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Abstract 
Background: To clarify the pudendal motor (PMN) and sensory (PSN) nerves 
play in preventing fecal incontinence (FI) after low anterior resection (LAR) 
for lower rectal cancer, the PMN and PSN functions were studied. Methods: 
Sixty patients were divided into groups A (n = 20, FI) and B (n = 40, conti-
nence). These were compared with group C (n = 30, control subjects). PMN 
latency (PMNL) (right, left, and posterior sides of the anal canal) was studied 
by sacral magnetic stimulation. Anal mucosal electric sensitivity (AMES) was 
measured at the lower, dentate line (DL), and upper zones. Results: The dis-
tance of anastomosis from anal verge (DAAV) in group A was significantly 
shorter than in group B (p value < 0.001). In PMNL, the conduction delay in 
group A was significantly longer than in groups B and C at all sides (p value < 
0.001, respectively). On AMES, the sensitivity of patients in group A was sig-
nificantly lower than in groups B and C at all zones (p value < 0.001, respec-
tively). In groups A, B, and C, correlation coefficients between SMNL (post-
erior side) and AMES (DL zone) were 0.780, 0.858, and 0.793, respectively (p 
value < 0.001). Conclusion: FI after LAR with a short DAAV may lead to ex-
ternal anal sphincter dysfunction due to damage of both PMN and PSN. 
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1. Introduction 

In low anterior resection (LAR) for lower rectal cancers (LRC), 20.0% to 40.0% 
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of postoperative patients after LAR experience soiling [i.e. minor fecal inconti-
nence (FI)] and/or FI (i.e. involuntary defecation), reducing the postoperative 
quality of life (QOL) even 1 to 2 years after LAR [1] [2] [3]. Various dysfunc-
tions as causative factors, such as sphincter muscle function, rectal retention 
ability, and recto-anal inhibitory reflux, have been mainly documented based on 
manometric studies [4] [5] [6]. Of these factors, sphincter dysfunction has been 
focused on as the main cause. The external anal sphincter (EAS), internal anal 
sphincter (IAS), and puborectalis muscle (PM) essentially establish continence 
[5] [7] [8]. Among these sphincter muscles, EAS is the most important to pre-
vent FI [5] [7] [8]. Especially, voluntary contractions of EAS prevent FI that may 
be induced by an increase in abdominal pressure due to coughing or postural 
changes [7] [8]. 

Regarding nerve control of EAS, investigations have mainly focused on EAS 
regulation by the pudendal motor nerve (PMN) [4] [9] [10] [11]. To date, mea-
surement of the PMN terminal latency has involved direct electrical stimulation 
of the terminal PMN in the anal canal [9] [10] [11] [12]. There have been many 
reports of findings obtained on straining during defecation in patients with 
chronic constipation [13] [14]. It is well-known that PMN extension injury 
caused by over-extension of the pelvic floor muscle due to straining during de-
fecation promotes FI [13] [14]. Thus, an impaired regulation of EAS by damaged 
PMN may lead to FI. Regarding studies on PMN terminal latency in LAR pa-
tients with soiling or FI, its delay has been suggested [11] [12]. 

Moreover, attenuation of the anal mucosal sensitivity mediated by the puden-
dal sensory nerve (PSN) to discriminate gas and feces from other contents has 
also been documented in patients with FI [14] [15] [16] [17]. Previously, the au-
thor reported that impairment of the anal canal mucosal electrical sensitivity 
(AMES) threshold in LAR patients may be directly associated with soiling [16]. 

Until now, PMN and PSN functions in patients after LAR have been studied 
in different patient groups [9] [10] [11] [12] [16] [18] [19]. In this study, both 
the PMN and PSN functions were studied in an identical patient group with or 
without FI after LAR for RC. Moreover, measurement of the pudendal motor 
nerve latency (PMNL) by sacral magnetic stimulation (SMS) is still not applied 
for evaluations of LAR patients with or without FI. So, the author used SMS to 
evaluate the PMN function in LAR patients with or without FI in the present 
study.  

By the way, in patients after LAR at an early postoperative status, less than 6 
months after LAR, there is no report of the PMN and PSN functions for FI. 
Therefore, the authors performed this study.  

