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Abstract

Background: Pelvic floor symptoms (PFS), such as lower urinary tract
symptoms, defecation disorders, sexual problems, and genital-pelvic pain, are
prevalent in men. Thorough physical assessments of the external anal
sphincter (EAS) and the puborectal muscle (PRM) are the keys to unraveling
the role of muscle dysfunction.

Objectives: To explore associations within and between the EAS and PRM
and between muscle (dys-) function and the number of male PFS.
Methods: This cross-sectional study purposively enrolled men aged 221 years
with 0-4 symptoms from a larger study. After extensive external and internal
digital pelvic floor assessment, we explored (1) agreement between muscle
function of the EAS versus PRM (using cross tabulation), (2) associations
within and between the EAS and PRM (using heatmaps), and (3) associations
between muscle function and number of PFS (using a visual presentation
[heatmaps] and } tests).

Results: Overall, 42 out of 199 men (21%) had completely normal muscle
function. Sixty-six (33.2%) had no symptoms, of which 53 (80%) had some
degree of muscle dysfunction. No clear dose-response relationship existed
between muscle (dys-) function and the number of symptoms. The PRM
showed both more dysfunction and severer dysfunction than the EAS.
Conclusions: No clear association exists between muscle dysfunction and the
number of symptoms, and the absence of PFS does not indicate normal muscle
function for all men. Dysfunction levels are highest for the PRM. Further

pelvic floor muscle research is warranted in men with PFS.
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1 | INTRODUCTION
Dysfunction of the pelvic floor musculature in males has
mainly been studied in isolation for pain, defecation, and
sexual conditions." To date, no study has explored the
relationship between pelvic floor muscle function and
multiple pelvic floor symptoms (PFS) in males, contrast-
ing starkly with research into female muscle function.?
Equally, no prevalence study has focused on the
relationship within and between male pelvic floor muscle
function. This is surprising given that the male pelvic
floor musculature forms an essential component of the
urogenital and bowel mechanism, having complex,
coordinated, and bidirectional interplay with the pros-
tate, bladder, and intestines for continence, urination,
defecation, and sexual intercourse.® Indeed, clear scope
exists for an association between the pelvic floor
musculature and PFS. We, therefore, started a large
prospective cohort study to explore the presence of
concomitant PFS in a general population, applying
diagnostics that are generally available in daily care for
men with different PFS, especially physical examination.
In the current substudy, we describe the outcomes of
the physical assessment of the external anal sphincter
(EAS) and puborectal muscle (PRM). Although the EAS
and PRM are anatomically close to each other, outcomes
by separate assessment may have implications for pelvic
floor muscle treatment. The physical assessment
involved assessing the complexity of muscle function by
testing the hypothesis that (A) EAS dysfunction coincides
with PRM dysfunction, and (B) male pelvic floor muscle
dysfunction is associated with the number of PFS.

2 | MATERIALS AND METHODS
2.1 | Study design, setting, and
participants

This cross-sectional study is part of a larger observational
cohort study that will be detailed in a separate article. In
short, through general practitioners (GPs), we invited
people aged 216 years living in a Dutch municipal area
and asked them to complete an initial questionnaire
study and to take part in subsequent substudies. People
with terminal illnesses, cognitive impairment (e.g., due
to dementia) precluding informed consent, current
psychological condition precluding informed consent,
or not suitable or too ill to participate based on the
judgment of the GP, were excluded. The current
substudy, conducted between July 2019 and January
2020, used purposive sampling from the total group
participants to enroll men aged 221 years, with and

without PFS, who had completed the initial question-
naire study. With this sampling method, we aimed to
include a broad range of PFS (100 men with one or more
PFS), allowing us to compare groups with men without
PFS (n =100). As such, outcomes cannot be generalized
to the overall study population.

