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evaluation of slow transit constipation
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Background: Although transverse colon ptosis (TCP) is commonly diagnosed in patients with constipation,
it has not attracted significant attention in the evaluation of constipation. Herein, we assessed the correlation
between TCP-related radiological parameters and the severity of slow transit constipation (STC).
Methods: This study was a single-center retrospective cohort study, with participants enrolled between
2012 and 2020 in Zhongnan Hospital of Wuhan University, China. STC was diagnosed according to Rome
IV criteria and results of colonic transit test (CTT); healthy volunteers were also recruited as controls. All
participants were examined using abdominal X-rays (AXRs) to acquire the radiological parameters related to
TCP. Among these parameters, the degree of TCP (DTCP) was defined as the vertical distance from the top
of the splenic flexure to the lowest point of the reverse colon. The Wexner Constipation Score and Hospital
Anxiety and Depression Scale were used to assess clinical severity. After multivariable linear regression, the
correlations between radiological parameters and severity of STC were investigated. We also explored the
differences in radiological parameters between the operation and the conservative group.

Results: The study included 139 patients with ST'C and 125 healthy people in as the normal control (NC).
Patients with STC probably had larger DTCPs than those in the NC group (242.27£25.86 vs. 93.00+32.57
mm; P<0.001). Pearson correlation analysis showed that TCP-related parameters were consistent with the
symptom severity of STC [e.g., parameter DTCP was strongly correlated with Wexner Constipation Score,
with a B coefficient (95% CI) of 8.63 (8.24-9.02), P<0.001]. Multivariable linear regression models showed
that patients with a larger DTCP were more likely to undergo surgery (23.67; 95% CI: 1.40-45.94; P=0.04).
Conclusions: TCP-related parameters, especially the DTCP, may serve as novel and feasible alternative
indices for the assessment of STC. However, the potential value of DT'CP in assisting the evaluation of STC
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needs to be confirmed in study with a larger sample size.
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Introduction

Slow transit constipation (STC) is a clinical syndrome
characterized by constipation and delayed colonic transit
which accounts for 13-37% of all cases of constipation (1-4).
The primary symptoms include reduced bowel movements,
decreased or absent urge to defecate, difficulty in defecating,
and dry stools (1,2). STC seriously affects the mental state
and quality of life of patients.

Colonic transit is evaluated predominantly via
radiopaque markers on plain film abdominal X-ray (AXR)
[colonic transit tests (C'T'T)]. This is an inexpensive method
of visualization that is widely applied in clinical settings
and plays an important role in distinguishing different
constipation subgroups, such as slow or normal transit
constipation (5-7). Despite the high frequency at which
AXR is applied, studies have suggested that the model
shapes of the markers vary from hospital to hospital, and
there is still no unified standard for the inspection and
evaluation process (5-8). Further, the number of radiopaque
markers remaining in the CTT may not necessarily
correlate with the severity of constipation (9).

Gamma scintigraphy, magnetic tracking system
approaches, and stool burden have also been introduced
and have proven to be effective methods to identify colonic
transit disorder (10-12). However, these methods are
difficult to apply in areas with disadvantaged healthcare
settings in the short term. Thus, it is important to explore
concise and efficient STC evaluation methods.

Transverse colonic proptosis (TCP), defined as the
abnormal downward displacement of the transverse
colon without ptosis of other viscera, is a common
phenomenon in patients with chronic constipation. As
early as the 1920s, Cannon reported two cases of TCP and
suggested that this anatomical anomaly was associated with
constipation (13). It is speculated that the ptosis of
transverse colon and the elevated splenic flexure are not
conducive to the fecal propulsion in the upright state as
stool accumulated in the transverse colon may further
aggravate the degree of enteroptosis due to gravity and in
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turn, this vicious cycle relationship may be an important
anatomic factor in intractable constipation (13-16). This
suggests a potential relationship between TCP and the
progression of constipation. However, the assessment
of TCP has not yet gained attention, particularly in
patients with STC. Given the paucity of research on the
topic, whether there is a correlation between TCP and
the severity of STC aroused our interest. Hence, this
study aimed to investigate the correlation between TCP-
related radiological parameters and the severity of STC,
and to explore the usefulness of TCP in the diagnosis and
treatment of patients with STC. We present this article in
accordance with the STROBE reporting checklist (available
at https://qims.amegroups.com/article/view/10.21037/
qims-23-28/rc).

Methods
Participants

We retrospectively reviewed the files of patients with
chronic constipation admitted to Zhongnan Hospital
of Wuhan University between 1 January 2012 and 31
December 2020. The data were collected between 1 March
2021 and 31 March 2021.

The inclusion criteria were: (I) age >18 years; and (II) a
confirmed diagnosis of simple STC according to the Rome
IV criteria and CTT (17). Symptoms of constipation must
be present for at least 6 months before the diagnosis, which
was made based on the following criteria: no loose stools
without the use of laxative, inadequate evidence for the
diagnosis of irritable bowel syndrome, and the symptoms
were not caused by opioids (17).

The exclusion criteria were: (I) evidence of obstructed
defecation syndrome; (II) evidence of secondary causes
of constipation; (III) known or suspected gastric or small
bowel disorders, including dysmotility; and (IV) missing
data (CT'T was not performed).

A group of healthy participants (volunteers) who
underwent plain abdominal radiography during the same

Quant Imaging Med Surg 2023;13(9):5664-5675 | https://dx.doi.org/10.21037/qims-23-28


https://qims.amegroups.com/article/view/10.21037/qims-23-28/rc
https://qims.amegroups.com/article/view/10.21037/qims-23-28/rc

5666

Sun et al. Colon ptosis and constipation

Figure 1 TCP-related indices measured on abdominal X-ray for STC group (left) and NC group (right). HI, the vertical distance from the

hepatic flexure to the right iliac crest; SH, the vertical distance from the splenic flexure to the hepatic flexure; HT, the vertical distance from

the hepatic flexure to the lowest point of transverse colon; D'TCP, degree of transverse colon ptosis; SI, the vertical distance from the splenic

flexure to the left iliac crest; T1I, the vertical distance from the lowest point of transverse colon to the L4-L5 interspace; TCP, transverse

colon ptosis; STC, slow transit constipation; NC, normal control.

period were also recruited as the normal control group
(NC). The inclusion criteria were: (I) normal bowel
function; (II) no digestive diseases; (III) no lower urinary
tract or reproductive system diseases; (IV) no history
of gastrointestinal (including anorectum) or urogenital
surgery; (V) no history of pelvic trauma; (VI) no history
of endocrine or metabolic diseases, including diabetes and
thyroid diseases. We recorded data on the demographics,
radiographic imaging data, and bowel movements for each
participant (the bowel movements of healthy individuals
were acquired via telephone follow-up). The severity of
constipation, depression score, and therapeutic measures for
patients with STC were also collected.

CTT

The CTT is an important method for the diagnosis of
STC, and its procedure has been described in previous
articles (6,11,18,19). Briefly, patients were prohibited from
using laxatives, enemas, or other treatments that might
affect gastrointestinal motility for the 3 days before the
examination. Plain radiographs of the abdomen were taken
6, 24, 48, and 72 hours after a single ingestion of radiopaque
markers [Sitzmarks capsule, Konsyl Pharmaceuticals,
Easton, MD, USA (containing 24 markers)] or barium
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solution (50 mL, 20%) to reveal traces of markers/barium
movement. Small bowel dysmotility was defined as the
retention of two or more markers in the ileum after 6 hours,
and a positive test for STC was considered if more than
20% of the markers were not eliminated after 3 days (11).
The contour and position of the colon could be effectively
identified by the scattered distribution of gas/markers/
barium in the colon on AXR plain films.

Radiological parameters

Based on the abdominal plain films, the degree of TCP
(DTCP) was defined as the vertical distance from the top
of the splenic flexure to the lowest point of the transverse
colon (Figure 1). To provide a more intuitive understanding
of the TCP configuration, we defined the novel TCP-
related indices, as shown in Figure 1. Based on abdominal
plain films, the vertical distances from the hepatic flexure
to the right iliac crest were recorded as HI; from the
splenic flexure to the left iliac crest as SI; from the lowest
point of transverse colon to the L4-L5 interspace [of the
same height to the attachment of both sides of the iliac
crest (20)] as TT; from the hepatic flexure to the lowest
point of transverse colon as HT; and from the splenic
flexure to the hepatic flexure as SH.
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Assessment of symptom severity for STC

The severity of constipation was assessed according to the
symptoms and bowel habits stated by patients during the
initial visit. The Wexner Constipation Score (WCS) and
the Hospital Anxiety and Depression Scale (HADS) were
used to assess each patient with STC. The WCS is an
eight-term measure of constipation severity scores;
scores range from 0 to 30, with 0 indicating normal and
30 indicating severe constipation (21,22). Similarly, the
HADS, a 14-term measure for the detection of anxiety and
depression, was applied to determine the psychological
condition (23). Scores >8/21 for both depression and anxiety
are considered diagnostic with a sensitivity and specificity of
approximately 0.80 (24). Symptoms related to constipation,
including interval of bowel movement, length of time per
attempt, and desire to defecate were also recorded.