2. Patients and Methods  
2.1. Patients 

From January 2005 to December 2015, a total of 60 patients aged 44 to 78 years 
(40 men and 20 women with a mean age of 62.6 years) who underwent LAR for 
LRC were enrolled in the present study. Based on postoperative FI, these patients 
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were divided into 2 groups [group A, patients with FI (n = 20), 17 men and 3 
women aged 44 to 78 years with a mean age of 63.3 years; group B, patients 
without FI (continence, n = 40), 23 men and 17 women aged 47 to 77 years with 
a mean age of 61.9 years]. Groups A and B were compared with control subjects 
[group C, 30 volunteers with normal bowel movements (20 men and 10 women 
aged 46 to 76 years with a mean age of 60.1 years). 

Stage groupings were used for TNM classification. All patients were patholog-
ical Stage I (44 patients: T1, N0, M0; 16 patients: T2, N0, M0)]. The patients un-
derwent straight anastomosis, and the distance of the anastomosis from the anal 
verge (DAAV) was 2 to 6 cm based on an anorectal scope. No recurrence was 
noted at the time of examination.  

Subjects were without surgical histories, psychiatric diseases, metabolic-endocrine 
disorders, digestive tract impairments, defecation abnormalities, and chronic 
constipation. Furthermore, all female subjects were nulliparous.  

This retrospective study was performed at 14 months after LAR. Based on the 
Wexner score [20] (Table 1), the author assessed their stool status directly. FI in 
group A was defined as 6 or higher, while fecal continence in group B was de-
fined as 5 or lower. Then, LAR patients could be divided into those with (group 
A) and without (group B) patients. The author was not blinded regarding 
whether patients were continent or incontinent. 

To clarify FI from the function of SMN and PSN, a homogeneous patient 
group was targeted for this preliminary study. The author considered that the 
analysis of data would be straightforward if the patient characteristics were ho-
mogenous.  

2.2. Surgical Procedure 

In all patients, the flexure of the spleen was displaced to allow the descending 
colon to reach the pelvic floor without tension. All patients were UCC Stage I in 
the present study. Then, the sigmoid colon and rectum were resected and total 
mesorectal excision with regional lymph node resection while preserving auto-
nomic nerves, such as bilateral hypogastric nerves and pelvic plexuses, were 
performed in all patients. The distal rectum was closed with a ROTICULATOR 
55 instrument (United States Surgical, Norwalk, CT, USA). Straight anastomosis 
between the descending colon and remnant rectum was performed using the 
PREMIUM CEEA instrument (United States Surgical).  

Covering the stoma was not performed in any of the LAR patients. 

2.3. Measurement of PMNL by SMS 

PMN derived from the S2-4 spinal nerve roots innervating the EAS can be ex-
cited transcutaneously by stimulating the spinal column overlying the cauda 
equina, allowing measurement of the motor latency to this muscle. The patient 
was placed in the left lateral position and a separate ground electrode was con-
nected from the upper thigh to the preamplifier of the electromyography (EMG) 
apparatus (Isolator SS 104J, 7T18 Signal Processor, Sanei-Nihonkoden, Tokyo, 
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Table 1. The Wexner score (a frequency assessment tool). 

Type of incontinence Never Rarely Sometimes Usually Always 

Solid 0 1 2 3 4 

Liquid 0 1 2 3 4 

Gas 0 1 2 3 4 

Wear pad 0 1 2 3 4 

Lifestyle altered 0 1 2 3 4 

Never: 0; Rarely: Less than once a month; Sometimes: Less than once a week or once a month; Usually: 
Once a day or once a week; Always: Once a day or more. 

 
Japan). The stimulus was applied from a magnetic stimulator (Magstim-Model 
200, Nihonkoden, Tokyo, Japan), consisting of a flat coil with an outer diame-
ter of 9 cm placed in the area overlying S2-4. A large, brief pulse of current 
(peak value: 4000 A after 110 μs) was then passed from a high-voltage capaci-
tor discharge system through the coil. The EAS response was recorded with a 
glove-mounted electrode array. This consisted of two metal plates mounted 1 cm 
apart at the tip of the gloved index finger. The finger bearing this device was in-
serted into the anal canal so that the electrode array was in contact with EAS on 
the right, left, and posterior sides. Magnetic stimulation at the S2-4 sacral levels 
has been shown to activate the PMN root of the cauda equine. The latency of 
induced EMG activity (M wave: motor activity potential evoked from EAS mus-
cles directly regulated by the stimulated PMN derived from the S2-4 spinal nerve 
roots) of EAS is the value of PMNL (see Ref. [9] [10] [11] [12] [16] [18] [19]). 
Contraction of EAS could be easily detected by index finger insertion into the 
anal canal. 

