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Degree of transverse colon ptosis: an alternative surrogate for 
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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 STC 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 β 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 DTCP in assisting the evaluation of STC 
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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 (CTT)]. 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 

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 (CTT was not performed).

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

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 TI; from the hepatic flexure to the lowest 
point of transverse colon as HT; and from the splenic 
flexure to the hepatic flexure as SH.

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; DTCP, degree of transverse colon ptosis; SI, the vertical distance from the splenic 
flexure to the left iliac crest; TI, 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.
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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 t-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 (CIs) 
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 

an optimal cut-off point (maximizing both sensitivity 
and specificity) for the DTCP. 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

Cohort 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 Table 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 TI (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 

https://cdn.amegroups.cn/static/public/QIMS-23-28-Supplementary.pdf
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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 TCP-related indices and clinical 
features after adjustment are listed in Table 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 

(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 TI (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 (Table 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 et 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 

STC patients underwent CTT (n=267)

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

Further statistical analysis

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

Healthy volunteers underwent AXR (n=125)

Excluded (n=128):

• Concomitant with outlet obstruction (n=104)

• Secondary causes of constipation, e.g., previous 

abdominal and pelvic radiotherapy/surgery (n=10)

• Gastric or small bowel disorders (n=1)

• Lost to follow-up (n=13)

Figure 2 Patient selection flowchart. AXR, abdominal X-ray; CTT, colonic transit test; STC, slow transit constipation; NC, normal control.

https://cdn.amegroups.cn/static/public/QIMS-23-28-Supplementary.pdf
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Table 1 Comparison of baseline information, bowel habits and radiological parameters between STC group and NC group 

Variables Total (n=264)
Groups

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/m2) 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

TI (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; SI, the vertical distance from the splenic flexure 
to the left iliac crest; TI, 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 et al. 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 DTCP, as well as the values of HI, HT, TI, 
and SH in patients with STC, were significantly different 
from those in patients without STC. More importantly, 

ROC curve analysis showed that the DTCP 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 

Variables
Unadjusted Adjusted†

N β coefficient (95% CI) P β 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

SI (mm)

NC 125 0 (reference) 0 (reference)

STC 139 −11.84 (−20.46 to −3.21) 0.008 −8.52 (−17.77 to 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
†, 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; SI, the vertical distance 
from the splenic flexure to the left iliac crest; TI, 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 

Variables
Unadjusted Adjusted†

β coefficient (95% CI) P β coefficient (95% CI) 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 to 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)

Variables
Unadjusted Adjusted†

β coefficient (95% CI) P β 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 (−1.41 to 17.18) 0.10

HADS-A −1.26 (−3.94 to 1.41) 0.36 −0.99 (−3.71 to 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 (4.12 to 11.16) <0.001

HADS−D 5.88 (1.81 to 9.95) 0.005 5.45 (1.24 to 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 (8.39 to 9.12) <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 to 1.69) 0.36

HADS-D −1.67 (−5.23 to 1.90) 0.36 −1.50 (−5.18 to 2.18) 0.43

DTCP (mm)

Interval of bowel movement (days) 21.65 (20.27 to 23.02) <0.001 20.93 (19.55 to 22.32) <0.001

Length of time per attempt (min) 3.99 (3.49 to 4.49) <0.001 3.74 (3.22 to 4.26) <0.001

WCS 8.75 (8.39 to 9.12) <0.001 8.63 (8.24 to 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 to 7.99) <0.001 6.13 (4.24 to 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% CI. †, 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; SI, the vertical distance from the splenic flexure to the left iliac crest; TI, 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 

Variables
Unadjusted Adjusted†

N β coefficient (95% CI) P β 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

SI (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 to 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% CI. †, adjusted model includes sex, age, height, weight and BMI. TCP, transverse colon ptosis; HI, the vertical 
distance from the hepatic flexure to the right iliac crest; SI, the vertical distance from the splenic flexure to the left iliac crest; TI, 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 

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 et al. 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 TI 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 

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 DTCP 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

Subgroup
Subject 
number

Sex Age(years)
Height 

(m)
Weight 

(kg)
BMI (kg/

m2)

Interval 
of bowel 

movement 
(days)

Length of 
time per 
attempt 
(mins)

WCS HADS-A HADS-D
Desire to 
defecate

HI (mm) SI (mm) TI (mm) HT (mm) SH (mm)
DTCP 
(mm)

STC 1 Female 71 1.58 67 26.84 9 45 18 13 14 Reduced 57.43 112.83 -142.66 200.09 55.4 255.49

STC 2 Male 84 1.67 77 27.61 7 30 15 10 12 Reduced 28.18 82.1 -123.57 151.75 53.92 205.67

STC 3 Female 46 1.61 66 25.46 8 30 17 12 11 Normal 52.77 95.53 -138.57 191.34 42.76 234.1

STC 4 Male 54 1.68 58 20.55 8 35 18 15 14 Normal 45.46 143.64 -118.09 163.55 98.18 261.73

STC 5 Female 61 1.65 58 21.30 5 25 16 13 12 Reduced 57.54 134.02 -99.07 156.61 76.48 233.09

STC 6 Female 46 1.58 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 1.74 68 22.46 7 15 17 14 13 Normal 68.74 140.9 -112.44 181.18 72.16 253.34

