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Abstract
Background: Functional	constipation	(FC)	and	irritable	bowel	syndrome	constipation	
type	(IBS-	C)	share	many	similarities,	and	it	remains	unknown	whether	they	are	distinct	
entities	or	part	of	the	same	spectrum	of	disease.	Magnetic	resonance	imaging	(MRI)	
allows	quantification	of	intraluminal	fecal	volume.	We	hypothesized	that	colonic	vol-
umes	of	patients	with	FC	would	be	larger	than	those	of	patients	with	IBS-	C,	and	that	
both	patient	groups	would	have	larger	colonic	volumes	than	healthy	controls	(HC).
Methods: Based on validated questionnaires, three groups of participants were clas-
sified	into	FC	(n =	13),	IBS-	C	(n =	10),	and	HC	(n =	19).	The	colonic	volume	of	each	
subject	was	determined	by	MRI.	Stool	consistency	was	described	by	the	Bristol	stool	
scale and colonic transit times were assessed with radiopaque makers.
Key Results: Overall,	 total	 colonic	volumes	were	different	 in	 the	 three	groups,	HC	
(median	629	ml,	interquartile	range	(IQR)(562–	868)),	FC	(864	ml,	IQR(742–	940)),	and	
IBS-	C	(520	ml	IQR(489–	593))	(p =	0.001).	Patients	with	IBS-	C	had	lower	colonic	vol-
umes	than	patients	with	FC	(p =	0.001)	and	HC	(p =	0.019),	but	there	was	no	differ-
ence	between	FC	and	HC	(p =	0.10).	Stool	consistency	was	similar	in	the	two	patient	
groups,	but	patients	with	FC	had	 longer	colonic	transit	 time	than	those	with	 IBS-	C	
(117.6	h	versus	43.2	h,	p =	0.019).
Conclusion: Patients	with	IBS-	C	have	lower	total	colonic	volumes	and	shorter	colonic	
transit	times	than	patients	with	FC.	Future	studies	are	needed	to	confirm	that	colonic	
volume allows objective distinction between the two conditions.
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colonic transit time, colonic volume, functional constipation, irritable bowel syndrome, magnet 
resonance imaging
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1  |  INTRODUC TION

Functional	constipation	(FC)	and	irritable	bowel	syndrome	(IBS)	are	
common conditions, and consequences for the quality of life of those 
affected can be severe.1,2	FC	and	IBS-	C	share	many	similarities,	and	
even	though	pain	 is	more	prominent	 in	IBS-	C,	 it	remains	unknown	
whether they are distinct entities or part of the same spectrum of 
disease.3-	6	Both	diagnoses	are	symptom-	based	and	highly	prevalent.	
Depending	 on	 the	 definition	 used,	 2–	27%	of	 the	 adult	 population	
has	FC,	and	7–	21%	has	irritable	bowel	syndrome.4,6-	8	FC	and	IBS	pa-
tients	can	be	categorized	by	the	ROME	IV	criteria.2,5,9

Objective	evaluation	of	patients	with	FC	or	IBS-	C	usually	includes	
assessment of colonic transit times with, for example, radiopaque mark-
ers.10	The	test	is	easy	to	perform	and	widely	available.	Unfortunately,	
many patients have normal colonic transit time despite severe symp-
toms, and to our best knowledge, it is not known whether the colon 
transit	 time	distinguishes	between	FC	and	 IBS-	C.	The	discrimination	
between the two conditions is important for handling treatment and 
prediction	 of	 complications.	 Hence,	 new	 objective	 methods	 for	 the	
evaluation of colonic function are needed. Imaging of the colon provides 
information on structural properties, including total and segmental co-
lonic	volumes.	Ultrasonography	is	fast,	safe,	and	without	discomfort	for	
the	subject.	Usually,	the	diameter	of	well-	defined	points	along	the	col-
orectum is taken as a surrogate for colonic volume, and in children, the 
diameter of the rectum is a useful objective marker of constipation.11 
However,	 ultrasonography	 of	 the	 colon	 is	 observer-	dependent	 and	
does	not	provide	a	global	assessment	of	the	organ	volume.	CT-	scan	of	
the colon allows a detailed description of colonic volume and content 
but	exposes	the	subject	to	ionizing	radiation.12