2.4. Measurement of AMES Threshold  

A ring-type bipolar electrode, with 2-mm-wide platinum electrodes fixed at 1 
and 1.7 cm from the tip of a 12-Fr silicon Foley catheter (Ballon Catheter type 
94001; Unique Medical, Tokyo, Japan), was devised in our laboratory. During 
monitoring, the subject assumed a left lateral decubitus position, and DL was 
confirmed by an anorectal scope before inserting the catheter through the anus. 
A total of 3 zones with reference to DL were categorized according to the lower 
end of the stimulation electrode: upper (the region at 1 cm on the oral side from 
DL), middle (the DL region), and lower (the region at 1 cm on the anal side from 
DL) levels in the anal canal. Under stimulation conditions, currents of rectangu-
lar waves with a 0.2-ms duration and gradually increasing intensity (starting 
from 0.1 to peaking at 30 mA) were delivered at a 1-Hz frequency using a con-
stant current generator (Electric Stimulator SMN-7203; Nippon-Koden, Tokyo, 
Japan) (see ref. [16]). The current (in mA) that induced a tingling/pulsing sensa-
tion in the patient was defined as the AMES threshold. 

2.5. Experimental Procedure 

The above two tests were conducted in a shielded room at 25˚C. No bowel prep-
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aration was performed, and after an overnight fast patients were given the op-
portunity to defecate before the experiment. Also, patients did not receive 
breakfast, dietary restrictions, a glycerin-enema, or drug pretreatments. No sed-
ative was used. Measurements were conducted at 9:00am with patients in the left 
lateral decubitus position and knees raised to the chest. 

It was necessary for the author to measure the PMNL values and AMES thre-
shold in the present study. For this, the author needed to obtain informed con-
sent from subjects participating in this study. To assess of FI after LAR, the au-
thor also obtained corporation from each patient after LAR and control subjects.  

Application of PMNL by the SMS method and measurements of the anal mu-
cosal electrical sensitivity (AMES) threshold in the present study were approved 
by the Ethical Committee of Nihon University School of Medicine. 

2.6. Statistical Analyses 

Statistical analyses were conducted using the non-parametric Kruskal-Wallis test 
with Bonferroni correction (StateView version 5.0 for Macintosh; Abacus Con-
cepts Inc., Berkeley, CA, USA). Results are presented as the mean ± standard 
deviation (SD). For statistical analysis of the characteristics of patients, the 
chi-squared test (2-tailed test) was used. Data were analyzed, and the DAAV was 
calculated using Student’s t-test. Correlations between SMNL and AMES were 
calculated by Spearman’s rank correlation analysis. A p value of less than 0.05 
was regarded as significant. 

3. Results 
3.1. Patient Characteristics 

There were no significant differences in patients’ characteristics between groups 
A and B except for sex and DAAV. Group A had a significantly larger propor-
tion of males than group B (p value = 0.033). In addition, there are no significant 
differences between the demographic data in groups A, B, and C.  

As for DAAV, groups A showed significantly shorter distances than group B 
(p value < 0.001) (Table 2). 

3.2. The FI Score (Wexner Score) after LAR 

FI after LAR was evaluated by the Wexner score [20] (Table 1). Wexner scores 
from 8 to 10 (mean: 9.25) comprised 20% of group A, 11 to 15 (mean: 13.5) 
50.0%, and 16 to 20 (mean: 18.5) comprised 30.0%. All patients in group A were 
incontinent. In contrast, all patients in groups B (Wexner score: 0) and C 
(Wexner score: 0) were continent. Patients in pre-operative defecation (Wexner 
score; 0) were also continent (Table 3). 

3.3. Values of PMNL 

Right side: Group A exhibited significant prolongations compared with groups B 
and C (p value < 0.001, respectively). There was no significant difference be-
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tween groups B and C (p value = 0.104). Left side: Similar to the right side, 
group A displayed significant prolongations compared with groups B and C (p 
value < 0.001, respectively). There was no significant difference between groups 
B and C (p value = 0.146). Posterior side: group A exhibited significant prolon-
gations compared with groups B and C (p value < 0.001, respectively). There was 
no significant difference between groups B and C (p value = 0.174) (Table 4).  
 