STC 8 Male 69 1.68 79 27.99 10 20 16 11 10 Reduced 72.77 133.98 -93.28 166.05 61.21 227.26

STC 9 Female 68 1.5 53 23.56 11 30 22 14 13 Reduced 139.46 175.24 -114.32 253.78 35.78 289.56

STC 10 Female 51 1.62 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 1.63 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 1.62 43 16.38 4 30 16 12 10 Reduced 83.51 140.3 -86.86 170.37 56.79 227.16

STC 13 Male 46 1.7 60 20.76 8 40 15 9 9 Reduced 119.1 135.44 -81.78 200.88 16.34 217.22

STC 14 Female 41 1.62 58 22.10 10 35 18 15 14 Reduced 79.12 135.99 -118.74 197.86 56.87 254.73

STC 15 Female 50 1.64 70 26.03 7 20 17 14 13 Normal 113.96 148.27 -94.25 208.21 34.31 242.52

STC 16 Female 72 1.62 59 22.48 7 45 18 14 14 Reduced 60.26 138.13 -116.21 176.47 77.87 254.34

STC 17 Female 44 1.59 52 20.57 5 20 17 13 13 Reduced 82.76 137.24 -102.51 185.27 54.48 239.75

STC 18 Male 71 1.78 63 19.88 7 30 19 14 13 Normal 90.58 146.82 -104.55 195.13 56.24 251.37

STC 19 Male 69 1.72 65 21.97 5 45 16 12 11 Reduced 62.28 131.97 -94.49 156.77 69.69 226.46

STC 20 Male 31 1.7 60 20.76 12 60 19 Reduced 41.45 146.27 -121.37 162.82 104.82 267.64

STC 21 Female 43 1.64 50 18.59 6 45 18 14 12 Reduced 93.89 132.26 -117.76 211.65 38.37 250.02

STC 22 Female 66 1.59 58 22.94 7 30 17 Reduced 58.6 137.17 -98.38 156.98 78.57 235.55

STC 23 Female 65 1.62 65 24.77 6 30 18 13 11 Reduced 67.2 146.25 -102.45 169.65 79.05 248.7

STC 24 Female 56 1.57 63 25.56 7 45 16 Reduced 74.92 145.56 -86.81 161.73 70.64 232.37

STC 25 Female 31 1.6 55 21.48 3 30 16 12 12 Reduced 69.21 138.02 -80.24 149.45 68.81 218.26

STC 26 Female 45 1.53 57 24.35 7 30 17 13 13 Reduced 113.23 149.04 -90.87 204.1 35.81 239.91

STC 27 Female 47 1.65 59 21.67 9 40 18 Normal 80.98 148.18 -107.48 188.46 67.2 255.66

STC 28 Female 44 1.56 49 20.13 9 30 18 14 12 Normal 93.79 147.31 -105.02 198.81 53.52 252.33

STC 29 Female 43 1.57 45 18.26 8 45 16 15 10 Reduced 87.58 140.27 -87.15 174.73 52.69 227.42

STC 30 Female 64 1.54 55 23.19 4 30 16 Reduced 110.18 131.65 -90.18 200.36 21.47 221.83

STC 31 Male 52 1.65 51 18.73 9 75 18 15 16 Reduced 108.88 116.19 -137.64 246.52 7.31 253.83

STC 32 Male 83 1.67 66 23.67 7 45 13 8 7 Reduced 41.36 116.25 -59.63 100.99 74.89 175.88

STC 33 Female 48 1.57 48 19.47 8 60 23 17 13 Reduced 37.51 125 -168.08 205.59 87.49 293.08

STC 34 Male 60 1.68 62 21.97 7 25 23 Reduced 11.12 3.9 -150.98 162.1 -7.22 154.88

STC 35 Female 59 1.6 50 19.53 10 30 17 13 13 Reduced 55.54 146.61 -100.38 155.92 91.07 246.99

STC 36 Male 71 1.67 57 20.44 9 45 19 14 12 Reduced 102.19 131.29 -133.1 235.29 29.1 264.39

STC 37 Female 47 1.58 49 19.63 7 45 14 12 14 Reduced 41.72 73.52 -143.3 185.02 31.8 216.82

STC 38 Female 43 1.63 59 22.21 10 20 24 16 14 Reduced 47.39 143.18 -151.6 198.99 95.79 294.78

STC 39 Male 65 1.67 64 22.95 6 45 16 13 14 Reduced 109.06 160.14 -66.47 175.53 51.08 226.61

STC 40 Female 58 1.5 62 27.56 10 30 22 10 11 Reduced 92.65 188.91 26.47 66.18 96.26 162.44

STC 41 Female 47 1.66 72 26.13 7 30 18 13 12 Reduced 80.11 136.66 -110.42 190.53 56.55 247.08

STC 42 Female 49 1.64 50 18.59 7 10 25 17 15 Reduced 86.73 167.42 -164.65 251.38 80.69 332.07

STC 43 Female 62 1.67 57 20.44 10 45 18 12 12 Reduced 91.79 136.17 -103.56 195.35 44.38 239.73

STC 44 Female 66 1.54 42 17.71 8 45 16 12 12 Reduced 10.05 74.1 -155.53 165.58 64.05 229.63

