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Abstract Background and aims:
Temporary stool deviation, using a
stoma, is a well-known surgical prin-
ciple to protect low colorectal or
coloanal anastomoses. The purpose
of this study was to evaluate any
morphologic changes with regard to
the anal sphincter muscles during
and after temporary ileostomy.
Patients and methods: Forty-four 
patients with rectal carcinomas were
studied prospectively. All patients
underwent low anterior resection.
Reconstruction was performed 
using either a coloanal pouch or a
straight end-to-end anastomosis. 
A protective stoma was fashioned in
all 44 patients (ileostomy n=41; 
colostomy n=3). Stoma closure was
carried out after a median of 85 days
(41–330 days). Using a standard pro-
tocol, anal-sphincter thickness [m.
puborectalis, external anal sphincter
(EAS) and internal anal (IAS)
sphincter] was assessed by means of
endoanal ultrasonography preopera-
tively, at the time of stoma closure,

and every 3 months thereafter for
1 year. Results: The diameter of
the puborectal muscle decreased

from a median preoperative value 
of 6.3 mm to 5.7 mm at the time of
stoma closure (P=0.03). After
3 months, 6.2 mm was measured.
This value remained stable for the
complete follow-up period. Similar
results were recorded for the EAS.
The IAS thickness remained stable
throughout the study period, measur-
ing between 2.1 mm and 2.4 mm.
Conclusion: Temporary stool devia-
tion does lead to morphologic chang-
es of the anal sphincter. While the
smooth muscle remains unchanged,
the striated counterpart undergoes
atrophic transformation. However,
after passage reconstruction, i.e., sto-
ma closure, a rapid regeneration of
the voluntary muscles is observed.
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Introduction

Sphincter-saving procedures have become standard treat-
ment in the surgical approach to cancers situated in the
middle and even lower third of the rectum [1, 2]. Total
mesorectal excision is mandatory for obtaining local ra-
dicality in these tumors [3, 4]. Irrespective of the tumor
level, this operative technique requires transection of the
rectum at the levator plane, resulting in an anastomosis
at or just above the dentate line. However, significant

morbidity and mortality do occur, with anastomotic de-
hiscence being the primary concern. Temporary stool de-
viation, using either an ileostomy or a colostomy, is a
well-known surgical principle to protect low colorectal
or coloanal anastomoses in an attempt to reduce anasto-
motic complications and/or its consequences [5, 6].

While there are many studies [7, 8, 9, 10] that have
evaluated functional changes and alterations in anorectal
physiology after rectal surgery, no data exist concerning
the potential morphologic changes of the anal sphincter
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musculature. With the advent of anal endosonography,
an imaging technique has evolved that enables visualiza-
tion of the various components of the sphincter muscles.
Many authors have demonstrated that endosonography
provides detailed information about the anatomy of the
anal canal and that this method is a valuable tool in de-
tecting sphincter changes and/or defects with a high de-
gree of accuracy [11, 12, 13, 14, 15]. The purpose of this
study was to evaluate any morphologic changes with re-
gard to the anal sphincter muscles during and after tem-
porary stool deviation.

Patients and methods

Patients

A total of 44 patients with rectal carcinomas of the lower and mid-
dle third of the rectum were studied prospectively. During the
study period, patients with preoperative sphincter defects (n=2) or
postoperative scarring (n=4) of the sphincter muscles were exclud-
ed from the study. There were 23 (42%) men and 21 (48%) wom-
en with a median age of 67 years (range 30–83 years) with intact
sphincter structures pre- as well as postoperatively. All patients
underwent low anterior resection with total mesorectal excision
and primary low colorectal or coloanal anastomosis. Reconstruc-
tion was performed using either a coloanal J-pouch (n=23) or a
straight end-to-end anastomosis (n=21). In six (14%) patients, the
anastomosis was created using a transanal hand-suture technique,
while circular stapling devices were used in all other cases (86%).
A protective stoma was fashioned in all cases (ileostomy n=41;
colostomy n=3). Stoma closure was carried out after a median of
85 days (range 41–330 days). The length of time before the stoma
closure in any individual patient was primarily determined by
whether or not an adjuvant treatment was added. A total of eight
(18%) patients received some form of adjuvant therapy (combined
radio/chemotherapy n=5; only chemotherapy n=3). For these pa-

tients, the median time before stoma closure was 183 days (range
143–330 days) as opposed to 79 days (range 41–154 days) in pa-
tients without adjuvant treatment.