2.2 | Pelvic floor symptoms

We were interested in lower urinary tract symptoms
(LUTS), bowel symptoms, sexual disorders, and pain
defined according to the terminology of the International
Continence Society (ICS).*” Responses to the following
questionnaires were used to determine the presence or
absence of these symptoms: LUTS were identified
using the International Consultation on Incontinence
Questionnaire-Male LUTS Module (ICIQ-mLUTS);
bowel symptoms, using the Groningen Defecation and
Fecal Continence (DeFeC) questionnaire’; sexual symp-
toms, using the Pelvic Organ Prolapse/Incontinence
Sexual Questionnaire, ITUGA-Revised (PISQ-IR),® item
M1 of the Sexual Health in the Netherlands question-
naire,” and the ICIQ-Male Sexual Matters Associated
with LUTS Module for sexual dysfunction (ICIQ-
MLUTS-5sex)% and pain, using a questionnaire con-
structed for the parent study that included items on pain
in specific areas. Although we aimed to use the symptom
scores of these questionnaires to define the presence or
absence of a given symptom, most lacked established cut-
off values. Therefore, we used upper quartiles when
interpreting the presence of lower urinary tract and
bowel symptoms. To define the absence of lower urinary
tract and bowel symptoms, the lowest quartile was used.
Presence or absence was used when interpreting sexual
dysfunction and pain. Participants were grouped by the
number of affected domains, from zero to four, and age,
aiming to achieve an equal age distribution in each
category. Supporting Information: File 1 details the
questionnaires and sampling procedure.

2.3 | Pelvic floor assessment

Digital pelvic floor musculature assessment was performed
by a pelvic floor physical therapist with ample experience,
according to an ICS protocol for pelvic floor physical
therapy, using digital, external (per perineum), and internal
(per rectum) assessments.*>'® The assessment included
external visual inspection of the anal region and internal
digital palpation of the EAS and the PRM (Supporting
Information: File 2). No data are available on the intertester
and intratester reliability of this assessment in men, as
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previous research was limited to vaginal assessment in
women. To reduce the risk of observer bias (especially
confirmation bias), the pelvic floor physical therapist was
blinded to the PFS status of the participant.

In the absence of clear definitions, we categorized the
different assessment items according to our definitions of
normal or abnormal pelvic floor muscle function, ICS
standards, and established protocols.*>'® Table 1 sum-
marizes the definitions of normal function, the items
used in the digital assessment of the EAS and PRM, and
the assessment outcome codes.

As we did not focus on LUTS as a single PFS, but on
the co-occurrence of different PFS, we did not assess
urethral sphincter (dys-) function, as for this, invasive
techniques are needed.

2.4 | Statistical analysis

Patient characteristics are presented as absolute numbers
and percentages or as means and standard deviations, as
appropriate. Analysis was then conducted as follows.
First, to identify possible agreement between (dys-)
function of the EAS and PRM and to detect if any
disagreements showed directionality, we cross-tabulated
the different elements of each pelvic floor muscle
assessment. Second, we constructed two heatmaps to
visualize possible relationships within and between the
EAS and PRM, as well as between the function items of
both muscles. Third, we constructed four heatmaps to
visualize the relationship between the items of the EAS
and the PRM (dys-) function and the presence of
symptoms according to the number of domains affected
(0-4). The heatmaps created graphical representations of
the data in different colors to help identify patterns or
associations.™ It helps to give an overview of patterns in
the complexity of data. Finally, using our definitions of
normal pelvic floor muscle function, we performed
X tests to assess the percentage of men with completely
normal function by assessment item in relation to the
number of PFS, as compared to abnormal function of the
EAS and PRM. Due to the exploratory nature of this
study, we refrained from further statistical testing.

3 | RESULTS
3.1 | Participants and descriptive
statistics

Of the 400 men invited, 199 took part in the full
assessment of pelvic floor muscle function (mean age,

ro

63.0 +12.5 years). Among these, the mean body mass
index was 27.3 + 3.7 kg/mz, 22 (11.1%) smoked, and 49
(24.6%) did heavy work. Furthermore, 7 (3.5%) had
undergone bladder surgery, 19 (9.5%) bowel surgery, 11
(5.5%) anal or perineal surgery, and 21 (10.6%) prostate
surgery. Sixty-six men (33.2%) reported no PFS
(Figure 1).

