysfunction in 
resistance training female athletes
The treatment of women who are experienc-
ing leaking or heaviness with RT takes a 

(a) (b)

Figure 2. Pelvic floor evaluation in (a) standing and (b) a squat position. The clinician has the client lean forward, 
and is positioned behind her for digital insertion. In this posture, the clinician can evaluate pelvic floor muscle ac-
tivity during the contraction, relaxation, Valsalva strain and abdominal bracing manoeuvres. This series of tasks can 
then be repeated at the bottom of a squat.
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three- pronged approach: (1) establish baseline 
awareness and coordination of the pelvic floor; 
(2) assess and ensure an appropriate bracing 
strategy to coordinate the core canister; and (3) 
accumulate volume sub- symptom threshold to 
increase strength capacity.

Establish a baseline awareness of the pelvic 
floor
There is high- level evidence to support the use 
of PFM training to improve the symptoms of 
incontinence (Hagen et al. 2020; Kharaji et al. 
2023). A recent systematic review has also 
found that PFM training is beneficial in the 
treatment of individuals who experience incon-
tinence during high- impact sports (Fukuda et al. 
2023). The objective evaluation should begin 
with clinicians raising awareness of the coordi-
nation requirements of the pelvic floor for the 
abdominal brace during RT. This can begin in 
supine, but should quickly transfer to standing 
and functional tasks.

Awareness of the pelvic floor is not strictly 
restricted to a focus on weakness and coordina-
tion. In the present authors’ clinical experience, 
leaking during RT can commonly occur because 
of hypertonicity of the PFMs as a result of over- 
recruitment of these muscles during RT because 
of previous leaking experiences. Differentiation 
between the need for strengthening in the case of 
pelvic floor weakness, and for coordination and 
appropriate recruitment in that of hypertonicity, 
is a pivotal step in building the appropriate foun-
dation of pelvic floor function during RT.

Teach proper bracing
When an abdominal brace is performed proper-
ly, force is distributed equally along all sides of 
the core cannister (Fig. 1). Athletes will inhale 
a large breath and then contract their abdomi-
nal wall while holding it. Cues such as “tighten 
like someone is going to punch you in the stom-
ach” and “tighten like a child is going to jump 
on you” for non- pregnant women, or “hug the 
baby” for pregnant individuals, can be effective 
ways to elicit this recruitment. Tactile cues can 
also be effective; for example, the athlete places 
her hand on her lower abdomen, feels for ten-
sion, and tries to avoid pushing out or caving in 
the abdominal wall. The pelvic floor is a reflex-
ive muscle group (Luginbuehl et al. 2022), and 
as such, should not necessarily be cued to fully 
engage during a brace.

Teaching athletes awareness of sensations at 
their pelvic floor (e.g. a strain or bear- down, a 

contraction, or no change) in combination with 
symptomatic behaviour will guide interventions. 
If they are experiencing leakage while describ-
ing the sensation of a bear- down at the pelvic 
floor, cueing a PFM contraction prior to bracing 
may help to mitigate that response. If they have 
no pelvic floor symptoms and do not feel their 
pelvic floor engaging during a brace, it is not 
necessary to intentionally cue them to perform 
a PFM contraction. Muscle recruitment of the 
core canister will increase as the demand placed 
on the PFMs increases (Fuglsang- Frederiksen 
& Rønager 1988). Therefore, as the load of the 
weight lifted increases, the intensity of the brace 
required will increase as a result of the greater 
need for motor unit recruitment. Athletes need 
not perform a maximal effort core and PFM 
contraction to brace for light- to- moderate- weight 
RT, but they should increase the intensity of their 
brace as the relative load of the lift increases.

Encourage subthreshold training to increase 
musculoskeletal capacity
Intra- abdominal pressure gradually increases 
with changes in breathing strategy (e.g. free 
breathing, exhaling on exertion and an abdomi-
nal brace), and with changes in load (Hackett 
& Chow 2013). The aim of rehabilitation is to: 
(1) reduce the severity of leaking at sympto-
matic loads; and (2) increase the threshold be-
fore symptom onset or remove symptoms at any 
load.

Manipulating breathing is a useful tool for 
the initial reduction of the symptomatic burden. 
As the VM occurs naturally over 80% of an in-
dividual’s 1 RM (MacDougall et al. 1992), for 
RT- focused athletes, permanent removal of the 
abdominal brace with a breath- hold is not ap-
propriate. However, they can begin accumulating 
volume below the threshold load of leaking with 
an exhale- on- exertion strategy (i.e. exhaling on 
the most challenging portion of the movement). 
After a period of volume accumulation and co-
ordination of the PFMs, a stronger abdominal 
brace utilizing a breath- hold strategy can be tri-
alled. Symptom onset in this context can be seen 
as a sign of bodily readiness for RT loads rather 
than a sign of damage or dysfunction.