Therapeutic measures

Conservative therapies, such as nonpharmacological
interventions or systematic drug treatment, were
recommended to patients with STC during their first visit
to a doctor. The patients who opted for surgical treatment
had to meet the following criteria (25-27): (I) at least 5 years
of severe refractory STC (unresponsive to conservative
treatment); (II) frequency of defecation less than two times
per week; (III) no obvious obstructed defecation syndrome;
(IV) no small bowel dysmotility; (V) no severe mental
disease; and (VI) strong desire to undergo surgery.

Statistical analysis

Normally distributed variables were presented as the mean
(standard deviation), and the independent-sample 7-test
was used to compare variables between the STC group
and the NC group. Categorical variables were described
as the frequency or percentage and examined by the Chi-
squared test. Pearson correlations were applied to assess
the correlations between the indices. Multivariable linear
regression models were used to determine the linear
regression coefficient (B) and 95% confidence intervals (Cls)
of radiological parameters according to the STC group,
severity of symptoms, operation group, and diseased colonic
segments with adjustment for potential covariates. Receiver
operating characteristic (ROC) curves were created, and
an area under the ROC curve (AUC) was calculated.
Subsequently, Youden’s J statistic was used to determine
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an optimal cut-off point (maximizing both sensitivity
and specificity) for the D'TCP. Statistical significance
was established when the two-tailed P value was <0.05.
Statistical analyses were performed using R version 4.0.2 (R
Foundation).

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the medical ethics committee of Zhongnan
Hospital of Wuhan University. Written informed consent
was obtained from the participants.

Results
Cobort characteristics

A total of 264 individuals were included in this cohort
study: 139 patients with STC and 125 healthy people in
the NC group (Figure 2) (the original data can be found in
Table S1). The characteristics of these patients are
presented in 7able 1. Overall, the mean age of all
participants was 55.03+13.75 years, and the majority were
female (71.21%), with 76.26% and 65.60% female patients
in the STC and NC groups, respectively. Compared
with those in the NC group, patients in the STC group
showed a longer interval of bowel movement (7.13£1.95 vs.
1.28+0.67 days), increased length of time per attempt
(27.45+12.27 vs. 6.63+4.01 min), reduced defecation
desire (75.54% vs. 0%), and higher WCS (17.51+2.12 vs.
0.53+0.78), all with P values <0.001.

TCP-related indices between STC and NC groups

Most patients (132 out of 139) in the STC group underwent
CTT through barium solution. To rule out the effect
of baseline information on the radiological parameters,
multivariable linear regression models were applied after
adjusting for sex, age, height, weight, and body mass index
(BMI). As shown in Table 2, the HI (B, -39.43; 95% CI:
-49.21 to -29.65; P<0.001) and TT (B, -155.81; 95% CI:
-166.64 to -144.98; P<0.001) in the STC group were
significantly lower than those in the NC group, and patients
in the STC group had elevated DTCP (B, 147.29; 95% CI:
139.85-154.73; P<0.001), HT (B, 116.38; 95% CI: 107.27-
125.49; P<0.001) and SH (B, 30.91; 95% CI: 22.10-39.72;
P<0.001) compared to those in the NC group. However, the
difference in the SI between the groups was not significant
(P=0.07).

ROC curves were drawn for the groups, the results of
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STC patients underwent CTT (n=267)

Healthy volunteers underwent AXR (n=125)

Excluded (n=128):
¢ Concomitant with outlet obstruction (n=104)
e Secondary causes of constipation, e.g., previous

abdominal and pelvic radiotherapy/surgery (n=10)
* Gastric or small bowel disorders (n=1)
e Lost to follow-up (n=13)

y

Y

Enrolled in this study as STC group (n=139)

Enrolled in this study as NC group (n=125)

Y

Further statistical analysis

Figure 2 Patient selection flowchart. AXR, abdominal X-ray; CT'T, colonic transit test; STC, slow transit constipation; NC, normal control.

which are shown in Figures S1-S7. A cutoff DTCP value
of 165.17 mm could clearly segregate patients with STC
from healthy people with high specificity and sensitivity
(sensitivity 0.978 and specificity 0.984). TI (a cutoff value of
-46.87 mm, with the sensitivity of 0.935 and the specificity
of 0.984) and HT (a cutoff value of 109.45 mm, with
the sensitivity of 0.942 and the specificity of 0.976) also
achieved similar ideal results.

Correlation analysis between severity of STC and TCP-
related indices

The correlations between T'CP-related indices and clinical
features after adjustment are listed in 7able 3. The DTCP,
TI, HT, HI and SH were well correlated with WCS, while
the DTCP, TI, and HT exhibited good linear correlations
with HADS.

Correlation analysis between the therapeutic regimen and
TCP-related indices

A total of 72 patients with STC who underwent systematic
treatment in our single medical group were screened for
further investigation. Among them, 43 patients (38 females,
mean age 54.77+11.30 years) underwent surgical treatment
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(operation group) and 29 patients (27 females, average
age 56.21+12.37 years) underwent conservative treatment
(conservative group). Patients with STC who required
surgical intervention often had more severe symptoms of
constipation. In this subgroup analysis, the WCS in the
operation group was significantly higher than that in the
conservative group (17.67+3.30 vs. 16.21+2.09; P=0.03).
After adjustment, multivariable linear regression models
revealed that the DTCP (B, 23.67; 95% CI: 1.40-45.94;
P=0.04) and TT (B, 23.95; 95% CI: 1.15-46.74; P=0.04) in
the operation group were significantly higher than those in
the conservative group (Zable 4).

Discussion

In patients with chronic constipation, particularly those
with STC, it is common for TCP to be identified on
AXR (13-16). This was first reported in 1922 by Cannon
et al. (13), who concluded that a pendulous transverse colon
assumed a “V” shape in the pelvis, with angulations at the
hepatic and splenic flexures that were closely related to the
symptoms. However, no related studies followed. In 2012,
Sawa er al. recruited 43 healthy volunteers and reported
that ptotic transverse colons were partially located below
the fifth lumbar vertebra in four female volunteers (16). In
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Groups
Variables Total (n=264) P
NC (n=125) STC (n=139)

Sex 0.08

Male 76 (28.79) 43 (34.40) 33 (23.74)

Female 188 (71.21) 82 (65.60) 106 (76.26)
Age (years) 55.03+13.75 53.98+15.25 55.99+12.23 0.24
Height (m) 1.62+0.06 1.63+0.07 1.62+0.06 0.47
Weight (kg) 61.63+8.69 64.92+8.05 58.66+8.18 <0.001
BMI (kg/m?) 23.40+3.36 24.58+3.21 22.33+3.13 <0.001
Interval of bowel movement (days) 4.36+3.28 1.28+0.67 7.13+1.95 <0.001
Length of time per attempt (min) 17.59+13.96 6.63+4.01 27.45£12.27 <0.001
WCS 9.47+8.65 0.53+0.78 17.51+2.12 <0.001
Desire to defecate <0.001

Reduced 105 (39.77) 0 (0) 105 (75.54)

Normal 159 (60.23) 125 (100.00) 34 (24.46)
HI (mm) 99.57+42.86 121.28+42.37 80.05+32.82 <0.001
SI (mm) 148.02+36.12 154.26+38.41 142.42+33.08 0.008
Tl (mm) -23.57+90.96 61.25+47.70 -99.85+36.67 <0.001
HT (mm) 123.15+69.49 60.03+24.53 179.90+42.54 <0.001
SH (mm) 48.45+37.07 32.97+30.42 62.36+37.07 <0.001
DTCP (mm) 171.59+80.17 93.00+£32.57 242.27+25.86 <0.001

Data are shown as n (%) or mean + SD. STC, slow transit constipation; NC, normal control; BMI, body mass index; WCS, Wexner
Constipation Scale; HI, the vertical distance from the hepatic flexure to the right iliac crest; Sl, the vertical distance from the splenic flexure
to the left iliac crest; Tl, the vertical distance from the lowest point of transverse colon to the L4-L5 interspace; HT, the vertical distance
from the hepatic flexure to the lowest point of transverse colon; SH, the vertical distance from the splenic flexure to the hepatic flexure;

DTCP, degree of transverse colon ptosis; SD, standard deviation.

the study of Chen ez 4/. in 2020 (15), TCP was considered
as one of three crucial criteria in the diagnosis of superior
mesenteric artery compression syndrome secondary to
chronic constipation. To date, however, the relationship
between chronic constipation and TCP has not been
systematically studied.

