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Abstract
Background: In children with anorectal malformations 
(ARM), the midline perineal skin feature known as the anal 
dimple (AD) is commonly used as a surface landmark to 
guide surgical placement of the neoanus. The striated 
muscle complex (SMC), vital for continence, is presumed 
to align with this dimple and misalignment may lead to poor 
functional outcome such as incontinence.This study was 
conducted to find out whether the locationof the SMC 
correlate with AD in patients with ARM.

Methods: This cross-sectional study included 30 ARM 
patients undergoing various anorectal procedures. 
Intraoperatively, the boundaries of the AD and SMC were 
marked, and distances between centers (C-C) and 
lengths of AD (A-B) and SMC (A-B) were recorded using 
Vernier calipers. 

Results: Mean agewas 16 months and male to female 

ratio 2:1. Recto-bulbar urethral fistula was predominant in 
male and vestibular fistula in female. In majority(80%) of 
the cases, SMC was posterior to AD.Male had more 
posterior locationwhereas female had more anterior 
locationof SMC in relation to AD. Distance between the 
center of AD and center of SMC (C-C) was found higher in 
the recto-bulbar urethral fistula followed by the recto-vesi-
cal fistula in comparison with perineal and vestibular 
fistula (F= 8.22, p= 0.00). Mean (C-C) displacement was 
3.4 mm. Length of AD, SMC and C-C weakly correlated 
with each other. 

Conclusion: The anatomical location of the SMC does 
not consistently match the AD. Reliance on the AD alone 
may risk misplacement ofthe neoanus, suggesting that 
intraoperative SMC visualization is crucial.
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What is Already Known on This Topic
⇒ In patients with anorectal malformations neoanus 

should be placed within muscle complex to achieve a 
good continence mechanism.

⇒  Pediatric surgeons use muscle stimulator to locate the 
region of maximum muscle contraction to decide upon 
the site of neoanus and usually places marking along 
the anal dimple.   

What This Study Adds
⇒ This study shows the variability in anatomical 

alignment between AD and SMC.
⇒  It also observes gender-related trends: posterior SMC 

in males, anterior in females.
How This Study Might Affect Research, Practice or 
Policy
⇒ This study puts emphasis on visual localization of 

muscle complex as this may poorly correlate with anal 
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  dimple. Direct visual localisation is not always performed 
during laparoscopy assisted anoplasty procedures 
where a small perineal incision is given along the 
proposed anus based on location of anal dimple and 
muscle stimulation. As muscle stimulators are not 
available in many resource-limited centres, findings of 
this study will put valuable insight into planning place-
ment of neoanus in ARM patients. 

Introduction
Goal of surgical reconstruction for anorectal malforma-
tions (ARM) is to achieve good bowel and urinary 
function, as well as the ability of children to lead a healthy 
life.1 Accurate placement of the neoanus in ARM repair is 
essential for achieving continence. The AD has tradition-
ally served as a surface guide for SMC location during 
laparoscopic and perineal approaches. During laparosco-
py-assisted anorectoplasty (LAARP) and trans-perineal 
approaches, a short 1-2 cm incision is made over the AD 
at the point of maximal contraction and caudo-cephalad 
elevation of the perineum by electrical stimulation.2 This 
conventional technique for creating the tunnel between 
the perineal skin and the pelvic floor has been criticized 
as being semi-blind and may have a significant error in 
interpretation of the location of SMC.3 There is also 
evidence that the sphincteric musculature is displaced, as 
well as, affected by presence of associated anomalies in 
patients with ARM.3,4 Thereis paucity of information 
regarding the relation between the location of AD and the 
caudal termination of the SMC. It is also not known how 
often AD-based guidance results in mispositioning and 
adverse outcome. It is importantto know the relationship 
between themto optimize the placement of the rectum 
through the center of the SMC, determine the expansion 
of incision, and reduce tissue dissection, during repair in 
both open and laparoscopic procedures; and thus reduce 
the chance of fecal incontinence.The placement of 
neonauns in the correct position is extremely important as 
long term continence studies have shown thatboth consti-
pation and fecal incontinence are common in treated 
ARM patients and they have significantly worse quality of 
life.5,6 This study investigates whether the AD is a reliable 
indicator of underlying SMC anatomy in ARM cases.

