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Abstract

Objective: To explore the impact of physiological factors, such as age, gender, and childbirth experience, on
external anal sphincter electromyography.

Methods: A total of 62 healthy volunteers (37 women and 25 men) participated in the study.The female subjects
were divided into three groups according to various childbirth experiences: the nulliparous group, the caesarean
group, and the vaginal delivery group. Motor unit potentials were obtained from the bilateral external anal sphincter
of each subject using multi-MUP analysis. The mean values of each parameter (including duration, amplitude, area,
mean number of turns, mean number of phases, and satellite rate) were calculated for each subject. The impact of
age, gender, and childbirth experience on the parameters of the anal sphincter electromyography were analyzed
statistically.

Results: The mean durations were longer and the satellite rates were higher in the vaginal delivery group than in
the nulliparous or caesarean groups. There were no significant differences in any of the electromyography
parameters between the nulliparous and caesarean groups. None of the electromyography parameters
changedsignificantlywith increases in vaginal delivery times. A multiple linear regression analysis of each
electromyography parameter for age, gender, and vaginal delivery experience indicated that gender and vaginal
delivery experience influenced the parameter of duration; vaginal delivery experience also influenced the parameter
of satellite rate; and age did not significantly affect any of the parameters except the number of phases.

Conclusion: Age, gender, and vaginal delivery experience impact differently on the various anal sphincter

electromyography parameters.
electromyography results in clinical work.

L

These variables should be taken

into consideration when interpreting

J
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Introduction

The external anal sphincter is innervated by Onuf’s nucleus, which
is located in the anterior horn of the spinal cord at the S2 level [1-5]
through the pudendal nerve. Lesions of Onuf’s nuclei and the roots of
the sacral and pudendal nerves could be displayedby the external anal
sphincter electromyography (EMG), an important neurophysiological
method widely used by neurologists, orthopedists, and urologists.

Compared with the other motor neurons of the anterior horn of the
spinal cord and limb muscles, the neurons in Onuf’s nuclei and the
external anal sphincter consist of unique characteristics(1) although it
belongs to the somatic system, Onuf’s nucleus has some automatic
feature [6]; (2) sexual dimorphismhas been observed [7-9],and
therefore, some perineal muscles innervated by Onuf's nuclei, namely,
the bulbocavernosus and schiocavernosus muscles, are only present in
males, and males have significantly more motor neurons in Onuf's
nucleus than females. The development of this sexual dimorphism was
thought to be caused by the effect of androgen; (3) the external anal
sphincter is always in a state of tonic contraction, which reduces only
during activerelaxation. Besides beinga support for the abdominal and

pelvic contents againstgravity, the external anal sphincter and its
innervation are prone to damage in daily life and in particular
physiological processes, such as pregnancy and delivery. Therefore, the
crucial questions areas follows: do the physiological features of age,
gender, and childbirth experience have an impact on the external anal
sphincter EMG? If so, which parameter of the EMG is influenced by
each physiological factor and to what degree?

As a result of the external anal sphincter EMG is the summation of
pathological lesions and physiological effects, it is imperative to
explore the effect of physiological factors on the external anal
sphincter EMG for its reasonable application in clinical work. In this
study, we analyzed the physiological features of gender, age, and
childbirth experienceon the parameters of the external anal sphincter
EMG in a healthy population.

Subjects and Methods

Subjects

A total of 62 healthy volunteers participated in the study. Subjects
without a history of neurological disease, complaints of urinary or
defecation abnormalities, and with normal results from a neurological
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examination (including mental status, the cranial nerve, muscle force,
muscle tone, tendon reflex, senses, coordination of movement, and
gait) were included. Among the 62 subjects, 25 were men; among the
37 women, 9 were nulliparous (NU), 7 had experienced caesarean
(CA), and 21 had uncomplicated vaginal delivery (VA) experiences
(12 women had one VA;6 women had two; and 3 womenhad 3).The
study was approved by the Ethics Committee of Peking Union Medical
College Hospital (PUMCH), and all subjects gave written informed
consent.

Methods

A 37-mm-long standard concentric EMG needle with a recording
area of 0.07 mm2 (Medelec, UK) and a Medtronic Keypoint
Electromyography system (Dantec Medical, Denmark) were used. The
settings were as follows: filters (20 Hz-10 kHz), gain (100pV/div), and
sweep (5ms/div, adjusted manually to include the extra potentials as
no existing software is capable of differentiating them) (Figure 1). A
multi-MUP (motor unit potential) analysis was used [10,11]. The
subjects laiedon their left side with hips and knees flexed. The position
of needle insertion was 3:00 and 9:00 1 cm outward from the anal
orifice(Figure 2). At least 20 MUPs were gathered bilaterally from the
subcutaneous part of the external anal sphincters, with or without the
deeper part for each subject [12,13]. The manual adjustment and
deletion of the waves were approved. Satellite potentials, defined as
small extra potentials preceding/following the main MUP component
in a time-locked relationship and separating from it by an almost
isoelectrical interval of at least 1 ms[14] were included in the duration
measurement (Figure 1). MUPs were deleted manually if they were
found to be duplicates, if they automatically identified as having
dissimilar wave shapes at each firing or as nothing but a extra potential
of one MUP (i.e., satellite potentials), or if they had unsteady baselines
(without defined duration boundaries) or amplitudes below 50 pV.
The parameters included duration, amplitude, area, number of
phases,number of turns, and satellite rate.
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Figure 1(a): An MUP with a satellite potential sample obtained
from a 48-year-old woman withthe experience of vaginal delivery.
(A) The MUP firing raster showed the extrapotential time-locked
to the main MUP component with an isoelectric interval ofabout 13
ms, which suggested a satellite potential.