The DTCP, a value that can be conveniently obtained
from the AXR, represents the height difference between the
uppermost and lowermost regions of the transverse colon in
the standing position that can intuitively reflect its degree
of decline. After adjustments for age, sex, height, weight,
and BMI, the DT'CP, as well as the values of HI, HT, TT,
and SH in patients with STC, were significantly different
from those in patients without STC. More importantly,
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ROC curve analysis showed that the D'TCP may have
the potential to distinguish STC patients from healthy
individuals. However, large sample multi-center data are
still required to confirm the effectiveness of DTCP in
evaluating STC.

Some results suggest that TCP is more pronounced in
patients with STC, and one possible explanation for this
might be due to the gravity of feces. When the colon’s
motor function is impaired, stool accumulates. Because the
transverse colon is not anchored to the retroperitoneum,
it is more susceptible to the effects of gravity, and is thus
more prone to colonic ptosis (13). In contrast, the splenic
flexure of the colon, which is connected to the diaphragm
and the tail of the pancreas by the phrenic colon ligament
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Table 2 Comparisons of TCP-related indexes between STC and NC groups

Unadjusted Adjusted’
Variables
N B coefficient (95% CI) P B coefficient (95% CI) P

HI (mm)

NC 125 0 (reference) 0 (reference)

STC 139 -41.23 (-50.32 to -32.14) <0.001 —39.43 (-49.21 to —29.65) <0.001
Sl (mm)

NC 125 0 (reference) 0 (reference)

STC 139 —11.84 (=20.46 to —3.21) 0.008 -8.52 (-17.77 t0 0.73) 0.07
TI (mm)

NC 125 0 (reference) 0 (reference)

STC 139 -161.11 (-171.32 to —150.90) <0.001 -155.81 (-166.64 to —144.98) <0.001
HT (mm)

NC 125 0 (reference) 0 (reference)

STC 139 119.88 (111.38 to 128.38) <0.001 116.38 (107.27 to 125.49) <0.001
SH (mm)

NC 125 0 (reference) 0 (reference)

STC 139 29.39 (21.16 to 37.63) <0.001 30.91 (22.10 to 39.72) <0.001
DTCP (mm)

NC 125 0 (reference) 0 (reference)

STC 139 149.27 (142.21 to 156.33) <0.001 147.29 (139.85 to 154.73) <0.001

T adjusted model includes sex, age, height, weight and BMI. Data are presented as 95% CI. TCP, transverse colon ptosis; STC, slow
transit constipation; NC, normal control; HI, the vertical distance from the hepatic flexure to the right iliac crest; Sl, the vertical distance
from the splenic flexure to the left iliac crest; Tl, the vertical distance from the lowest point of transverse colon to the L4-L5 interspace; HT,
the vertical distance from the hepatic flexure to the lowest point of transverse colon; SH, the vertical distance from the splenic flexure to
the hepatic flexure; DTCP, degree of transverse colon ptosis; BMI, body mass index.

Table 3 Correlation analysis between severity of STC and TCP-related indexes

Unadjusted Adjusted’
Variables
B coefficient (95% ClI) P B coefficient (95% ClI) P
HI (mm)
Interval of bowel movement (days) -5.65 (-7.08 to —4.22) <0.001 -5.28 (-6.77 to -3.78) <0.001
Length of time per attempt (min) —1.20 (-1.54 to -0.85) <0.001 -1.10 (-1.46 to -0.74) <0.001
WCS —-2.36 (—2.88 to -1.83) <0.001 -2.24 (-2.81 to -1.68) <0.001
Desire to defecate 34.47 (24.74 to 44.20) <0.001 31.40 (21.15 to 41.65) <0.001
HADS-A 0.54 (-2.23 to 3.30) 0.71 0.52 (-2.30 to 3.35) 0.72
HADS-D —-1.85 (—4.96 to 1.26) 0.25 —-1.72 (-4.94 to 1.50) 0.30
SI (mm)
Interval of bowel movement (days) -1.59 (-2.91 to -0.27) 0.02 -1.11 (-2.49 t0 0.27) 0.12
Length of time per attempt (min) —0.54 (-0.85 to —0.24) 0.001 —0.44 (-0.77 to -0.11) 0.009

Table 3 (continued)
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Table 3 (continued)

5671

Variables Unadjusted Adjusted’
B coefficient (95% CI) P B coefficient (95% CI) P
WCS -0.65 (-1.14 to -0.15) 0.01 -0.45 (-0.99 to 0.08) 0.10
Desire to defecate 11.10 (2.28 to 19.92) 0.01 7.89 (-1.41t0 17.18) 0.10
HADS-A -1.26 (-3.94 to 1.41) 0.36 —-0.99 (-3.71 t0 1.73) 0.48
HADS-D -3.52 (-6.49 to -0.55) 0.02 -3.22 (-6.29 to —0.16) 0.04
TI (mm)
Interval of bowel movement (days) -23.24 (-25.07 to -21.41) <0.001 -22.04 (-23.90 to -20.19) <0.001
Length of time per attempt (min) -4.54 (-5.10 to -3.97) <0.001 -4.18 (-4.77 to -3.60) <0.001
WCS -9.40 (-9.97 to -8.83) <0.001 —9.08 (-9.69 to -8.48) <0.001
Desire to defecate 125.05 (108.46 to 141.64) <0.001 113.33 (96.28 to 130.39) <0.001
HADS-A —-7.39 (-10.29 to —-4.50) <0.001 —-7.12 (-10.04 to -4.19) <0.001
HADS-D —7.73 (-11.05 to —-4.40) <0.001 —-7.18 (-10.60 to —-3.76) <0.001
HT (mm)
Interval of bowel movement (days) 17.59 (16.16 to 19.02) <0.001 16.76 (15.29 to 18.23) <0.001
Length of time per attempt (min) 3.34 (2.90 to 3.79) <0.001 3.08 (2.62 to 3.55) <0.001
WCS 7.04 (6.57 to 7.51) <0.001 6.84 (6.34 to 7.34) <0.001
Desire to defecate 90.58 (77.39 to 103.78) <0.001 81.93 (68.27 to 95.59) <0.001
HADS-A 7.93 (4.49 to 11.37) <0.001 7.64 (4.12t0 11.16) <0.001
HADS-D 5.88 (1.81 t0 9.95) 0.005 5.45 (1.24 t0 9.67) 0.01
SH (mm)
Interval of bowel movement (days) 21.65 (20.27 to 23.02) <0.001 4.17 (2.83 to 5.51) <0.001
Length of time per attempt (min) 3.99 (3.49 to 4.49) <0.001 0.66 (0.33 to 0.99) <0.001
WCS 8.75(8.39t09.12) <0.001 1.79 (1.28 to 2.30) <0.001
Desire to defecate -113.96 (-128.15 to —99.76) <0.001 -23.51 (-32.70 to -14.33) <0.001
HADS-A -1.80 (-4.94 to 1.35) 0.27 -1.51 (-4.72 t0 1.69) 0.36
HADS-D -1.67 (-5.23 to 1.90) 0.36 -1.50 (-5.18 t0 2.18) 0.43
DTCP (mm)
Interval of bowel movement (days) 21.65 (20.27 to 23.02) <0.001 20.93 (19.55 t0 22.32) <0.001
Length of time per attempt (min) 3.99 (3.49 to 4.49) <0.001 3.74 (3.22 t0 4.26) <0.001
WCS 8.75 (8.39 t0 9.12) <0.001 8.63 (8.24 t0 9.02) <0.001
Desire to defecate -113.96 (-128.15 to —99.76) <0.001 -105.45 (-120.12 to —90.78) <0.001
HADS-A 6.13 (4.27 t0 7.99) <0.001 6.13 (4.24 t0 8.02) <0.001
HADS-D 4.21 (1.89 to 6.53) 0.001 3.95 (1.55 to 6.36) 0.002

Data are presented as 95% Cl. T, adjusted model includes sex, age, height, weight and BMI. STC, slow transit constipation; TCP,
transverse colon ptosis; WCS, Wexner Constipation Scale; HADS-A, Hospital Anxiety and Depression Scale subscales of Anxiety;
HADS-D, Hospital Anxiety and Depression Scale subscales of Depression; HI, the vertical distance from the hepatic flexure to the right
iliac crest; Sl, the vertical distance from the splenic flexure to the left iliac crest; Tl, the vertical distance from the lowest point of transverse
colon to the L4-L5 interspace; HT, the vertical distance from the hepatic flexure to the lowest point of transverse colon; SH, the vertical
distance from the splenic flexure to the hepatic flexure; DTCP, degree of transverse colon ptosis; BMI, body mass index.
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Table 4 Comparisons of TCP-related indexes between conservative group and operation group

