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Abstract

Background 

Difference in rectal muscularis mucosae (RMM) morphology in children with functional 

constipation (FC), Hirschsprung’s disease (HD) and controls is not described. 

Aim

To evaluate RMM characteristics in FC, HD and controls, and to assess correlation between 

RMM thickness and duration of constipation symptoms. 

Methods 

Rectal suction biopsies from children with intractable FC were evaluated for HD. 

Endoscopically obtained tissue without evidence for pathology was control tissue. An 

experienced pathologist reviewed biopsies assessing RMM hypertrophy (thickness >80μm) 

and/or disorganisation (RMM extension in between the crypts). Two observers, measured 

exact RMM thickness.

Results

Fifty-six biopsy specimens were eligible, of which 50 analysed. RMM hypertrophy was 

found in 13/28 FC and 4/22 HD (p=0.024) patients and disorganisation in 12/28 and 2/22 

(p=0.01), respectively. Mean RMM thickness was 117±61μm and 70±44μm in FC and HD, 

respectively (p=0.001). Controls (n=10) had smaller RMM thickness (51±17μm) compared to 

FC (117±61μm; p=0.003) but similar to HD (p=0.20). RMM thickness and symptom duration 

were correlated in FC (r=0.50; p=0.02).

Conclusion

Children with FC have hypertrophied and disorganised RMM compared to HD and controls. 

In FC RMM thickness was correlated between RMM thickness and duration of constipation 

symptoms. These findings suggest that RMM changes are secondary consequences of 

constipation.  
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Introduction

Constipation is common during childhood with a median prevalence of 8.9% in the western 

world and is characterised by infrequent painful defecation in combination with involuntary 

faecal incontinence.1 Organic causes of constipation are only found in 5-10% of cases.2 

Withholding behaviour is suggested to be the major cause of functional constipation in 

children.3 

Defecation is a complex interplay between the autonomic and somatic nervous system and 

the group of muscles controlling the anal sphincters and the pelvic floor muscles. Consequent 

faecal stasis might result in higher intraluminal pressure and may cause histological changes 

in rectal colonic musculature. Moreover, it is suggested that changes in muscularis mucosae 

such as hypertrophy can be expected in gastrointestinal disease.4 For example, the rectal 

muscularis mucosae (RMM) in solitary rectal ulcer syndrome in adults, is characterized by 

hypertrophy and disorganisation.5, 6 In this condition, ischemia, atherosclerosis as well as 

colonic stasis are suspected factors in the pathogenesis.7 

While paediatric patients with intractable constipation are still considered to suffer from a 

disease of functional nature, recent studies showed structural abnormalities of the colonic 

enteric nervous system (ENS) in those patients. These include, morphological changes or 

reduced numbers of ganglia cells and/or glial cells 8-11, abnormal nerve fibre density in the 

circular muscle layer 12 and a reduced or abnormal number of interstitial cells of Cajal 8, 9, 13-15 

have been observed. In addition, colonic smooth muscle defects of patients with slow transit 

constipation have been reported.16, 17 These structural changes may play a crucial role in 

the pathophysiology of colorectal motility disorders such as constipation. But consequential 

histological changes as a result of constipation symptoms have yet to be evaluated in children. 

Therefore we hypothesized that paediatric patients with constipation have different rectal 

mucosal musculature and that these changes are associated with duration of constipation 

symptoms. 

Methods

Specimens

Rectal suction biopsy specimens

Sixty-five rectal suction biopsy specimens, taken between November 2000 and June 

2008, were retrospectively evaluated from patients (aged 0-18 years) presenting to 

the department of paediatric gastroenterology or paediatric surgery with intractable 

constipation to diagnose or to exclude Hirschsprung’s disease (HD). For HD diagnostics, 

rectal suction biopsies between 2 and 4 cm from the dentate line were taken and directly 

snap frozen. Slides from the frozen biopsies were stained by hematoxylin-eosin and assayed 

Muscularis mucosae of the rectum
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for acethylcholinesterase activity. The latter was determined as previously described by 

Karnovsky and Roots. 18 Nonspecific acethylcholinesterase was inhibited by 2.5x 106 mol/L 

tetra-isopropylpyrophosphoramide (ISO-OMPA).19 Rectal suction biopsies were considered 

positive for HD when acethylcholinesterase activity was elevated in combination with absence 

of ganglion cells. If ganglion cells were present, HD was excluded. Patients excluded for HD 

were diagnosed with functional constipation (FC).

Resection specimens & endoscopically obtained control tissue

In HD patients with poor quality rectal suction biopsies, resection specimens obtained by 

the paediatric surgeon were used for RMM thickness evaluation. In patients suspected 

for inflammatory bowel disease colonoscopy was performed. When no macro- and/or 

microscopical evidence were found for colonic pathology, obtained rectal tissue was analysed 

as control samples (n=10). 

The resection and endoscopic specimens were fixed in 4% formaldehyde buffered with 

phosphate-buffered saline (PBS), dehydrated, and embedded in paraffin. Tissue sections 

were made at 5 μm, stretched and dried at 57°C overnight. The sections were rehydrated in 

an alcohol series, endogenous peroxidase activity was blocked by 1% H2O2 in methanol for 

1 hour. 

