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Objective To evaluate the usefulness of plain abdominal radiography as an evaluation method for bowel
dysfunction in patients with spinal cord injury (SCI).

Methods Forty-four patients with SCI were recruited. Patients were interviewed about their clinical symptoms,
and the constipation score and Bristol stool form scale were assessed. The colon transit time (CTT) was measured
by using radio-opaque markers (Kolomark). The degree of stool retention and the presence of megacolon or
megarectum were evaluated using plain abdominal radiographs. We examined the relationship between clinical
aspects and CTT and plain abdominal radiography.

Results The constipation scores ranged from 1 to 13, and the average was 4.19£3.11, and the Bristol stool form
scale ranged from 1 to 6, with an average of 4.13+1.45. CTTs were 19.3+16.17, 19.3+13.45, 15.32+13.15, and
52.42+19.14 in the right, left, rectosigmoid, and total colon. Starreveld scores were 3.4+0.7, 1.8+0.86, 2.83+0.82,
2.1441, and 10.19+2.45 in the ascending, transverse, descending, rectosigmoid, and total colon. Leech scores were
3.28+0.7, 2.840.8, 2.351£0.85, and 8.45+1.83 in the right, left, rectosigmoid, and total colon. The number of patients
with megacolon and megarectum was 14 (31.8%) and 11 (25%). There were statistically significant correlations
between the total CTT and constipation score (p<0.05), and Starreveld and Leech scores (p<0.05). Significant
correlations were observed between each segmental CTT and the segmental stool retention score (p<0.05).
Conclusion Plain abdominal radiography is useful as a convenient and simple method of evaluation of bowel

dysfunction in patients with SCI.
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INTRODUCTION

Bowel dysfunction due to a neurogenic bowel after spi-
nal cord injury (SCI) usually manifests as constipation,
fecal incontinence and fecal impaction, which is one of
the most common complications reported in 39% of the
patients with SCI [1]. However, the importance of gas-
trointestinal problems has been relatively ignored com-
pared to its incidence rate and severity. This is because
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complications due to a neurogenic bowel are chronic
and difficult to control, and are less severe and fatal than
complications of a neurogenic bladder [2].

While the evaluation of neurogenic bowel in patients
with SCI depends on subjective symptoms such as bowel
frequency, considering previous reports that show the
memories of patients concerning their bowel habit are
sometimes inaccurate [3], objective evaluation methods
such as plain abdominal radiography and colon transit
time are recommended [4]. Since plain abdominal radi-
ography has advantages such as being simple to perform
and is less expensive and involves less radiation than
other types of radiological investigations, it is a useful
method to evaluate the degree and distribution of feces
in the colon and to show the presence of megacolon,
and it can also help in evaluating proper bowel manage-
ment, the degree and location of fecal impaction and the
establishment of a proper treatment plan [5]. In previous
studies, Leech et al. [6] reported that plain abdominal ra-
diography showed high reproducibility and high inter-in-
spector consistency in evaluating stool retention among
children with constipation. Starreveld et al. [4] reported
that plain abdominal radiography was significantly cor-
related with characteristics of the bowel pattern such as
bowel frequency, and hardness and weight of the feces.
However, studies on the scoring system using plain ab-
dominal radiography have focused on children or adult
patients with functional constipation, and correlations
with subjective symptoms such as the bowel pattern or
frequency were observed, and thus these studies had
the limitation of having no comparisons with the colon
transit time, which is known as an objective evaluation
method. In addition, the pattern of bowel dysfunction
in patients with SCI may be different from the pattern of
bowel dysfunction in functional constipation, and there
has been no study of patients with SCI which examines
whether or not plain abdominal radiography evaluates
the degree of stool retention quantitatively and whether
the results are helpful in guiding proper management.

Therefore, this study is aimed to evaluate the relation-
ship between the degree of total and segmental stool re-
tention, bowel pattern and colon transit time using plain
abdominal radiographs, with the purpose of determining
the usefulness of plain abdominal radiographs and ex-
amining the convenience of their use clinically including
their use in proper bowel management, with methods of
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management chosen according to the location and de-
gree of stool retention.