STC 45 Female 53 1.62 63 24.01 3 10 13 10 11 Reduced 37.57 175.74 -10.27 47.84 138.17 186.01

STC 46 Female 64 1.55 59 24.56 7 20 15 12 12 Normal 70.71 106.32 -102.83 173.54 35.61 209.15

STC 47 Female 65 1.63 72 27.10 3 45 11 18 17 Reduced 97.37 94 -71.34 168.71 -3.37 165.34

STC 48 Female 68 1.51 56 24.56 10 30 19 15 13 Reduced 76.68 120.87 -145.37 222.05 44.19 266.24

STC 49 Female 61 1.54 53 22.35 6 15 17 14 14 Reduced 29.13 143.28 -103.68 132.81 114.15 246.96

STC 50 Female 52 1.62 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 35.97 83.46 -65.2 101.17 47.49 148.66

STC 52 Male 60 1.72 70 23.66 9 20 23 16 15 Normal 80.63 167.14 -126.12 206.75 86.51 293.26

STC 53 Female 69 1.55 59 24.56 8 15 17 8 10 Reduced 88.01 174.89 -69.24 157.25 86.88 244.13

STC 54 Female 63 1.64 49 18.22 8 30 17 Reduced 60.44 123.68 -124.27 184.71 63.24 247.95

STC 55 Female 56 1.68 70 24.80 8 30 16 10 8 Reduced 140.31 191.76 -38.11 178.42 51.45 229.87

STC 56 Female 62 1.62 64 24.39 6 30 21 16 12 Reduced 114.43 162.5 -108.77 223.2 48.07 271.27

STC 57 Female 58 1.61 64 24.69 6 10 16 8 10 Reduced 148.23 205.81 -25.29 173.52 57.58 231.1

STC 58 Female 58 1.56 70 28.76 8 25 18 12 10 Reduced 118.73 236.11 -21.71 140.44 117.38 257.82

STC 59 Male 75 1.73 77 25.73 7 30 15 13 8 Reduced 107.23 171.29 -28.66 135.89 64.06 199.95

STC 60 Female 48 1.67 68 24.38 7 15 21 16 14 Normal 40.89 145.34 -140.58 181.47 104.45 285.92

STC 61 Female 64 1.55 55 22.89 10 20 17 Normal 82.35 140.73 -105.22 187.57 58.38 245.95

STC 62 Male 76 1.68 63 22.32 7 45 17 16 15 Normal 97.77 160.28 -75.69 173.46 62.51 235.97

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 1.69 70 24.51 6 20 18 13 9 Normal 99.49 201.03 -47.41 146.9 101.54 248.44

STC 65 Female 58 1.61 58 22.38 5 25 18 Normal 137.52 173.64 -67.64 205.16 36.12 241.28

STC 66 Female 62 1.53 57 24.35 8 15 23 Normal 97.93 172.04 -118.44 216.37 74.11 290.48

STC 67 Female 53 1.6 45 17.58 6 20 16 Reduced 45.96 104.98 -127.66 173.62 59.02 232.64

STC 68 Female 64 1.54 56 23.61 7 20 17 Normal 83.7 180.63 -57.82 141.52 96.93 238.45

STC 69 Male 58 1.7 63 21.80 6 15 12 10 11 Reduced 103.4 202.43 33.18 70.22 99.03 169.25

STC 70 Female 53 1.62 62 23.62 9 25 22 15 9 Reduced 134.85 187.83 -95.73 230.58 52.98 283.56

STC 71 Male 65 1.74 65 21.47 10 20 18 Reduced 92.09 161.75 -93.54 185.63 69.66 255.29

STC 72 Female 57 1.65 60 22.04 8 15 16 10 11 Reduced 33.48 155.02 -82.22 115.7 121.54 237.24

STC 73 Female 56 1.5 70 31.11 3 10 13 8 8 Reduced 117.42 194.25 -18.84 136.26 76.83 213.09

STC 74 Female 22 1.52 42 18.18 10 20 17 11 12 Normal 85.5 113.15 -141.38 226.88 27.65 254.53

STC 75 Female 48 1.66 50 18.14 7 25 16 10 15 Reduced 64.71 167.94 -69.74 134.45 103.23 237.68

STC 76 Female 58 1.69 53 18.56 4 15 17 13 12 Reduced 108.56 151.45 -85.59 194.15 42.89 237.04

STC 77 Female 63 1.58 58 23.23 7 30 18 14 15 Reduced 39.02 106.16 -145.97 184.99 67.14 252.13

STC 78 Male 45 1.57 58 23.53 9 20 17 15 13 Reduced 66.51 134.64 -110.47 176.98 68.13 245.11

STC 79 Male 64 1.65 68 24.98 8 45 17 13 11 Reduced 121.74 157.1 -76.44 198.18 35.36 233.54

STC 80 Female 66 1.7 58 20.07 7 45 16 13 11 Reduced 35.98 112.02 -105.56 141.54 76.04 217.58

STC 81 Female 22 1.67 60 21.51 4 30 16 14 14 Reduced 92.2 110.99 -118.91 211.11 18.79 229.9