Unadjusted Adjusted”
Variables
N B coefficient (95% CI) P B coefficient (95% CI) P

HI (mm)

Conservative group 29 0 (reference) 0 (reference)

Operation group 43 5.45 (-12.04 to 22.94) 0.54 7.33 (-9.93 to 24.59) 0.41
Sl (mm)

Conservative group 29 0 (reference) 0 (reference)

Operation group 43 3.02 (-16.04 to 22.09) 0.76 7.05 (-11.43 to 25.53) 0.46
TI (mm)

Conservative group 29 0 (reference) 0 (reference)

Operation group 43 26.30 (4.08 to 48.53) 0.02 23.95 (1.15 t0 46.74) 0.04
HT (mm)

Conservative group 29 0 (reference) 0 (reference)

Operation group 43 —-20.85 (-45.74 to 4.03) 0.11 -16.62 (-40.83 to 7.59) 0.18
SH (mm)

Conservative group 29 0 (reference) 0 (reference)

Operation group 43 -2.43 (-17.29 to 12.44) 0.75 -0.27 (-15.30 to 14.76) 0.97
DTCP (mm)

Conservative group 29 0 (reference) 0 (reference)

Operation group 43 23.88 (2.21 to 45.54) 0.03 23.67 (1.40 to 45.94) 0.04

Data are presented as 95% Cl. T, adjusted model includes sex, age, height, weight and BMI. TCP, transverse colon ptosis; Hl, the vertical
distance from the hepatic flexure to the right iliac crest; Sl, the vertical distance from the splenic flexure to the left iliac crest; Tl, the vertical
distance from the lowest point of transverse colon to the L4-L5 interspace; HT, the vertical distance from the hepatic flexure to the lowest
point of transverse colon; SH, the vertical distance from the splenic flexure to the hepatic flexure; DTCP, degree of transverse colon ptosis;

BMI, body mass index.

and the transverse mesocolon, respectively, is a relatively
fixed part of the colon (28). Therefore, compared with
patients without STC, patients with STC have higher
DTCP, TI, HT and SH values, but a lower HI value.
Another explanation could relate to the characteristics
of colonic propulsion. In addition to high-propagating
contractions (HAPCs), colonic propulsion also includes
retrograde propulsion (24), which may return intestinal
contents back to the transverse colon from the descending
colon. Interestingly, the frequency of propulsive HAPCs
was decreased or even absent in patients with STC, leading
to increased fecal accumulation in the transverse colon. In
turn, ptosis of transverse colon resulted in a significantly
greater fecal climb distance and higher potential energy
difference in the standing position, which increased the

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

static energy needed for fecal evacuation and further
aggravated intestinal transmission function (15). Briefly,
this indicates that the ptosis transverse colon may be both
the result of colonic motor dysfunction and the cause of
aggravated constipation.

Previous research studies that predominantly focused on
the relationship between radiological parameters and severity
scales had unsatisfactory results (28,29). Rao ez 4l. reported a
moderate correlation between barium distribution through
CTT and quality of life (29), whereas similar research by
Staller et al. revealed no such correlation (9). Overall, our
data showed that the DTCP, TI and HT, which directly
reflect ptosis of the transverse colon, were significantly
associated with the WCS (the crucial comprehensive scale
developed for severity assessment of constipation), and the
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depression indices (HADS-A and HADS-D). Since ptosis
of the transverse colon may be caused by gravity, colonic
movement disorder, neurasthenia, and other factors (13,25),
it may become more obvious over time, which is consistent
with the aggravating progression of STC to some extent.
In addition, HI and SH also correlated well with WCS. As
previously mentioned, the ligaments in the hepatic flexure
are not as strong as those in the splenic flexure (28), which
may result in hepatic flexure being more susceptible to the
gravity of transverse colon and secondary ptosis, and be
the cause of the lower HI value. This results in a greater
gravitational potential energy difference between the
splenic flexure and the hepatic flexure, which is a secondary
result of the TCP. Hence, individuals with lower HI or
higher SH values may have more severe constipation and a
higher WCS.

In the present study, we further explored the relationships
between treatment methods and TCP. In our center, all
patients with STC received standard treatment regimens,
and only those who had failed systematic drug therapy were
considered for surgical treatment. It appeared that patients
with STC who underwent surgery may have more severe
symptoms and poorer responses to conservative treatment.
The DTCP and TT values of patients in the surgical group
were significantly higher than those of patients in the
conservative group, indicating that greater DTCP or TI
values may indicate severe constipation.

Our study contained several limitations. First, this
was a single-center retrospective study, which inevitably
contains selection biases. Second, our cohort included
more severe cases of constipation meaning the results may
be less generalizable to the population at large. Third, the
DTCP and other indices were based on a small-sample
study, and large-sample clinical trials are needed to verify
this system. Fourthly, the radiopaque markers used for
CTT in this study were not completely uniform. Despite
these limitations, our novel study preliminarily discussed
the causes of TCP and the relationships between the degree
of ptosis and severity of constipation. More importantly,
our study revealed that the DTCP could be regarded as
an alternative sensitive indicator to assess the severity of
constipation and may provide a reference for the clinical
diagnosis of constipation.

Conclusions

In this novel study, we systematically evaluated the
relationship between TCP and STC. Overall, we found that

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

some TCP-related indicators show good correlation with
the severity of STC. Among them, as a dependable and
intuitive index that reflects the distance from the splenic
flexure to the lowest point of the transverse colon, the
DTCP has unique value in the auxiliary diagnosis of STC
and definition of the severity of STC. Thus, we propose
that the D'TCP may be a novel and feasible alternative
index in the assessment of constipation. However, data from
a larger sample, that includes patients with and without
constipation, are required to verify and optimize the value
of these ptosis-related indices in the diagnosis and treatment
of STC.
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Supplementary

Table S1 The original data of participants’ characteristics

Interval  Length of

Subgroup :3::52: Sex Age(years) H?:f)ht W(iig)ht B'\ﬂz(‘;g/ n:’c':\f’:n‘f:r'“ E;?Str WCS HADS-A HADS-D zzzrceaice’ Hi(mm) SI(mm) TI(mm) HT (mm) SH(mm) '(Dr:fn?
(days) (mins)