MATERIALS AND METHODS

Subjects

Patients with SCI who were admitted to the rehabilita-
tion medicine department from December, 2004 to No-
vember, 2011 at least 2 months after injury completed a
questionnaire on their bowel pattern, and their constipa-
tion score and morphological stool characteristics were
recorded. Their stool retention score and the presence of
megacolon and megarectum were evaluated. A total of 44
subjects who were also evaluated for their colon transit
time were included in this study. Among the candidate
patients, those who had a history of organic gastrointes-
tinal disease or a history of gastrointestinal surgery ex-
cept for simple appendectomy or cholecystectomy were
excluded. The subjects were asked to maintain a regular
diet and ordinary life style during the evaluation. There
was no change made to the medications they used.

Methods

Evaluation of the bowel pattern

With respect to the bowel pattern, the constipation
score was evaluated using the Rome II Diagnostic Crite-
ria [7] and the morphological stool characteristics were
recorded. For Rome II Diagnostic Criteria, the bowel fre-
quency for 7 days, and the presence of straining, lumpy
or hard stools, sensation of incomplete evacuation, and
sensation of anorectal obstruction and the need for addi-
tional manual maneuvers to facilitate defecation during
the last 2 months were recorded. In detail, for bowel fre-
quency, 0 point was assigned to ‘3 or more bowel move-
ments per week; 1 point to ‘1-2 per week; 2 points to ‘1
for 10 days, 3 points to ‘hard to move the bowel for more
than 10 days! For the items of ‘straining, ‘lumpy or hard
stools, ‘sensation of incomplete evacuation, ‘sensation of
anorectal obstruction’ and ‘need for additional manual
maneuvers to facilitate defecation,; 0 point was assigned
to ‘none, 1 point to ‘at least 1 among 4 times, 2 points to
‘2-3 times among 4 times,; 3 points to ‘always’ The range
of the constipation score was 0-18, and a higher score
meant more severe constipation was present.

To examine the morphological stool characteristics, the
form of the stool after a bowel movement was checked on
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the Bristol stool form scale which classifies the form into

7 types, from type 1 to type 7 [8].

Colon transit time

For the measurement of the colon transit time to evalu-
ate colonic motility, the subjects were asked to take 1
capsule of Kolomark (MI Tech, Seoul, Korea) containing
20 marker rings with radio-opacity for 3 days at 9:00 AM.
At 9:00 AM on the 4th day, a plain abdominal radiograph
was taken.

To measure the segmental colon transit time in the
plain abdominal radiographs, the total colon was divided
into the right colon, left colon and rectosigmoid colon
and the total and the segmental transit times were calcu-
lated.

Plain abdominal radiography

For the plain abdominal radiography, the plain abdom-
inal radiograph administered on the 4th day was used for
evaluation of the colon transit time. Two skilled radiolo-
gists analyzed the provided plain abdominal radiographs
using the Starreveld score and Leech score to examine
the degree of stool retention and additionally the pres-
ence of megacolon and megarectum. The Starreveld
score was divided into the ascending colon, transverse
colon, descending colon, and rectosigmoid colon. The
Leech score was divided into the right, left, and rectosig-
moid colon. If stool was observed only in the rectum, 1
point (never) was assigned. If stool was observed in the
rectum and non-continuously observed in the colon, 2
points (mild) were assigned. If stool was observed in the
rectum and continuously observed in the total colon, 3
points (moderate) were assigned. If stool was continu-
ously observed in any place in the total colon and the
rectosigmoid colon was filled with stool, 4 points (severe)
were assigned. Using such a scoring system, the Starrev-
eld score was recorded as 4-16 points, whereas the Leech
score was recorded as 4-12 points.

As for megacolon and megarectum, the criteria pro-
posed by Margulis and Burhenne [10], in which megaco-
lon was defined as having a maximum colon diameter of
over 6 cm and megarectum as having a maximum rectum
diameter of over 4 cm, was used.

Statistical analysis
Statistical analysis used SPSS ver. 19.4 (IBM SPSS, Ar-
monk, NY, USA). Pearson correlation coefficients were

used to analyze correlations in the bowel patterns such
as the constipation score and the Bristol stool form scale,
and the degree of stool retention on plain abdominal ra-
diography and colon transit time, as well as inter-inspec-
tor reliability. The mean difference in colon transit time
between the two groups, depending on the presence/
absence of megacolon and megarecturm, was analyzed
using the independent t-test, using a significance level of
p<0.05.