STC 82 Female 53 1.65 50 18.37 5 15 17 11 10 Reduced 32.29 186.66 -63.67 95.96 154.37 250.33

STC 83 Male 66 1.63 49 18.44 7 20 18 12 12 Reduced 129.69 165.43 -86.6 216.29 35.74 252.03

STC 84 Male 70 1.7 49 16.96 3 15 16 16 13 Normal 121.27 123.42 -100.63 221.9 2.15 224.05

STC 85 Female 64 1.58 68 27.24 10 30 18 10 12 Reduced 98.56 128.95 -124.97 223.53 30.39 253.92

STC 86 Male 65 1.57 65 26.37 10 30 20 15 13 Reduced 80.84 107 -165.64 246.48 26.16 272.64

STC 87 Female 55 1.65 62 22.77 5 25 17 15 12 Normal 60.76 189.4 -53.89 114.65 128.64 243.29

STC 88 Female 65 1.64 68 25.28 9 20 18 14 11 Normal 87.04 117.61 -141.21 228.25 30.57 258.82

STC 89 Female 65 1.67 62 22.23 8 30 18 13 11 Reduced 50.43 153.97 -102.77 153.2 103.54 256.74

STC 90 Female 45 1.55 60 24.97 5 20 18 12 14 Normal 129.35 150.52 -91.92 221.27 21.17 242.44

STC 91 Female 50 1.58 58 23.23 5 15 17 13 12 Reduced 64.34 127.57 -117.71 182.05 63.23 245.28

STC 92 Female 29 1.69 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 1.64 62 23.05 6 30 17 12 10 Reduced 90.42 113.83 -130.41 220.83 23.41 244.24

STC 94 Male 62 1.55 62 25.81 5 30 19 15 14 Reduced 104.28 148.31 -118.98 223.26 44.03 267.29

STC 95 Female 63 1.61 68 26.23 7 45 18 13 12 Reduced 56.52 180.42 -73.03 129.55 123.9 253.45

STC 96 Female 58 1.6 65 25.39 5 30 21 14 12 Reduced 40.12 126.3 -148.99 189.11 86.18 275.29

STC 97 Female 68 1.58 46 18.43 5 60 18 11 13 Normal 90.2 97.55 -148.13 238.33 7.35 245.68

STC 98 Female 48 1.62 68 25.91 8 30 19 Normal 33.15 153.07 -106.76 139.91 119.92 259.83

STC 99 Female 59 1.58 57 22.83 8 10 18 12 13 Normal 89.58 135.67 -122.29 211.87 46.09 257.96

STC 100 Female 47 1.7 50 17.30 8 45 18 14 16 Reduced 126.23 129.93 -129.76 255.99 3.7 259.69

STC 101 Female 54 1.67 46 16.49 8 60 17 12 12 Reduced 53.39 92.75 -136.04 189.43 39.36 228.79

STC 102 Female 51 1.59 63 24.92 4 20 17 12 12 Normal 31.12 141.41 -96.93 128.05 110.29 238.34

STC 103 Male 71 1.57 46 18.66 6 25 16 15 10 Reduced 115.16 100.68 -136.96 252.12 -14.48 237.64

STC 104 Female 54 1.69 70 24.51 8 25 16 11 10 Reduced 81.84 93.33 -136.95 218.79 11.49 230.28

STC 105 Female 57 1.64 66 24.54 9 20 17 16 14 Reduced 64.69 128.62 -123.89 188.58 63.93 252.51

STC 106 Female 63 1.61 50 19.29 8 30 17 11 15 Reduced 35.89 152.56 -87.33 123.22 116.67 239.89

STC 107 Female 44 1.65 50 18.37 7 15 16 12 16 Reduced 109.97 140.92 -85.28 195.25 30.95 226.2

STC 108 Female 32 1.68 47 16.65 5 25 17 Reduced 109.66 162.29 -76.7 186.36 52.63 238.99

STC 109 Female 65 1.6 59 23.05 9 20 19 12 11 Reduced 33.14 142.9 -122.35 155.49 109.76 265.25

STC 110 Female 41 1.6 52 20.31 10 20 16 13 13 Normal 80.59 130.12 -95.68 176.27 49.53 225.8

STC 111 Female 38 1.64 62 23.05 5 45 18 10 16 Reduced 42.39 135.41 -123.75 166.14 93.02 259.16

STC 112 Male 76 1.55 64 26.64 9 30 16 8 11 Reduced 53.4 131.01 -95.34 148.74 77.61 226.35

STC 113 Male 64 1.69 49 17.16 5 25 17 Reduced 64.91 180.56 -52.87 117.78 115.65 233.43

STC 114 Female 67 1.64 64 23.80 7 15 17 15 10 Reduced 115.34 189.59 -60.49 175.83 74.25 250.08

STC 115 Female 32 1.64 47 17.47 4 20 17 15 11 Normal 53.48 94.68 -140.33 193.81 41.2 235.01

STC 116 Female 55 1.62 68 25.91 10 25 18 12 16 Normal 128.42 145.28 -109.98 238.4 16.86 255.26

STC 117 Male 39 1.56 70 28.76 7 15 17 13 14 Normal 54.07 183.01 -55.66 109.73 128.94 238.67