Magnetic	 resonance	 imaging	 (MRI)	can	provide	safe	and	radiation	
free quantification of total and segmental colonic volumes and content 
without	the	use	of	contrast-	enhancing	agents	or	bowel	preparation.13 
Radiation-	free	 examination	 is	 an	 advantage	 in	 FC	 and	 IBS,	 especially	
since	many	patients	are	women	at	the	childbearing	age.	Moreover,	semi-	
automatic detection techniques reduce the time for otherwise compre-
hensive data analysis. Earlier studies have concluded that patients with 
constipation	have	larger	colonic	volumes	than	HC.14-	16	Also,	a	previous	
study	found	that	patients	with	FC	had	larger	colonic	volume	than	pa-
tients	with	IBS-	C,	especially	within	the	ascending	colon.17 In the present 
explorative	study,	we	hypothesized	that	MRI	assessed	colonic	volumes	
of	patients	with	FC	were	larger	than	those	of	patients	with	IBS-	C	and	
that both patient groups have larger colonic volumes than healthy con-
trols	(HC).	We,	therefore,	aimed	to	compare	total	and	segmental	colonic	
volumes	and	colonic	transit	times	in	patients	with	FC	or	IBS-	C.

2  |  MATERIAL S AND METHODS

2.1  |  Subjects

Between	 August	 2018	 and	 November	 2019,	 13	 patients	 with	
FC,	 10	 patients	 with	 IBS-	C,	 and	 19	 with	 HC	 were	 included.	
Adult	 patients	 with	 FC	 or	 IBS-	C	were	 included	 from	 outpatient	

clinics	 at	 the	 Diagnostic	 Centre,	 Silkeborg	 Regional	 Hospital	 or	
the	 Department	 of	 Hepatology	 and	 Gastroenterology,	 Aarhus	
University	 Hospital,	 Denmark,	 by	 two	 experienced	 gastroenter-
ologists	 (LF	 and	KK).	Before	enrollment,	 they	had	a	physical	 ex-
amination and medical history evaluation to ensure that they met 
the	ROME	IV	criteria	for	FC	or	IBS-	C.5	HC	were	recruited	through	
public	advertising	or	among	hospital	staff.	No	known	gastrointes-
tinal disease and normal bowel function were requirements for 
inclusion	of	HC.	Exclusion	criteria	for	all	three	groups	were	as	fol-
lows: age below 18 years, comorbidity or concomitant medication 
affecting gastrointestinal function, a pacemaker or neurostimula-
tor	 in	 situ,	 non-	removable	 metallic	 objects,	 claustrophobia,	 and	
previous abdominal surgery apart from minor procedures such as 
appendectomy.

The	study	was	conducted	according	to	the	Helsinki	declaration	
and	approved	by	 the	Ethical	Committee,	Region	Middle,	Denmark	
(1-	10-	72-	146-	17).

2.2  |  Magnetic Resonance Imaging

All	participants	had	an	MRI	scan	performed	after	6	h	fast	for	food	
and	 liquids.	All	 laxatives	were	paused	 for	 at	 least	 6	 days	 before	
the	 MRI	 examination.	 Rescue	 medication	 was	 allowed	 in	 case	
of	 severe	symptoms	and	noted	 in	a	special	patient	 file.	The	MRI	
scans	were	performed	at	the	Department	of	Radiology,	Silkeborg	
Regional	Hospital,	Denmark,	using	a	Siemens	Avanto-	fit	1.5	Tesla	
MRI	 System	 (Siemens	Healthineers,	 Germany).	One	 Coronal	 im-
aging	 series	was	 taken	 using	 T2-	weighted	Half-	Fourier-	Acquired	
Single-	shot	Turbo	spin	Echo	(HASTE)	with	TE	= 0.92 milliseconds, 
TR = 1200 milliseconds, flip angle =	 180°,	 in-	plane	 resolution	
1.6406 x 1.6406 mm, and slice thickness 4 mm, without fat satura-
tion.	Scans	lasted	approximately	20	s	and	were	performed	during	a	
single	breath-	hold.	The	participant	spent	approximately	5–	10	min	
in	 the	 scanner.	Each	 scan	produced	35	 to	40	contiguous	 images	
covering	the	entire	colon,	rectum,	and	with	a	resolution	of	256	x	
256	pixels.