RESULTS

General characteristics of the study subjects

The study subjects totalled 44 patients (39 males and 5
females). Their age ranged from 22 to 76 years with an av-
erage age of 50.2116.9. The period from injury to evalua-
tion was 23+37.8 months on average. As for the degree of
SCI, there were 11 patients with complete SCI and 33 with
incomplete SCI. The injury levels included 22 cervical
level, 17 thoracic level and 5 lumbar level. According to
the scale of the American Spinal Cord Injury Association,
11 fell into A, 8 into B, C into 10, 14 into D, and 1 into E.
The average Spinal Cord Independence Measure (SCIM)
was 48.5+27.2; the average Walking Index for Spinal Cord
Injury Il was 5.5%7.2 (Table 1).

Evaluation of the bowel pattern
When the Rome II Diagnostic Criteria was applied,
39 patients were positive for constipation. Their con-

Table 1. General characteristics of patients with spinal
cord injury (n=44)

Demographic factor Value

Mean age (yr) 50.2+£16.9
Sex (male:female) 39:5
Duration of spinal cord injury (month) 23+37.8
Level of spinal cord injury

Cervical 22

Thoracic 17

Lumbar 5
ASIA scale (A/B/C/D/E) 11/8/10/14/1
Spinal cord independence measure 48.5+27.2
Walking index for spinal cord injury 5.5%7.2

Values are presented as number or meantstandard de-
viation.
ASIA, American Spinal Cord Injury Association.
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stipation score ranged 1 to 13 with an average score of
4.1943.11. The Bristol stool form scale score ranged from
1 to 6 with an average score of 4.13+1.45.

Colon transit time

Colon transit time was 19.3+16.17 for the right colon,
19.3+13.45 for the left colon, and 15.32+13.15 for the
rectosigmoid colon. The total colon transit time was
52.42+19.14, which was long compared to the colon tran-
sit time of normal persons.

Plain abdominal radiography
The Starreveld score measured with the plain ab-
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Fig. 1. Starreveld score (A) and Leech score (B) for each segment were evaluated by plain abdominal radiographs.
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Fig. 2. The inter-inspector reliability for the Starreveld score (A) and Leech score (B). There was a statistically signifi-
cant correlation between the interpretations of the inspectors (r=0.913, r=0.922).
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Inter-inspector reliability in reading plain abdominal
radiographs

To evaluate inspector variations in reading plain ab-
dominal radiographs, the consistency of the degree of
stool retention and presence/absence of megacolon or
megarectum were compared. The results showed that the
inter-inspector consistency in reading was significantly
high (p<0.01) (Fig. 2).

Correlation between colon transit time and plain abdo-
minal radiograph

In the correlation between segmental colon transit
time and the Starreveld score, as the right colon transit
time increased, the stool retention score at the ascend-
ing colon increased, and as the left colon transit time
increased, the stool retention score at the descending
colon increased (p<0.05), and a negative correlation was
observed in that as the rectosigmoid colon transit time
increased, the stool retention score at the transverse co-
lon decreased (p<0.01) (Table 2). For the relationship be-
tween segmental colon transit time and the Leech score,
as the right colon transit time increased, the stool reten-
tion score at the ascending colon increased, and as the
left colon transit time increased, the stool retention score
at the descending colon increased (p<0.01). However,
there was no correlation observed between colon transit
time and the stool retention score at the rectosigmoid co-
lon (Table 3).

As the total colon transit time increased, both the Star-
reveld score (p<0.05) and Leech score (p<0.01) signifi-
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cantly increased, and this was a statistically significant
positive correlation (Fig. 3).

The total colon transit time in the two groups according
to the presence/absence of megacolon was 60.60+12.03
for the megacolon group and 49.17+20.56 for the non-
megacolon group, and this difference was statistically
significant (p<0.05). The rectosigmoid colon and total
colon transit times according to the presence/absence of
megarectum did not show a statistically significant differ-
ence (Table 4).

Correlation between colon transit time and bowel pattern

While the total transit time showed a statistically sig-
nificant positive correlation with the constipation score
(p<0.05), it did not show any significant correlation with
the Bristol stool form scale (p>0.05).

Table 4. Comparison of the total and rectosigmoid colon
transit time (CTT) between megacolon and non-mega-
colon, megarectum and non-megarectum groups

CIT
Rectosigmoid colon Total
Megacolon - 60.60+£12.03*
Non-megacolon - 49.17£20.56
Megarectum 12.51+9.21 60.69+10.44
Non-megarectum 14.47+12.13 50.78+20.10

Values are presented as meantstandard deviation.
*p<0.05 by the independent t-test.