STC 118 Female 34 1.64 58 21.56 7 30 16 11 13 Reduced 35.63 189.34 -47.34 82.97 153.71 236.68

STC 119 Female 31 1.67 66 23.67 6 15 17 12 12 Reduced 128.08 102.51 -132.35 260.43 -25.57 234.86

STC 120 Female 32 1.66 69 25.04 7 15 17 14 12 Reduced 74.92 103.95 -137.73 212.65 29.03 241.68

STC 121 Male 65 1.56 63 25.89 6 20 18 14 14 Reduced 49.53 110.73 -140.39 189.92 61.2 251.12

STC 122 Male 56 1.57 45 18.26 10 20 19 16 14 Reduced 83.87 134.78 -121.69 205.56 50.91 256.47

STC 123 Female 71 1.62 69 26.29 6 15 17 15 13 Normal 129.79 127.97 -121.87 251.66 -1.82 249.84

STC 124 Female 54 1.56 67 27.53 6 20 18 16 13 Normal 32.34 168.05 -78.98 111.32 135.71 247.03

STC 125 Female 47 1.55 52 21.64 3 20 17 12 12 Reduced 45.19 153.73 -84.36 129.55 108.54 238.09

STC 126 Female 63 1.59 63 24.92 8 20 18 13 12 Reduced 118 155.07 -86.2 204.2 37.07 241.27

STC 127 Female 56 1.63 48 18.07 7 25 16 15 12 Reduced 41.34 167.79 -64.33 105.67 126.45 232.12

STC 128 Female 62 1.67 52 18.65 7 20 18 14 15 Reduced 66.75 182.95 -65.43 132.18 116.2 248.38

STC 129 Female 56 1.59 49 19.38 9 15 18 12 12 Reduced 67.31 145.02 -107.73 175.04 77.71 252.75

STC 130 Female 49 1.59 58 22.94 8 15 17 10 11 Reduced 127.19 127.59 -108.56 235.75 0.4 236.15

STC 131 Female 39 1.67 55 19.72 7 10 18 14 12 Reduced 74.31 103.43 -151.43 225.74 29.12 254.86

STC 132 Male 72 1.69 49 17.16 6 30 18 12 12 Normal 124.03 187.52 -58.61 182.64 63.49 246.13

STC 133 Female 43 1.56 56 23.01 6 25 18 13 14 Normal 97.21 145.56 -95.96 193.17 48.35 241.52

STC 134 Female 31 1.59 53 20.96 6 25 19 16 13 Reduced 63.65 174.87 -94.23 157.88 111.22 269.1

STC 135 Female 67 1.57 46 18.66 10 10 19 15 14 Reduced 106.26 96.01 -160.33 266.59 -10.25 256.34

STC 136 Female 56 1.63 61 22.96 9 20 19 14 14 Reduced 105.79 146.67 -118.68 224.47 40.88 265.35

STC 137 Female 47 1.66 54 19.60 8 15 19 14 14 Reduced 70.73 189.44 -72.31 143.04 118.71 261.75

STC 138 Male 68 1.69 70 24.51 10 10 18 14 12 Reduced 96.51 113.64 -131.51 228.02 17.13 245.15

STC 139 Female 73 1.6 53 20.70 7 20 16 9 10 Reduced 66.59 157.86 -66.98 133.57 91.27 224.84

NC 140 Male 25 1.78 85 26.83 1 5 0 Normal 133.52 129.17 40.82 92.7 -4.35 88.35

NC 141 Female 51 1.55 54 22.48 4 20 3 Normal 138.72 167.04 47.89 90.83 28.32 119.15

NC 142 Male 24 1.67 66 23.67 1 5 0 Normal 151.64 168.66 99.29 52.35 17.02 69.37

NC 143 Male 33 1.66 75 27.22 1 10 1 Normal 210.69 227.01 156.68 54.01 16.32 70.33

NC 144 Female 46 1.5 65 28.89 0.5 15 2 Normal 163.61 193.55 113.77 49.84 29.94 79.78

NC 145 Male 46 1.64 65 24.17 1 5 0 Normal 154.72 131.45 78.73 75.99 -23.27 52.72

NC 146 Male 33 1.68 58 20.55 2 10 2 Normal 115.52 115.32 46.48 69.04 -0.2 68.84

NC 147 Male 42 1.77 89 28.41 0.5 5 0 Normal 90.94 153.68 57.66 33.28 62.74 96.02

NC 148 Female 34 1.64 55 20.45 2 10 1 Normal 7.21 95.92 -44.36 51.57 88.71 140.28

NC 149 Female 49 1.55 62 25.81 1 5 0 Normal 37.7 116.49 -14.42 52.12 78.79 130.91

NC 150 Female 42 1.63 59 22.21 1 10 1 Normal 114.88 173.5 51.01 63.87 58.62 122.49

NC 151 Female 66 1.6 60 23.44 1 10 1 Normal 48.8 58.77 -44.36 93.16 9.97 103.13

NC 152 Female 28 1.62 50 19.05 1 5 0 Normal -19.41 73.19 -77.07 57.66 92.6 150.26

NC 153 Female 48 1.62 60 22.86 1 5 0 Normal 169.14 197.68 132.81 36.33 28.54 64.87