Table 2. Characteristics of patients.  

Factors Group A (n = 20) Group B (n = 40) p value 

Male/Female 17/3 23/17 0.033 

Age (years) 63.3 (44 - 78) 61.9 (47 - 77) ns 

Depth of cancer invasion 
  

T1 (n = 44) 70.0% (14/20) 75.0% (30/40) 
ns 

T2 (n = 16) 30.0% (6/20) 25.0% (10/40) 

Lymph node metastasis 
  

No 100% (20/20) 100% (40/40) ns 

Pathological stage 
  

Stage I 100% (20/20) 100% (40/40) ns 

Preservation of bilateral hypogastric nerves and pelvic plexuses 

Preservation 100% (20/20) 100% (40/40) ns 

Level of anastomosis from the dentate line (cm) 
 

 
2.4 ± 1.7 cm 4.3 ± 0.9 cm <0.001 

 
(2 - 4) (3 - 6) 

 
Past history 

   
No 100% (20/20) 100% (40/40) ns 

Postoperative complications 
  

Wound infection 10% (2/20) 10% (4/40) ns 

Group A: Patients withfecal incontinence after low anterior resection; Group B: Patients withoutfecal 
incontinence after low anterior resection; ns: No significance. 

 
Table 3. The fecal incontinence score after LAR. 

 
Pre-operative 

(n = 60) 
Group A 
(n = 20) 

Group B 
(n = 40) 

Group C 
(n = 30) 

Distribution of Wexner scores     

0 to 5 (good) 60 (100%) 0 (0%) 40 (100%) 30 (100%) 

6 to 10 (fair) 0 (0%) 4 (20.0%) 0 (0%) 0 (0%) 

11 to 15 (poor) 0 (0%) 10 (50.0%) 0 (0%) 0 (0%) 

16 to 20 (very poor) 0 (0%) 6 (30.0%) 0 (0%) 0 (0%) 

Group A: Patients with fecal incontinence after low anterior resection; Group B: Patients without fecal in-
continence after low anterior resection; Group C: Control subjects. 
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Table 4. Values of pudendal motor nerve latency. 

 
Group A (n = 20) Group B (n = 40) Group C (n = 30) 

Right side 8.0 ± 0.7 msa 4.2 ± 0.5 msb 3.9 ± 0.2 msc 

 
(6.0 - 9.8) (3.2 - 4.8) (3.4 - 4.2) 

Left side 8.1 ± 2.7 msd 4.1 ± 0.6 mse 3.8 ± 0.3 msf 

 
(6.8 - 10.0) (3.2 - 4.9) (3.5 - 4.3) 

Posterior side 7.9 ± 0.9 msg 4.1 ± 0.6 msh 3.9 ± 0.3 msi 

 
(5.9 - 9.0) (3.0 - 5.0) (3.4 - 4.4) 

a vs. b: p value < 0.001, a vs. c: p value < 0.001, b vs. c: p value = 0.104; d vs. e: p value < 0.001, d vs. f: p val-
ue < 0.001, e vs. f: p value = 0.146; g vs. h: p value < 0.001, g vs. I: p value < 0.001, h vs. I: p value = 0.174. 
Group A: Patients with fecal incontinence after low anterior resection; Group B: Patients without fecal in-
continence after low anterior resection; Group C: Control subjects. 

3.4. Values of AMES Threshold 

The upper zone: Group A revealed a significant increase compared with groups 
B and C (p < 0.001, respectively). There was no significant difference between 
groups B and C (p value = 0.061). The middle zone: group A exhibited a signifi-
cant increase in values compared with groups B and C (p value < 0.001, respec-
tively). There was no significant difference between groups B and C (p value = 
0.123). The lower zone: group A showed a significant increase in the threshold 
compared with groups B and C (p value < 0.001, respectively). There was no sig-
nificant difference between groups B and C (p value = 0.072) (Table 5). 

In addition, LAR patients with FI showed a significant prolongation of PMNL 
values as well as a significant reduction of the AMES threshold compared with 
patients without FI. There were no significant differences in PMNL and AMES 
threshold values between LAR patients without FI and control subjects.  

