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Increased motor unit fibre density in the external
anal sphincter muscle in ano-rectal incontinence:
a single fibre EMG study
M E NEILL AND M SWASH

From St Mark's Hospital and The London Hospital, London

S UM M A R Y The motor unit fibre density in the external anal sphincter muscle has been
measured in 13 normal subjects aged 18 to 78 years, and in 14 patients with ano-rectal inconti-
nence, aged 17 to 72 years. The mean fibre density in the normal subjects was 1-5±0-16, and in
the incontinent subjects it was 2-17±0-28 (p<0001). These findings provide support for the
suggestion that ano-rectal incontinence commonly has a neurogenic basis.

Investigation of patients with ano-rectal incon-
tinence has relied hitherto on anal pressure studies
supported by EMG and more recently, by study
of the anal reflex.' Parks, Swash and Urich2 re-
ported histological abnormalities in the voluntary
anal sphincter musculature in patients with ano-
rectal incontinence and suggested that the in-
nervation of the external anal sphincter and
puborectalis muscles was damaged in these
patients. This suggestion has been supported by
the observation of abnormalities in small nerves
supplying the external anal sphincter muscle itself2
and by quantitative histometric studies of the
external anal sphincter, puborectalis and levator
ani muscles in a group of patients with ano-
rectal incontinence matched for age with a group
of normal subjects.3 4

Conventional EMG studies of the external anal
sphincter have not proved useful in clinical prac-
tice although they can provide information about
the pattern of voluntary control of the external
anal sphincter muscle, especially in patients with
cauda equina lesions.5 ' In order to study the
functional disorder in the external anal sphincter
in patients with ano-rectal incontinence we have
used single fibre EMG. By this technique a quanti-
tative estimate of the mean number of muscle
fibres (from 20 different recordings) belonging to
a motor unit within the uptake area of the record-
ing electrode, the motor unit fibre density, may be
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obtained. The fibre density may be increased in
both neurogenic and myopathic disorders, but in
a muscle known not to be affected by a myopathic
process an increased fibre density is an index of
reinnervation. Other parameters, such as measure-
ment of the neuromuscular jitter and impulse
blocking8 9 may also be studied.

In this report we describe a method for obtain-
ing single fibre EMG recordings in the external
anal sphincter muscle in human subjects. We have
used this method to measure the fibre density in
this muscle in a group of normal subjects, and in
a group of patients with ano-rectal incontinence.
The results are consistent with our suggestion2-4
that ano-rectal incontinence can occur from
damage to the innervation of the sphincter
musculature.

Methods

Single fibre EMG recordings were made with a
Medelec MS6 EMG apparatus, Medelec SF25
single fibre EMG electrodes and low and high fre-
quency filter settings of 500 Hz and 16K Hz. In
single fibre EMG recordings in limb muscles a
triggering potential is accepted only if its ampli-
tude is greater than 200 [tV, and its rise time is
less than 300 ms.8 9 However motor unit action
potentials recorded in the external anal sphincter
muscle with conventional EMG are smaller than
those recorded in other striated muscles; Jesel,
Isch-Treussard and Isch6 found a mean amplitude
of 200-600 ,uV, and a maximal amplitude of
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3 mV. The low amplitude of motor unit action
potentials in the external anal sphincter is due to
the small size of the muscle fibres in this muscle.
In a histometric study we found that the mean

diameter of muscle fibres in the external anal
sphincter in normal subjects was less than 30 ,um.4
We decided, therefore, to accept triggering
potentials greater than 150 ,V in our single fibre
EMG studies of this muscle.
Technique: In normal subjects the external
sphincter muscle shows tonic resting activity, but
these potentials are small and show an infrequent
and irregular firing pattern. It is difficult to vol-
untarily activate motor units in the external anal
sphincter to a consistency adequate for single
fibre EMG recordings to be made. In order to
obtain a slight degree of continuous activity in the
muscle we have utilised the activating effect of
slight traction on the sphincter ring.
Each patient was placed in the left lateral pos-

ition. A Miller-Abbott balloon was inserted into
the lower rectum and distended with 30 ml of air
and 150 g traction was applied by means of a

weighted cord. This proved sufficient to induce a

constant, slight amount of activity in the external
sphincter muscle. A suitable ground lead was

attached to the left thigh. The single fibre EMG
electrode was inserted, without anaesthetic, into the
external anal sphincter muscle lateral to the anal

margin on either side, and recordings made with
the electrode directed both anteriorly and pos-

teriorly in the muscle. Most of the recordings
were made in the superficial part of the muscle.
As in fibre density measurements in other muscles9
the mean number of single muscle fibre action
potentials recorded in 20 different electrode
positions was taken as the fibre density. Usually
only two skin penetrations were required. The
fibre density was measured on both sides of the
circular external anal sphincter muscle, but most
of the recordings were made on the dependent left
side. All the potentials were recorded for sub-
sequent analysis.
Patients: Thirteen subjects, eight of whom were

women, served as controls. These volunteer
patients were attending St Mark's Hospital for
treatment of disorders not affecting the perineum,
anus or rectum, such as inguinal hernia, car-
cinoma of the colon and cholecystitis. Their ages
ranged from 18 to 78 years (mean 51 yr). Exam-
ination of the perineum, anus and rectum before
single fibre EMG revealed no abnormality, and
there was no clinical evidence of disease of the
lumbosacral spine or nerve roots.