Materials and methods
Study settings 
This cross-sectional study was conducted at the Depart-
ment of Pediatric Surgery, Chittagong Medical College 
Hospital, Chattogram between January 2023 and January 
2024. Patients of ARM whounderwent posterior sagittal 
anorectoplasty (PSARP), anterior sagittal anorectoplasty 
(ASARP), anterior sagittal anoplasty (ASAP) and abdomi-
noperineal pull through were included. Patients with 
distorted perineum (having meningocele, myelomeningo-
cele, sacrococcygeal teratoma) that may make delinea

tion of the anatomy difficult, cloacal malformations, 
patients with absence of anal dimple and with previous 
perineal surgery were excluded. Outcome variables were 
length of AD (A-B distance), length of SMC (A-B 
distance), distance between the center of AD and center 
of SMC (C-C distance) and location of SMC in relation to 
AD that were marked intraoperatively by vernier callipers 
(Figure 1).

Pre-operative assessment of the perineum andanal 
dimple was done. After giving general anesthesia, perine-
um was inspected and reconfirmation of the diagnosis 
with planning of surgical procedure was done. During 
PSARP, ASARP, ASAP andabdominoperineal pull 
through, the anterior and posterior limits and midpoints of 
AD and SMC were marked. Measurements were taken 
using validated Vernier callipers. All the measurements 
were performed by a single investigator (principal author) 
after receiving training from three senior pediatric 
surgeons to avoid interobserver variability. However, 
binding was not possible. 

Figure 1: length of AD (A-B distance), length of SMC (A-B 
distance), distance between the center of AD and center 
of SMC (C-C distance)in a patient undergoing posterior 
sagittal anorectoplasty. A and A were posterior limits and 
B and B were anterior limits of AD and SMC respectively.

Operative technique: 
After doing all pre-operative investigations, surgical 
procedures were done. Anterior sagittal anorectoplas-
ty (ASARP), anterior sagittal anoplasty (ASAP) and 
abdominoperineal pull through were carried out in the 
supine position. Posterior sagittal anorectoplasty 
(PSARP) was carried out in the prone jack-knife 



Location of Anal Dimple and Its Positional Alignmentwith the Caudal Termination
of the Striated Muscle Complex in Patients with Anorectal Malformations 5

position. Appearance of the perineumwas categorized 
as well or flat.AD was categorized as either "well 
developed" or "moderately developed" according to 
subjective evaluation. Indelible ink was used to define 
the anterior limit of AD (point A) and posterior limit 
(point B). The midpoint of this distance was designat-
ed as the center of AD (point C). During the surgical 
process, the anterior limit of SMC (point A'), posterior 
limit of SMC (point B) and midpoint of SMC (point C') 
were marked. These marks were made by assess-
ment of the limits where vertical fibers of SMC merged 
with the parasagittal fibers. Based on its overall devel-
opment andfiber density, SMC was categorized as 
either “well developed” or “moderately developed”. 
Using Vernier calipers, the distance (C-C') between 
the center points of AD and SMC was measured.  
Location of SMC in relation to AD was determined.

Data Analysis 
Descriptive analysis such as demographic information, 
clinical presentation was shown asfrequency and 
percentage. For presentation of quantitative and qualita-
tive data, mean ± SD and frequency and percentage was 
used accordingly. Gender variation of superimposition of 
SMC and anal dimple was analysed by Chi-square test, 
differences in the lengths of AD, SMC and C-C across 
different groups defined by the location of the striated 
muscle complex (SMC)were analysed using ANOVA, 
and correlation among lengths of AD, SMC and C-C 
between each other were analysed using Pearson’s 
correlation test.Gender difference in length of AD, SMC 
and (C-C') were analysed using Student t test. Statistical 
significance was set at p<0.05. The Ethical Review 
Committee (ERC) of Chittagong Medical College and 
Hospital granted formal ethical clearance (Reference 
number of ERC is 59.27.0000.013.19. PG.009. 
2023/967). 

Results
Among the 30 patients, 4 (13.3%) were neonates, 17 
(56.7%) were infants and 9 (30%) were children.More 
than two-third of the patients were less than 12 months of 
age.The mean age was 16.71 (± 27.75) months. 18/30 
patients (60%) presented with well perineal appearance 
and 12(40%) had flat perineum. 18 (60%) patients 
hadprevious fecal diversion (colostomy) and underwent 
staged procedure.12 (40%) had no colostomy and under-
went primary surgical procedure.

Mean length of AD (A-B) was 12.57 (± 3.58) mm ranging 
from 5mm to 22mm. Mean length of SMC (A-B) was 11.15 
(± 3.33) mm ranging from 5mm to 18mm. Mean displace-
ment of the center of AD with the center of SMC (C-C) 
was 3.4 (± 3.24) mm. Figure 2 shows differences in 
median values. 