14 -

12 o0

Leech score

0 T T T T T T T 1
0 10 20 30 40 50 60 70 80

Colon transit time

Fig. 3. The correlation of the total colon transit time (CTT) between Starreveld score (A) and Leech score (B). There
was a statistically significant correlation between the methods (r=0.323, r=0.426).
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Correlation among SCIM, WICI I, total colon transit time,
constipation score, and stool retention score

There was no statistically significant correlation ob-
served among SCIM, WICI II, colon transit time, consti-
pation score, and stool retention score (p>0.05).

DISCUSSION

Although bowel dysfunction due to a neurogenic bowel
is a common complication [11,12], there have been rela-
tively few studies on this problem compared with stud-
ies on respiratory and urinary complications [13]. This
is because the medical implications of this problem are
less severe and its complications tend to be less fatal.
However, bowel dysfunction after SCI is not only difficult
to treat properly but also requires continuous manage-
ment. Thus, it is one of the most common and important
problems that reduce the quality of life and delay social
adjustment in patients [11,13,14].

Prior to the management of bowel dysfunction, it is
important to accurately evaluate it. There are a few of
methods known for such a purpose. The colon transit
time is known as an objective method for evaluating the
motility of the colon [15]. This study used it as compari-
son criteria for various evaluation methods of bowel
dysfunction. The easiest and most widely used method is
clinical assessment of the bowel pattern, which is usually
conducted by history taking. However, assessment of the
bowel pattern by history taking depends on subjective
symptoms and the reports of patients. Furthermore there
are reports [3] that people’s memory of their bowel habit
is sometimes inaccurate and is less related to the colon
transit time, which has been proved to be an objective
evaluation method. Thus, this method has limitations
and the possibility of confounding by the inspector’s
subjective interpretation. Plain abdominal radiography
is another method to evaluate bowel dysfunction, and is
an inexpensive method and easy to use as a supplement
to medical history taking and physical examination. It is
also known through many studies that plain abdominal
radiography is useful in evaluating bowel dysfunction.
However, the studies on the usefulness of plain abdomi-
nal radiography in evaluating bowel dysfunction have
been conducted on children. Although Starreveld et al. [4]
reported that plain abdominal radiography is as useful
as the colon transit time in adult patients with functional

constipation in 1990, there has been no report on the
usefulness of plain abdominal radiography in patients
with SCI.

This study examined the constipation score using Rome
II Diagnostic Criteria and the morphological stool char-
acteristics using the Bristol stool form scale, analyzed the
degree of stool retention using plain abdominal radio-
graphs and measured the colon transit time, and evaluat-
ed the correlations among the these evaluation methods
in order to assess the usefulness of plain abdominal ra-
diography compared to other methods and to investigate
its convenience in clinical application.

Plain abdominal radiography is a simple and less time-
consuming evaluation method than others for evaluating
the distribution of feces in the colon and the presence of
megacolon. However, despite such advantages, the quan-
titative assessment of plain abdominal radiography has
limitations, and the colon transit time is known as the
most objective method for evaluating the motility of the
colon.

The colon transit time has the advantage that it can
evaluate total colon motility as well as segmental colon
motility so it is used as an objective evaluation method of
colonic motility in patients with SCI. However, it has the
limitations of being complicated and time-consuming to
perform.

This study found that the colon transit time was
19.3£16.17 for the right colon, 19.3+£13.45 for the left co-
lon, and 15.32+13.15 for the rectosigmoid colon. The total
colon transit time was 52.42+19.14, which was long com-
pared to the colon transit time of normal persons. There
is a statistically significant correlation between the total
colon transit time, the Starreveld score and the Leech
score as measured by plain abdominal radiography. This
study also found that there was a statistically significant
correlation between the segmental colon transit time and
the segmental stool retention score. These results sug-
gest that not only the total colon transit time but also the
segmental colon transit time may be inferred from plain
abdominal radiographs which are as useful as the colon
transit time for evaluating bowel dysfunction in patients
with SCI.

But the rectosigmoid colon transit time was measured
to be shorter than right colon and left colon. The recto-
sigmoid transit time showed a negative correlation with
the transverse colon stool retention Starreveld score.

WWW.e-arm.org
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However, for the Leech score, the rectosigmoid transit
time showed no significant correlation with the stool re-
tention score.

The reason may be that the subjects received bowel
management and proper education about bowel control
during the study period. At least once every two to three
days of the bowel program, osmotic laxatives, enemas,
suppositories, and digital disimpaction were used in or-
der to induce a bowel movement. This is thought to have
affected the rectosigmoid colon transit time, and further
studies should exclude such bowel management.

