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Abstract A simplified way to assess colorectal transit time
is described. Patients ingest 24 radiopaque markers and an
abdominal X-ray film is taken, either daily for a prescribed
duration (single ingestion with multiple films technique) or
once after daily ingestion of the same number of markers for
a prescribed duration (multiple ingestion with single film
technique). By having the patient ingest 24 markers at a
time, at daily 24-h intervals and taking a single film 24 h
later, or having the patient ingest at one time 24 markers and
taking a daily film at 24-h intervals, the number of markers
on the film or the sum of markers on successive films
becomes the transit time in hours, saving the clinician any
further multiplication of the data, as is currently the case.
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Introduction

In a previous study we described a technique for measuring
segmental colonic transit time that, essentially, remains the
gold standard in this field [1]. This method overcame a
major difficulty of interpretation during the investigation of
colonic transit with radiopaque markers [2]. Indeed, if
colonic propulsion of markers in the right colon is delayed,
this automatically prolongs the entry of markers in more dis-
tal sites, and this is reflected in a delayed transit in the left
colon, even if motility in this site is normal. A working for-
mula, modified from the technique of blood flow using dye
dilution curves, was proposed to take this into account, and,
almost 20 years later, has stood the test of time.

Subsequent studies have focused on a practical goal of
reducing the amount of radiation exposure [3-7]. Es-
sentially, they all implied multiple ingestions of radiopaque
markers on successive days taking a single X-ray film,
rather than a single ingestion with multiple X-ray films on
successive days. These studies all carry limitations, the main
one being that steady-state conditions are not usually
reached in patients with severely impaired propagation in
the large bowel if the duration of ingestion of markers is too
short. This has been well exemplified in another study try-
ing to evaluate the meaning of colorectal transit time mea-
surement [7]. Another limitation of importance is that if only
one film is taken, it becomes impossible to detect retrograde
propulsive activity as shown by reflux of markers from a
more distal to a more proximal site, from one day to the
next. For these two main reasons, the use of the multiple
ingestion of markers with single film is best used for screen-
ing purposes, and, during follow-up, for quality control of
efficacy of treatment, changes in the natural course of dys-
function, and confirmation of the not always reliable
patient’s  symptomatology.

There remains a minor clinical problem that is a nui-
sance for the busy practitioner, namely the necessity of cal-
culating colorectal transit times from the X-ray film data.
The purpose of this paper is to describe a simple manufac-
turing modification, which aims at solving this difficulty.



Materials and methods

Mean transit times (∆t) of radiopaque markers on successive films
are calculated in the following way:

N
∆t =   1  Σ ∆ti

N  i = 1

where ∆ti is the transit time of a given marker through the studied
site and N is total number of markers.

If n is the number of markers present in the studied site at a
given time, one may demonstrate that:

N      ∞
Σ ∆ti = � n dt
i = 1      °

For instance, if 20 markers are ingested every 24 h, the formu-
la to calculate mean transit time of a single marker becomes:

TT = 24 Σ ni = 1.2 x Σ ni

20

or, if 10 markers are ingested, as is often the case in children:

TT = 24 Σ ni = 2.4 x Σ ni

20

where TT is the mean transit time of one marker, and ni is the num-
ber of markers on day i in the studied zone.

The modification we propose is at the manufacturing level.
SITZMARKS radiopaque markers are now packaged as 24
radiopaque polyvinyl chloride o-rings of 1 mm x 4.50 mm (Konsyl
Pharmaceuticals Inc, Fort Worth, Texas 76109, USA). The formula
to calculate mean transit time now becomes:

TT = 24 Σ ni = 1 x Σ ni = Σ ni
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that means that to calculate mean transit time of one radiopaque
marker in a segment of large bowel or through the large bowel, all
the clinician has to do is count the number of markers on the X-ray
film, without further multiplying the sum by a given factor, provid-
ed that 24 markers are ingested and films, if repeated, are taken at
24-h intervals.

Thus, the available methodologies become as such:

Single markers ingestion – multiple X-ray film technique
(1) On day 0, instruct patient to take the markers by mouth with

water, or, for children, with a little jam. Direct observation is
preferable because some patients deny bowel movements or do
not comply with the instructions for ingestion of markers. If
SITZMARKS capsules are used, they contain 24 markers. If
home-made markers are cut from radiopaque Levine tubes, it is
best to take an X-ray film after ingestion to ensure the presence
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of the adequate number of markers in the stomach and upper
small bowel. The patient should not use laxatives, enemas or
suppositories during the study. The physician should be aware
that many pharmacologic agents interfere with colorectal motil-
ity [8].

(2) Take a flat plate abdominal X-ray daily until total defecation of
markers, or for a maximum of 7 days, by which time all healthy
subjects are free of markers [1, 2].