Protocol

Semi-quantitative evaluation

An experienced pathologist, blinded for the patient’s diagnosis, first screened the biopsy 

specimens for muscle thickness measurement suitability. Rectal suction biopsies were 

considered suitable for measurement when the entire thickness of the RMM was visible. 

Biopsies were discarded when the limits of the muscularis mucosae were not clear due to 

absence of the border of the submucosa. 

Furthermore, semi-quantitative evaluation of the RMM was performed by the pathologist. We 

defined RMM hypertrophy when its thickness exceeded 80 μm. The pathologist determined 

RMM thickness with a light microscope (Olympus U-SD03) equipped with a x20 objective. 

Muscle architecture was also evaluated and disorganisation of the RMM was defined by the 

pathologist as extension of the RMM in between the crypts. 

Quantitative evaluation

After the first screening of the biopsies, two medical doctors (NB and MMT), blinded for 

the patient’s diagnosis, measured independently of each other the exact thickness (in μm) 

of the RMM of all suitable specimens (20x magnification; Leica DM 5000B). These observers 

measured the maximal and minimal muscle thickness of each specimen while taking 

photographs (Leica Microsystems). The mean of the maximal and minimal measurements of 

both observers was used for analysis. 
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Statistical analysis

Statistical analysis of the data was conducted using the statistical software package SPSS 

(version 14.0; Inc, Chicago, IL). Baseline characteristics of the group were analysed in 

a descriptive way. Differences in evaluation of muscle hypertrophy and organisation, as 

described by the pathologist (yes/no), between FC, HD and control patients were analyzed 

by Fisher’s exact χ2 statistics. Agreement between the two observers was determined 

using the Pearson correlation test. Difference in exact muscle thickness between FC, HD 

and control patients was calculated using the student t-test. Correlation between muscle 

thickness (μm) and duration of symptoms (months) or age (months) was calculated using the 

Pearson correlation test. A p-value <0.05 was considered significant.

Results

Baseline

Fifty six rectal suction biopsy specimens were included (fig. 1). Six specimens were excluded 

by the pathologist because of poor quality, these included five rectal suction biopsies from the 

FC group and one from the HD group. Children with FC (n=28) and HD (n=22) had a median 

age (range) of 8.0 (0.2-288) months and 5.4 (0.2-22.0) months (p=0.003), respectively. 

Control patients (n= 10) had a median age of 12.4 (7.2-18.2) years. Mean duration of 

constipation symptoms was 33.1±54.0 months and 6.5±9.2 months in respectively FC and 

HD patients, respectively. 

Hypertrophy and disorganisation of the RMM

Rectal muscularis mucosae was significantly thicker in FC patients compared to HD patients 

and controls as shown in table 1 and illustrated in figure 2. When resection specimens were 

excluded from analysis, difference in hypertrophy of the RMM remained statistically significant 

between HD and FC patients (p=0.004). Both hypertrophy as well as disorganisation of the 

RMM was found in 9 and 2 patients of FC and HD patients, respectively. In three FC patients 

RMM disorganisation was found without hypertrophy.

A total of 10 patients from the HD group compared to 18 FC patients had no hypertrophy 

and nor RMM disorganisation in the same biopsy specimen (p=0.002). 

Mean muscle thickness and correlation with symptom duration

The muscle thickness measurements, as shown in table 2, were well correlated (r=0.90; 

p<0.001) between the two observers. In FC patients significant correlation between muscle 

thickness and duration of constipation symptoms was found (r=0.5; p=0.01). In HD patients, 

this correlation was not found (r=-0.1; p=0.66).

Muscularis mucosae of the rectum
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Figure 1

Table 1 

FC
n=28 

HD
n=22

Controls
n=10

p-value
FC vs. HD

p-value
FC vs. controls

p-value
HD vs. controls

Hypertrophy 13 (46%) 4 (18%) 0 0.02 - -

Disorganisation 12 (43%) 2 (9%) 0 0.01 - -

Mean RMM 
thickness (±SD)

117.2±60.7 70.0±43.7 51.2±17.1 0.001 0.003 0.20

Table 2

Observer I Observer II Mean both observers

FC HD Control FC HD Control FC HD Control

Min. thickness 102±58 55±33 39±21 107±62 56±40 41±24 117±61 70±43 51±17

Max. thickness 129±57 86±54 64±21 130±70 82±55 58±26

Mean thickness 
(min+max/2)

116±57 71±43 51±19 119±66 69±47 49±25
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Figure 2  Photographs of rectal 
muscularis mucosae of (a.) a child 
with functional constipation, (b.)  a 
child with Hirschsprung’s disease, 
and (c.) a control patient

Muscularis mucosae of the rectum
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Mean muscle thickness and correlation with age

No correlation between age and RMM thickness was found in FC patients (r=0.3; p=0.18), 

HD patients (r=0.06; p=0.80), or controls (r=0.27; p=0.45).

