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Purpose: We tested whether transverse rectal diameter measured by ultrasound could identify rectal impaction, investi-
gated whether transverse diameter is enlarged in constipated children compared to healthy children and evaluated trans-
verse diameter during treatment of constipation.
Materials and Methods: A total of 51 children 4 to 12 years old were included in the study. Of the children 27 (mean age
7.0 � 1.8 years) had been diagnosed with chronic constipation by Rome III criteria and 24 (9.1 � 2.7 years) were healthy
controls. All patients underwent a thorough medical history and physical examination, including digital rectal examination
and measurement of rectal diameter by transabdominal ultrasound. Constipated children underwent repeat investigations
after 4 weeks of laxative treatment.
Results: Average rectal diameter of children with negative digital rectal examination was 21 � 4.2 mm (mean � SD), leading
to the approximation that a value greater than 29.4 mm (mean � 2 SD) indicates rectal impaction. All children with rectal
impaction identified by digital examination had a rectal diameter larger than 29.4 mm. Moreover, constipated children had
a significantly larger rectal diameter (42.1 � 15.4 mm) than healthy children (21.4 � 6.0 mm, p �0.001). After 4 weeks of
laxative treatment constipated children had a significant reduction in rectal diameter (mean 26.9 � 5.6 mm, p �0.001).
Conclusions: Transverse rectal diameter seems to be a valuable tool to identify rectal impaction and may replace digital
rectal examination. Constipated children have a significantly larger rectal diameter compared to healthy children, and when
constipation is treated the diameter is reduced significantly.
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U
rinary and fecal elimination problems are common,
are extremely unpleasant physically and often have
significant ramifications for social functioning and

development in the child. The prevalence of constipation in
children reportedly varies from 0.3% to 28%.1–3 Constipa-
tion is a well-known etiological factor in fecal incontinence,
and up to 90% of children have constipation as the main
cause of fecal incontinence.4 Furthermore, several studies
have identified an association between defecation disorders,
urinary incontinence and UTI (the “dysfunctional elimina-
tion syndrome”).5,6

Previous studies have revealed that treating constipation
often cures or relieves urinary elimination problems, which
makes it crucial for physicians treating urinary incontinence
to be able to define, diagnose and treat childhood constipa-
tion.5 Recently, a new definition of constipation (Rome III
criteria) was published to create a common language for
research, and to provide clinicians with a better approach to
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diagnosis and treatment.7 According to these criteria, rectal
impaction is present in 40% to 100% of all cases,8–11 and is
among the 6 elements of childhood constipation.

Until recently, digital rectal examination was the only
way of assessing rectal impaction. It is well-known that
many children and physicians find this procedure unpleas-
ant, and recently it was reported that 85% of primary care
physicians did not perform this examination before referral
for constipation.12 In 2 separate studies Klijn13 and Singh14

et al investigated the use of ultrasound measurement of
rectal diameter as an alternative tool. Defining constipation
after the Iowa criteria, both studies demonstrated that the
diameter of the rectum was significantly larger among con-
stipated children compared to healthy children. Neither
study showed that transverse diameter could be used as a
sole predictor of constipation, but both considered it a “valu-
able parameter” when diagnosing constipation. Moreover,
they did not address whether the diameter was enlarged
because of rectal impaction. To date, no known studies have
investigated the ability of ultrasound to diagnose rectal im-
paction, and no studies have documented the effect of con-
stipation treatment on rectal diameter.

The primary aim of this study was to look into a possible
correlation between a dilated rectum measured by ultra-
sound and a fecal mass detected by digital rectal examina-
tion. We also evaluated whether this method could diagnose

constipation according to the new Rome III criteria, whether
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age influences rectal diameter within the 4 to 12-year
age range and what effect treatment may have on rectal
diameter.

MATERIALS AND METHODS

Subjects
Written informed consent was obtained from both parents
before any procedures were initiated. The study was de-
signed as a 2-group prospective controlled study. A total of
51 children 4 to 12 years old were included.