3.5. Spearman’s Rank Correlation Test between SMNL in the  
Posterior Wall and ASMES in the Middle Zone of the Anal  
Canal 

The posterior side of EAS is regulated by the bilateral sides of PMN. DL is well 
supplied with sensory terminals and organs, and exhibits the highest sensitivity 
in the anal canal. Therefore, the author conducted a correlation test between 
SMNL in the posterior wall and ASMES in the middle zone of the anal canal. 
Figure 1 shows regression lines that present the association of SMNL (sm) with 
AMES (mA) in groups A, B, and C. A high regression coefficient of more than 
0.700 was noted in groups A, B, and C. There were also significant differences in 
the correlation coefficient between SMNL and AMES in groups A, B, and C (p 
value < 0.001, respectively).  

4. Discussion 

Generally, the Wexner score is the most widely used method to assess the effica-
cy of surgical therapies for FI [20]. Ito et al. [21] suggested that both poor (11 to 
15) and very poor (16 to 20) scores in all patients after LAR indicated severe FI 
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with solid and liquid stools. Koda et al. [22] reported that a Wexner score ≥ 10 
was a strong predictor of severe postoperative FI. Badic et al. [3] also suggested 
that a Wexner score of ≥10 is an indication of FI. In this retrospective study, FI 
scores (Wexner score) in all patients with FI were 8 or more. Especially, FI 
scores of 10 or more indicated severe FI. 
 

 
(a) 

 
(b) 

 
(c) 

Figure 1. Regression lines in (a) (patients with incontinence after low anterior resection), 
(b) (patients without incontinence after low anterior resection, and (c) (control subjects). 
This figure shows regression lines that present the relation of the anal mucosal electric 
sensitivity threshold values (DL zone of the anal canal to those of pudendal motor nerve 
latency (SMNL: posterior side of the anal canal) in (a) (b) and (c). A high regression coef-
ficient of more than 0.70 was shown. There were significant correlation coefficients be-
tween SMNL (posterior side of the anal canal) and AMES (DL zone of the anal canal) in 
groups A, B, and C (p value < 0.001, respectively). 
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Table 5. Values of anal mucosal electric sensitivity threshold. 

 
Group A (n = 20) Group B (n = 40) Group C (n = 30) 

Upper zone 6.3 ± 1.2 mAa 2.6 ± 0.6 mAb 2.3 ± 0.5 mAc 

 
(4.6 - 8.3) (1.5 - 3.8) (1.6 - 3.1) 

Middle zone 5.0 ± 0.5 mAd 2.3 ± 0.5 mAe 2.1 ± 0.4 mAf 

 
(4.2 - 5.8) (1.4 - 3.0) (1.4 - 2.8) 

Lower zone 4.8 ± 0.5 mAg 2.5 ± 0.6 mAh 2.2 ± 0.5 mAi 

 
(4.1 - 6.0) (1.6 - 3.8) (1.6 - 2.8) 

a vs. b: p value < 0.001, a vs. c: p value < 0.001, b vs. c: p value = 0.061; b vs. e: p value < 0.001, b vs. f: p val-
ue < 0.001, e vs. f: p value = 0.123; g vs. h: p value < 0.001, g vs. I: p value < 0.001, h vs. I: p value = 0.072. 
Group A: Patients with fecal incontinence after low anterior resection; Group B: Patients without fecal in-
continence after low anterior resection; Group C: Control subjects. 

 
The functional outcome after LAR, especially FI, is closely related to DAAV 

[1] [2] [3] [7]. Generally, a remaining rectum length of 4 cm or more from the 
anal verge in patients after LAR while preserving autonomic nerves allows for a 
good anorectal function without FI [1] [2] [3] [7]. In the present study, DAAV 
in patients with FI (mean: 2.4 cm) was significantly shorter than that in patients 
without FI (mean: 4.3 cm). 