Key Points

•	 Patients	with	functional	constipation	(FC)	and	patients	
with	 irritable	bowel	syndrome,	constipation	 type	 (IBS-	
C)	share	some	symptoms.	We	hypothesized	that	assess-
ment of colonic volume in magnetic imaging; patients 
with	FC	has	a	 larger	colonic	volume	than	healthy	con-
trols	and	patients	with	IBS-	C.

•	 Patients	with	 IBS-	C	had	a	smaller	colonic	volume	than	
either	healthy	controls	or	patients	with	FC.

•	 MRI	holds	promise	in	evaluation	of	intestinal	volume	in	
colonic disease, however larger studies are needed be-
fore clinical use.



    |  3 of 8KLINGE Et aL.

2.3  |  Assessment of colonic volumes

Semi-	automatic	 software	 (Colometry	 v	 1.0	 Mech-	Sense,	 Aalborg	
University	Hospital,	2015,	Aalborg,	Denmark)	was	applied	to	deter-
mine total and segmental colorectal volumes. Details about software 
performance	and	inter-	observer	reliability	have	been	described	ear-
lier.18	Regions	of	interest	were	manually	defined	on	the	T2-	weighted	
MRI	scan.	The	regions	included	the	colonic	segments	in	each	of	the	
35–	40	coronal	slices.	The	exact	boundaries	of	the	outer	colonic	sur-
face were determined by the software based on the colonic lumen 
and gut wall appearing dark while fat within the adjacent organs and 
tissue	have	a	brighter	signal.	Hence,	the	colonic	volume	measure	in-
cluded colonic gas, feces, and the gut wall.

The segmental colorectal volumes were divided into the cecal/as-
cending colon including the hepatic flexure, the transverse colon, the 
descending colon including the splenic flexure and the rectosigmoid. The 
transition between the descending colon and the rectosigmoid colon 
was	defined	by	the	computer	software	by	drawing	a	horizontal	line	in-
tersecting the anterior superior iliac pelvic crest. The distal limitation of 
the rectosigmoid was defined by the beginning of the anal canal. The 
computer-	made	delineation	of	 segments	of	 interest	was	 controlled	by	
an	experienced	observer	(MD)	during	a	procedure	lasting	approximately	
20 min. The observer was blinded to the group of the subject under study.

2.4  |  Questionnaires

All	participants	filled-	in	the	following	questionnaires:
Bowel	 symptoms	were	 described	 from	 the	 Bristol	 Stool	 Form	

Scale	(BSFS),	Patients	Assessment	of	Constipation	Symptoms	(PAC	
SYM),	and	the	Gastrointestinal	Symptom	Rating	Scale	(GSRS).

BSFS	can	be	used	as	a	proxy	 for	colonic	 transit	 times	and	 it	 is	
often used as an objective measure of constipation.19	Participants	
are	asked	to	categorize	their	stools	according	to	a	pictogram	show-
ing	the	stool	consistency	and	scored	from	1–	7,	from	hard	separate	
lumps	(1)	to	watery/liquid	consistency	without	solid	pieces	(7).19,20

PAC	SYM	is	designed	to	evaluate	constipation	symptoms,	con-
taining 12 items divided into 3 subscales; stool symptoms, rectal 
symptoms, and abdominal symptoms.21	A	high	score	indicates	symp-
toms of constipation.

GSRS	 is	a	15	 items	questionnaire	with	a	1–	7-	point	Likert	 scale	
developed	to	evaluate	gastrointestinal	symptoms	(1	means	no	symp-
toms,	and	7	means	severe	symptoms).22

2.5  |  Radiopaque markers

Whole	gut	and	segmental	colonic	transit	times	were	determined	by	
radiopaque markers. In short, patients ingested a capsule with 10 ra-
diopaque markers each morning for 6 consecutive days. The markers 
were	counted	on	a	plain	abdominal	x-	ray	taken	on	Day	7.	The	whole	
gut	transit	time	was	computed	as	 (total	number	of	markers+5)/10,	
and segmental transit time calculated as number of markers in a 
given segment/10.23

Only	patients	with	FC	and	IBS-	C	had	this	examination	performed.