3.2 | Agreement of EAS and PRM items
We found that two function items, “voluntary contrac-
tion” (182 men; 91.4%) and “frequency of maximum
voluntary” contractions (180 men; 90.5%), exhibited the
best agreement between the EAS and PRM. We observed
complete “voluntary relaxation” of both the EAS and
PRM in 70 men (35.2%), partial “voluntary relaxation” in
28 (14.1%), and no “voluntary relaxation” in 8 (4.0%). In
53 men (26.6%), complete “voluntary relaxation” of the
EAS coincided with partial “voluntary relaxation” of the
PRM. In 52 men (26.1%), normal EAS “tone” coincided
with increased PRM “tone.” For “maximum voluntary
contraction,” the normal function of one muscle
coincided with strong and weak contraction of the other
muscle in 21 (10.6%) and 43 (21.6%) men, respectively
(Supporting Information: File 3).

3.3 | Association within and between
pelvic floor muscles

Forty-two men (21%) had a completely normal EAS and
PRM function. No clear pattern of association was
evident within the EAS (Figure 2A), but there appeared
to be an association between decreased or increased
“tone” and dysfunctional “voluntary relaxation,” “maxi-
mum voluntary contraction,” and “anorectal angle”
within the PRM. However, there was no clear pattern
of association between the EAS and PRM.

3.4 | Association between the items of
the pelvic floor muscles

We observed possible dysfunction at the item level for both
muscle groups in the “voluntary relaxation,” “tone,” and
“maximum voluntary contraction” domains (Figure 2B).
These patterns appeared to be one-directional, with dys-
function of the EAS corresponding to dysfunction of the
PRM, but not the other way around. Generally, the PRM
showed both more dysfunction and more severe dysfunction
compared to the EAS.
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TABLE 1
codes for heatmaps

Item

Tone

Voluntary
contraction

Voluntary relaxation
(after
contraction)

Strength: maximum
voluntary
contraction

Repeatability of
contraction
(Frequency of
maximum
voluntary
contraction (1)

Endurance

Anorectal angle

Sphincter closed

(at rest)

NOTENBOOM-NAS ET AL.

Digital pelvic floor muscle assessment items, definitions of normal function, and pelvic floor muscle assessment outcome

EAS PRM
Normal function Normal function
Description (heatmap) Description (heatmap)
Normal 0 = normal tone Normal 0 = normal tone
Decreased 1 =decreased/ Decreased 1 =decreased/
increased tone increased tone
Increased Increased

Yes, circular closing and
contraction in cephalad
ventral direction

Straining

No, no movement

Yes: relaxation felt after
instruction; normal finding

Partial or delayed relaxation

No: Absent = nonrelaxation PFM

Strong

Normal (moderate)
Weak
Absent

10 times
7-9 times
4-6 times
1-3 times
0 times
7-10s
3-7s

1-3s

0-1s

Yes, closed

No, not closed

Note: Description is based on Frawley et al.’

0=yes

0.5 = straining

1 =no, no
movement

0 = complete
(delayed)
relaxation

0.5 = partial or
delayed
relaxation

1 =no relaxation

0 = strong/
normal
(moderate)

0.5 = weak

1 = absent

0 =7-10 times
0.33 =4-6 times

0.66 =1-3 times

1=0 times
0=7-10s
0.33=3-6.99s
0.66 =1-2.99s
1=0-0.99s
0=yes

1=no

Yes, in cephalad-ventral
direction

Straining

No, no movement

Yes: relaxation felt after
instruction: normal
finding

Partial relaxation

No:
Absent = nonrelaxation PFM

Strong

Normal (moderate)
Weak

Absent

10 times

7-9 times

4-6 times

1-3 times

0 times

7-10s

3-7s

1-3s

0-1s

Yes, increased at contraction

No, no increase at contraction

Normal function is shown in bold and the endurance item is the mean average of three endurance contractions (10 s each).

Abbreviations: EAS, external anal sphincter; PFM, pelvic floor musculature; PRM, puborectal muscle.