Endoanal ultrasound

Using a standard protocol, anal-sphincter thickness was assessed
using endoanal ultrasound preoperatively (OP I) during the initial
staging examination of the tumor, again at the time of stoma clo-
sure (OP II), and thereafter at 3-month intervals (3, 6, 9, and
12 months) for a total of 1 year after stoma closure as part of the
routine endosonographic follow-up examinations. The puborectal
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Fig. 1 Endosonographic appearance of the internal anal sphincter
seen as the inner, hypoechoic circular layer. To avoid a systematic
error, the diameter is measured in all quadrants and the mean val-
ue is calculated (2.1 mm in this patient)

Fig. 2 Endosonographic image of the external anal sphincter (pars
subcutanea) which appears hyperechoic. Thickness is measured in
all quadrants resulting in a mean value of 6.2 mm in this case

Fig. 3 Puborectal muscle (hyperechoic structure) as seen by endo-
anal ultrasound. The sling wraps around the posterior aspect of the
rectum. Muscle thickness is measured on both sides with a mean
value of 6.4 mm in this patient



muscle, external anal sphincter (EAS), and internal anal sphincter
(IAS) were measured. The EAS was further subdivided into deep
(pars profunda), superficial (pars superficialis), and subcutaneous
(pars subcutanea) layers, and each of these structures was assessed
separately. Sphincter diameters were measured in all four quad-
rants for the IAS (Fig. 1) and the EAS (Fig. 2); the values are ex-
pressed as means. Puborectal muscles were measured on both
sides, also calculating the mean thickness (Fig. 3). 

Endoluminal ultrasound was performed using a rotating scan-
ner (Combison 310+, Zipf, Austria). The rectal probe measured
16 cm in length, with a head diameter of 21 mm. Resolution at
7.5 MHz was less than 1 mm. The transducer rotated at a speed of
12 cycles per second, generating a 360° real-time image. Two ene-
mas were used in preparation of the patients and examination was
done in the lithotomy position. Typically, the IAS is seen as a cir-
cular hypoechoic layer (Fig. 1), as opposed to the EAS which ap-
pears hyperechoic (Fig. 3).

Statistical analysis

Median values for muscle diameters were calculated. Statistical
analysis was assayed using the Wilcoxon test. A P value of <0.05
was considered significant.

Results

Data of all muscles are summarized in Table 1. The thick-
ness of the puborectal muscle decreased from a median
OP I value of 6.2 mm to 5.8 mm at OP II. After 3 months,
6.3 mm was measured. This value remained stable for the
complete follow-up period (Fig. 4). Similar results were
obtained for the various parts of the EAS (Fig. 5). All con-
stituents of the EAS decreased significantly in diameter
between the first (OP I) and second (OP II) operation. The
IAS thickness remained stable throughout the study peri-
od, ranging between 2.1 mm and 2.2 mm (Fig. 6). 

Discussion

Owing to its high resolution, endoluminal ultrasound is a
valuable imaging technique in the evaluation of the anal-
sphincter complex. It allows visualization of the anal ca-
nal and pelvic floor anatomy in great detail [16]. The
various muscle layers of the sphincter apparatus can eas-
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Table 1 Median values (range) of muscle diameter (mm) as measured by endoanal ultrasound. OP I primary operation; OP II stoma
closure; Months time after OP II; EAS external anal sphincter; IAS internal anal sphincter