Discussion

This study demonstrated that rectal muscularis mucosae (RMM) is hypertrophied in and 

disorganised in 43-46% of children with functional constipation. Furthermore, a clear 

correlation was found between muscle thickness and duration of functional constipation 

symptoms.

In the gut propulsive forces are generated mainly by the muscularis propria but also by the 

muscularis mucosae. 4 As a result of faecal impaction, present in 30-75% of children with 

functional constipation, the RMM may undergo constant elevated intraluminal pressure. 20 This 

chronic rectal faecal stasis requires more contraction of the colonic wall muscles. Consequently, 

the muscles remain presumably contracted with consequential hypertrophy of the RMM. 

Another explanation is that due to expulsion of large amounts of stools, often reported in 

constipated children, higher muscle force is necessary to facilitate defecation (Laplace’s law). 21 

The effect of chronic constipation on RMM morphology was further emphasized as we 

demonstrated that longer symptom duration was correlated with thicker RMM. Other factors 

might also contribute to RMM hypertrophy such as chronic inflammation as described in 

Crohn’s disease. 22, 23 Interestingly, inflammation of the mucosa including infiltration with 

eosinophils is described in constipated children with cow’s milk allergy or (food) intolerance. 
24-26 The latter results suggest that cow’s milk allergy or intolerance should be considered as 

a cause of chronic constipation. 

In patients with HD no correlation between RMM thickness and symptom duration was found 

despite constipation symptoms. This might be explained by differences in pathophysiology. 

Due to absence of ganglion cells in the distal colon (the rectum), faeces do not reach the 

level at which biopsies are taken. Faeces remain impacted above the biopsied level and 

therefore no changes are found in histological characteristics of the RMM. The latter further 

emphasizes that the histological changes found in FC children such as hypertrophy and 

disorganisation, might well be the consequence of faecal impaction. 

Hirschsprung’s disease is a developmental disorder of the enteric nervous system characterized 

by the absence of ganglion cells along a variable portion of the distal intestine. This results in a 

functional obstruction caused by dysmotility of the diseased segment. 27, 28 Delayed passage 

of meconium is the cardinal symptom in neonates with HD which is in contrast with healthy 
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term born neonates. 28, 29 Approximately 80-90% of all HD cases present with symptoms of 

constipation, abdominal distension and vomiting during the neonatal period. 30 In accordance 

with earlier studies, in 80% of the children in this study, HD was diagnosed before the age of 

6 months.30 In contrast, children with functional constipation usually present with symptoms 

at the time of toilet training. 31-33 Consequently, children with HD in this study were younger 

compared to the children with functional constipation. Therefore, we evaluated correlation 

between age and RMM thickness. No correlation however was found between age and 

RMM thickness in any group, indicating that the correlation between constipation symptom 

duration and RMM thickness was not due to age. 

Interestingly, the histochemical characteristics might be helpful additional tools to distinguish 

functional constipation from HD in inconclusive rectal suction biopsies. The latter problem 

is found when rectal suction biopsies contain too superficial specimen and do not contain 

muscularis mucosae.34, 35 Rectal suction biopsies are frequently repeated due to inconclusive 

findings which may increase the risk of complications. 30 Some clinicians even choose for full 

thickness biopsies, if rectal suction biopsies are inconclusive. Therefore, more histological 

characteristics such as disorganisation and hypertrophy of the rectal muscularis mucosae 

might help prevent repeated testing.

In solitary rectal ulcer syndrome in children, RMM can be hypertrophied and disorganised 

as well.6 Disorganisation of the RMM in the latter syndrome includes distorsion of the crypt 

architecture as one of the features which we did not find in our group of patients. This 

could be explained by the more severe presentation of patients with solitary ulcus syndrome 

compared to our constipated patients. Although the syndrome is believed to be associated 

with a disorder of evacuation, the pathophysiology remains uncertain.6, 36, 37

This study had also shortcomings. Resection specimens of patients with HD are processed 

differently as they are embedded in paraffin which may shrink the tissue. Consequently the 

RMM measured from paraffin embedded tissue may appear thinner. In contrast, the rectal 

suction specimens are snap frozen at -80°C, a process which may swell the tissue. This implies 

that frozen tissue may appear more distended compared to the tissue embedded in paraffin. 

This could be a confounder in our study. However, when we analysed the rectal suction 

biopsies only, by excluding resection specimens, difference in muscle thickness remained 

between the constipated and HD patients. Another shortcoming was the retrospective 

character of our study which made evaluation between symptoms of constipation, such as 

faecal impaction and RMM thickness difficult to assess.

In conclusion, in this study we demonstrated that rectal muscularis mucosae is hypertrophied 

and disorganised in patients with functional constipation. In addition, we found a correlation 

between muscle thickness and symptom duration of functional constipation. Further 

prospective studies are needed to confirm our findings and the effect of constipation on 

Muscularis mucosae of the rectum
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the rectal muscularis mucosae. Interestingly, these findings contribute to more insight 

into the pathophysiology of functional constipation and might also be useful additional 

diagnostic criteria for pathologists distinguishing constipation from Hirschsprung’s disease in 

inconclusive rectal suction biopsies.
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