Sphincter muscles including EAS, IAS, and PM are important for maintaining 
continence [7]. Generally, it is considered that EAS is the most important to 
prevent involuntary defecation compared with IAS and PM [4] [6] [8]. Even af-
ter IAS resection in patients after intersphincteric resection for RC, the anorectal 
function may improve over time [5] [8]. Andrius et al. [6] revealed that conti-
nence is affected by injury to the anal sphincter (mainly by EAS). It was reported 
that the EAS function recovered to preoperative levels after one year in patients 
receiving LAR without IAS preservation [19] [21]. EAS is also crucial for com-
plementing accessory functions of feces retention/continence, i.e. prevention of 
FI, during an increase in abdominal pressure under conscious conditions [7]. 
These data have been mainly documented based on studies of anorectal mano-
metry [4] [6]. Anorectal manometry shows mainly myogenic factors in anorectal 
functions [20]. There are a few reports on the neurogenic functions of EAS [4] 
[11] [12]. The regulatory nerve pathway of EAS is the pudendal nerve including 
both PMN and PSN, which are derived from spinal nerves S2-4 (major regula-
tory nerves: S3 and S4) [9]. The pudendal nerve projects sensory and motor 
nerves to the anal canal and EAS, respectively [4]. Therefore, pudendal nerve 
functions were evaluated using both PMNL and the AMES threshold in this 
study.  

To date, evaluation of the PMN function has focused on the PMN terminal 
latency [8]-[13]. This latency can reveal unsuspected neuropathy in traumatic FI 
[13]. In measurements of the PMN terminal latency, stimulation of the PMN is 
achieved on either side of the pelvis by directing the exploring finger in the anal 
canal toward the lateral rim of the pelvis, i.e. toward the ischial spine. The laten-
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cy of evoked muscle action responses in EAS (i.e. PMN terminal latency) is rec-
orded after electrical stimulation of PMN in the pelvis [9] [10] [11] [12] [13] 
[20]. With regard to the PMN terminal latency, artifacts due to pain during 
evaluations are induced [11] [13]. For investigators employing this technique 
with inadequate experience, stimulations may not be appropriate. As such, eval-
uations of the PMN terminal latency may be limited to responses from the ischi-
al spine to EAS, and responses derived from direct stimulations of the EAS mus-
cle may occasionally be evoked [9] [10] [11] [12]. On the other hand, it is possi-
ble to use the SMS approach to measure the latency of the whole PMN (the 
conduction time; extending from the spinal S2-4 motor nerve roots to EAS), and 
the response is easily induced with high reproducibility, thus providing a reliably 
consistent index for evaluations [18] [23] [24] [25] [26]. However, to the au-
thor’s knowledge, there have been no reports of PMNL measurements using the 
SMS method in patients after LAR with or without FI. Therefore, the present 
study examined LAR patients with or without FI using SMS. 

In the SMS method, values of the PMNL measure the latency time from the 
stimulation of bilateral sacral nerves to EAS contraction responses. Thus, PMNL 
values show the total function of the sacral nerve. The normal values of SMS do 
not indicate laterality differences and are within the range of 3.7 - 4.4 ± 0.3 - 0.5 
ms, where values with a mean + 2SD are considered abnormal [13] [23] [24] [25] 
[26]. The EAS is regulated by the crisscrossing of the left and right pudendal 
nerves (PMN and PSN, respectively). In cases where latency is delayed due to 
nerve injury on either the left or right side, the influence on the EAS muscle is 
limited as long as the unilateral functions remain intact [6] [18]. As such, certain 
facilities monitor only the posterior direction of SMS (6 o’clock), which is regu-
lated by the neural crisscrossing of the left and right nerves [10] [18] [23]. 
Therefore, SMNL of the posterior side may reflect the total function of the right 
and left sides of PMN. In the present study, to clarify whether there are any dif-
ferences in PMNL values among the right, left, and posterior sides occur or not 
in LAR patients, the author measured PMNL of the right, left, and posterior 
sides of the anal canal. As measurements were conducted by an experienced in-
vestigator (Ryouichi Tomita), reproducible normal values with small discrepan-
cies monitored on the right, left, and posterior sites were established in the con-
trol subjects. In SMS investigations for LAR patients, marked PMNL prolonga-
tion was observed at all sites (right, left, and posterior sites) of patients with 
compared with those without FI and control subjects. No difference was noted 
between patients without FI and normal subjects. There was no significant dif-
ference among all sides in the results of this study. 