The patient group consisted of 27 children. Subject eligi-
bility included age 4 to 12 years and referral to our outpa-
tient clinic with either constipation or fecal incontinence,
with or without urinary incontinence and a history of UTI.
At entry all patients fulfilled the Rome III criteria of consti-
pation, which meant that they had at least 2 of the following
characteristics—fewer than 3 bowel movements weekly,
more than 1 episode of fecal incontinence weekly, large
stools in the rectum by digital rectal examination or palpa-
ble on abdominal examination, occasional passing of large
stools, display of retentive posturing and withholding behav-
ior, and painful defecation. Urinalysis, uroflowmetry and
ultrasound determination of post-void residual volume were
performed in all children. Children with known organic
causes of constipation, including Hirschsprung disease, spi-
nal and anal congenital abnormalities, previous surgery on
the colon, inflammatory bowel disease, allergy, and meta-
bolic or endocrine diseases, were excluded from the study, as
were children receiving drugs known to affect bowel function
during a 2-month period before initiation. Investigation for
vesicoureteral reflux was not part of the study arrangement.

The healthy control group comprised 24 healthy children
recruited from employees of the Department of Pediatrics at
Skejby University Hospital. These children had no history of
urinary incontinence, UTI, chronic constipation (Rome III
criteria), fecal incontinence, laxative use or any other dis-
ease affecting the digestive system. Children receiving med-
ications known to affect bowel function were excluded from
the study.

Design
The study consisted of 3 visits and a 3-week stool diary for
the constipated children, while the healthy children only
participated in the first visit and filled out the stool diary.
During the first visit the children underwent a thorough
medical history, followed by transabdominal ultrasound
measurement of the rectal diameter and a complete physical
examination, including digital rectal examination. Before
measurement of rectal diameter the volume of the bladder
was measured by ultrasound (bladder scan). This assess-
ment was followed by a 3-week home based stool diary
patterned after the Bristol scale. Children with constipation
underwent repeat transabdominal ultrasound and initiation

TABLE 1. Demographic data of healthy and constipated children

Constipated
Children

Healthy
Children

No. pts 27 24
Age � SD (yrs) 7.2 � 1.8 9.1 � 2.7
Wt � SD (kg) 27.1 � 8.7 32.1 � 9.4

Height � SD (cm) 122.2 � 24.0 136.2 � 16.1
of laxative treatment during a second visit shortly after
completion of the diary. During a third visit after 4 weeks of
treatment another rectal diameter measurement was per-
formed and treatment response was evaluated.

Methods
For transabdominal measurement of rectal diameter a 7.5
MHz sector probe was applied to the abdomen approxi-
mately 2 cm above the symphysis at a 10 to 15-degree
downward angle, as described by Klijn et al.13 The diameter
of the rectum was measured in the transverse plane. At each
session diameters were measured 3 times, and mean value
was calculated. All children had a partly full bladder range
(28 to 450 ml) corresponding to 20% to 155% of expected
bladder capacity for age at the time of the measurement. In
case of an empty bladder fluid was offered orally and scan-
ning was repeated. If the child had a bowel movement within
3 hours before the investigation or had an urge to defecate,
the result was excluded. All investigations were performed
by the same observer (a pediatric intern).

Stata® 8.0 software was used for statistical analysis.
Results are reported as mean � standard deviation unless
otherwise stated. Student’s t test was used for comparisons
between groups. Correlation was analyzed by Pearson’s cor-
relation test. A p value of less than 0.05 was considered
statistically significant.

RESULTS

All of the constipated children fulfilled the Rome III criteria
and completed the study. Among the initial population of
recruited healthy children 1 child fulfilled the Rome III
criteria of constipation and, therefore, was excluded from
the study. Table 1 outlines the demographic data of the
healthy and constipated subjects. There was no significant
difference in height and weight distribution between the 2
groups. However, the healthy children were significantly
older than the constipated children. Table 2 outlines the
clinical characteristics of the constipated children.

The digital rectal examination revealed a palpable fecal

TABLE 2. Clinical characteristics of 27 constipated children

No. Pts (%)

Rome III criteria:
Fewer than 3 bowel movements/wk 4 (15)
Fecal incontinence more than once/wk 22 (81)
Painful defecation 19 (70)
Passing of large stools 9 (33)
Withholding behavior 19 (70)
Rectal impaction 20 (74)

Absence of urinary symptoms 4 (15)
Urinary incontinence:

Daytime incontinence 11 (41)
Nocturnal enuresis 3 (11)
Nighttime and daytime incontinence 9 (33)

Other urinary symptoms:
History of UTI 12 (44)
Urgency 11 (41)
Abnormal uroflowmetry* 13 (72)
Post-void residual vol greater than 20 ml 15 (56)

Prior treatment:
Laxatives 15 (56)
Toilet training 2 (7)

* Uroflowmetry was performed in 18 patients.
mass in 2 healthy children (8%) and 20 constipated children
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(74%). In all children it was possible to visualize the trans-
verse diameter of the rectum at least 3 hours after the last
bowel movement, and to obtain sufficient quality images to
measure the distance in triplicate (fig. 1). The study demon-
strated a small intraobserver variability, as shown by a low
coefficient of variation of the 3 consecutive measurements of
5.8% � 4.3%. Furthermore, there was no significant corre-
lation between bladder volume at the time of measurement
and the rectal diameter (r � 0.04, not significant).

