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Strength and Pelvic Health in Peripartum Runners: A Pilot Cohort Study
ABSTRACT

CONTEXT: Peripartum women are running yet there is minimal evidence to understand
if these runners experience changes in strength or pelvic floor health. Expert guidelines
recommend strength training and rehabilitation while returning to running; however,
changes in strength and pelvic floor symptoms have not been investigated in cohorts of
pregnant and postpartum runners.

OBJECTIVE: This pilot study aimed to assess hip strength and ic floor symptoms in
cohorts of peripartum runners.

DESIGN: Cohort study. \K

SETTING: Laboratory data collection. Q

PARTICIPANTS: Healthy runners who we ng to conceive, pregnant or postpartum

and reported running at least once a mlnutes were eligible to participate.
L 2
MAIN OUTCOME MEASUR\; orts of participants (each trimester and

postpartum) underwent hip

<

analysis was performed to compare the strength among the cohorts. Descriptive

tMgesting with a dynamometer. All hip motions were

measured. The pe ility index survey (PFDI-20) assessed participant’s

weekly prevalence den of pelvic floor symptoms. A general linear mixed model
statistics of pelvic floor symptoms by cohort were performed.

RESULTS: Eighteen runners were included in the study. Runners produced significantly
less bilateral hip flexion strength in 2nd and 3rd trimester groups compared to strength

values of nulliparous and 1st trimester group. Pelvic floor symptoms were frequently
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reported by the different cohorts (62.5%—75%) and symptoms were moderately
bothersome for multiple weeks from second trimester to postpartum.

CONCLUSION: This pilot study identified only hip flexion strength significantly
decreased in the second and third trimester in cohorts of perinatal runners. Over 50% of
enrolled runners reported moderately burdensome pelvic health symptoms from second
trimester through to postpartum. Health care providers should screen for pelvic health
symptoms, measure hip strength, and monitor changes over time to keep perinatal

runners active and refer to appropriate providers, especially if th ptoms limit

participation in physical activity. . 6
Total words: 299/300 \K

Key Words: runner, pregnant, postpartum, pelvicW€alth, strength

Key Points Q
1. Current postpartum running guig@li based on expert opinion. There are no
\ 4

known guidelines for rl\x' g pregnancy.
2. In this pilot cohort stydyi xion decreased significantly from first to second

3. When working with pregnant or postpartum runners, healthcare providers should

and third trig

Over 50% of enrolled runners reported moderately
burdensome ealth symptoms from the second trimester into postpartum.
prioritize screening for hip strength changes and pelvic floor symptoms to modify

treatment plans and support continued running participation.
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Women are participating in running during the peripartum period however, when
postpartum, up to 84% report musculoskeletal pain and 32.7% report stress urinary
incontinence (SUI)." While the reason for the pain and/or incontinence have been
hypothesized as a result of changes throughout pregnancy (e.g., the growing uterus and
its increasing weight)?-, or other factors such as adjustment of running gait,°
decreased physical activity,”8 increased flexibility,® and decreased muscle strength,®
studies in the peripartum running population investigating reasons for the pain and SUI
are lacking. As a result, women may choose to be sedentary an lack of
participation in physical activity can negatively affect tﬁeir g

Experts have proposed that strength impaij ent\&s hip, pelvic floor and
abdominal muscle weakness may be reasons for B&n when running postpartum.® One
study compared strength in postpartum ru to controls and found decreased hip
strength (abduction and adduction).” @/

\ 4
it

ledge, no studies have measured

runners at the different time p

rodgh pregnancy and postpartum, leaving a gap in

understanding how strengt

O d
RAV1E0

-

throughout peripartum in athletic populations.

ctors for SUI in postpartum individuals who are

returning to running SUI pre-pregnancy and during pregnancy were found to
increase the odds of SUI postpartum.’ SUI has also been associated with hip muscle
weakness''2; one study that looked at the odds of developing SUI postpartum reported
that antenatal weight training did decrease the odds.'