NC 154 Female 44 1.6 70 27.34 3 10 2 Normal 84.24 129.03 20.74 63.5 44.79 108.29

NC 155 Male 52 1.76 75 24.21 1 5 0 Normal 84.89 105.63 35.64 49.25 20.74 69.99

NC 156 Male 25 1.7 75 25.95 0.5 5 0 Normal 82.95 124.48 53.79 29.16 41.53 70.69

NC 157 Female 26 1.58 42 16.82 0.5 5 0 Normal 36.94 48.61 -36.94 73.88 11.67 85.55

NC 158 Male 54 1.7 80 27.68 1 5 0 Normal 178.23 206.38 93.66 84.57 28.15 112.72

NC 159 Female 30 1.63 66 24.84 1 10 1 Normal 117.63 151.44 72.54 45.09 33.81 78.9

NC 160 Female 56 1.6 54 21.09 2 10 1 Normal 150.19 178.94 73.24 76.95 28.75 105.7

NC 161 Male 51 1.65 61 22.41 0.5 3 0 Normal 63.38 143.03 12.7 50.68 79.65 130.33

NC 162 Female 54 1.63 63 23.71 1 2 0 Normal 80.28 179.68 -28.88 109.16 99.4 208.56

NC 163 Female 46 1.6 50 19.53 1 3 0 Normal 11.27 61.27 -59.15 70.42 50 120.42

NC 164 Male 30 1.67 87 31.20 1 5 0 Normal 126.13 256.33 126.13 0 130.2 130.2

NC 165 Male 34 1.52 56 24.24 0.5 5 0 Normal 151.4 167.2 136.4 15 15.8 30.8

NC 166 Male 51 1.51 59 25.88 1 3 0 Normal 178.6 186 106 72.6 7.4 80

NC 167 Female 57 1.74 58 19.16 2 2 0 Normal 108.7 198.4 62.3 46.4 89.7 136.1

NC 168 Male 60 1.7 59 20.42 1 4 0 Normal 187.6 234.7 158.6 29 47.1 76.1

NC 169 Male 71 1.53 68 29.05 1 5 1 Normal 145.9 166.9 85.8 60.1 21 81.1

NC 170 Male 51 1.69 70 24.51 1 10 1 Normal 117.3 138.9 70.5 46.8 21.6 68.4

NC 171 Female 53 1.66 64 23.23 2 5 0 Normal 147.5 204.1 44.1 103.4 56.6 160

NC 172 Male 59 1.71 68 23.26 1 5 0 Normal 143.9 132 101.1 42.8 -11.9 30.9

NC 173 Male 80 1.63 55 20.70 2 10 1 Normal 104.7 146 71.6 33.1 41.3 74.4

NC 174 Female 44 1.58 60 24.03 1 3 0 Normal 120.4 144.4 60.5 59.9 24 83.9

NC 175 Female 43 1.74 68 22.46 3 15 3 Normal 135.9 187.2 54.8 81.1 51.3 132.4

NC 176 Male 72 1.63 66 24.84 1 5 0 Normal 145.1 138.3 84.1 61 -6.8 54.2

NC 177 Female 60 1.59 55 21.76 2 3 0 Normal 82.8 118.4 -29.3 112.1 35.6 147.7

NC 178 Female 50 1.54 67 28.25 1 5 0 Normal 139.3 167.6 95.2 44.1 28.3 72.4

NC 179 Female 72 1.72 59 19.94 0.5 3 0 Normal 168.3 175.5 156 12.3 7.2 19.5

NC 180 Male 76 1.56 71 29.17 1 4 0 Normal 115 84.9 66.4 48.6 -30.1 18.5

NC 181 Female 46 1.58 63 25.24 2 5 0 Normal 74.4 66.9 -22.5 96.9 -7.5 89.4

NC 182 Male 55 1.66 60 21.77 1 3 0 Normal 174.3 230.9 127.1 47.2 56.6 103.8

NC 183 Male 87 1.63 74 27.85 2 5 1 Normal 73.1 128.3 23.2 49.9 55.2 105.1

NC 184 Female 53 1.65 57 20.94 1 5 0 Normal 140.1 168.7 82.8 57.3 28.6 85.9

NC 185 Male 32 1.51 61 26.75 2 3 0 Normal 59.6 155.3 28.1 31.5 95.7 127.2

NC 186 Female 67 1.63 58 21.83 1 3 0 Normal 134.1 192.5 100.5 33.6 58.4 92

NC 187 Male 82 1.68 56 19.84 1 5 0 Normal 141.4 153.3 63.1 78.3 11.9 90.2

NC 188 Male 46 1.71 72 24.62 1 10 1 Normal 112.2 133.4 34.9 77.3 21.2 98.5

NC 189 Male 69 1.63 65 24.46 1 5 0 Normal 110.8 153 61.6 49.2 42.2 91.4

NC 190 Male 27 1.64 59 21.94 1 3 0 Normal 82.7 104.8 48.9 33.8 22.1 55.9

NC 191 Male 59 1.53 79 33.75 2 3 0 Normal 60.9 103.1 -21.6 82.5 42.2 124.7

NC 192 Female 89 1.55 62 25.81 1 10 1 Normal 99.9 111.6 35.6 64.3 11.7 76

NC 193 Male 73 1.71 66 22.57 0.5 5 0 Normal 138.9 125.9 72.6 66.3 -13 53.3

NC 194 Male 65 1.55 62 25.81 1 10 1 Normal 167.6 133.7 74.6 93 -33.9 59.1

NC 195 Female 49 1.75 78 25.47 1 15 2 Normal 106.4 156 66.4 40 49.6 89.6