Regarding measurement of the latency of sacral and pudendal nerves, the SMS 
method can measure the latency of both nerves. This is because the SMS proce-
dure stimulates both sacral and pudendal nerves. The muscle contraction re-
sponse is recorded with a globe-mounted electrode array. The finger bearing this 
device is inserted into the anal canal so the recording electrode is in direct con-
tact with EAS or PM. Also, contraction of EAS or PM can be easily felt by in-
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serting the index finger into the anal canal. The nerve-stimulation technique us-
ing the SMS method can measure the latency in pinpointing both the EAS mus-
cle lesion on the anal canal and the PM muscle lesion at the tip of the anal canal 
[18] [27]. In addition, in the SMS procedure, LAR patients with FI clearly 
showed a weak EAS contraction response perceived with the inserted finger 
compared with those without FI and control subjects. Sato et al. [25] reported 
that a concentric needle electrode offered precise measurement of the PMNL af-
ter SMS. To measure PMNL more accurately, physicians should use a concentric 
needle electrode for EAS. 

In addition, the sensitivity of the anal canal mucosa is important for the pre-
vention of soiling and FI [14] [15] [16] [17] [20]. The anal canal mucosa, which 
is innervated by PSN, plays an important role in maintaining continence through 
its sensing of the anal contents [28] [29]. The observation of numerous receptors 
in the anal canal by Duthie et al. [28] indicated the presence of continence re-
ceptors from 2 to 4 cm above the anal verge. Transitional epithelium in the vi-
cinity of the DL line (i.e. the middle Zone in this study) is well supplied by PSN, 
connected with sensory terminals and organs, and exhibits the highest sensitivity 
[14] [15] [16] [28]. Paul et al. [30] concluded that there may be mucosal or sub-
mucosal receptors in the distal anal canal at 2 to 4 cm from the anal verge that 
support EAS contraction. Fecal continence by EAS is controlled by mucosal or 
submucosal anal receptors that are regulated by PSN. Lynn et al. [31] reported 
that PSN to EAS contributes to mechanisms promoting continence and defeca-
tion. They concluded that continence is regulated by functional coupling be-
tween PMN and PSN. To evaluate the sensitivity of the anal canal, measurement 
of the AMES threshold is no burden for patients and highly reliable [14] [15] 
[16] [17]. High-intensity electric currents may evoke nociceptive responses, while 
low-intensity currents generate abnormal tingling sensations. Measuring the 
AMES threshold has been preferred because the practical use of the measure-
ment device is simple. The typical AMES threshold varies from 1.5 to 4 mA [14] 
[15] [16] [17]. In the present study, the AMES thresholds of control subjects in 
the upper, middle, and lower zones of the anal canal registered a peak value of 
3.1 mA, a finding which was similarly observed in previous studies [14] [15] [16] 
[17]. The middle zone of the anal canal in control subjects also showed the 
highest sensitivity, followed by those of the lower and upper zones in that order. 
In LAR patients with FI, the sensitivities in the upper, middle, and lower zones 
were less favorable than in patients without FI and control subjects, although 
differences between patients without FI and control subjects were not signifi-
cant.  

It was also reported that surgery in patients with a narrow pelvis, especially 
males compared with females, exacerbated bilateral pudendal nerve injury in the 
anal canal [10] [29]. The EAS is supplied by nerve fibers of the pudendal nerve 
from S2 to 4 travelling on the levator’s undersurface. After that the pudendal 
nerve leaves the pelvic cavity between the piriformis and coccygeal muscles. 
Passing the ischial spine, it reaches the ischiorectal fossa, where it lies at the side 
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of the obturator muscle within Alcock’s canal. Then, the first branch of the pu-
dendal nerve splits to become the inferior rectal and perineal branches [32]. The 
inferior branch (PMN) controls the motility of EAS, and the perineal branch 
(PSN) controls the sensory function. PMN and PSN become gradually thiner 
from the anal to oral side in the anal canal. These two branches directly control 
EAS [32] [33]. Pfeifer et al. [34] reported that anal sphincter stretching during 
anastomosis also injured PMN and PSN. Rieger et al. [35] also suggested that the 
level of anastomosis in patients with FI was much lower than that in patients 
without FI. Also, the operation, especially anastomosis, was documented as hav-
ing been much more difficult in patients with compared with without FI. In view 
of these facts, patients with FI might have suffered more intraoperative damage 
to the pudendal nerve innervating the EAS muscle than patients without FI. It 
was reported that both PMN and PSN in LAR patients who undergo anastomo-
sis of 2 cm or less from the anal verge was easily damaged compared with that of 
4 cm or more [1] [2] [3] [7] [12]. Andrius et al. [6] stated that direct injury is 
due to the dilatation of the anal canal that is necessary to introduce the stapling 
device, and the nerves might also be damaged during mobilization of the rectum 
or following surgery. In the present study, patients after LAR with DAAV of 2 
cm or less (Male/Female = 17/3) showed a tendency toward FI compared with 
that of 4 cm or more (Male/Female = 23/17). The former patients with a narrow 
pelvis experienced more practical difficulties (the intrapelvic procedures and 
operative interventions through the anus) than the latter patients without a nar-
row pelvis. As the anal canal was excessively extended by surgeons, injury of the 
bilateral PMN and PSN in the anal canal may have occurred in patients with FI. 
Both prolongation of the PMNL values and a reduced AMES threshold may be 
affected by damage of the peripheral PMN and PSN in the EAS muscle. There-
fore, both PMN and PSN injury may lead to EAS dysfunction. Also, this study 
involved patients with an early postoperative status, at 4 months after LAR. To 
obtain accurate data, physicians should examine PMNL values and the AMES 
threshold in patients with a functionally stable status about 1 year or more after 
LAR. 