2.6  |  Data analysis and statistics

The study was explorative and no formal power calculation was 
possible.	 Normality	 was	 checked	 by	 QQ-	plots	 and	 box	 plots.	
Kruskal–	Wallis	one-	way	analysis	of	variance	was	applied	 to	com-
pare	 colonic	 volumes	 in	 the	 three	 groups.	 Spearman	 correlation	
analysis was used to estimate the correlation between two vari-
ables.	Findings	from	questionnaires	and	segmental	volumes	were	
compared	 using	 paired	 t-	tests	 for	 parametric	 data	 and	Wilcoxon	
Mann–	Whitney	U	test	for	non-	parametric	data.	p <	0.05	was	con-
sidered significant.

Statistical	analyses	were	performed	using	Stata	statistical	soft-
ware	version	2013	(StataCorp	LLC,	College	Station	Texas,	TX,	USA).	
Graphic	 illustrations	 made	 by	 Prism	 8	 (GraphPad	 Software,	 San	
Diego,	CA,	USA).

TA B L E  1 Demographic	data	in	medians	and	interquartile	range	(IQR).

Healthy controls Functional constipation
Irritable bowel syndrome, 
constipation type

Participants	(n) 19 13 10

Females 12(63%) 11(85%) 8(80%)

Age,	median	(IQR) 25	(25–	32) 45	(29–	53) 28	(25–	38)

Body	mass	index	(kg/m2),	median	(IQR) 24	(23–	26) 25	(22–	31) 21.5	(19–	23)

Bristol	stool	scale,	median	(IQR) 4	(4–	4) 2(1–	2) 2(2–	3)

PAC	SYM	score,	median	(IQR) 1	(0–	4) 34	(29–	36)* 24	(21–	30)

GSRS	Score,	median	(IQR) 18.5	(17–	24) 61	(59–	68) 60	(59–	61)

Colonic	transit	time,	median	(IQR) Not	performed 4.9	(2.7–	5.9)	days* 1.8	(1.5–	2.8)	days

*	marks	difference	(p <	0.05)	between	patients	with	functional	constipation	and	irritable	bowel	syndrome	constipation	type.	Colonic	transit	was	
assessed	in	11	patients	with	FC	and	8	patients	with	IBS-	C
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3  |  RESULTS

3.1  |  Demographics

We	included	13	patients	with	FC,	10	with	 IBS-	C,	and	19	HC,	with	
a	 combined	age	19.2–	64.6	 (median	27.1)	 years.	Demographic	data	
are shown in Table 1.	 Patients	with	 FC	were	 generally	 older	 (me-
dian	45.3	years)	than	patients	with	IBS-	C	(median	28.9	years)	and	HC	
(median	25.4	years).	Only	HC	and	patients	with	FC	had	a	significant	
difference	in	age	(p =	0.02).	All	participants	were	able	to	pause	laxa-
tives and any other medication affecting gastrointestinal function 
for	at	least	6	days	before	MRI	and	while	taking	radiopaque	markers	
to assess colorectal transit time.

3.2  |  Questionnaires

Scores	from	the	questionnaires	are	given	in	Table 1 and showed no 
difference	in	the	GSRS	between	the	two	patients	groups	but	a	signif-
icant	difference	in	the	PAC	SYM	score.	By	definition,	HC	had	a	low	
score	 in	both	the	GSRS	and	PAC	SYM	questionnaires.	No	correla-
tion was found between colonic transit time and the results from the 
GSRS	(Spearman's	rho	0.44	and	p =	0.323)	or	PAC	SYM	(Spearman's	
rho 0.30, p =	0.225).

3.3  |  Colonic volumes

The	42	MRI	scans	were	of	good	quality,	allowing	estimation	of	all	co-
lonic	volumes.	However,	17	scans	did	not	include	the	most	distal	2–	3	
centimeters	of	the	rectum,	wherefore	both	total	colonic	(colorectal)	
volume and colonic volume oral to the sigmoid colon were assessed.

Total and segmental colonic volumes are shown in Table 2, 
Figure 1, and Figure 2. Overall, total colonic volume differed be-
tween	the	three	groups	(p =	0.001)	(Figure 1).	Patients	with	FC	had	a	

greater	colonic	volume	than	patients	with	IBS-	C	and	HC.	The	overall	
difference between groups remained even if the rectosigmoid colon 
was excluded from the analysis.