With the significant gap in understanding strength changes in peripartum

athletes, the purpose of the current study was to explore changes in hip muscle strength

and self-reported pelvic floor symptoms in cohorts of runners during pre-

$S900E 98] BIA 9|-/0-9Z07Z 18 W02 ueIpluaw|by ereu//:sdiy wo.ly papeojumod



66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

pregnancy/early, mid, and late pregnancy, and postpartum. We hypothesized that hip
muscle strength would overall decrease from pregnancy to postpartum. We also
hypothesized that pelvic floor symptom reports would increase in frequency from the
second trimester through to postpartum. The knowledge gained can be used for
targeted interventions to promote physical activity and rehabilitation practices as current
recommendations are based on expert reports and not cohort studies. Additionally, the

data can inform the development of targeted interventions and rehabilitation to promote

the successful return to running postpartum. \
METHODS 6
. K

Study Design \

This was a pilot cohort study with runners categori@€d into four groups: nulliparous and
1st trimester, 2" trimester, 3™ trimester, a t artum (3 to 11 months). Nulliparous
and first trimester were con3|dered as changes during pregnancy have
been seen to be minimal dur| nancy.'3-'6 Data collection took place at XXX
University in XXX. All eligib sented runners participated in their normal training

or workout routinesg angs' running routines were not altered in any way for this

study. This researc was reviewed and approved by XXX (IRB number XXX) to
ensure participants were informed of risks and benefits of participating in the study.
Participants

Inclusion criteria: Individuals (aged 18-50 years old) who were pregnant or actively

trying to conceive, and who were running at least one time a week for ten minutes at a

time at study enrollment were eligible to participate. Participants were accepted into the
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study when pregnant, no matter their trimester at enrollment, and assigned to the
specific cohorts.

Exclusion Criteria

Participants were excluded if, at the start of the study, they reported: any pain, injury, or
running related concerns that would prevent them from participating in running while
trying to conceive, pregnant, or postpartum.

Participant Recruitment

Recruitment occurred from August 2022 through October 2024. Mere distributed

around the university and surrounding communities, izclu i allpbstetrics and
gynecology practices and pediatrician offices. W -of-N as also used to recruit
participants through physical therapists, running ps, and track and field listservs.

Social media was also used to advertise t@y on groups specific to peripartum

runners. Prospective participants wer
L 2
to be screened for inclusion a&; n criteria. Eligible participants were provided a

nline baseline survey through Qualtrics
study information sheet an t form, as the first part of the survey.

Procedure

To ensure consiste e testing procedures and data collection, calibration and
standardized training was performed. At each visit participants consented to the study
and confirmed the absence of symptoms that would be contraindications for exercise
(e.g., vaginal bleeding, abdominal pain, amniotic fluid leakage, dizziness, headache,
chest pain, muscle weakness, difficulty with balance, calf pain or swelling) and vitals
(blood pressure, heart rate, etc.) were taken for additional screening. Participants also

confirmed that they had no pain during running.
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Strength Testing

A handheld dynamometer (Commander Echo model, JTECH Medical, Midvale, UT) was
used with an external belt fixation to create a stationary measurement. Hip flexion,
extension, abduction, adduction, external and internal rotation were measured (see
appendix A for positioning).'”~'® The participants were instructed to perform a maximum
isometric voluntary contraction (MVIC) for five seconds against the dynamometer, and
three measures were collected on each limb with at least 10 seconds of rest.'” If any
MVIC trial was greater than 10%, up to two more trials were con&d.17 Participants
were monitored for pain and appropriate padding was’use [ (e.g. towel on shin
for hip abduction). Forces were collected in kilogragfs a\;& divided by body weight
at the time of visit.2® Standard error of measureméif as well as minimal clinical
difference for this method of strength testi e referenced.'” Due to the length of the
study some participants were able to z

included in more than one co?\&

Pelvic Floor Symptoms

at multiple time points and were

Enrolled pregnant participants completed a weekly online survey

distributed through € which collected the presence and burden of pelvic floor
symptoms. Using a PFDI-20, the first question asked the participant, “Have you had any
bowel, bladder or pelvic symptoms that have been bothersome to you in the past
week?”, when the participant answered “Yes” to this question, additional questions were

displayed to gather data on the type and burden of each pelvic floor symptom (modified

to ask somewhat, moderately and quite a bit). Surveys were sent each Sunday, asking
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the participant to consider the presence and burden of their symptoms over the last
week. The survey closed each Tuesday to reduce recall bias.