NC 196 Male 54 1.73 68 22.72 3 20 3 Normal 77.4 115.5 -39.8 117.2 38.1 155.3

NC 197 Female 63 1.59 61 24.13 2 20 2 Normal 152.6 147.2 49.3 103.3 -5.4 97.9

NC 198 Female 76 1.52 69 29.86 2 5 0 Normal 155.6 149.3 74.4 81.2 -6.3 74.9

NC 199 Female 45 1.63 59 22.21 3 10 2 Normal 57.4 92.9 -46.4 103.8 35.5 139.3

NC 200 Female 65 1.5 67 29.78 1 5 1 Normal 101.5 118.8 70.1 31.4 17.3 48.7

NC 201 Male 62 1.63 78 29.36 1 3 0 Normal 71.9 101.9 25.3 46.6 30 76.6

NC 202 Male 28 1.64 70 26.03 1 4 0 Normal 124.5 201.1 100.5 24 76.6 100.6

NC 203 Female 45 1.55 62 25.81 1 5 0 Normal 212.1 211.5 141.6 70.5 -0.6 69.9

NC 204 Male 69 1.67 78 27.97 2 10 1 Normal 124.4 190.6 108.1 16.3 66.2 82.5

NC 205 Male 47 1.74 77 25.43 1 5 0 Normal 97.9 98.6 38.9 59 0.7 59.7

NC 206 Female 68 1.65 57 20.94 2 5 0 Normal 105.4 143.4 44.9 60.5 38 98.5

NC 207 Female 38 1.6 66 25.78 1 10 1 Normal 97.2 162.2 62.3 34.9 65 99.9

NC 208 Female 55 1.65 65 23.88 2 15 2 Normal 98.2 154.9 40.9 57.3 56.7 114

NC 209 Male 83 1.59 59 23.34 1 10 1 Normal 104.2 147.9 71.4 32.8 43.7 76.5

NC 210 Female 76 1.61 80 30.86 1 5 0 Normal 93.4 136.4 70.4 23 43 66

NC 211 Female 45 1.67 71 25.46 0.5 10 2 Normal 99.2 132.1 75.3 23.9 32.9 56.8

NC 212 Female 54 1.57 62 25.15 3 5 1 Normal 133.7 183 42.6 91.1 49.3 140.4

NC 213 Male 41 1.75 73 23.84 2 5 0 Normal 152.6 214.9 100.6 52 62.3 114.3

NC 214 Female 49 1.64 57 21.19 1 10 1 Normal 141.7 217.8 99.2 42.5 76.1 118.6

NC 215 Male 84 1.64 67 24.91 1 3 0 Normal 140 132.8 71.6 68.4 -7.2 61.2

NC 216 Female 44 1.65 64 23.51 3 10 2 Normal 63.7 180 -41.1 104.8 116.3 221.1

NC 217 Female 39 1.56 65 26.71 2 5 0 Normal 88.3 151.9 49.9 38.4 63.6 102

NC 218 Male 76 1.61 65 25.08 1 10 1 Normal 143 165 104.1 38.9 22 60.9

NC 219 Female 29 1.54 71 29.94 1 5 0 Normal 134.1 169.7 76.2 57.9 35.6 93.5

NC 220 Male 53 1.71 70 23.94 1 15 2 Normal 153.2 194.1 124.6 28.6 40.9 69.5

NC 221 Female 73 1.51 58 25.44 1 3 0 Normal 39.3 93.5 -35.9 75.2 54.2 129.4

NC 222 Male 65 1.53 64 27.34 1 5 0 Normal 97.2 154 58.8 38.4 56.8 95.2

NC 223 Male 29 1.62 61 23.24 2 10 1 Normal 83.9 176.6 46.3 37.6 92.7 130.3

NC 224 Female 55 1.65 72 26.45 1 3 0 Normal 132.8 162 78.5 54.3 29.2 83.5

NC 225 Male 46 1.7 59 20.42 1 5 0 Normal 166.3 183.2 74.2 92.1 16.9 109

NC 226 Female 49 1.59 60 23.73 0.5 5 0 Normal 153.9 170.9 110.3 43.6 17 60.6

NC 227 Female 50 1.64 74 27.51 1 10 1 Normal 142.9 186.3 110.3 32.6 43.4 76

NC 228 Female 40 1.7 74 25.61 1 5 0 Normal 172.1 196 113.2 58.9 23.9 82.8

NC 229 Female 31 1.56 76 31.23 1 3 0 Normal 195.1 197.2 132.7 62.4 2.1 64.5

NC 230 Female 62 1.61 79 30.48 1 5 0 Normal 134.7 155.9 93.7 41 21.2 62.2

NC 231 Female 69 1.57 67 27.18 2 10 1 Normal 140.9 166.9 87.5 53.4 26 79.4

NC 232 Female 78 1.64 71 26.40 1 5 0 Normal 146.7 169.9 105.8 40.9 23.2 64.1

NC 233 Female 38 1.64 61 22.68 2 5 0 Normal 111.4 165.5 64.8 46.6 54.1 100.7

NC 234 Female 38 1.58 68 27.24 2 3 0 Normal 81.8 159.9 35.6 46.2 78.1 124.3

NC 235 Female 56 1.72 80 27.04 1 10 1 Normal 115.4 159.4 51.7 63.7 44 107.7

NC 236 Female 66 1.56 59 24.24 2 15 2 Normal 123.6 183.5 43.5 80.1 59.9 140

NC 237 Female 66 1.68 62 21.97 1 10 1 Normal 130.8 158.2 72.6 58.2 27.4 85.6

NC 238 Female 70 1.66 62 22.50 0.5 5 0 Normal 118 137 76.9 41.1 19 60.1