=] Amp.: 826 pit
%5 Dur.: 3.04 ms
Phases 4
Turne: 4

Figure 1(B): The duration measuredautomatically.

Figure 1(C): Manual adjustment to include the satellite potential.

Figure 2: Schematic representation of the position of needle
insertion.

Statistical analysis

The satellite rate (the number of MUPs with satellite potentials
divided by the total number of MUPs) and the mean values of each
MUP parameter were calculated for each subject. The distributions of
the parameters were tested by the Shapiro-Wilks W test for normality
and the Levene test for homogeneity of variance. The parameters with
a normal distribution between the groups of each delivery type(NU,
CA, and VA) were tested by one-way ANOVA with the Bonferroni
correction for multiple comparisons. The parameters between the
subjects who had undergone different numbers of vaginal deliveries
(1-3) were compared using the Kruskal-Wallis ANOVA because of the
limited samples in each group. The exact impact factor of childbirth
on the external anal sphincter EMG was then determined. Afterwards,
a linear regression analysis of each EMG parameter using the mean
values of each subject was performed for age, gender, and the
determined factor of childbirth.
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Results

The mean age of the 62 subjects was 41.9 (20-62) years. All the data
on the parameters for each group of childbirth type were consistently
normally distributed with equal variances. Using the one-way
ANOVA, the durations, mean numbers of phases, and satellite rates
between each group according to childbirth type were significantly
different. Further multiple comparisons showed that the mean
durations were longer and the satellite rates were higher in the VA
group than in the NU or CA groups. Moreover, there were no
significant differences in any of the parameters between the NU and
CA groups (Tablel, Figure3). The impact of the number of vaginal
deliveries on the external anal sphincter EMG was also analyzed by the
Kruskal-Wallis non-parametric ANOVA, and none of the parameters
showed statistically significant differences (Figure 4). The data
illustrated that the experience of vaginal delivery had an explicit
impact on the external anal sphincter EMG parameters, which was
considered to be strongly correlated with the vaginal delivery process
rather than that of pregnancy itself. In addition, the impact on the
EMG parameters was mainly associated with the first vaginal delivery
experience. The exact factor of vaginal delivery experiencealong with
age and gender were included in a multiple linear regression analysis,
which indicated that gender and vaginal delivery experience
influenced the MUP parameter of duration; that vaginal delivery
experience also influenced the parameter of satellite rate; and that age
did not significantly affect any MUP parameter except for the number
of phases (Table 2).
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Figure 3(a): Mean durations and satellite rates of groups according
to various delivery types.
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Figure 3(b): Mean durations and satellite rates of groups according
to various delivery types.
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Figure 4(a): Mean durations and satellite rates of groups according
to the number of vaginaldeliveries.
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Figure 4(b): Mean durations and satellite rates of groups according
to the number of vaginaldeliveries.
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Figure 4(c): Mean durations and satellite rates of groups according
to the number of vaginaldeliveries.

Impact Amp. | Dur. Turns Phases Area Satellite
factor Rate
Gender 0.925 | 0.019 | 0.395 0.384 0.058 0.887
Age 0.483 | 0.224 | 0.186 0.007 0.432 0.769
Parity 0.336 | 0.002 | 0.271 0.129 0.881 0.014

Table 2: P values of multiple linear regression analysis presenting the
effect of age, gender, and vaginaldelivery experience on EMG
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parameters; Amp., amplitude; Dur., duration. Significant P values
(<0.05) are in bold print.

Discussion

The impact of childbirth on EAS EMG

As far as childbirth experience was concerned, caesarean and
pregnancy had no impact on the external anal sphincter EMG, and the
process of vaginal deliverymight have influenced the innervation of
the external anal sphincter due to the squeezing of the fetus through
the birth canal. In addition, the injury was not superimposed by
increasing numbers of vaginal deliveries. The duration was longer and
the satellite rate was higher in women with vaginal delivery experience,
which indicated the re-innervation of the external anal sphincter after
the injury.

The impact of vaginal delivery on the innervationof the external
anal sphincter has been thoroughly demonstrated and was thought to
be closely correlated withfecal incontinence. The long second stage of
labor, heavier babies, and forceps delivery were thought to be the risk
factors associated with vaginal delivery injury [15-19]. Gregory [20]
alsofound injury in asymptomatic womenafter uncomplicated vaginal
deliveries. In addition, Allen [16] and Boyle [19] indicated the
importanceof the first experience on the external anal sphincter EMG.