Statistical Analysis

Since this was a pilot study, a priori sample size estimation was not performed. Given
that some participants were included in multiple cohorts and that we had unequal
number of participants in each cohort, a general linear mixed model analysis was
performed to compare the strength among the four groups. A completer analysis
approach was used to handle the missing data. Descriptive stati of self-report pelvic
floor symptoms by cohort were performed. SPSS 31 .(i(IB @ony, NY) was used
to perform statistical analyses with an alpha of 0.0§" \{

RESULTS

Eighteen pregnant runners (average age: ears + 4.4) were enrolled in the study
between January 2022 and Decemb g

L 2
distribution for each of the fo\s s as follows: Nulliparous and 1st trimester

rying timepoints. The sample size

(n=5), 2" trimester (n=10) i er (n=10), and postpartum (n=11). In the

nulliparous and 18t up, 2 participants were nulliparous only, 2 participants

were 15t trimester o came to both nulliparous and 15t trimester collections and
the average strength numbers was used. Some participants were able to be part of
more than one cohort due to the duration of the study, as data was collected over a
span of 24 months (see Figure 1).

Strength Testing

The fixed effects model revealed a significant group main effect for right hip

flexion strength (p=0.004) and left hip flexion strength (p=0.015). Bonferroni post hoc
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tests showed that the right and left hip flexion strength of 2" and 3 trimester groups
were significantly less than the corresponding strength values of nulliparous and 15t
trimester group (p< 0.05; Table 1). No other significant differences were found.
Longitudinal Data Trends
In general, right and left hip flexion strength decreased from 15t trimester to 3™ trimester
and then increased postpartum for most of the participants.

Insert Figure 2 near here
Pelvic Floor Symptoms \
In total, 11 participants responded to the survey with Te fi [ unt across each
trimester: 15t trimester N=1, 2" trimester N=8, thigd"trim&steMi=8 and postpartum N=9.
In the 15t trimester, a single participant responde s” to the survey question “In the
past seven days do you have any pelvic s@ns to report” but had no significant

symptoms to report.
\ 4
During the second trimXi of 10 enrolled participants completed the

weekly pelvic symptom su e 2). Five of the eight participants (62.5%)

indicated they had poMgymptoms to report at least once during the trimester.

Three participants re "moderately" bothersome symptoms, and one participant
reported symptoms that were "quite a bit" bothersome during the second trimester.
Notably, a different participant indicated having pelvic floor symptoms but did not select
any of the specifics of how bothersome as when the participant answered “Yes” to the

question “Have you had any bowel, bladder or pelvic symptoms that have been

bothersome to you in the past week?”, additional questions were displayed to gather
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data on the type and bother of each pelvic floor symptom per the PFDI-20 (i.e.
somewhat, moderately and quite a bit) that the participant did not answer.

Overall, symptom severity tended to increase across the group from the
beginning to the end of the trimester. The most frequently reported symptom was
frequent urination.

Eight out of ten participants completed the weekly survey during the third
trimester (Table 3). Six of these eight participants (75.0%) reported at least one pelvic
symptom. Five of these six participants indicated their symptoms e “moderately”
bothersome. Two of the six participants reported their sym e “quite a bit”
bothersome. Overall, symptom reporting and sevefity te& increase from the start
to the end of the third trimester. The most freque reported symptom during the
second trimester with the highest amount @er to participants was frequent

urination, the same as the second tri
\ 4
Nine of eleven particip\ ted the weekly pelvic symptom survey during

postpartum (Table 4). Duri tpartum period, eight of the eleven participants

(72.7%) reported p s; the remaining three participants did not report any

pelvic symptoms. icipants reported "moderately" bothersome symptoms. Six
of these eight participants also reported symptoms that were "quite a bit" bothersome at
different timepoints. Unlike the second and third trimester where symptoms
progressively increased, postpartum symptom reporting varied considerably across
individuals, with no consistent pattern in frequency or severity over time. The most

burdensome symptom reported during the postpartum period was heaviness or dullness

in the pelvic area.
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DISCUSSION

The purpose of this study was to investigate cohorts of runners during pregnancy and
postpartum to understand changes in hip strength and pelvic floor symptoms during the
peripartum lifespan stage. Overall, there were no significant differences in relative hip
strength between the cohorts except for hip flexion strength. Pelvic floor symptoms were
frequently reported by the different cohorts (62.5% - 75.0%) and symptoms were
moderately bothersome for multiple weeks from second trimester to postpartum.