 

Figure 2: Box and Whisker plot diagram showing length of 
anal Dimple (AD), striated muscle complex (SMC) and 
displacement of the center of AD with the center of SMC 
(C-C). Boxes representinterquartile range, middle trans-
vers line within boxes represent median values, whiskers 
represent lowest and highest values and outside circles 
represents outliers. 

  

Figure 3: Development of Anal Dimple (AD) and striated 
muscle complex (SMC) in ARM patients (values represent 
percentage among total patients)

Among 30 patients, 20 (66.7%) patients had well-devel-
oped AD and 10 (33.3%) had moderately developed AD 
(Figure 3). In gender-wise analysis, among 20male, 12 
(60%) had well-developed AD and 8 (40%) had moder

Striated Muscle Complex

Anal dimple

■ Well developed     ■ Moderately developed

■ Well developed     ■ Moderately developed
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ately developed AD. Among 10female, 8 (80%) had 
well-developed AD and 2 (20%) moderately developed 
AD. Among 30 patients, 21 (70%) patients had well-devel-
oped SMC and 9 (30%) had moderately developed SMC. 
In gender-wise analysis, among 20 male, 13 (65%) had 
well developed SMC and 7 (35%) had moderately devel-
oped SMC. Among 10 female, 8 (80%) had well-devel-
oped SMC and 2 (20%) had moderately developedSMC. 
Location of SMC in relation to AD was categorized into 
superimposed and not superimposed (anterior and poste-
rior). In 24 (80%) patients, center of SMC was posterior to 
AD. Among the rest, in 3 (10%) patients SMC was anteri-
or to AD, in 3 (10%) patients center of SMC was superim-
posed with center of AD. (Table 1) 

Table 1: Relationship of gender of the patient with location 
of striated muscle complex (SMC) in relation to anal 
dimple (AD) (n=30)

* P value obtained from Chi-square test. 

The mean length of anal dimple (AD) was higher in 
patients whose SMC was posterior in relation to AD. The 
mean length of striated muscle complex (SMC) was 
higher in anteriorly located SMC in relation to AD. The 
mean length of C-C was found higherin patients whose 
SMC was posterior in relation to AD. To find out the differ-
ences in variance, one-way ANOVA was performedand 
statistical significance was not found in either length of AD 
or length of SMC. But statistical significance was found in 
length of C-C in posterior location (Table 2).  

Table 2: Relationship of length of AD, length of SMC and 
length of C-C with location of SMC in relation to AD

* P value obtained from One way analysis of variance 
(ANOVA) test. 

The length of AD and the length of SMC correlatedwith 
each other and found statistically significant (p< 0.05) 
(Table 3). There was also significant correlation between 

the length of AD (A-B) andlength of (C-C�) (p< 0.05). 
Similarly, the length of SMC (A-B) and length of (C-C) 
significantly correlated with each other (p< 0.05).Howev-
er, the correlation between them were weak as shown by 
the correlation’s coefficients ranging from 0.37-0.48. 

Table 3: Correlation between length of AD, SMC and 
length of (C-C)

* P value obtained from Pearson’s correlation test where r 
value less than 0.5 indicates a weak correlation. 

The mean length of AD was slightly higher in female than 
male (Table 4). Similarly, the mean length of SMC was 
higher in female than in male. The mean range of (C-C�) 
was found more in male. The difference was not statisti-
cally significant.

Table 4: Gender difference in Length of AD, SMC and 
(C-C') 

* P value obtained from Student t test. 

Discussion
The main goal of surgery forARM is to provide a better 
outcome for a healthy lifestyle of the patient. There are a 
significant number of patients who have post-operative 
problems such as, fecal incontinence or constipation. 
Pringle, K.C., et. al. concluded that the narrow width and 
short extent of SMC play an important role in defeca-
tion.7Patel, J.N., et. al.  studied the anal position index 
(API) and concluded that the midpoint of the AD is the 
representative position which is usually situated anterior 
to the normal anal position.2 Therefore, in the event of 
definitive surgery, if the AD is chosen as the location of the 
planned neo-anus, the neo-anal position is likely to be 
anterior to the normal anal position in both males and 
females; particularly in males. Kumar, A., et. al., found 
thatSMC was posterior to AD in 80%, superimposed in 
15.6% and anterior in the rest which is consistent with this 
study.8Male had more posterior location of SMC in 
relation to AD, whereas female had more anterior 

Location Male
(n=20)

 Female
(n=10)

 Total p 
value*

 

Not
Superimposed

 Posterior 17 (85) 7 (70) 24 p=0.34 
Anterior 1 (5) 2 (20) 3 

Superimposed 2 (10) 1 (10) 3 

Length 
Mean ± SD (mm) 