(3) Add the markers in a given segment from day 1 (do not use data
after ingestion) to the day where the segment is empty of mark-
ers. Do this for the right colon, the left colon, and the rectosig-
moid segment, and for the entire large bowel to calculate over-
all colon and rectum transit time. The sum of markers is equal
to the mean transit time of one single marker. If markers are still
present on the final film, the value of the sum of markers under-
estimates the real mean transit time. For statistical purposes, it
cannot be added to values obtained when the segment is devoid
of markers on the final film.

Single markers ingestion – multiple X-ray film technique: a simpli-
fied technique for screening purposes
(1) On day 0, proceed as in step 1 described above.
(2) Take a flat plate abdominal X-ray 3 days after ingestion.

Constipated patients have eight or more markers on the film
taken that day [7]. The reliability rate is 100%. If a film cannot,
for any reason, be taken on that day, it can also be taken 5 days
after ingestion. On that day, at least 80% (19 or more) markers
have been defecated in subjects with grossly normal colonic
transit; the others are constipated [9].

Multiple markers ingestions – single X-ray film technique
(1) On day 0, instruct patient to take the markers as in step 1 of the

two previous techniques.
(2) Repeat the ingestion of step 1 every day at approximately the

same time. The use of SITZMARKS radiopaque markers
becomes preferable, because of the difficulty to ensure that an
adequate number of markers is ingested, without having to take
an X-ray film. Alternatively, the patient must present daily and
count markers with the physician. 

Steady-state conditions are necessary between ingestion of
markers and expulsion of markers before the number of mark-
ers present in the abdomen adequately reflects the real transit
time. This has been modelized [7]. The day t, where the num-
ber of markers N is negligible, i.e. less than 1 can be calculated
with the following formula:

N < 1 < = > t > T x [log (10)] 1/k

where T is the time constant of the decreasing curve of a single
shot of marker ingestion and k is the exponential coefficient of
this decrease. The mean value of time is 2.4 days for control
subjects who do not react to stress with a change in bowel
habits or abdominal pain (stress-free controls), 3.1 days for
“normal” controls, 6.9 days for patients with colonic delay in
the hindgut, 8 days with those with outlet obstruction, and 13.1
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days for those with colonic inertia. This means that markers
should be ingested for at least 14 days in hindgut dysfunction,
16 days in outlet obstruction and 27 days in colonic inertia
before the value obtained reflects the real segmental or colorec-
tal transit time. In practice this is difficult, and the number of
markers becomes enormous on a simple film. In colonic inertia,
for instance 27 x 24 markers (648) should be ingested before
steady-state conditions are obtained. It is easy to envision the
superposition of markers on such a film, and the frustration of
the clinician or the radiologist to make a count. Thus, the num-
ber of days of ingestion have been arbitrarily restricted to as
few as 3 [4] or 6 [7] days. It is important to realize that the
fewer the days of ingestion, the greater the likelihood of under-
estimating the real transit times, in an inverse correlation with
the more prolonged transit. Taking markers for only 3 days is
adequate to detect constipation qualitatively; it does not diag-
nose quantitatively the degree of severity of constipation or the
major sites of delay.

Finally, it must be remembered that this technique does not
measure the mean transit time of a single marker, part of a bolus
ingestion [1], but the mean value of the mean transit times of
different bolus of markers ingested. Although well correlated,
they do not measure exactly the same thing [4, 7].

(3) Take a single film of the abdomen on the chosen date. Count
markers seen on the film. This is the mean transit time of the
different bolus of ingested markers.

Discussion

This report describes a very simple modification of the dif-
ferent techniques used to measure segmental and overall col-
orectal transit times. By using 24 markers in the bolus of
ingested markers it becomes unnecessary to multiply the
sum of markers present on abdominal X-rays, to obtain the
value of colorectal transit time.

One must remain aware of the limitations of all available
techniques. Too often, the approach to constipation is sim-
plistic and confuses qualitative appraisal with quantitative
evaluation of the severity of constipation and its various
mechanisms [8, 9].

Some authors have claimed the necessity to use different
shapes of markers on successive days [4]. Although the mix-
ing of shapes is adequate proof that there is retrograde move-
ment of faeces, this can also be demonstrated in a much more
evident fashion on successive films taken on consecutive

days, and it can also be evaluated quantitatively with a sin-
gle kind of marker [10]. To date, we are not convinced of the
necessity or even the usefulness of using different shapes,
and we have not seen convincing data on this. However, dif-
ferent shapes are available commercially for those investiga-
tors who want to further explore their use (for instance O
Rings, Double D and Tri-Chamber of SITZMARKS).
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