As this study is unique, and to our knowledge the first to r&re strength at
different time points of pregnancy and postpartum in run re a few important
takeaways. First, the only significant change in st gth\ decrease in hip flexion
strength from first to second and first to third trim r. This may be due to pregnancy
related changes such as the growing uter he fetus grows between second and
third trimester, there may be an ove It to the pelvis as the runner is
accommodating for this grow ay affect the strength of the hip flexors. Hip

flexors play an important ro ng especially during the swing phase to contribute

to maintaining strig amg cadence by accelerating the thigh after toe-off.?223 Hip

flexors have also bé ulated to play an important role in postural control and pelvic
stability with weakness or tightness potentially leading to compensatory running
patterns and elevated injury risk.?? A recent Delphi study®>?* recommended screening
hip strength as the runner returns to running postpartum to identify any weakness and

rehabilitate the runner as needed. Based on our preliminary results, we support the

recommendation that clinicians should prioritize screening and monitoring changes in

10
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hip strength as a runner continues running during pregnancy and when returning to
running postpartum.

Second, other than hip flexion strength, there were no other statistically
significant changes in hip strength (i.e., extension, abduction, adduction, external
rotation or internal rotation). This finding may suggest that athletes that continue to stay
active during pregnancy maintain hip strength during the peripartum period. We did not
note a change in hip abduction strength as noted in one study;’ however, this may be
because we compared cohorts of runners during different phase%gnancy
compared to postpartum versus nulliparous controls repo tudy. It is
important, therefore, to work with pregnant indivi S \N t to continue running
during pregnancy and provide them with educatiom@nd resources to continuing running

and staying physically active. Exercise dumgnancy supports maternal and fetal

health. Physical activity is a critical in
\ 4

improve mental health outco \
When investigating ’\ symptoms, 62.5% - 75% of runners each cohort
* me” symptoms. These symptoms ranged from
aMedo “quite a bit. The second and third trimester shared the

same most commonly reported symptom with the greatest burden, frequency of

prevent maternal deconditioning and

reported at “mode

"moderately” bothe

urination. This is not an unexpected finding given that this symptom is likely attributable
to the weight and location of the growing fetus as pregnancy progresses.?® In
postpartum, the feeling of “heaviness or dullness” represented the symptom with the
greatest frequency and burden reported by participants. Two participants in this study

who were five months postpartum reported this symptom as “moderately” bothersome.

11
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While the specific symptom of “heaviness or dullness” is not well documented in the
literature, other postpartum pelvic floor symptoms, such as dyspareunia, have been
noted as persisting for up to twelve months post-delivery.?7-2

This subset of healthy, active pregnant runners represents a population that, to
our knowledge, has not yet been investigated at different trimesters. Our rates of pelvic
floor symptom incidence were similar to those reported by Brown et al,?° who
documented a prevalence of 63.2% of urinary incontinence in late pregnancy in the
general population. Clinicians working with pregnant or postpart nners should
screen patients for pelvic floor dysfunction and refer to a p h provider if
necessary. There is evidence to support the effecii ene& Ivic floor physical
therapy to decrease the burden of symptoms an rove quality of life.30-34_ It is

imperative to keep pregnant people active aalthy, as burdensome symptoms have

been seen as a reason some athlete
L 2

This study also suppor\% ant call to action; pregnant athletes should be
screened and referred to a opgiate provider if symptoms are present. As the

sWas as high as 75% in this study during the third

ngaging in sport and exercise.

presence of pelvic

&

trimester, screeningand @gonitoring pregnant women who are active during pregnancy
should be part of routine obstetrics management. Pregnant women often have
increased care during this time, with up to weekly check ins to monitor the fetus and
growth, and it is important for the supervising health care provider to ask about the
mother’s level of physical activity and symptom prevalence. Previous studies have

documented that pregnant people report decreased physical activity levels and

increased sedentary behaviors due to “pregnancy related changes”.®® Pelvic floor health