As mentioned above, SMNL of the posterior side reflects the total function of 
the right and left sides of PMN. Moreover, DL is well-supplied with sensory ter-
minals and organs, and exhibits the highest sensitivity in the anal canal. There-
fore, the authors conducted a correlation test between SMNL in the posterior 
wall and ASMES of the middle zone in the anal canal. In groups A, B, and C, 
there were significant correlation coefficients between SMNL and AMES. Namely, 
prolongation of PMNL and a decrease in the sensitivity of the anal canal in an 
identical patient group with FI after LAR may be due to both PMN and PSN in-
juries occurring intraoperatively. 

The authors concluded that anastomosis near DL may lead to EAS dysfunc-
tion due to an impaired pudendal nerve function. In patients with a narrow pel-
vis, especially male patients, close attention is necessary to avoid causing any 
mechanical damage in the anal canal while performing operative procedures. Fur-
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thermore, close attention is necessary when including anal canal tractions in a 
direction along the course of the pudendal nerve, which follows a path in the vi-
cinity of the ischial spine [31] [33]. From the results of this study on the early 
postoperative status at 4 months after LAR, FI due to EAS dysfunction in LAR 
patients may be attributed to injuries of both the motor and sensory branches of 
the pudendal nerve. However, other factors contributing to postoperative incon-
tinence in LAR patients have also been documented [20] [24] [36]. Moreover, 
Schraffordt et al. [37] suggested that the pudendal nerve continued distally in the 
anal canal and showed several branches to PM. Wallner [38] revealed that PM is 
anatomically a part of the EAS muscle rather than the levator ani muscle based 
on a cadaveric study. Therefore, it is necessary for physicians to clarify the PM 
function in patients after LAR with or without FI. 

The EAS function could be easily assessed by measuring the squeezing anal 
pressure by anorectal manometry [4] [5] [6]. However, this preliminary study 
did not involve anorectal manometry. There are many LAR patients with severe 
FI who have a normal EAS function with a functionally stable status 1 year or 
more after LAR [37] [39]. Rieger et al. [35] reported that the PMN terminal la-
tency was significantly correlated with squeezing pressure in patients with FI. In 
order to demonstrate the EAS function correctly, the maximum anal sphincter 
pressure during voluntary contraction should be evaluated by anorectal mano-
metry and compared with both SMNL values and the AMES threshold. 

This was a retrospective study with a small sample size. An increased number 
of patients after LAR with or without FI should be performed in the future. This 
study focused on FI at 4 months after LAR. Regarding PMNL values, the AMES 
threshold, and anorectal manometry (especially, the maximum squeezing pres-
sure), discussions should also include low anterior resection syndrome such as 
urgency, increased bowel movements, fluctuation or even constipation with an 
early postoperative status less than 6 months after LAR. 

5. Conclusion 

FI after LAR with a short DVVA (i.e. anastomosis near DL) may lead to EAS 
dysfunction due to an impaired pudendal nerve function caused by damage of 
both PMN and PSN. 
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