sTC 1 Female 71 158 67  26.84 9 45 18 13 14  Reduced 57.43 112.83 -142.66 200.09 554  255.49
sTC 2 Male 84 167 77 2761 7 30 15 10 12 Reduced 2818 821 -12357 15175 5392 20567
sTC 3 Female 46 1.61 66 2546 8 30 17 12 11 Normal 5277 9553 -13857 191.34 4276  234.1
sTC 4 Male 54 168 58 2055 8 35 18 15 14 Normal 4546 14364 -118.09 163.55 98.18  261.73
sTC 5  Female 61 165 58  21.30 5 25 16 13 12 Reduced 57.54 134.02 -99.07 156.61 76.48  233.00
STC 6  Female 46 158 50  20.03 6 20 17 13 12 Normal 86.66 133.64 -114.15 200.81 46.98  247.79
sTC 7 Male 72 174 68 2246 7 15 17 14 13 Normal 6874 1409 -112.44 18118 7216  253.34
sTC 8 Male 69 168 79  27.99 10 20 16 11 10 Reduced 7277 13398 -93.28 166.05 61.21  227.26
STC 9 Female 68 15 53 23.56 11 30 22 14 13 Reduced 139.46 17524 -114.32 25378 3578  289.56
STC 10 Female 51 162 50  19.05 3 45 15 12 14  Reduced 101.39 131.44 -99.65 201.04 30.05  231.09
sTC 11 Female 54 163 45  16.94 7 35 16 11 12 Reduced 110.07 144.03 -89.6 199.67 33.96  233.63
sTC 12 Female 58 162 43 16.38 4 30 16 12 10 Reduced 8351 1403 -86.86 17037 56.79  227.16
sTC 13 Male 46 1.7 60  20.76 8 40 15 9 9  Reduced 119.1 13544 -81.78 200.88 1634  217.22
sTC 14 Female 41 162 58 2210 10 35 18 15 14  Reduced 7912 13599 -118.74 197.86 56.87  254.73
sTC 15 Female 50 164 70  26.03 7 20 17 14 13 Normal 113.96 14827 -9425 20821 3431 24252
sTC 16 Female 72 162 59 2248 7 45 18 14 14  Reduced 6026 138.13 -116.21 17647 77.87  254.34
sTC 17 Female 44 159 52 2057 5 20 17 13 13 Reduced 8276 137.24 -10251 18527 5448  239.75
sTC 18 Male 71 178 63  19.88 7 30 19 14 13 Normal 9058 146.82 -104.55 19513 56.24  251.37
STC 19 Male 69 172 65  21.97 5 45 16 12 11 Reduced 6228 131.97 -94.49 156.77 69.69  226.46
sTC 20  Male 31 1.7 60  20.76 12 60 19 Reduced 41.45 14627 -121.37 162.82 10482  267.64
sTC 21 Female 43 164 50  18.59 6 45 18 14 12 Reduced 93.89 13226 -117.76 211.65 3837  250.02
sTC 22 Female 66 159 58  22.94 7 30 17 Reduced 586 13717 -98.38 15698 7857 23555
sTC 23 Female 65 162 65 2477 6 30 18 13 11 Reduced 67.2 14625 -102.45 169.65 79.05  248.7
sTC 24  Female 56 157 63 2556 7 45 16 Reduced 74.92 14556 -86.81 161.73 7064  232.37
sTC 25  Female 31 1.6 55  21.48 3 30 16 12 12 Reduced 69.21 138.02 -80.24 149.45 6881  218.26
sTC 26 Female 45 153 57 2435 7 30 17 13 13 Reduced 11323 149.04 -90.87 2041 3581  239.01
sTC 27 Female 47 165 59 21.67 9 40 18 Normal  80.98 14818 -107.48 188.46 67.2  255.66
STC 28 Female 44 156 49 20.13 9 30 18 14 12 Normal 9379 147.31 -105.02 198.81 5352  252.33
sTC 29 Female 43 157 45  18.26 8 45 16 15 10 Reduced 87.58 14027 -87.15 17473 52.69  227.42
STC 30 Female 64 154 55  23.19 4 30 16 Reduced 110.18 131.65 -90.18 200.36 21.47  221.83
STC 31 Male 52 165 51 18.73 9 75 18 15 16 Reduced 108.88 116.19 -137.64 24652 7.31  253.83
sTC 32  Male 83 167 66 2367 7 45 13 8 7 Reduced 41.36 116.25 -59.63 100.99 74.89  175.88
STC 33 Female 48 157 48 19.47 8 60 23 17 13 Reduced 3751 125 -168.08 20559 87.49  293.08
STC 34  Male 60 168 62  21.97 7 25 23 Reduced 11.12 39 -150.98 1621  -7.22  154.88
sTC 35  Female 59 16 50 1953 10 30 17 13 13 Reduced 5554 14661 -100.38 15592 91.07  246.99
sTC 36  Male 71 167 57 2044 9 45 19 14 12 Reduced 10219 13129 -133.1 23529 291  264.39
STC 37  Female 47 158 49 19.63 7 45 14 12 14 Reduced 4172 7352 -1433 18502 318  216.82
sTC 38  Female 43 163 59 2221 10 20 24 16 14  Reduced 47.39 143.18 -151.6 198.99 9579  294.78
STC 39 Male 65 167 64 2295 6 45 16 13 14 Reduced 109.06 160.14 -66.47 17553 51.08  226.61
STC 40  Female 58 15 62  27.56 10 30 22 10 11 Reduced 92.65 18891 2647 66.18 96.26  162.44
sTC 41 Female 47 166 72 26.13 7 30 18 13 12 Reduced 8011 136.66 -110.42 190.53 56.55  247.08
STC 42 Female 49 164 50 1859 7 10 25 17 15  Reduced 86.73 167.42 -164.65 251.38 80.60  332.07
sTC 43 Female 62 167 57 2044 10 45 18 12 12 Reduced 9179 136.17 -103.56 19535 4438  239.73
sTC 44 Female 66 154 42 A7.71 8 45 16 12 12 Reduced 1005 741 -15553 16558 64.05  229.63
sTC 45  Female 53 162 63 2401 3 10 13 10 11 Reduced 3757 17574 -1027 47.84 13817  186.01
sTC 46 Female 64 155 59 2456 7 20 15 12 12 Normal 7071 106.32 -102.83 17354 3561  209.15
STC 47 Female 65 163 72 2710 3 45 11 18 17 Reduced 97.37 94  -71.34 16871 -3.37  165.34
sTC 48 Female 68 1.51 56 24.56 10 30 19 15 13 Reduced 76.68 120.87 -14537 222.05 4419  266.24
STC 49 Female 61 154 53 2235 6 15 17 14 14 Reduced 2913 14328 -103.68 132.81 11415 246.96
STC 50 Female 52 162 57 21.72 5 30 16 11 12 Reduced 76.06 143.06 -86.58 162.64 67  229.64
sTC 51  Female 67 1.6 60  23.44 6 20 21 10 11 Reduced 3597 8346 652 10117 47.49  148.66
STC 52 Male 60 1.72 70 2366 9 20 23 16 15 Normal 80.63 167.14 -126.12 206.75 8651  293.26
STC 53  Female 69 155 59 2456 8 15 17 8 10 Reduced 88.01 174.89 -69.24 157.25 86.88  244.13
sTC 54  Female 63 164 49 1822 8 30 17 Reduced 60.44 12368 -124.27 18471 63.24  247.95
sTC 55  Female 56 168 70  24.80 8 30 16 10 8  Reduced 140.31 19176 -3811 17842 5145  229.87
STC 56 Female 62 162 64 2439 6 30 21 16 12 Reduced 114.43 1625 -108.77 2232 4807  271.27
sTC 57  Female 58 1.61 64 2469 6 10 16 8 10 Reduced 14823 20581 -2529 17352 57.58  231.1
sTC 58  Female 58 156 70 2876 8 25 18 12 10 Reduced 11873 23611 -21.71 14044 117.38  257.82
STC 59 Male 75 173 77 2573 7 30 15 13 8  Reduced 107.23 17129 -2866 13589 64.06  199.95
sTC 60  Female 48 167 68  24.38 7 15 21 16 14 Normal 4089 14534 -140.58 181.47 10445 28592
sTC 61  Female 64 155 55  22.89 10 20 17 Normal  82.35 140.73 -105.22 187.57 5838 24595
STC 62  Male 76 168 63 2232 7 45 17 16 15 Normal 97.77 16028 -75.60 173.46 6251 23597
sTC 63  Female 58 1.6 61  23.83 10 30 19 14 10 Reduced 190.43 247.34 -19.04 209.47 56.91  266.38
sTC 64  Male 62 169 70 2451 6 20 18 13 9 Normal 99.49 201.03 -47.41 1469 10154 248.44
sTC 65 Female 58 1.61 58  22.38 5 25 18 Normal 137.52 173.64 -67.64 20516 3612  241.28
sTC 66  Female 62 153 57 2435 8 15 23 Normal ~ 97.93 172.04 -118.44 21637 7411  290.48
sTC 67 Female 53 1.6 45 1758 6 20 16 Reduced 4596 104.98 -127.66 173.62 59.02  232.64
sTC 68  Female 64 154 56 2361 7 20 17 Normal 837 180.63 -57.82 14152 9693  238.45
sTC 69  Male 58 1.7 63  21.80 6 15 12 10 11 Reduced 103.4 20243 3318 7022  99.03  169.25
sTC 70 Female 53 162 62 2362 9 25 22 15 9  Reduced 134.85 187.83 -95.73 23058 52.98  283.56
sTC 71 Male 65 174 65 2147 10 20 18 Reduced 92.09 161.75 -9354 18563 69.66  255.29
sTC 72 Female 57 165 60  22.04 8 15 16 10 11 Reduced 33.48 155.02 -8222 1157 12154  237.24
sTC 73 Female 56 15 70 31.11 3 10 13 8 8  Reduced 117.42 194.25 -18.84 13626 76.83  213.09
sTC 74 Female 22 152 42 18.18 10 20 17 11 12 Normal 855 113.15 -141.38 22688 27.65  254.53
STC 75  Female 48 166 50  18.14 7 25 16 10 15  Reduced 64.71 167.94 -69.74 13445 103.23  237.68
sTC 76 Female 58 169 53 1856 4 15 17 13 12 Reduced 10856 151.45 -85.59 194.15 42.89  237.04
sTC 77 Female 63 158 58  23.23 7 30 18 14 15  Reduced 39.02 106.16 -14597 18499 67.14  252.13
sTC 78 Male 45 157 58 2353 9 20 17 15 13 Reduced 66.51 134.64 -110.47 17698 68.13  245.11
sTC 79 Male 64 165 68  24.98 8 45 17 13 11 Reduced 121.74 1571 -76.44 19818 3536  233.54
sTC 80 Female 66 1.7 58 2007 7 45 16 13 11 Reduced 3598 112.02 -10556 141.54 76.04  217.58
STC 81  Female 22 167 60 2151 4 30 16 14 14  Reduced 922 11099 -11891 211.11 1879  229.9
sTC 82  Female 53 165 50 1837 5 15 17 11 10 Reduced 3229 186.66 -63.67 9596 154.37  250.33
sTC 83  Male 66 163 49 18.44 7 20 18 12 12 Reduced 129.69 16543 -86.6 21629 3574  252.03
sTC 84  Male 70 1.7 49 16.96 3 15 16 16 13 Normal 12127 123.42 -100.63 2219 215  224.05
STC 85 Female 64 158 68  27.24 10 30 18 10 12 Reduced 98.56 128.95 -124.97 22353 30.39  253.92
sTC 86  Male 65 157 65 2637 10 30 20 15 13 Reduced 8084 107 -165.64 24648 2616  272.64
sTC 87  Female 55 165 62 2277 5 25 17 15 12 Normal 6076 189.4 -53.89 114.65 128.64 243.29
STC 88  Female 65 164 68 2528 9 20 18 14 11 Normal 87.04 117.61 -141.21 22825 30.57  258.82
sTC 80  Female 65 167 62 2223 8 30 18 13 11 Reduced 5043 15397 -102.77 1532 10354  256.74
sTC 90  Female 45 155 60 2497 5 20 18 12 14 Normal 129.35 15052 -91.92 22127 2117  242.44
STC 91 Female 50 158 58  23.23 5 15 17 13 12 Reduced 64.34 12757 -117.71 18205 6323 24528
sTC 92 Female 29 1690 67  23.46 7 20 17 12 11 Reduced 37.56 127.43 -119.36 156.92 89.87  246.79
sTC 93 Female 50 164 62  23.05 6 30 17 12 10 Reduced 9042 113.83 -130.41 22083 2341  244.24
STC 94 Male 62 155 62 2581 5 30 19 15 14  Reduced 104.28 14831 -118.98 223.26 44.03  267.29
sTC 95  Female 63 1.61 68  26.23 7 45 18 13 12 Reduced 5652 180.42 -73.03 12955 1239  253.45
STC 96  Female 58 1.6 65 2539 5 30 21 14 12 Reduced 4012 1263 -148.99 189.11 86.18  275.29
sTC 97  Female 68 158 46 18.43 5 60 18 11 13 Normal 902 9755 -148.13 238.33 7.35 24568
sTC 98  Female 48 162 68 2591 8 30 19 Normal ~ 33.15 153.07 -106.76 139.91 119.92  259.83
STC 99 Female 59 158 57  22.83 8 10 18 12 13 Normal 89.58 13567 -12220 211.87 46.09  257.96
STC 100  Female 47 1.7 50  17.30 8 45 18 14 16 Reduced 12623 129.93 -129.76 25599 3.7  259.69
sTC 101 Female 54 167 46 16.49 8 60 17 12 12 Reduced 53.39 9275 -136.04 189.43 39.36  228.79
STC 102 Female 51 159 63 2492 4 20 17 12 12 Normal 3112 14141 -96.93 12805 110.29 238.34
STC 103 Male 71 157 46 18.66 6 25 16 15 10 Reduced 11516 100.68 -136.96 252.12 -14.48  237.64
sTC 104  Female 54 169 70 2451 8 25 16 11 10 Reduced 81.84 93.33 -136.95 218.79 1149  230.28
STC 105 Female 57 164 66  24.54 9 20 17 16 14 Reduced 64.69 128.62 -123.89 18858 6393 25251
STC 106  Female 63 1.61 50  19.29 8 30 17 11 15  Reduced 3589 15256 -87.33 12322 116.67  239.89
sTC 107 Female 44 165 50  18.37 7 15 16 12 16 Reduced 109.97 140.92 -85.28 19525 3095  226.2
sTC 108  Female 32 168 47 16.65 5 25 17 Reduced 109.66 16229 -76.7 186.36 52.63  238.99
sTC 109  Female 65 1.6 59 23.05 9 20 19 12 11 Reduced 33.14 1429 -122.35 15549 109.76  265.25
sTC 110 Female 41 1.6 52 20.31 10 20 16 13 13 Normal 8059 130.12 -95.68 17627 49.53  225.8
sTC 111 Female 38 164 62 2305 5 45 18 10 16 Reduced 4239 13541 -123.75 16614 93.02  259.16
sTC 112 Male 76 155 64  26.64 9 30 16 8 11 Reduced 53.4 131.01 -9534 14874 77.61  226.35
sTC 113 Male 64 169 49 17.16 5 25 17 Reduced 64.91 180.56 -52.87 117.78 11565 233.43
sTC 114  Female 67 164 64  23.80 7 15 17 15 10 Reduced 11534 18959 -60.49 175.83 7425  250.08
sTC 115 Female 32 164 47 1747 4 20 17 15 11 Normal 53.48 9468 -140.33 19381 412 23501
sTC 116 Female 55 162 68 2591 10 25 18 12 16 Normal 128.42 14528 -109.98 2384  16.86  255.26
sTC 117 Male 39 156 70 2876 7 15 17 13 14 Normal 5407 183.01 -55.66 109.73 12894  238.67
STC 118  Female 34 164 58 2156 7 30 16 11 13 Reduced 35.63 189.34 -47.34 8297 153.71  236.68
sTC 119 Female 31 167 66  23.67 6 15 17 12 12 Reduced 128.08 10251 -132.35 260.43 -2557  234.86
sTC 120  Female 32 166 69 2504 7 15 17 14 12 Reduced 74.92 10395 -137.73 212.65 20.03  241.68