The distribution of measurements in subjects with and
without rectal impaction on digital rectal examination is
illustrated in figure 2. The rectal diameters obtained in
children without rectal impaction were normally distrib-

FIG. 1. A, transabdominal ultrasonography of rectum (red arrows)
arrows) in healthy child.
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FIG. 2. Histogram of rectal diameters of healthy and constipated
children with no rectal impaction (dotted bars), and constipated and
healthy children with rectal impaction (striped bars) at digital ex-
amination. Cutoff value of 29.4 mm is determined as mean � 2 SD.
Children with rectal diameter below cutoff value are considered to
have empty rectum, whereas diameter above this value is sign of

rectal impaction. Rectal diameters of children are all above cutoff
point, indicating rectal impaction.
uted, with an average of 21.0 � 4.2 mm. Children with rectal
impaction had markedly larger rectal diameters (40.5 � 7.9
mm, p �0.001). Interestingly, the 2 healthy children with
rectal impaction had a markedly larger rectal diameter (38
and 31 mm) than the other healthy controls, and the 7
constipated children without impaction had smaller rectal
diameters (range 19.9 to 27 mm) compared to the remaining
patients. The cutoff value for the presence of rectal impac-
tion was determined as the average rectal diameter of chil-
dren without impaction plus 2 SD (ie 29.4 mm). With this
cutoff value a complete separation between the 2 impaction
groups was obtained.

0 605040302010

6

4

2

0

8

Rectal diameter in mm

N
um

be
r 

of
 c

hi
ld

re
n

Mean 39.6±8.2Mean 21.4±6
N = 27N = 22

FIG. 3. Histogram of recorded data on rectal diameters of healthy
(solid bars) and constipated children (striped bars). Mean diameter
is significantly different between healthy and constipated children
(p �0.001). Overlap above cutoff point represents 2 healthy children
with rectal impaction at physical examination. Overlap below cutoff

nstipated child. B, transabdominal ultrasonography of rectum (red
point represents constipated child (according to Rome III criteria)
who had no impaction at digital examination.
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The distribution of rectal diameter measurements in con-
stipated and healthy children is illustrated in figure 3. Con-
stipated children had a significantly larger rectal diameter
than healthy children (39.6 � 8.2 mm vs 21.4 � 6.0 mm,
respectively, p �0.001). Using mean � 2 SD of healthy
controls as a cutoff value for constipation (ie 33.4 mm), 13
subjects (12 constipated and 1 healthy) would be misclassi-
fied if rectal diameter were used as the sole variable. There
was no correlation between age and average rectal diameter
in healthy or constipated children, and no gender difference
was observed. The second measurement of transverse rectal
diameter at visit 2 in the constipated children did not differ
significantly from the first measurement.

FIG. 4. Histogram of rectal diameter before (white bars) and after
treatment (striped bars). Diameter is significantly reduced after
treatment (p �0.001).
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FIG. 5. Effect of treatment on rectal diameter. Rectal diameter of c

significant difference was observed among nonresponders (p � 0.70). Shad
indicate rectal diameter after treatment.
We observed that 3 days of disimpaction followed by 4
weeks of laxative treatment with polyethylene glycol and
behavioral therapy significantly reduced rectal diameter in
constipated children. Mean rectal diameter was reduced to
26.9 � 5.6 mm (p �0.001, fig. 4). Although treatment re-
duced the diameter significantly, the average diameter was
still significantly greater than in healthy children (p �0.05).
However, as illustrated in figure 5, the rectal diameter of the
children responding to treatment (no constipation or fecal
incontinence) was significantly reduced (p �0.01), whereas
no significant difference was observed among the nonre-
sponders (p � 0.70).

DISCUSSION

The major finding of this study was that ultrasound deter-
mination of rectal diameter exhibited excellent agreement
with the findings obtained by digital rectal examination, ie
children with a palpable fecal mass exhibited markedly
larger rectal diameters than those without rectal impaction.
To our knowledge no other studies have documented such a
correlation between ultrasound and digital rectal examina-
tion. This observation might prove valuable, especially in
cases where the child cannot or will not cooperate with the
digital examination. It also makes it possible to avoid repeat
digital examinations during treatment followup.