0=yes

0.5 = straining

1 =no, no
movement

0 = complete
relaxation

0.5 = partial
relaxation

1 =no relaxation

0 = strong/
normal
(moderate)

0.5 =weak

1 = absent

0 =7-10 times
0.33 =4-6 times

0.66 = 1-3 times

1 =0 times
0=7-10s
0.33=3-6.99s
0.66 =1-2.99 s
1=0-0.99s
0=yes

1=no
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Invited
n=11,724
n=5,968 females
n=5,756 males

Separate enroliment
n=4

n=3 females
n=1 male

Informed consent
n=694 males
(12.1%)

Participants
Males
Filled in questionnaire
n=594 (10.3%)

Participants
Males
Invited for pelvic floor
assessment
n=400 (6.9%)

v v

v v

O PFS
Invited n=176
Participated n=66
(Age 62.3%12.2y)

1PFS
Invited n=100
Participated n=53
(Age 63.6+12.3y)

2 PFS
Invited n=68
Participated n=44
(Age 63.1+12.0 y)

3 PFS
Invited n=46
Participated n=29
(Age 63.7+14.8y)

4 PFS
Invited n=10
Participated n=7
(Age 62.0+13.7 )

FIGURE 1

3.5 | Association between muscle (dys-)
function and the number of PFS

The PRM showed more dysfunction compared to the EAS in
all groups. There was no clear dose-response relationship
between the number of PFS and the presence of pelvic floor
muscle dysfunction. Of the 66 men without PFS, 53 (80%)
had some degree of muscle dysfunction (Figure 3).

Table 2 shows an overview of the percentages of men
with EAS and PRM dysfunction by assessment item.
Percentages of EAS “tone” and EAS “voluntary relaxa-
tion” dysfunction were higher in asymptomatic men,
while EAS “voluntary contraction” and “EAS closed”
dysfunction was highest in men with two symptoms, and
EAS “maximum voluntary contraction” was highest in
men with one symptom. Concerning the PRM, approxi-
mately half had dysfunctional “tone” (either increased or
decreased) and more than half had dysfunctional
“voluntary relaxation,” which was highest in the group
with two symptoms.

Participant flow chart. PFS, pelvic floor symptoms.

Finally, we found no significant difference between
the number of symptom domains (0-4) and either
normal or abnormal muscle function (EAS and PRM)
(x? test, p=0.88).

4 | DISCUSSION

In this exploratory study of men with and without PFS,
we hypothesized that EAS and PRM dysfunction would
coincide and that pelvic floor muscle dysfunction would
be associated with the number of symptom domains
affected. Our data add to knowledge about male pelvic
floor muscle (dys-) function in relation to PFS.

Overall, no clear dose-response relationship existed
between the number of PFS and pelvic floor muscle (dys-)
function. Our findings suggest that associations may be
present within the PRM between tone dysfunction and
“voluntary relaxation,” “maximum voluntary contrac-
tion,” and “anorectal angle.” A possible one-sided
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FIGURE 2

Comparison of EAS and PRM function. (A) EAS and PRM function. (B) Comparison of EAS and PRM function items. Data

were sorted according to EAS dysfunction in the first columns with all other items for EAS and PRM; the green cells indicate normal
function (at the top) and the red cells indicate dysfunction (at the bottom). Each line (row) includes the outcomes of an individual
participant. Colors of cells: white (missing data), green (normal function), light orange (slight function decrease), orange (moderate function
decrease), dark orange (strong function decrease), and red (very strong function decrease). For tone (both EAS and PRM), red represents an
increase or decrease of tone; other red cells represent “no closure of EAS” and “no increase of anorectal angle,” as appropriate. EAS, external

anal sphincter; max. vol., maximum voluntary; PRM, puborectal muscle.

dysfunction was seen at the item level for the EAS and the
PRM in the “voluntary relaxation,” “tone,” and “maxi-
mum voluntary contraction” domains. In general, the
PRM showed not only more dysfunction but also more
severe dysfunction compared with the EAS, typically in
the presence of two PFS. So, despite EAS and PRM being
anatomically close to each other, the separate assessment
revealed notable differences, that could have implications
for pelvic floor muscle treatment.