12
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and incontinence symptoms may be one such symptom limiting activity. Previous
research has established that while urinary incontinence is a highly prevalent symptom
postpartum, few ask for help due to embarrassment and/or stigma around the
condition.3® Referrals to a pelvic health care provider during pregnancy can positively
impact the mother's continued participation in physical activity while reducing the risk of
incontinence in the future.*

LIMITATIONS

This study had several limitations. First, a small number of runn%were pregnant

and in their first trimester of pregnancy enrolled in the’stud mpted to use a
rolling enroliment to increase participant number we\&me cohorts remained

small (first trimester N=5). Due to small numbers,"@fid therefore low power, it could be
that findings were false positive. Second, @)n follow-up during postpartum was
difficult for the participants to navigat

\ 4
childcare, and return to work Xe. hese challenges were not lessened with the

ancing the needs of a newborn,

option for on-site childcare ipant incentive gift cards that were advertised and

offered to particip ralparticipants canceled due to inability to find the time to
attend, lack of ade Idcare and/or sickness of the child which mirrors common

burdens to physical activity reported in this population. Third, strength measurements
did notinvolve taking into account moment arms (femur length) which could affect the
amount of torque or moment produced at the hip joint. A mixed model analysis of our data
revealed that there were no significant differences in height (P=0.621) and weight (P=0.189)
among the four cohorts. Since the height was not significantly different among the cohorts,

we can assume that the proportional moment arms of the femur would also be similar

13
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among the cohorts thereby making the average force comparison appropriate.®-%° A final
limitation of this study is the generalizability of the results. The population in this study
represents a specific subset of pregnant people who were running before, during, and
after pregnancy. Compared to most women in the United States who are pregnant and

not physically active, this population is unique and uncommon, thereby limiting the

&j in the second

|g¥finding was that

applicability of these results.
CONCLUSION

This pilot study identified that hip flexion strength significantly d

and third trimester in cohorts of perinatal runners. A secon

over 50% of enrolled runners reported moderatel urd& pelvic health symptoms

from second trimester through to postpartum. He care providers should screen for

pelvic health symptoms, measure hip stre nd monitor changes over time to keep

perinatal runners active. If weakness Q@alth symptoms exist it is important to

refer to appropriate providers,f\% if the symptoms are limiting participation in

physical activity.
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across the cohort study. Each green box indicgtes N

anual muscle data was
collected for each participant.

Figure 2. Trend lines for R and L hip er@rength for each participant included

in the study.
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Table 1. Hip Joint Strength (Kg) Normalized by Weight (In Kg) At Each Time Point

Hip external Hip internal
Group Statistic Hip flexion Hip abduction | Hip adduction | Hip extension rotation rotation
Right Left Right | Left | Right | Left | Right | Left | Right Left | Right | Left
Nulliparous+1st [|Mean 0.36 0.35 0.23] 0.23] 0.18 0.19] 0.30] 0.29f 0.17] 0.16] 0.19] 0.21
Trimester
SD 0.08 0.10] 0.06| 0.06] 0.09] 0.11] O. 0.11 0.02] 0.03] 0.031 0.07
. Mean 0.283 0.26Y 0.20] 0.20] 0.15 0.1 0.26] 0.17] 0.1 0.23] 0.20
2nd trimester
SD 0.05 0.03] 0.05 0.05 oO. 4 .05 0.05 0.04f 0.04 0.09] 0.06
, Mean 0.25¢9 0.269 0.22| 0.22 > 0.14] 0.28] 0.29] 0.15 0.15 0.19] 0.20
3rd trimester
SD 0.04 0.04] 0.04f 0.0 0.04 .03] 0.10f 0.10p 0.03] 0.04 0.071 0.05
Mean 0.31 0.29] 0.22 0. 171 017 0.28 0.291 0.17] 0.18 0.25 0.23
Postpartum
SD 0.06 0.06 0.05] 0.04f 0.06 0.07] 0.04] 0.05 0.08 0.08

s+1st trimester group (P=0.048);
rous+1st trimester group (P=0.029);

9 significant difference with corresponding value fro
b significant difference with corresponding value
¢ significant difference with corresponding valu

9 significant difference with correspondi Nulliparous+1st trimester group (P=0.018)

Table 2. Summary of Weekly Pelvic Floor Symptom Reporting During Second Trimester
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Symptom Characteristic