Location 
Significance* 

Anterior Posterior 

Length of AD 10.3±1.52 13.12±3.61 F=1.15, p=0.24 

Length of SMC 14.0±3.6 11.35±2.95 F=4.9, p=0.24 

Length of (C-C) 3.33±3.21 3.83±3.26 F=7.72, p=0.002 

Characteristics Correlation 
coefficient(r) 

p-value*
 

Length of AD and length of SMC 0.43 p=0.02 

Length of AD and length of (C-C) 0.37 p=0.006 

Length of SMC and length of (C-C)  0.48 p=0.04 

Length Mean ± SD (mm) 
Male Female p-value* 

Anal dimple (A-B) 12.40±3.34 12.90±4.17 p=0.67 

SMC (A-B) 10.97±3.77 11.5±2.32 p=0.08 

Distance between 
center of AD and

center of SMC (C-C) 
4.4±3.54

 
1.4±0.84

 
p=0.09
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location. Therefore, it can be concluded that in 90% cases 
the termination of the cephalocaudal band of fibers consti-
tuting the SMC doesn't match with AD.

Male ARMs were recto-bulbar urethral, rectovesical,rec-
to-bladder neckfistula, imperforate anus without fistula 
and perineal fistula whereas, female ARMs were vestibu-
lar, perineal and recto-vaginalfistula. Perineal fistula was 
found more in male than female. ARM without fistula was 
found only in male. Elrouby, A., et. al., found more 
rectovestibular fistula and anovestibular fistula with a few 
rectovaginal fistulas (71.7% vs 16.8 vs 1.2%).1Patel, J.N., 
et. al., found more cases of vestibular and perinealfistula 
in their studies (26.9 vs 13.8%).2 Qazi, S.H., et. al., 
showed that most of the cases had recto-bulbar urethral 
and recto-vestibular fistula (33% and 31%) followed by 
recto-vesical, recto-vaginalandrecto-perinealfistula (17% 
vs 9% vs 9).9Kumar, A., et. al., also found morevestibular 
and perineal fistula (40% vs 15.5%).8 Types of ARM 
varies amongstudies. In this study, vestibular fistula was 
common in female which is similar to other studies. In 
contrast, recto bulbarurethral, recto vesical and ARM with 
no fistula were more in male which differs from other 
studies.

In this study, two third of the patientshad well-developed 
ADand the rest had moderately developed AD). Female 
had more well-developed AD than male (80% vs 60%). 
Recto-vesical, perineal, vestibular fistula and ARM with 
no fistula had well developed AD. In contrast, Recto-bul-
bar urethral fistula, recto-vaginal fistula and recto-bladder 
neck fistula had moderately developed AD. In the study 
by Kumar, A., et. al. well-developed AD was predominant 
(80%) and its was higher in male than female (85% vs 
76%) which is opposite to this study.8 Patel, J.N.,et. al. 
found well-developed AD in 81.5% and moderately devel-
oped in 18.5% cases which is similar to the findings of this 
study.2 Males (91%) had more well-developed AD than 
females. Boys with recto-bulbar urethral fistula had 
moderately developed AD.  

A study related to rectoplastyclassified SMC as adequate 
or deficient according to their availability.10 Kumar, A., et. 
al. classified the SMC as well developed and moderately 
developed category.8 In this study, we classified SMC as 
well-developed andmoderately developed. More than 
two-third of the patients (70%) had well-developed SMC, 
and the rest (30%) had moderately developed SMC. 
Female had more well-developed SMC than male (80% 
vs 65%). In male, recto-bulbar urethral fistula and 
recto-vesical fistula (3 cases in each group), with one 
recto-bladder neck fistula had moderately developed 
SMC. In female, only two cases of vestibular fistula had 
moderately developed SMC. In contrast, perineal fistula, 
five cases of vestibular fistula, recto-vaginal and ARM 
with no fistula had well developed SMC. Kumar, A., et. al. 

found that the majority of the patients had well-developed 
SMC (86.7%) and the rest were moderately developed. 
Male had more well-developed SMC than female (90% vs 
84%) which is opposite to the findings of thisstudy. They 
found one case of recto-vesical fistula in male and two 
cases of vestibular fistula with moderately developed 
SMC. These differences may be due to different 
geographical distribution and racial variations. All cases 
of recto-perineal fistula had well-developed SMC in this 
study which is similar to their study. 