In 2000, Harari and Minaker [16] reported on a study on
patients with chronic SCI using plain abdominal radiog-
raphy, and found that 73% of the patients had megaco-
lon, and among them, 52% showed radiographical con-
stipation. They also reported that megacolon was more
frequently observed among patients who were elderly,
had chronic SCI and abdominal distension, were tak-
ing anticholinergic medications or antacids containing
calcium. This study found that 14 patients (31.8%) had
megacolon and 11 patients (25%) had megarectum. All
the cases of megacolon were found in the ascending co-
lon. The reason that the incidence rate of megacolon was
less in this study than in the study of Harari and Minaker
[16] may be attributed to the fact that the subjects in this
study were younger (average, 50.2 years), their preva-
lence period was shorter (average, 32 months), and most
of them had received proper education on bowel control
during their admission period.

Since the ability to perform activities of daily living is
lower in patients with SCI than in normal persons, the
convenience and simplicity of the evaluation method
should be taken into consideration when selecting the
evaluation method. For patients whose progress is moni-
tored on an outpatient basis, it is not easy to assess the
colon transit time due to the technique used or the time
involved. Therefore, in order to evaluate bowel dysfunc-
tion on an outpatient basis, performing plain abdominal
radiography in addition to doing a medical examination,
instead of conducting a complicated colon transit time
assessment, would provide information on total colonic
motility and segmental colonic motility, especially on
the examination day. Thus, it is very useful in terms of
the patient’s convenience. In addition, when severe stool
retention or megacolon is observed on plain abdominal
radiography, more active induction of bowel movements
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including the use of osmotic laxatives, and a variety of
enemas and suppositories and performing digital disim-
paction, should be employed.

When examining the degree of stool retention through
plain abdominal radiography, there might be differences
in the inspectors’ interpretations. Therefore, 2 skilled
radiologists familiar with this study’s methods and pro-
cedures read the plain abdominal radiographs in our
study. The observer variation between these 2 inspectors
was assessed. The results showed that the 2 inspectors
showed consistency in their evaluation of the degree of
stool retention, and the presence/absence of megaco-
lon or megarectum (p<0.01), which suggests that plain
radiography may be useful as an objective test method if
the inspectors are familiar with the reading criteria and
receive proper training in interpreting the degree of stool
retention. However, for the Starreveld score which ana-
lyzes the total colon after it is divided into 4 segments,
there can be a case where the transverse colon overlaps
with the ascending or descending colon when there is
excessive stool in the transverse colon and this may pro-
duce judgment errors. Therefore, it may be easier to use
the Leech score which uses 3 segments of the colon for
the analysis.

And bowel management, such as the use of osmotic lax-
atives, enemas, suppositories, and digital disimpaction,
affects primarily the rectosigmoid colon. Thus, there may
be an error in measuring the rectosigmoid colon transit
time and assessing the stool retention score. Colon tran-
sit time and stool retention score are measured by refer-
ring to the plain abdominal radiographs at 9:00 AM on
the 4th day. Thus, the defecation time should be consid-
ered when evaluating plain abdominal radiographs of the
rectosigmoid colon especially when defecation occurs
just before the evaluation, as this affects the evaluation of
the rectosigmoid colon greatly, compared to other parts
of the colon.

The limitations of this study are that this study did
not consider the dietary patterns of patients with SCI or
other diseases that may affect bowel dysfunction, and it
did not consider the medications used to control bowel
dysfunction. This study also did not examine the correla-
tions among evaluation methods using a control group.
Finally, there was no statistical correlation between the
bowel pattern identified by the constipation score and
plain abdominal radiography. Further studies should ad-
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dress these limitations and use more subjects.

In conclusion, this study examined the usefulness of
plain abdominal radiography in evaluating bowel dys-
function of patients with SCI. The study results showed
that there were statistical correlations among the colon
transit time, which is known as the most objective test to
evaluate motility of colon, the Starreveld score and the
Leech score as measured by plain abdominal radiogra-
phy. Since plain abdominal radiography is simple and
less time-consuming and involves less radiation than
other radiological techniques, it is a useful method in
evaluating bowel dysfunction, managing the bowel and
establishing a treatment plan for patients with SCI. It is
also a highly convenient method to use for patients with
SCI, and can be easily applied in clinical practice.
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