Fourteen patients with ano-rectal incontinence
were studied. All these patients were women.
Their ages ranged from 17 to 72 years (mean
42 yr). Clinical details are given in the table.

Table Summary of clinical and EMG data.

Case Sexl Type Duration Defecation Rectal Perineal Obstetric history para. Other clinicalfeatures Singlefibre EMG
no age ofFI ofFI straining prolapse descent

(yr) (yr) Fibre Mean MUAP
density duration

(ms)

I Ff17 Loose 8 + + + 0 + 0 0 Father has myotonic 1-8 0 45
dystrophy

2 F/21 Solid 4 +++ +++ +++ 0 0 Rectopexy 2-0 0-76
3 F/36 Solid 11 +++ +++ +++ Precipitate delivery Long history 2 5 2-4

2 incontinence began constipation
after childbirth (2nd)

4 F/38 Solid 1 0 +++ +++ 1 precipitate delivery Rectopexy post anal 2-3 2-3
repair previously

5 F/40 Solid 10 0 0 + + 3 perineal tear Incontinence worse 2-0 1 0
after each delivery

6 F/41 Loose 7 0 0 + 3 difficult deliveries 1 9 1.0
7 F/43 Solid 9 0 0 + 3 difficult deliveries Crohn's disease 2-35 1-5
8 F/49 Solid 10 + + + +++ ++ 3 precipitate deliveries 2-4 1.0
9 Ff50 Solid 2/3 + 0 + 4 severe perineal tears Vaginal repair 2-7 2-0

3 lumbar laminectomies
10 F/60 Loose 10 +++ 0 + 0 0 Vaginalrepair 1-85 1-1

hysterectomy
11 F/61 Solid 3 + + + + + + + + + 3 normal deliveries Rectopexy history of 2-0 1.1

constipation
12 F/62 Loose 5 +++ 0 + + 2 caesarian sections Vaginal repair 2-0 0-45

hysterectomy
13 F/65 Solid 5 + + + +++ ++ 1 normal delivery Rectopexy anal pain 2-2 1-6
14 F/72 Solid 2 ++ + 0 + + 1 prolonged labour Vaginal repair 2-4 1-2

maximal anal dilation

Ft=faec sincontinence; + + + =severe; + + =moderate; + =mild; MUAP=motor unit action potential.
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Results

In the 13 normal subjects the fibre density ranged
from 1*3 to 1-8 (mean 15, SD 0-16). The relation
between fibre density and age in these subjects is
shown in fig 1. There was an increase in fibre
density with age, which was most evident after the
age of 60 years. In the youngest subject studied, a
woman aged 18 years, the fibre density was slightly
higher than in two subjects aged 20 to 30 years.
A typical pair of potentials recorded from one of
these normal subjects is shown in fig 2. The
neuromuscular jitter was not measured, but no
potential pair showed a jitter greater than 50 ms.
All the triggering potentials were greater than
200 ,uV in amplitude.

In the 14 patients with ano-rectal incontinence
the fibre density ranged from 1P8 to 2-7 (mean
2-17, SD 0-28). The range of fibre densities in the
normal subjects and incontinent patients did not
overlap and the mean values in the two groups
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Fig 1 The relation between fibre density in the
external anal sphincter muscle and age, in 13 normal
subjects.

were significantly different. (Student's two tailed
t test; p<0-001). The fibre densities in the incon-
tinent subjects are shown, compared to the normal
values in relation to age, in fig 3. A stable motor
unit action potential showing an increased num-
ber of single muscle fibre action potentials, with-
out increased jitter or impulse blocking, is shown
in fig 4. In some potentials individual spike com-
ponents showed an increased jitter and impulse
blockings were seen in some of these. Rarely,
blocking of two components was seen (fig 5), an
indication of failure of transmission at an axonal
branch in the terminal innervation.
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Fig 3 Fibre density in the external anal sphincter
muscle, plotted against age, in 14 patients with
ano-rectal incontinence. The data from the normal
subjects are shown by the thicker line.

I

Fig 2 A double potential, showing a normal jitter.
Scale: I mV, I ms.