Micturition, sexual, and defecation processes may be
affected by the suboptimal function of the pelvic floor
muscles and the pelvic organs and by factors such as
higher age, prostate surgery, obesity, chronic obstipation,
and stress reactions.'>'* The complexity of male pelvic
floor musculature anatomy and function and the lack of a
gold standard for the assessment and diagnosis of male
pelvic floor musculature (dys-) function makes research a
challenge.'"* Cross-tabulation showed that in 26.1% a
normal “tone” of the EAS coincided with an increased
“tone” of the PRM. Although the pain, reported by 22.1%
may partly explain this result, it does not fully explain the

difference in tone. Hetrick et al. showed that men with
chronic pelvic pain syndrome had a higher resting
tone than controls, but found no difference between the
different male pelvic floor muscles.'® Pelvic floor muscle
tone assessment is considered difficult due to the
influence of neurological and neuromuscular processes,
emotion, pain, and contractile and viscoelastic tissue
functionality, among which palpation alone cannot
discriminate.>® To the best of our knowledge, no other
study has described the differences in tone within and
between male pelvic floor muscles by digital assessment.
Cross-tabulation showed normal “voluntary relaxation” of
the EAS and partial “voluntary relaxation” of the PRM in
26.6% of men. This is consistent with the more
dysfunctional relaxation of the PRM that we found,
compared to the EAS in men (Figures 2 and 3). Partial
or absent voluntary relaxation may result from increased
pelvic floor muscle tone due to pain or discomfort in the
pelvic region.*'” Cross-tabulation also showed impaired
“maximum voluntary contraction” of the PRM compared
to the EAS in 24.1%. This could result from prolonged
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FIGURE 3

Heatmap of EAS and PRM function items by the number of pelvic floor symptoms. Data were sorted according to EAS

dysfunction in the first columns with all other items for EAS and PRM; the green cells indicate normal function (at the top) and the red cells
indicate dysfunction (at the bottom). Each line (row) includes the outcomes of an individual participant. Colors of cells: white (missing
data), green (normal function), light orange (slight function decrease), orange (moderate function decrease), dark orange (strong function

decrease), and red (very strong function decrease). For tone (both EAS and PRM), red represents an increase or decrease of tone; other red

cells represent “no closure of EAS” and “no increase of anorectal angle,” as appropriate. EAS, external anal sphincter; max. vol., maximum

voluntary; PRM, puborectal muscle.

overactivity of the PRM and reduced blood flow in the
internal pudendal artery and venous systems causing
muscle fatigue.>'® The difference in function between
muscles could be explained by the difficulty to contract
the PRM due to its location within the pelvis. Indeed,
some studies have shown that females were either unable
or had difficulty performing correct deep pelvic floor
musculature contraction during the assessment."

The heatmaps revealed comparable results for the
EAS and the PRM at the item level for “voluntary
relaxation,” “tone,” and “maximum voluntary contrac-
tion.” The literature reveals no strict consensus about the
relationship between the EAS and the PRM, though
several studies have found connections between the two
muscles. This supports the general approach that they act
as a functional unit for holding and passing urine and
feces.>'*?° However, the PRM and EAS have also been
reported to have phylogenetically different innervations,
indicating some dichotomy between the muscles.*!

Contrary to our expectations, no linear relationship
existed between the number of PFS and the presence of
pelvic floor muscle dysfunction. Our choices of cut-off values
for lower urinary tract and defecation symptoms, and the
fact that we only assessed the number of PFS, could account
for these results. Equally, the overrepresentation of some
symptom combinations and no discrimination of symptoms

within a domain might have influenced the results.
Moreover, our findings suggest that pelvic floor muscle
function might be influenced by a participant's sensitivity
and awareness of the pelvic floor muscles, their concentra-
tion during the muscle assessment, the influence of other
muscles for motor control of the pelvic ring and lower spine,
the urge for bowel movement or flatus during the
assessment, as well as the severity and degree of PFS, the
intimacy of the assessment, and the presence of bladder,
prostate, or intestinal conditions.”* Pelvic floor function
could also have been influenced by experiences in earlier
pelvic floor musculature assessment or medical assessments,
sexuality, and history of sexual abuse.*