In the present study all investigations were performed by
the same observer, who had no prior radiological experience.
The study indicated small intraobserver variability, as illus-
trated by a small coefficient of variation of 5.8% � 4.3%.
Furthermore, we could not determine any effect of bladder
volume on the measurement of rectal diameter. However,
further validation of this technique requires evaluation of
the interobserver variability and testing of the cutoff point
in another patient population. Furthermore, the transab-
dominal ultrasound technique might bear technical limita-
tions.15 Since ultrasound technology is based on a series of
theoretical assumptions, there is a possibility that in reality
a series of artifacts may appear. The 3 most common sources
of artifacts in this situation are acoustic enhancement, speed
errors and refraction artifacts, of which the latter are the
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en responding to treatment was significantly reduced, whereas no
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ed circles indicate rectal diameter before treatment. Open triangles
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most important.16 Whether these artifacts may be impor-
tant enough to influence our results is unclear.

Prior studies regarding rectal ultrasound have focused on
the difference in rectal diameter between constipated chil-
dren and healthy children. Two known studies have tested
the use of rectal diameter measured by ultrasound to diag-
nose constipation.13,14 We also found that constipated chil-
dren had a significantly enlarged rectal diameter compared
to that of healthy children (p �0.001). However, 7 children
(26%) had a rectal diameter smaller than the established
cutoff point for rectal impaction, despite the fact that they
fulfilled the Rome III criteria for constipation. Likewise, an
enlarged rectal diameter was observed in 8% of children not
suffering from bowel problems. Hence, the finding of an
enlarged rectal diameter by ultrasound cannot be the sole
predictor of whether a child is constipated.

Children with normal defecation patterns in the studies
by Klijn13 and Singh14 et al had an average rectal diameter
of 21 mm and 24 mm, respectively, which is in accordance
with our findings (fig. 3). However, the rectal diameter in
constipated children in these studies differed from our find-
ings. Klijn et al13 observed a larger rectal diameter (49 � 10
mm), and Singh et al14 observed a smaller diameter (34 � 10
mm) compared to our study. The discrepancies may be the
result of differences regarding definition of constipation
(Rome III vs Iowa criteria) and type of symptoms (eg lower
urinary tract symptoms), and also the fact that Singh et al14

did not ascertain the interval between bowel movement and
measurement of rectal diameter. The fact that all studies
have revealed an enlarged diameter in constipated children
compared to nonconstipated children is likely due to a
higher frequency of rectal impaction in the constipated
group. In our study 74% of constipated children had rectal
impaction compared to 8% of healthy children.

We were unable to demonstrate any correlation between
rectal diameter and age or sex of the children in either of the
groups. This finding is in contrast to a study showing that
rectal diameter correlates positively with age and height.14

However, that study included a much broader age range
(0.30 to 16.40 years, compared to 4.1 to 12.8 years in our
study). Defecation parameters such as stool weight, frequency
and colonic transit time are known to change when the child is
around 3 years old, and again around puberty.17,18

We also aimed to elucidate whether measurements of
rectal diameter could be used as an effective tool to evaluate
response to treatment of constipation. We observed that a
relatively short laxative treatment course significantly re-
duced the rectal diameter in constipated children (fig. 5).
The posttreatment measurements were made after 4 weeks
of treatment, and it is likely that a further reduction in
rectal diameter could be expected if the measurements were
taken after a longer treatment period. Furthermore, 10 chil-
dren included in the posttreatment measurements in the
constipated group did not respond to treatment, and the
treatment effect on rectal diameter was much smaller in
these patients compared to children who responded (fig. 4).

Besides being a rather precise diagnostic tool for identi-
fying rectal impaction, transabdominal ultrasound might
prove to be a strong educational tool when dealing with
parents. It may help them visualize the nature of the prob-
lem and thereby make it easier to understand, especially in

cases where the constipation has been “hidden.”
CONCLUSIONS

Transverse rectal diameter measured by transabdominal
ultrasound seems to be useful to identify rectal impaction,
and may replace digital rectal examination if needed. Con-
stipated children have a significantly larger rectal diameter
compared to healthy children. However, since some consti-
pated children do not have rectal impaction, the method is
not the sole predictor of constipation. This promising tech-
nique should be further validated by determining the inter-
observer variability, and should be evaluated in larger pa-
tient groups.

Abbreviations and Acronyms

UTI � urinary tract infection
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