OP I OP II 3 Months 6 Months 9 Months 12 Months P value, 
OP I vs OP II*

Puborectal muscle 6.2 (3.5–9.0) 5.8 (2.8–8.9) 6.3 (3.5–9.4) 6.4 (4.3–8.7) 6.4 (4.6–9.3) 6.4 (5.0–8.9) 0.033
EAS pars profunda 6.4 (4.0–8.4) 5.8 (3.6–7.8) 6.2 (4.4–8.3) 6.7 (4.9–9.1) 6.7 (5.0–9.6) 6.5 (4.5–8.5) 0.0002
EAS pars superficialis 6.8 (4.0–8.7) 6.1 (4.0–8.8) 6.6 (5.0–9.0) 6.8 (5.0–8.6) 6.8 (4.9–7.7) 6.8 (4.9–7.9) 0.008
EAS pars subcutanea 7.2 (4.5–9.5) 6.7 (3.5–8.2) 7.0 (4.6–10.8) 7.3 (5.9–9.2) 7.3 (5.8–9.5) 7.2 (5.0–9.8) 0.018
IAS 2.2 (1.4–3.6) 2.1 (1.3–3.3) 2.2 (1.8–3.3) 2.1 (1.8–3.0) 2.1 (1.3–2.9) 2.1 (1.6–2.9) 0.203

*P<0.05 was considered significant; Wilcoxon test

Fig. 4 Muscle thickness (mm) of the puborectal muscle. *P<0.05
I vs II. I primary operation; II stoma closure

Fig. 5 Muscle thickness (mm) of the external anal sphincter (pars
superficialis). *P<0.05 I vs II. I primary operation; II stoma closure

Fig. 6 Muscle thickness (mm) of the internal anal sphincter. I pri-
mary operation; II stoma closure



ily be inspected; this method has been used in numerous
studies for assessment of the IAS and EAS [11, 12, 13].
Most notably, endoanal ultrasound plays an important
role in the evaluation of sphincter integrity in patients
with fecal incontinence [14, 15, 16, 17, 18].

While anorectal physiology has been studied exten-
sively in patients undergoing rectal resection, little is
known about the effect of temporary stool deviation on
the morphology of the sphincter complex. Interestingly,
the IAS which is composed of smooth muscle fibers
does not change its thickness during temporary stool de-
viation. However, it is well known that the anal resting
pressure – which is closely related to the IAS – generally
decreases after rectal resection [19, 20, 21, 22, 23]. Ob-
viously, this may be the result of direct trauma to the
IAS during the operation, a fact which has been observed
in several studies [17, 18], or else may be a consequence
of neural injury of the pelvic nerves [24]. However, IAS
muscle thickness itself cannot be correlated with anal
resting tone. This is in accordance with a study reported
by Schäfer et al. [25] in which they compared endosono-
graphic muscle thickness with manometry results.
Among 152 consecutive patients, of whom 92 suffered
from fecal incontinence, there was no correlation be-
tween IAS diameters and manometry findings.

In contrast to the IAS, all parts of the EAS as well as
the puborectal muscle – all striated muscles – undergo
substantial morphologic changes in terms of involutional
hypotrophy during the resting period. In the case of the
EAS the decrease in muscle thickness is reflected in a
significant reduction of the squeeze pressure, as ob-

served in a study reported by Schiessel and co-workers
[22]. They also demonstrated a recovery of the squeeze
pressure back to preoperative values during their follow-
up, which would correspond with our observation that
the striated muscles regain their previous thickness and
strength within 3 months after stoma closure. A signifi-
cant correlation between EAS diameter and anorectal
squeeze pressure was also observed in the afore-men-
tioned study by Schäfer and co-workers [25]. As with
other striated muscles, this shows the ability of the pubo-
rectal muscle and the EAS to completely recover once
they are used, and therefore exercised again, provided
there is no structural or nerve damage to these muscles.

To facilitate and/or accelerate recovery of postopera-
tive anorectal function after rectal surgery, it seems pru-
dent to advise the patient to train the muscles during the
time of temporary stool deviation. This could either be
done by formal biofeedback training or, more appropri-
ately, by simply instructing the patient to repeatedly con-
tract and relax the anal sphincter several times a day.

Conclusion

We demonstrated that temporary stool deviation does
lead to substantial morphologic changes of the anal
sphincter. While the smooth muscle (IAS) remains un-
changed, the striated muscles (puborectal muscle and
EAS) undergo hypotrophic transformation. However, af-
ter passage reconstruction, i.e., stoma closure, a rapid re-
generation of these muscles is observed.
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