NC 239 Female 70 1.55 66 27.47 1 3 0 Normal 105.5 136.4 36.2 69.3 30.9 100.2

NC 240 Female 51 1.5 62 27.56 1 10 1 Normal 152 161.3 93.7 58.3 9.3 67.6

NC 241 Female 66 1.6 67 26.17 1 5 0 Normal 122.7 173.7 75.9 46.8 51 97.8

NC 242 Female 61 1.7 57 19.72 1 3 0 Normal 205.1 209.4 143.1 62 4.3 66.3

NC 243 Female 66 1.68 57 20.20 1 3 0 Normal 164.2 166.9 88.3 75.9 2.7 78.6

NC 244 Female 43 1.69 57 19.96 1 10 1 Normal 92.7 118.8 43 49.7 26.1 75.8

NC 245 Female 56 1.51 61 26.75 1 5 1 Normal 171 184.8 87.5 83.5 13.8 97.3

NC 246 Female 49 1.68 63 22.32 1 10 1 Normal 156.7 202.3 112.7 44 45.6 89.6

NC 247 Female 50 1.65 56 20.57 1 5 0 Normal 161.3 158.6 74.6 86.7 -2.7 84

NC 248 Female 82 1.66 62 22.50 2 5 0 Normal 66.4 157.4 30.3 36.1 91 127.1

NC 249 Female 55 1.65 63 23.14 1 3 0 Normal 196.1 175.4 114 82.1 -20.7 61.4

NC 250 Female 44 1.72 57 19.27 1 2 0 Normal 169.6 163.3 74.4 95.2 -6.3 88.9

NC 251 Female 51 1.58 64 25.64 1 10 1 Normal 103.5 146.3 63.1 40.4 42.8 83.2

NC 252 Female 54 1.63 62 23.34 1 3 0 Normal 133.7 164.1 54.2 79.5 30.4 109.9

NC 253 Female 67 1.61 58 22.38 1 2 0 Normal 82.4 114.3 39.2 43.2 31.9 75.1

NC 254 Female 69 1.52 70 30.30 2 10 1 Normal 137.1 122.9 37.8 99.3 -14.2 85.1

NC 255 Female 55 1.61 61 23.53 1 15 2 Normal 75.8 114 21.3 54.5 38.2 92.7

NC 256 Female 67 1.65 72 26.45 3 10 2 Normal 177.3 213.5 48.5 128.8 36.2 165

NC 257 Female 47 1.72 57 19.27 1 5 0 Normal 133.8 150.9 57.9 75.9 17.1 93

NC 258 Female 82 1.58 76 30.44 1 3 0 Normal 109.8 121 12.7 97.1 11.2 108.3

NC 259 Female 54 1.54 65 27.41 1 3 0 Normal 163.7 192.3 98.4 65.3 28.6 93.9

NC 260 Female 51 1.62 61 23.24 1 4 0 Normal 130.7 144.9 46.2 84.5 14.2 98.7

NC 261 Female 49 1.68 58 20.55 1 2 0 Normal 124.6 134.1 30.3 94.3 9.5 103.8

NC 262 Female 65 1.55 55 22.89 0.5 3 0 Normal 118.1 160.8 72.5 45.6 42.7 88.3

NC 263 Female 52 1.63 77 28.98 1 5 0 Normal 169.8 193.3 95.5 74.3 23.5 97.8

NC 264 Female 55 1.6 62 24.22 0.5 3 0 Normal 124 117.7 62.3 61.7 -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; SI, the vertical distance from the splenic flexure to the left iliac crest; TI, the vertical distance from the lowest point of transverse 
colon to the L4-L5 interspace; WCS, Wexner Constipation Scale.

© Quantitative Imaging in Medicine and Surgery. All rights reserved. https://dx.doi.org/10.21037/qims-23-28



© Quantitative Imaging in Medicine and Surgery. All rights reserved. https://dx.doi.org/10.21037/qims-23-28

0.00

0.25

0.50

0.75

1.00

0.00 0.25 0.50 0.75 1.00
1 − specificity

se
ns

iti
vi

ty

name

HI

SI

TI

HT

SH

DTCP

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; TI, the vertical distance from the lowest point of transverse 
colon to the L4-L5 interspace.

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.

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.

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; TI, the vertical distance from the lowest 
point of transverse colon to the L4-L5 interspace.
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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.

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.

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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