sTC 121 Male 65 156 63  25.89 6 20 18 14 14  Reduced 4953 110.73 -140.39 189.92 612  251.12
sTC 122 Male 56 157 45  18.26 10 20 19 16 14  Reduced 83.87 13478 -121.69 20556 50.91  256.47
sTC 123 Female 71 162 69 2629 6 15 17 15 13 Normal 12979 127.97 -121.87 25166 -1.82  249.84
STC 124  Female 54 156 67  27.53 6 20 18 16 13 Normal 3234 168.05 -78.98 111.32 13571  247.03
sTC 125  Female 47 155 52 21.64 3 20 17 12 12 Reduced 4519 15373 -84.36 129.55 108.54  238.09
sTC 126 Female 63 159 63 2492 8 20 18 13 12 Reduced 118 15507 -862 2042  37.07  241.27
STC 127 Female 56 163 48 18.07 7 25 16 15 12 Reduced 41.34 167.79 -64.33 10567 12645 232.12
sTC 128  Female 62 167 52 1865 7 20 18 14 15  Reduced 66.75 18295 -65.43 132.18 1162  248.38
sTC 129 Female 56 159 49 19.38 9 15 18 12 12 Reduced 67.31 14502 -107.73 17504 77.71  252.75
sTC 130 Female 49 159 58 2204 8 15 17 10 11 Reduced 127.19 12759 -10856 23575 0.4  236.15
sTC 131 Female 39 167 55  19.72 7 10 18 14 12 Reduced 74.31 10343 -151.43 22574 2912  254.86
sTC 132 Male 72 169 49 17.16 6 30 18 12 12 Normal 124.03 187.52 -58.61 182.64 6349  246.13
sTC 133 Female 43 156 56  23.01 6 25 18 13 14 Normal 9721 14556 -9596 193.17 4835 24152
STC 134  Female 31 159 53 20.96 6 25 19 16 13 Reduced 63.65 174.87 -9423 157.88 111.22  260.1
sTC 135  Female 67 157 46 18.66 10 10 19 15 14  Reduced 10626 96.01 -160.33 266.59 -10.25  256.34
sTC 136 Female 56 163 61 2296 9 20 19 14 14  Reduced 10579 146.67 -118.68 224.47 40.88  265.35
sTC 137 Female 47 166 54  19.60 8 15 19 14 14  Reduced 7073 189.44 -72.31 143.04 11871  261.75
sTC 138 Male 68 169 70 2451 10 10 18 14 12 Reduced 9651 113.64 -131.51 228.02 1713  245.15
sTC 139 Female 73 1.6 53 20.70 7 20 16 9 10 Reduced 6659 157.86 -66.98 133.57 9127  224.84
NC 140  Male 25 178 8  26.83 1 5 0 Normal 13352 12017 40.82 927  -435  88.35
NC 141 Female 51 155 54 2248 4 20 3 Normal 13872 167.04 47.89 9083 2832  119.15
NC 142 Male 24 167 66  23.67 1 5 0 Normal 151.64 168.66 99.29 5235  17.02  69.37
NC 143 Male 33 166 75  27.22 1 10 1 Normal 21069 227.01 156.68 5401 1632  70.33
NC 144  Female 46 15 65  28.89 0.5 15 2 Normal 163.61 19355 113.77 49.84 2994  79.78
NC 145  Male 46 164 65 2417 1 5 0 Normal 15472 13145 7873 7599 -2327  52.72
NC 146 Male 33 168 58 2055 2 10 2 Normal 11552 11532 4648 69.04  -02  68.84
NC 147 Male 42 177 89 28.41 0.5 5 0 Normal 90.94 153.68 57.66 33.28 6274  96.02
NC 148  Female 34 164 55 2045 2 10 1 Normal 721 9592 -4436 5157 8871  140.28
NC 149  Female 49 155 62 2581 1 5 0 Normal 377 116.49 -14.42 5212 7879  130.91
NC 150  Female 42 163 59 2221 1 10 1 Normal 114.88 1735 51.01 63.87 5862  122.49
NC 151 Female 66 1.6 60  23.44 1 10 1 Normal 488 5877 -4436 9316 997  103.13
NC 152 Female 28 162 50  19.05 1 5 0 Normal -19.41 7319 -77.07 57.66  92.6  150.26
NC 153  Female 48 162 60  22.86 1 5 0 Normal 169.14 197.68 132.81 36.33 2854  64.87
NC 154  Female 44 1.6 70 27.34 3 10 2 Normal 8424 129.03 20.74 635 4479  108.29
NC 155  Male 52 176 75 2421 1 5 0 Normal 84.89 10563 35.64 4925 2074  69.99
NC 156  Male 25 1.7 75 2595 0.5 5 0 Normal 8295 124.48 5379 2916 4153  70.69
NC 157  Female 26 158 42 16.82 0.5 5 0 Normal 3694 4861 -36.94 73.88 1167  85.55
NC 158  Male 54 1.7 80  27.68 1 5 0 Normal 17823 206.38 93.66 8457 2815  112.72
NC 159  Female 30 163 66  24.84 1 10 1 Normal 117.63 151.44 7254 4509 3381 789
NG 160  Female 56 1.6 54  21.09 2 10 1 Normal 15019 178.94 7324 7695 2875  105.7
NC 161 Male 51 165 61 2241 05 3 0 Normal  63.38 143.03 127 5068  79.65  130.33
NC 162  Female 54 163 63  23.71 1 2 0 Normal 8028 179.68 -28.88 109.16 99.4  208.56
NG 163 Female 46 16 50 1953 1 3 0 Normal 1127 6127 -59.15 7042 50  120.42
NC 164  Male 30 167 87  31.20 1 5 0 Normal 126.13 256.33 12613 0 1302 130.2
NC 165  Male 34 152 56  24.24 05 5 0 Normal 1514 167.2 1364 15 15.8 30.8
NG 166  Male 51 1.51 50 25.88 1 3 0 Normal 1786 186 106  72.6 7.4 80
NC 167  Female 57 174 58  19.16 2 2 0 Normal 1087 1984 623 464 897  136.1
NC 168  Male 60 1.7 50 2042 1 4 0 Normal  187.6 2347 1586 29 471 76.1
NG 169  Male 71 153 68  29.05 1 5 1 Normal 1459 1669 858  60.1 21 81.1
NC 170 Male 51 169 70 2451 1 10 1 Normal 117.3 1389 705 468 216 68.4
NC 171 Female 53 166 64  23.23 2 5 0 Normal 1475 2041 441 1034  56.6 160
NC 172 Male 59 1.71 68  23.6 1 5 0 Normal 1439 132 1011 428  -11.9 309
NG 173 Male 80 163 55 2070 2 10 1 Normal 1047 146 716 331 413 74.4
NC 174  Female 44 158 60  24.03 1 3 0 Normal 1204 1444 605  59.9 24 83.9
NC 175  Female 43 174 68 2246 3 15 3 Normal 1359 187.2 548 811 513  132.4
NC 176 Male 72 163 66  24.84 1 5 0 Normal 1451 1383  84.1 61 6.8 54.2
NC 177 Female 60 159 55  21.76 2 3 0 Normal 828 1184 -203 1121 356  147.7
NC 178  Female 50 154 67  28.25 1 5 0 Normal  139.3 167.6 952 441 283 72.4
NC 179 Female 72 172 59 19.94 0.5 3 0 Normal 1683 1755 156 123 7.2 195
NC 180  Male 76 156 71 2917 1 4 0 Normal 115 849 664 486  -30.1 18.5
NC 181  Female 46 158 63  25.24 2 5 0 Normal 744 669 -225 969  -7.5 89.4
NC 182 Male 55 166 60  21.77 1 3 0 Normal 1743 2309 1271 472 566  103.8
NC 183 Male 87 163 74  27.85 2 5 1 Normal 731 1283 232 499 552  105.1
NC 184  Female 53 165 57  20.94 1 5 0 Normal 1401 1687 828 573 286 85.9
NG 185  Male 32 1.51 61 2675 2 3 0 Normal  59.6 1553 281 315 957  127.2
NC 186 Female 67 163 58  21.83 1 3 0 Normal 1341 1925 1005 336 584 92
NC 187 Male 82 168 56  19.84 1 5 0 Normal 1414 1533 631 783 119 90.2
NC 188  Male 46 1.71 72 2462 1 10 1 Normal 1122 1334 349 773 212 98.5
NC 189 Male 69 163 65  24.46 1 5 0 Normal  110.8 153 616 492 422 91.4
NC 190 Male 27 164 59  21.94 1 3 0 Normal 827 1048 489 338 221 55.9
NG 191 Male 59 153 79 3375 2 3 0 Normal 609 1031 -21.6 825 422 1247
NC 192 Female 89 155 62 2581 1 10 1 Normal 999 1116 356 643 117 76
NC 193 Male 73 1.71 66 2257 05 5 0 Normal 1389 1259 726  66.3 13 53.3
NC 194  Male 65 155 62 2581 1 10 1 Normal 167.6 1337 746 93 339 50.1
NC 195  Female 49 175 78 2547 1 15 2 Normal 106.4 156 664 40 49.6 89.6
NC 196 Male 54 173 68 2272 3 20 3 Normal  77.4 1155 -39.8 1172  38.1 155.3
NC 197  Female 63 159 61 2413 2 20 2 Normal 1526 147.2 493 1033  -5.4 97.9
NG 198 Female 76 152 69  29.86 2 5 0 Normal 1556 1493 744 812  -6.3 74.9
NC 199  Female 45 163 59 2221 3 10 2 Normal  57.4 929  -46.4 1038 355  139.3
NC 200 Female 65 15 67  20.78 1 5 1 Normal 1015 1188 701 314 173 48.7
NC 201  Male 62 163 78  29.36 1 3 0 Normal 719 1019 253  46.6 30 76.6
NC 202  Male 28 164 70  26.03 1 4 0 Normal 1245 2011 1005 24 766 1006
NC 203 Female 45 155 62 2581 1 5 0 Normal 2121 2115 1416 705  -0.6 69.9
NC 204  Male 69 167 78 2797 2 10 1 Normal 1244 190.6 1081 163  66.2 82.5
NC 205  Male 47 174 77 25.43 1 5 0 Normal 979 986 389 59 07 59.7
NC 206 Female 68 165 57  20.94 2 5 0 Normal  105.4 1434 449 605 38 98.5
NC 207 Female 38 1.6 66 2578 1 10 1 Normal 972 1622 623 349 65 99.9
NC 208 Female 55 165 65  23.88 2 15 2 Normal 982 1549 409 573  56.7 114
NC 209 Male 83 159 59  23.34 1 10 1 Normal 1042 147.9 714 328 437 76.5
NG 210 Female 76 1.61 80  30.86 1 5 0 Normal 934 1364 704 23 43 66
NC 211 Female 45 167 71 25.46 05 10 2 Normal 992 1321 753 239 329 56.8
NC 212 Female 54 157 62 2515 3 5 1 Normal 1337 183 426 911 493  140.4
NC 213 Male 41 175 73 23.84 2 5 0 Normal 1526 2149 1006 52 623 1143
NC 214  Female 49 164 57 21.19 1 10 1 Normal 1417 217.8 992 425 761 1186
NC 215  Male 84 164 67 2491 1 3 0 Normal 140  132.8 716 684  -7.2 61.2
NC 216 Female 44 165 64 2351 3 10 2 Normal 637 180  -41.1 1048 1163  221.1
NC 217 Female 39 156 65  26.71 2 5 0 Normal 883 1519 499 384 636 102
NC 218 Male 76 1.61 65  25.08 1 10 1 Normal 143 165 1041 389 22 60.9
NC 219 Female 29 154 71 2994 1 5 0 Normal 1341 1697 762  57.9 356 93.5
NC 220  Male 53 1.71 70 2394 1 15 2 Normal 1532 1941 1246 286 409 69.5
NC 221 Female 73 1.51 58 2544 1 3 0 Normal 393 935 359 752 542  129.4
NC 222 Male 65 153 64  27.34 1 5 0 Normal 972 154 588 384  56.8 95.2
NC 293 Male 29 162 61 2324 2 10 1 Normal 839 1766 463 376 927 1303
NC 204  Female 55 165 72 26.45 1 3 0 Normal 1328 162 785 543  29.2 83.5
NC 205  Male 46 1.7 59 2042 1 5 0 Normal 1663 1832 742 921  16.9 109
NG 226  Female 49 159 60  23.73 0.5 5 0 Normal 153.9 1709 110.3  43.6 17 60.6
NC 207  Female 50 164 74 2751 1 10 1 Normal 1429 1863 1103 326 434 76
NC 208  Female 40 1.7 74 2561 1 5 0 Normal 1721 196 1132 589 239 82.8
NG 229  Female 31 156 76  31.23 1 3 0 Normal 1951 197.2 1327 624 2.1 64.5
NC 230 Female 62 1.61 79 30.48 1 5 0 Normal 1347 1559 937 41 21.2 62.2
NC 231  Female 69 157 67  27.18 2 10 1 Normal 1409 1669 87.5  53.4 26 79.4
NC 232  Female 78 164 71 26.40 1 5 0 Normal 1467 169.9 1058 409 232 64.1
NC 233  Female 38 164 61 2268 2 5 0 Normal 111.4 1655 648 466 541  100.7
NC 234  Female 38 158 68  27.24 2 3 0 Normal  81.8  159.9 356 462 781  124.3
NG 235 Female 56 172 80  27.04 1 10 1 Normal 1154 1594 517 637 44 107.7
NC 236 Female 66 156 59  24.24 2 15 2 Normal 1236 1835 435 801  59.9 140
NC 237 Female 66 168 62  21.97 1 10 1 Normal  130.8 1582 726 582  27.4 85.6
NG 238  Female 70 166 62 2250 0.5 5 0 Normal 118 137 769  41.1 19 60.1
NC 239  Female 70 155 66  27.47 1 3 0 Normal 1055 1364 362 693 309  100.2
NC 240 Female 51 15 62  27.56 1 10 1 Normal 152  161.3 937 583 9.3 67.6
NC 241  Female 66 1.6 67 2617 1 5 0 Normal 1227 1737 759  46.8 51 97.8
NC 242 Female 61 1.7 57 19.72 1 3 0 Normal 2051 209.4 1431 62 43 66.3
NC 243  Female 66 168 57 2020 1 3 0 Normal 1642 1669 883 759 2.7 78.6
NC 244  Female 43 169 57 19.96 1 10 1 Normal 927 1188 43 497  26.1 75.8
NC 245 Female 56 1.51 61 2675 1 5 1 Normal 171 1848 875 835  13.8 97.3
NC 246 Female 49 168 63 2232 1 10 1 Normal 1567 2023 1127 44 45.6 89.6
NC 247  Female 50 165 56 2057 1 5 0 Normal 161.3 1586 746 867  -2.7 84
NG 248  Female 82 166 62 2250 2 5 0 Normal 664  157.4 303  36.1 91 127.1
NC 249  Female 55 165 63  23.14 1 3 0 Normal 1961 1754 114 821 207 614
NC 250 Female 44 172 57 19.27 1 2 0 Normal  169.6 1633 744 952  -6.3 88.9
NC 251  Female 51 158 64 2564 1 10 1 Normal 1035 1463 631 404 428 83.2
NC 252 Female 54 163 62  23.34 1 0 Normal 1337 1641 542 795 304  109.9
NC 253 Female 67 1.61 58 22.38 1 2 0 Normal 824 1143 392 432 319 75.1
NG 254  Female 69 152 70  30.30 2 10 1 Normal 1371 1229 378 993  -142  85.1
NC 255 Female 55 1.61 61 2353 1 15 2 Normal 758 114 213 545 382 92.7
NC 256 Female 67 165 72 26.45 3 10 2 Normal 177.3 2135 485 1288  36.2 165
NC 257  Female 47 1.72 57 19.27 1 5 0 Normal 1338 1509 579 759  17.1 93
NC 258  Female 82 158 76 3044 1 3 0 Normal 109.8 121 127 971 112 1083
NC 259 Female 54 154 65  27.41 1 3 0 Normal 1637 1923 984 653 286 93.9
NC 260 Female 51 1.62 61 2324 1 4 0 Normal 1307 1449 462 845 142 98.7
NC 261 Female 49 168 58 2055 1 2 0 Normal 1246 1341 303  94.3 9.5 103.8
NC 262 Female 65 155 55  22.89 0.5 3 0 Normal 1181 160.8 725 456 427 88.3
NC 263 Female 52 163 77  28.98 1 5 0 Normal  169.8 1933 955 743 235 97.8
NC 264 Female 55 1.6 62 2422 0.5 3 0 Normal 124 1177 623 617  -6.3 55.4