This exploratory study benefited from focusing on the
associations within and between EAS and PRM function and
their relationship to the number of pelvic floor symptom
domains. Furthermore, we included men of all ages with
and without PFS, and we used validated questionnaires with
clear cut-off values. We identified differences in muscle
function by thorough pelvic floor musculature assessment
that prevented undesirable activity in other muscles, with
the same well-experienced pelvic floor physical therapist
performing all assessments.”* As such, inter-rater reliability
issues were not present, but intra-rater reliability might limit
the outcomes of our study. We are unaware of previous
studies on the inter-rater and intrarater reliability in male
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TABLE 2
number of pelvic floor symptoms

Overview of percentage with muscle dysfunction by

Number of pelvic floor

symptoms?®
0 1 2 3-4
Number of participants (n) 66 53 44 36
EAS (%)
Tone 27.3 22.6 15.9 19.4
Voluntary contraction 1.5 1.9 9.1 2.8
Voluntary relaxation 37.9 24.5 23.3 333
Maximum voluntary 18.2 30.2 20.5 19.4
contraction
Frequency of maximum 0 1.9 4.5 0
voluntary contraction
Endurance in categories 10.6 18.9 18.2 22.2
Closed 1.5 0 9.1 2.8
PRM (%)
Tone 51.5 45.3 50.0 44.4
Voluntary contraction 12.1 3.8 15.9 8.3
Voluntary relaxation 62.1 54.7 72.7 63.9
Maximum voluntary 39.4 30.2 52.3 38.9
contraction
Frequency of maximum 7.6 3.8 18.2 2.9
voluntary contractions
Endurance 19.7 15.1 31.8 19.4
Anorectal angle during 333 26.4 40.9 22.2
contraction
Normal function of EAS 19.7 24.5 20.5 19.4

and PRM (%)

Abbreviations: EAS, external anal sphincter; PRM, puborectal muscle.

*Lower urinary tract symptoms, defecation disorders, sexual problems, and
genital-pelvic pain.

pelvic floor assessment, reflecting a lack of studies on the
male pelvic floor. To support health care professionals, we
applied methods that are easily available, especially digital
assessment. Other methods, like ultrasound or magnetic
resonance imaging, could reveal different outcomes but are
less feasible to apply in general care. Despite these strengths,
important limitations should be considered. Most men were
aged 55-75 years, skewing the age distribution and
precluding extrapolation to general male populations.
Furthermore, we only focused on functional aspects of the
pelvic floor musculature and on the number of PFS domains.
Analysis of specific male PFS within the four studied
domains, coupled with analysis of symptom severity, could
have affected the results and is warranted for future studies.
Further evaluation of pelvic floor musculature in association

with key symptoms could be valuable, as well as the analysis
of electromyographic data that were collected in this study
as well.

In the context of objective measurement, we could
have reported timing, speed of contraction, and coordi-
nation, but since these outcomes can be more precisely
verified by electromyography, we decided not to perform
these assessments. However, these data may give
additional insight, but as such data are not readily
available in general practice, and to keep an overview of
all data, we kept this aside in the current study.

Despite these limitations, we think this study will
help to unravel the complexity of pelvic floor muscula-
ture function in relation to PFS in men.

5 | CONCLUSION

We found no clear dose-response relationship between the
number of PFS and the presence of pelvic floor muscula-
ture dysfunction. Interestingly, one in three had no
symptoms but only one in five of all men had a complete
normal muscle function. Of the men without PFS, most
had some degree of muscle dysfunction. This could indicate
either that these men had not yet noticed the PFS or that
the pelvic floor muscle dysfunction was situational and
influenced by other factors than the PFS during the
assessment. In general, we found no clear pattern of
association between the EAS and the PRM, and PRM
showed more dysfunction than the EAS. We now plan to
analyze pelvic floor muscle function by the severity of
specific PFS in males. Hopefully, our studies will stimulate
further research into male pelvic floor muscle function,
seeking to unravel the complex relationship with PFS.
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