Section 1: Survey Completion

Total Weeks
Reported

Notes/Range

Enrolled participants 10 100.0 — —

Participants who completed weekly surveys 8 80.0 — —

Participants who did not complete surveys 2 20.0 — —

Section 2: Symptom Presence

Participants reporting ANY pelvic floor symptoms 5 62.5 L ® —

Participants reporting NO symptoms 3 37 — —

Section 3: Symptom Severity

"Moderately" bothersome 4 0.0 7| Range: 1-6 weeks per participant
"Quite a bit" bothersome 1 0 1 Single week only

Notes: n = number of participants; % = percentage of pan‘icipants’h lete
Percentages calculated as proportion of n=8 participants who (%\;N ly surveys during second trimester

QQ

urveys (n=8) unless otherwise specified; — indicates not applicable
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Table 3. Summary of Weekly Pelvic Floor Symptom Reporting During Third Trimester

Total Weeks

Reported Notes/Range

Symptom Characteristic (%)

Section 1: Survey Completion

Enrolled participants 10 100.0 — —
Participants who completed weekly surveys 8 —
Participants who did not complete surveys 2 —

Section 2: Symptom Presence
Participants reporting ANY pelvic floor symptoms 6
Participants reporting NO symptoms

Section 3: Symptom Severity

"Moderately" bothersome . 14|Range: 1-6 weeks per participant

One participant: 6 weeks; one
participant: 1 week

"Quite a bit" bothersome

Notes: n = number of participants; % = percentage of partici

Percentages calculated as proportion of n=8 particig
bother: Frequent urination (consistent with seco

mpleted surveys (n=8) unless otherwise specified; — indicates not applicable
ompleted weekly surveys during third trimester. Most frequently reported symptom with highest
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Table 4. Summary of Weekly Pelvic Floor Symptom Reporting During Postpartum

Total Weeks

Symptom Characteristic Notes/Range

Reported
Section 1: Survey Completion

Enrolled participants 11 100.0 — —
Participants who completed weekly surveys 9 —
Participants who did not complete surveys 2 —

Section 2: Symptom Presence
Participants reporting ANY pelvic floor symptoms 8
Participants reporting NO symptoms 3

Section 3: Symptom Severity

One participant: 8 weeks; two
"Moderately" bothersome 8 9 23|participants: 4 weeks each; five
participants: 1-2 weeks each

"Quite a bit" bothersome 66.7 3|Six participants at different timepoints
Notes: n = number of participants; % = percentage of partici h mpleted surveys (n=9) unless otherwise specified; — indicates not applicable
Percentages calculated as proportion of n=9 particj complgted weekly surveys during postpartum period. Most burdensome symptom: "Do you...usually

experience heaviness or dullness in the pelvic ar,
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Figure 2

Title: Trend lines for R and L hip flexion strength for each participant included in the study.
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Appendix A
Hip Flexion
e Participant: sits edge of table, strap/HHD goes around mid-femur
e Strap: strap/HHD goes around mid-femur

¢ Instruction: Lift knee up into the strap

Hip Abduction
e Participant: Side lying withpp straight, bottom leg bent out of way

e Strap: strap/ HHD are ar jstahlower leg so hip is in 45 deg of abduction
e Instruction: Lift leg up and ck
e **Legshould be in sli engipn and pelvis rotated forward™**
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Hip Adduction

Participant: Side lying with bottom leg straight top leg bent up and out of the way
Strap: Around distal lower leg, adjusted sg the hip ¥ in 25 deg of add

R Hip External Rotation

Participant: sitting edge of table with towel roll under distal femur
Strap: medical surface of distal lower leg adjusted so hip is in neutral rotation
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¢ Instruction: pull the foot in towards the other foot (probably will need to show them)
e *watch for hip lifting off the table*

L Hip Internal Rotation
e Participant: sitting same as ER with to
o Strap: lateral surface of distal lower le
e Instruction: pull your foot out (pr
e Watch for substitutions

d so hip is in neutral rotation
Iso need to show them)

Hip Extension
e Participant: standing, leaning over table propped up on elbows with tesing limb bent

e Strap: around distal femur adjusted so hip is in 45 deg of ext
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Instruction: push your leg back
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