BMI, body mass index; DTCP, degree of transverse colon ptosis; HADS-A, Hospital Anxiety and Depression Scale subscales of Anxiety; HADS-D, Hospital Anxiety and Depression Scale
subscales of Depression; HI, the vertical distance from the hepatic flexure to the right iliac crest; HT, the vertical distance from the hepatic flexure to the lowest point of transverse colon; SH, the
vertical distance from the splenic flexure to the hepatic flexure; S, the vertical distance from the splenic flexure to the left iliac crest; T, the vertical distance from the lowest point of transverse
colon to the L4-L5 interspace; WCS, Wexner Constipation Scale.
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Figure S1 ROC analysis of TCP-related radiological parameters to
distinguish STC and healthy individuals. A ROC analysis predicted
scores with the area under the curve (AUC) and the corresponding
specificity and sensitivity that maximized the Youden Index. AUC,
area under the curve; DTCP, degree of transverse colon ptosis; HI,
the vertical distance from the hepatic flexure to the right iliac crest;
HT, the vertical distance from the hepatic flexure to the lowest
point of transverse colon; ROC, receiver operating characteristic;
SH, the vertical distance from the splenic flexure to the hepatic
flexure; SI, the vertical distance from the splenic flexure to the left
iliac crest; STC, slow transit constipation; TCP, transverse colon
ptosis; TT, the vertical distance from the lowest point of transverse