Fig 4 A stable motor unit action potential
consisting of five separate components recorded in
the external anal sphincter muscle of a patient with
incontinence (case 3). Scale: I mV, I ms.
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Fig 5 A potential with four components. Since the
configuration of the second pair of components differs
slightly from that of the first pair, this recording is
interpreted as representing 'neural blocking' of the
second pair of components rather than intermittent
double discharges. Scale: I mV, I mis.

Discussion

In most subjects single fibre EMG assessment of
the external anal sphincter is neither difficult nor

painful. Some subjects were distressed by their
inability to observe the procedure of electrode
placement, as in ordinary EMG examinations, but
the use of a weighted intra-rectal balloon to in-
duce slight activity in the external anal sphincter
made it relatively easy to record enough potentials
for fibre density measurements in about 20 min-
utes. In patients with incontinence it was more

difficult to obtain recordings of 20 different motor
unit action potentials.
We have used a slightly lower amplitude cri-

terion for the triggering potential in our work
than was used by Stalberg and Thiele7 in their
study of the fibre density in the extensor digitorum
communis muscle,7 9 because the mean diameter
of muscle fibres in the external anal sphincter
muscle is less than half that found in limb
muscles of normal subjects.4 Most of the trigger-
ing potentials, however, recorded in the external
anal sphincter in our subjects were greater than
300 ,V, and all were greater than 200 tV. The
neuromuscular jitter was not measured system-
atically, but was always less than 50 ,Ls.

In the normal subjects the mean fibre density in
the external anal sphincter muscle was 15, a value
similar to that found in other striated muscles.7 9
No difference was found between men and women
of similar age. The fibre density was slightly in-
creased in subjects older than 60 years, as in
other muscles.7 " Further, the slightly higher fibre
density found in the youngest subject studied
(fig 1) is consistent with the higher fibre density
found in the extensor digitorum communis in
normal subjects less than 10 years of age.9

M E Neill and M Swash

The fibre density was increased in the external
anal sphincter muscle in all the patients with
incontinence. In one patient, aged 17 years (case 1)
the fibre density was 1 8, a value the same as that
found in an 80 year old normal subject. This
patient (case 1) was chronically constipated and
was incontinent only for liquid stool. Three other
patients (cases 6, 10 and 12) whose fibre densities
were 19, 1 85 and 2-0 respectively, were also in-
continent only for liquid stool. The other patients,
whose fibre densities ranged from 2-0 to 2'7 were
incontinent for both liquid and solid faeces. There
was thus a relationship between the severity of
incontinence and the fibre density in the external
anal sphincter muscle. No relationship between
duration of incontinence and fibre density was
observed; this probably reflects the various factors
leading to incontinence in these patients.

All the patients with incontinence in the present
series were women. Nine had a history of abnor-
mal or difficult deliveries with trauma to the pelvic
floor musculature, but three had never been
pregnant and in two childbirth had been normal.
Prolonged and repeated defaecation straining was
admitted by nine patients (table), including all
those who had not experienced a difficult delivery,
or who had not been pregnant. One patient, case
14, became incontinent of faeces after a maximal
anal dilatation; this procedure probably damaged
the internal anal sphincter, the external sphincter
having been injured previously. These patients are
thus similar to those studied previously.24
The pathogenesis of idiopathic ano-rectal incon-

tinence is not well understood. Parks and Swash
have reported histological evidence of denervation
in the external anal sphincter and puborectalis
muscles of patients with ano-rectal incontinence2 4

and have suggested that this might result from
damage to the pudendal nerves by entrapment be-
neath the sacrospinous ligaments and perhaps, by
stretch injury to the terminal segments of the
nerves caused by descent of the perineal floor
during defaecation straining.2 3 The finding of an
increased motor unit fibre density in the external
anal sphincter muscle in patients with ano-rectal
incontinence is consistent with this hypothesis;
an increased fibre density can be correlated with
reinnervation, and fibre type grouping is a feature
of the histological abnormality in the sphincter
musculature in patients with ano-rectal incon-
tinence.24 Myopathic disorders, which may also
be associated with an increased fibre density in
single fibre EMG recordings" can be excluded as
a cause of ano-rectal incontinence by the clinical2
and histological features.24 Further, we have ex-
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amined the external anal sphincter muscle by
single fibre EMG in two patients with incomplete
cauda equina lesions and have found the fibre
density to be increased in both patients.

Single fibre EMG seems to be a useful tech-
nique for study of the functional disorder in the
external anal sphincter muscle in patients with in-
continence. Since it is a quantitative method it
may prove particularly useful for assessing changes
in the external anal sphincter muscle occurring
during the natural history of perineal disorders or
of their treatment. However, comparison of fibre
density studies with other techniques such as
pressure measurements within the anal canal, both
in incontinence and in other ano-rectal disorders
will be important before the role of single fibre
EMG in the clinical investigation of these dis-
orders can be established.
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