Segmental	 colonic	 volumes	 differed	 between	 HC	 and	 patients	
(Figures 2 and 3).	Thus,	ascending	colonic	volume	was	higher	in	patients	
with	FC	than	in	HC	(p <	0.01),	while	IBS-	C	patients	had	lower	volume	
than	HC	in	the	descending	colon	(p <	0.02).	Comparing	the	two	groups	
of	patients,	IBS-	C	had	lower	volumes	of	the	ascending	colon	(p <	0.01),	
the	transverse	colon	(p <	0.05)	and	the	descending	colon	(p <	0.01).

We	found	correlations	between	colonic	transit	time	and	volumes	
of	the	ascending	colon	(Spearman's	rho	0.52,	p =	0.022),	the	trans-
verse	colon	(Spearman's	rho	0.56,	p =	0.012),	and	descending	colon	
(Spearman's	rho	0.54,	p =	0.017).	The	association	with	colonic	vol-
ume	of	the	rectosigmoid	was	of	borderline	significance	(Spearman's	
rho 0.39, p =	0.097).

3.4  |  Colonic transit times

In	patients	with	FC,	the	colonic	transit	time	was	4.9	days,	63%	longer	
than	in	patients	with	IBS-	C	(1.8	days),	Table 1.	We	found	a	positive	
correlation between total colonic volume and colonic transit time. 
(Spearman's	rho	0.708,	p <	0.001),	Figure 4.

3.5  |  Stool consistency

Median	stool	consistency	categorized	by	the	BSFS	HCs	had	a	higher	
BSFS	score	than	patients	with	FC	(Table 1).	The	difference	between	
patients	with	FC	and	IBS-	C	was	of	borderline	significance	(Table 1).	
Colonic transit times were only available from the two patient 
groups, we found no association between the total colonic volume 
and	 stool	 consistency	 (Spearman's	 rho	 −0.164,	 p =	 0.307)	 or	 be-
tween	stool	consistency	and	colonic	transit	 times	 (Spearmen's	rho	
−0.39	p =	0.097).

Segmental colonic 
volumes

Healthy controls 
(HC)

Functional 
constipation (FC)

Irritable bowel syndrome 
constipation type (IBS- C)

Ascending	colon	
(ml	)†,*

235	(210–	301) 318	(243–	356) 195	(166–	223)

Transverse colon 
(ml	)*

153	(109–	202) 191	(136–	237) 113	(102–	189)

Descending colon 
(ml	)°,*

123	(73–	239) 154	(103–	179) 61	(29–	84)

Rectosigmoid 
colon(ml	)

144	(103–	167) 139	(113–	190) 99	(51–	133)

Colon	total	(ml	)	°	* 629	(532–	868) 864	(742–	940) 520	(489–	593)

Note: Abbreviations:	Asc:	Ascending	colon,	Tra:	Transverse	colon,	Dsc:	Descending	colon,	Sig:	
Rectosigmoid	colon,	HC:	Healthy	controls,	FC:	FC.	IBS-	C:	Irritable	bowel	syndrome,	constipation	
type.
*	mark	significant	difference	(p <	0.05)	between	patients	with	FC	and	IBS-	C,	°	mark	difference	
(p <	0.05)	between	patients	with	IBS-	C	and	HC	and	†	mark	(p <	0.05)	difference	between	patients	
with	FC	and	HC

TA B L E  2 Segmental	colonic	volumes	
assessed with magnetic resonance 
imaging.	All	data	are	given	in	medians.	
Brackets show interquartile range.
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4  |  DISCUSSION

Contrary to our hypothesis, the total colonic volumes of patients 
with	FC	or	IBS-	C	were	not	larger	than	those	of	HC,	although	patients	
with	 FC	 had	 a	 higher	 volume	 of	 the	 cecum	 and	 ascending	 colon.	
Surprisingly,	 the	 total	 colonic	 volume	 of	 patients	 with	 IBS-	C	 was	
smaller	 than	 in	 the	other	groups.	Accordingly,	patients	with	 IBS-	C	
had	faster	colonic	transit	time	compared	to	patients	with	FC.