colon to the L4-L5 interspace.
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Figure S2 ROC curve revealed a cutoff DTCP value of 165.17
mm to segregate patients with STC from healthy individuals. (AUC
=0.998, with sensitivity 0.978 and specificity 0.984). AUC, area
under the curve; DTCP, degree of transverse colon ptosis; ROC,

receiver operating characteristic; STC, slow transit constipation.
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Figure S3 ROC curve revealed a cutoff TI value of -46.87 mm
to segregate patients with STC from healthy individuals. (AUC
=0.991, with sensitivity 0.935 and specificity 0.984). AUC, area
under the curve; ROC, receiver operating characteristic; STC,
slow transit constipation; TT, the vertical distance from the lowest

point of transverse colon to the L4-L5 interspace.
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Figure S4 ROC curve revealed a cutoff HT value of 109.45 mm
to segregate patients with STC from healthy individuals. (AUC
=0.987, with sensitivity 0.942 and specificity 0.976). AUC, area
under the curve; ROC, receiver operating characteristic; SH, the
vertical distance from the splenic flexure to the hepatic flexure;

STC, slow transit constipation.
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Figure S5 ROC curve revealed a cutoff HI value of 110.49 mm
to segregate patients with STC from healthy individuals. (AUC
=0.788, with sensitivity 0.820 and specificity 0.632). AUC, area
under the curve; HI, the vertical distance from the hepatic flexure
to the right iliac crest; ROC, receiver operating characteristic;

STC, slow transit constipation.
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Figure S6 ROC curve revealed a cutoff SI value of 149.17 mm
to segregate patients with STC from healthy individuals. (AUC
=0.606, with sensitivity 0.655 and specificity 0.592). AUC, area
under the curve; ROC, receiver operating characteristic; SI, the
vertical distance from the splenic flexure to the left iliac crest;

STC, slow transit constipation.
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Figure S7 ROC curve revealed a cutoff SH value of 44.02 mm
to segregate patients with STC from healthy individuals. (AUC
=0.735, with sensitivity 0.683 and specificity 0.704). AUC, area
under the curve; ROC, receiver operating characteristic; SH, the
vertical distance from the splenic flexure to the hepatic flexure;

STC, slow transit constipation.
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