Unique pregnancy considerations for 
resistance training female athletes
Resistance training during pregnancy is generally 
encouraged if it is at moderate intensity because 
it has been shown to have both maternal and 
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foetal benefits (Mottola et al. 2018). However, 
until recently, there was little evidence pertain-
ing to high- intensity RT and the safety of the 
VM during RT in pregnant individuals. The 
question of safety relates to the haemodynamic 
response of the VM interacting with the sig-
nificant changes to the maternal cardiovascular 
system needed to support pregnancy, the known 
risks of hypertension on maternal and foetal 
outcomes, and the potential for exacerbating the 
strain on the pelvic floor already present during 
pregnancy (ACOG 2020a).

With respect to the maternal cardiovascular 
system, blood volume increases by between 20% 
and 100% in comparison to pre- pregnancy lev-
els (Sanghavi & Rutherford 2014). This process 
begins within the first few weeks of gestation 
(Sanghavi & Rutherford 2014). In response to 
the increased blood volume, resting heart rate 
increases between 10 and 20 beats per minute. 
Cardiac output shows a significant rise in the 
first trimester, and this continues into the second 
trimester and can be up to 45% higher than it 
was before pregnancy (Sanghavi & Rutherford 
2014). The change in cardiac output is mediated 
by an increase in stroke volume (Soma- Pillay 
et al. 2016), which begins to rise in the first 
trimester, and continues to do so until the third 
trimester (Sanghavi & Rutherford 2014). With 
the changes to the cardiovascular system in the 
woman, and the known haemodynamic effects of 
the VM, initial safety and feasibility data were 
not established until recently (Meah et al. 2021).

With regard to the transient hypertension re-
sponse seen during the VM, gestational hyperten-
sive syndromes are a significant concern. These 
elevate the risks associated with both maternal 
and foetal outcomes, and this potential relation-
ship has led to the hypothesized need for rec-
ommendations against the use of VM, and of-
tentimes RT, during pregnancy because of a fear 
of negative effects on the foetus (ACOG 2020b). 
During submaximal RT, no significant differenc-
es in blood pressure, heart rate, cardiac output or 
cardiac functional measures were reported when 
utilizing the VM at 40% of a 10 RM leg press 
versus free breathing at 20%, 40% and 60% of 
a 10 RM leg press (Meah et al. 2021). With re-
gard to maternal cardiac function and haemody-
namic effects on the placenta, the literature does 
not support the recommendation that women 
should avoid the VM to prevent adverse foetal 
outcomes. Hypertensive syndromes were below 
national averages for women who performed 
high- load RT during their pregnancies (Prevett 

et al. 2023). Therefore, the VM does not need to 
be a contraindication during exercise.

During RT and the VM, blood is pushed to-
wards the working musculature. There has pre-
viously been concern that this could lead to a 
concomitant reduction in placental blood flow 
during the VM because of the increases in ma-
ternal blood pressure and IAP (Bø et al. 2016), 
and shunting of blood towards the periphery and 
away from placenta as a result of the vasodila-
tion of maternal extremities (Gould et al. 2021). 
Emerging updated evidence via real- time ultra-
sound demonstrates that not only does placental 
blood flow not decrease during high- load RT 
[specifically during a 1 RM inclined chest press 
up to a maximum of 50 lb (i.e. 22.7 kg)], but 
women who had participated in RT exercises 
during pregnancy demonstrated a statistically 
significant increase in blood flow to the placenta 
during their 1 RM lift (Gould et al. 2021).

Collectively, there is no evidence of maternal or 
foetal harm caused by performing RT at any in-
tensity during pregnancy. However, it must be ac-
knowledged that, at present, there is no evidence 
of the specific maternal haemodynamic effects of 
maximal RT during pregnancy, and the subsequent 
acute response of the pelvic floor. To empower 
and inform pregnant patients who wish to con-
tinue RT, the clinician should teach them about 
the proper mechanics of the brace. This is because 
motor control and proprioceptive awareness may 
change as pregnancy progresses. Furthermore, pa-
tients should be educated about signs that exer-
cise should be discontinued, including symptoms 
of hypotension or episodes of presyncope.

Finally, the use of the VM and high- load RT 
during pregnancy has been avoided since there 
is a belief that these activities may increase the 
risk of PFD because of the combined strain on 
the PFMs of pregnancy and elevated IAP with 
the abdominal brace (Bø et al. 2016). However, a 
cross- sectional survey of women who continued 
to lift > 80% of their 1 RM during their preg-
nancies and utilized a VM did not demonstrate 
any differences in maternal, foetal or delivery 
outcomes, and these were not associated with an 
increased risk of PFD postpartum (Prevett et al. 
2023). Further research is still needed to clearly 
elucidate this relationship, but the initial findings 
do not support this argument.

Conclusions
Clarification of terminology is the first step to-
wards creating clear guidelines for the use of 
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abdominal bracing, and the impact of RT and 
the VM on pelvic health. Clinicians have a large 
role to play in improving or eliminating PFD in 
RT athletes. Maintaining muscular strength is an 
important aspect of health and longevity, and 
should be encouraged across the female life-
span. More research is needed on the abdominal 
bracing strategy in female athletes to determine 
protocols to prevent the high rates of PFD cur-
rently seen in women who participate in RT.
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