Magnetic resonance imaging was done in patients with 
untreated ARM by Pringle, K.C., et. al., 1987.7 They 
found the length of SMC ranging from 1-2 cm. Studies 
including Kumar et al.showedsimilar results regarding 
SMC where female have more width than male (14.24 vs 
13.45 mm). The overall mean length of AD was slightly 
higher in female than male (12.90±4.17 mm vs 12.4±3.34 
mm) and the mean length of SMC was more in female 
than in male (11.5±2.32 mm vs 10.97±3.77 mm). In 
contrast, the length of C-C� was higher in male than 
female (4.4±3.5 mm vs 1.4±0.8 mm). However, the differ-
ences were not statistically significant. In this study, 
correlation between the lengths were measured and 
statistical significance was found between AD and SMC 
(r=0.43, p=0.02), SMC and length of C-C� (r=0.37, 
p=0.006) and between AD andlength of C-C� (r=0.48, 
p=0.04). The mean displacement of the center of AD 
fromthe center of SMC was higher in the posterior 
location than the anterior (3.83±3.26 vs 3.33±3.21 mm) 
andwasstatistically significant.Studies that located normal 
anal position showed that anus is more anteriorly placed 
in females than in males. Anal position index was 0.56 in 
males and 0.4 in females. In this study it was also 
observed that females had more anterior location of SMC 
in relation to AD and males had more posterior 
location.11,12 This is also an indication that anal dimple 
does not represent an accurate position of neoanus.How-
ever, the clinical impact of this misplacement is yet to be 
established. 

During the comparison of C-C� with ARM subtypes, the 
recto-bulbar urethral fistula had the maximum posterior 
deviation followed by ARM with no fistula and recto-vesi-
cal fistula. In boys with recto-vesical fistula, anterior 
displacement of C-C� was 7mm. In comparison, Kumar, 
A., et. al., 2022 found a higher mean width of AD and 
SMC in female than in male. They also found the mean 
displacement of C-C�was 4.8±3.4mm in posterior 
location, which is higher than this study findings 
(3.83±3.26 mm). Kumar, A., et. al., also found the 
maximum posterior deviation in recto-vesical fistula 
followed by recto-perineal fistula and ARM with no fistula.
In this study, in anterior deviation, mean length of AD and 
SMC was9.5± 0.71 and 12± 1.41 respectively in vestibu
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lar fistula. In the recto-vesical fistula, length of AD, SMC 
and C-C� distance was higher; 12mm, 18 mm and 7 mm 
respectively.  In the superimposedcases, the highest 
length of AD and SMC was 9.5± 4.9 and 7.5± 2.12 mm 
respectively in perineal fistula. The length of AD and SMC 
was 12mm and 5mm respectively in ARM with no 
fistula.However, in posterior deviation, the mean length of 
AD was higher in recto-bulbar urethral fistula 
(14.8±2.48mm). ARM with no fistula showed the highest 
mean length of SMC (12.0±2.94mm). Posterior deviation 
of (C-C�) was maximum in the recto-bulbar urethral fistula 
(7.8±3.83 mm). In case of length of AD and SMC, the 
recto-bladder neck (12mm and 16mm) and recto-vaginal 
fistula (22mm and 15mm) showed higher distance. Both 
categories showed aposterior deviation of 3 mm from the 
center point of AD. This finding is also consistent with the 
findings by Liman et al who showed that preoperative and 
post operative anal position indices were significantly 
different when it was based on AD.12

The findings of the study have practical implications for 
optimizing the placement of the rectum through the center 
of the SMC during surgical procedures. During the proce-
dures, great care should be taken to place the anus within 
the boundary of SMC to prevent complications and 
achieve a better functional outcome.This study recom-
mends use of intraoperative muscle stimulator or direct 
visual confirmation instead of relying of AD. This is also 
important due to the current advocations in the practise of 
Anal Dimple Anorectoplasty by some institutes instead of 
traditional ASARP or PSARP.13

The study has some limitations. Sample size is small. As 
muscle stimulator were not available in our set up, we 
could not use it in this study and the lack of neuro-map-
ping reduces its international acceptance and reproduc-
ibility. However, many pediatric surgical centres in low 
income and developing countries, who have the most 
caseloads in the world, cannot afford muscle stimulators. 
For their perspective, findings from this study would be 
beneficial for planning surgical repair in ARM patients.Al-
though this study supports previous findings that AD does 
not reliably indicate SMC location and in 90% of cases 
there is a mismatch; information from many other parts of 
the world were not available searching literature and 
could not be compared which limits its global relevance. 

Conclusion
The AD does not align with the SMC in most ARM cases. 
Depending solely on it for surgical guidance may lead to 
poor outcomes. Intraoperative visualization or neuromoni-
toring is recommended for accurate neoanus placement.
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