A	previous	MRI	study	investigated	changes	in	intestinal	volume,	
motility index, small bowel water content, and gut transit times 
in	 response	 to	 laxatives	 in	 patients	with	 FC	 or	 IBS-	C.17	 Patients	
with	FC	had	 a	more	 voluminously	 ascending	 colon	 than	patients	
with	 IBS.17	 Stool	 consistency	 did	 not	 differ	 between	 the	 two	
groups.17 The present study confirmed those findings and also 
included	HCs.	Hence,	measurement	of	the	ascending	colonic	vol-
ume, perhaps in combination with the descending colonic volume, 
may prove a future method to differentiate between patients with 
FC	and	IBS-	C.

4.1  |  Objective assessment of constipation

In	 another	MRI	 study	 on	 25	 patients	 with	 IBS	 diarrhea	 type,	 the	
segmental colonic volumes reported were similar to those of the 
present study.24 This indicates that the cause of gastrointestinal 
symptoms	in	either	type	of	IBS	is	not	abnormally	large	distension	of	
the	colon.	A	more	 likely	explanation	would	be	that	 IBS	patients	of	
either type are hypersensitive to colonic distension.24,25 This theory 
was	 supported	by	 a	 study	 showing	 that	20%	of	 patients	with	 IBS	
had increased rectal sensation, while another paper concluded that 
diarrhea-	predominant	 IBS	was	 associated	with	 rectal	 hypersensa-
tion.26,27	 Likewise,	 IBS-	C	 is	 associated	 with	 rectal	 hyposensitivity	
and reduced call for stools.27

4.2  |  Transit times

In	agreement	with	a	previous	studies,	we	found	that	patients	with	FC	
had	significantly	longer	colonic	transit	times	(median	4.9	days)	than	
those	with	IBS-	C	(median	1.8	days).17,28	A	recent	study	in	pediatric	
constipated patients found a positive correlation between whole gut 
transit times and colonic volume.15 Colonic transit times have signifi-
cant	interindividual	and	day-	to-	day	variation.	All	studies	mentioned,	
including our own, included relatively few patients. It remains un-
known whether the same is true for colonic volumes, but studies 
with robust numbers of patients and controls should be performed 
before making any firm conclusions.29-	31

4.3  |  Implications for diagnosis and treatment

Patients	with	symptoms	of	FC	are	usually	classified	into	those	with	
prolonged	 or	 normal	 transit	 constipation.	 Symptoms	 can	 also	 be	
caused by evacuation disorders and hyposensitivity of the rectum. 
Rectal balloon distension or the barostat are useful for evaluating 
rectal sensory and motor function, while anorectal manometry and 
defecography help identify evacuation disorders.27 The present 

F I G U R E  1 Total	colonic	volume	assessed	by	Magnetic	
Resonance Imaging. The medians are given in each group. Colonic 
volumes	of	patients	with	IBS-	C	were	lower	than	those	of	HC	
and	patients	with	FC.	Abbreviations:	HC,	Healthy	controls,	FC,	
Functional	constipation,	IBS,	Irritable	bowel	syndrome	constipation	
type

F I G U R E  2 Segmental	colonic	volume	measured	by	Magnetic	Resonance	Imaging.	The	medians	are	shown	in	each	group.	Ascending	
colonic	volume	was	higher	in	patients	with	FC	(p <	0.01),	while	patients	IBS-	C	had	a	small	volume	of	the	descending	colon	(p <	0.02).	
Comparing	the	two	groups	of	patients,	those	with	IBS-	C	had	lower	volumes	of	the	ascending	colon	(p <	0.01),	the	transverse	colon	(p <	0.05)	
and	the	descending	colon	(p <	0.01).	Abbreviations:	FC,	Functional	constipation.	IBS-	C,	Irritable	bowel	syndrome	constipation	type
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study	was	not	 performed	 to	 assess	 volumetric	 colon	MRI	 as	 a	 di-
agnostic	test	of	neither	FC	nor	IBS-	C.	However,	it	was	striking	that	
patients	with	IBS-	C	had	lower	colonic	volumes	than	patients	with	FC	
and	HC.	Future	studies	are	needed	to	determine	whether	patients	

with large colonic volumes respond better to laxatives or prokinetics 
than those with normal or small volumes. If so, assessment of colonic 
volumes may allow clinicians to stratify patients and thereby guide 
treatment. In addition, future developments with postprocessing of 
MRI	data	will	allow	separation	of	colonic	content	into	solid,	fluid,	and	
gas.32	Such	information	may	be	important	for	evaluating	individual	
patients and the effects of treatment or diet.