The external anal sphincter is innervated by Onuf’s nucleus through
the pudendal nerve, which crosses the apex of the ischiorectal fossa
and runs on the perineal surface of the levatorani. This anatomical
relationship maybe the reason of the pudendal nerve’s susceptibility to
vaginal delivery [3,21,22].

The impact of age on external anal sphincter EMG

In our study, the mean phases were positively correlated with age
while the other parameters showed no statistical relation. This suggests
an age-related physiological change, that is, MUP complexity increases
with aging.

In a cytoarchitectonic study, the number of neurons in the anterior
horn of the spinal cord was noted to decrease with aging [23] and was
more prominent after 60 years [24].Significant age-associated declines
of the innervation Onuf’s nucleus were also found in an animal study
[25]. In an electrophysiological study, Laurberg and his colleagues[26]
found that the pudendal nerve terminal motor latency (PNTML)
period initially increased in the fourth decade of life and was followed
a decade later by an increase in the SFEMG fiber density in the
external anal sphincter muscle.Moreover, there was inevitabledaily life
wear and tear in the external anal sphincter muscle. These factors
might explain the increased number of phases accompanied by aging.

Except for the number of phases, other parameters, including
duration, were found to be uncorrelated with aging. The possible
explanations are as follows: first, as mentioned above, the age-related
change was prominent after 60 years [24] while there were only four

subjects over 60 years of age in our study, which might make the
change unobvious. The second explanation is related to cancellation
[27]. The muscle fibers of the external anal sphincter were tiny, and
the effect of cancellation was much more explicit, which resulted in a
higher number of phases and turns compared to a less sensitive
duration. The third is related to the full compensation of the motor
unit of the external anal sphincter in healthy subjects.

The impact of gender on external anal sphincter EMG

Men tend to have a larger motor unit potential than women.
Besides the possibility of the sexual dimorphism of Onuf’s nuclei [7-9],
previous studies found the size of muscle fibers to be larger in males
than in females [28], which might explain the gender differences.

The external anal sphincter EMG data should be interpreted
cautiously in clinical studies

Our data indicated the influence of age, gender, and childbirth
experience onthedifferent parameters of the externalanal sphincter
EMG. As the external anal sphincter EMG is the summation of
pathological lesions and physiological effects, similar EMG
manifestation might result from pathological lesions or just
physiological effects, or both. Tison’s [29] study indicated a threshold
of 13ms of MUP duration was highly sensitive (80%) and rather
specific (70%) for the diagnosis of multiple system atrophy (MSA)
although later studies have not been able to confirm this [30,31]. In
our study, mean MUP duration over 13ms was shown in one women
(14.3ms) with three times of vaginal delivery experience while none in
men and women without vaginal delivery experience, which indicated
a false positive of external anal sphincter EMG due to vaginal delivery.
In fact, Tison had also noticed the impact of physiological features and
past histories on external anal sphincter EMG in his study and
suggested taking into account the influence of age, gender, parityand
history ofpelvic surgery, his opinion was fully consistent with our
study. Thus causious interpretation of the data was indispensable in
EMG studies, impartial judgments needed the combination of
disorders associated clinical signs, physiological features and past
histories. In some cases, the combination of other additional
diagnostic tests (PNTML, anal manometry, urodynamic, and imaging
studies, et. al) might be more effectively in the interpretation of the
EMG data.

One limitation of this study is that the mean age was not matched
between groups of different childbirth experiences (Table 1). This was
consistent with the general and rational social phenomenon that
nulliparous women were usually younger than parous women. In
terms of the private site of the external anal sphincter, the number of
volunteers was limited, and it was very difficult to produce matches
between the groups of different childbirth experiences on the basis of
age. Theresult of the multi-linear regression analysis of age, gender,
and vaginal delivery indicated the same result as the ANOVA, which
was nottheoretically influencedby the mismatch in age.

Groups N Age Amp (pV) Dur (ms) Number of turns | Number of | Area (WVms) Satellite Rate
phases
mean SD mean SD mean SD mean SD mean SD mean SD
Total 62 41.9 533.41 87.41 9.92 1.31 3.72 0.49 3.84 0.39 47417 122.92 0.07 0.05
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Male 25 43.2 546.39 71.52 10.05 1.07 3.75 0.49 3.86 0.41 517.13 148.45 0.05 0.05
Female 37 41.0 524.63 96.64 9.84 1.46 3.70 0.49 3.84 0.38 445.15 93.60 0.08 0.06
VA 21 46.0 515.00 78.27 10.52 1.51 3.82 0.48 3.98 0.31 442.41 88.11 0.10 0.06
CA 7 45.3 572.03 138.16 9.00 0.85 3.46 0.29 3.60 0.37 479.67 117.31 0.05 0.03
NU 9 26.2 510.25 99.79 8.91 0.73 3.61 0.58 3.70 0.44 424.69 90.36 0.05 0.05

Table 1: Means and standard deviations of the external anal sphincter EMG parameters for each group; VA, vaginal delivery; CA, caesarean; NU,
nulliparous; Amp., amplitude; Dur., duration.
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