4.4  |  Limitations

There are several limitations to our study. Our primary endpoint came 
out negative, and conclusions based on secondary endpoints should 
be	taken	with	caution.	Patients	and	HC	were	allowed	to	follow	their	
normal daily routines, except for taking laxatives, and we have no in-
formation	on	diet,	intake	of	fluid	or	physical	activity.	A	more	standard-
ized	protocol	might	have	given	other	results,	but	we	chose	to	study	
patients under circumstances close to their daily routines.

The relatively low number of subjects studied does not allow 
firm conclusions to be drawn and results should be considered 
explorative. Thus, results should be interpreted with caution, and 
larger studies are needed before clinical use of colonic volumes in 
clinical practice.

F I G U R E  3 Representative	MRI	scans	
(bottom)	and	volume	reconstructions	
(top)	demonstrating	the	segmental	
volumes from a patient with functional 
constipation	(to	the	left)	and	a	patient	
with irritable bowel syndrome, 
constipation	type	(to	the	right)

F I G U R E  4 Association	between	total	colonic	volume	
determined	with	Magnetic	Resonance	Imaging	and	colonic	transit	
time	assessed	with	radiopaque	makers	(Spearman´s	rho	0.708,	
p <	0.001).	Dotted	lines	show	the	95%	confidence	interval	to	the	
trend line. The radiopaque marker examination was performed 
in 11 patients with functional constipation and 9 patients with 
irritable bowel syndrome, constipation type
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We	 assessed	 colonic	 transit	 times	 with	 radiopaque	 markers	
as this method is simple and safe and does not interfere with the 
MRI.	Strictly	speaking,	the	method	determines	total	gastrointestinal	
(oro-	anal)	 transit	 time	 and	not	only	 the	 colonic	 transit	 time.	 Since	
most subjects have much longer transit time through the colon than 
through the stomach and small intestine, total gastrointestinal tran-
sit time is often used as a proxy for colonic transit time.

We	assessed	bowel	symptoms	by	means	of	the	PAC	SYM	score	
and	found	that	patients	with	FC	had	the	most	severe	symptoms,	fol-
lowed	by	patients	with	IBS-	C,	while	HC	were	(by	nature)	symptom-	
free. This finding is in contrast to a very large study in which patients 
with	IBS-	C	had	a	higher	burden	of	gastrointestinal	symptoms	than	
patients with idiopathic constipation.3	 Hence,	 our	 patients	 may	
not	 represent	 the	wider	 population	 of	 patients	with	 FC	 or	 IBS-	C.	
In	Denmark,	patients	with	FC	or	 IBS	are	mainly	treated	 in	primary	
care,	while	 few	 are	 seen	 by	 gastroenterologists.	We	 included	 pa-
tients from outpatient clinics at a regional and a university hospital. 
All	were	classified	according	to	the	ROME	IV	criteria.	Still	our	cohort	
represents a selected group of patients, most likely those with more 
severe	or	persisting	symptoms.	As	expected,	the	group	of	patients	
with	FC	were	older	than	those	with	IBS-	C.	It	is	debatable	whether	
age and colonic transit time are associated, and it remains unknown 
whether age and colonic volume are so.8,33

5  |  CONCLUSION

In conclusion, we found an overall difference between total colonic 
volumes	 in	 patients	with	 FC,	 IBS-	C,	 and	HC.	 Compared	with	HC,	
patients	with	FC	had	larger	volumes	of	the	right	colon	and	patients	
with	IBS-	C	had	smaller	colonic	volumes	than	either	HC	or	patients	
with	FC.	MRI	holds	promise	as	a	research	tool	for	evaluating	colonic	
disorders, and this quantitative imaging method may support future 
development	 and	 evaluation	 of	 direct	 mechanisms-	based	 treat-
ments.	However,	the	number	of	subjects	included	in	the	study	was	
relatively low and results should be considered explorative. Thus, 
the clinical utility of volume assessment of colonic volumes in pa-
tients	with	FC	or	IBS-	C	remains	to	be	established.
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