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A B S T RA C T Intraluminal pressures were measured
in the gastric antrum and at different levels of the
upper small intestine in 18 normal subjects to investi-
gate whether or not the interdigestive motor complex,
identified in several animal species, occurs in man and,
if so, to determine its characteristics. In all normal
subjects, the activity front of the interdigestive motor
complex was readily identified as an uninterrupted
burst of rhythmic contraction waves that progressed
down the intestine and that was followed by a period of
quiescence. Quantitative analysis of various param-
eters of the complex and simultaneous radiological
and manometrical observations revealed that it re-
sembled closely the canine interdigestive motor
complex. To test the hypothesis that disorders of this
motor complex may lead to bacterial overgrowth in
the small intestine, similar studies were performed in
18 patients with a positive 14CO2 bile acid breath
test and in an additional control group of 9 patients
with a normal 14CO2 breath test. All but five pa-
tients had normal interdigestive motor complexes.
The five patients in whom the motor complex was
absent or greatly disordered had bacterial overgrowth
as evidenced by 14CO2 bile acid breath tests before
and after antibiotics. These studies establish the
presence and define the characteristics of the normal
interdigestive motor complex in man. They also suggest
that bacterial overgrowth may be due to a specific
motility disorder i.e., complete or almost complete
absence of the interdigestive motor complex.

INTRODUCTION

In 1969, Szurszewski (1) identified in the small in-
testine of fasted dogs an electric complex charac-
terized by a front of intense spiking activity that
migrated down the entire small bowel. As the complex
reached the ileum, another activity front developed

in the duodenum. Feeding interrupted this cycle and
changed the tracing into a pattern of irregular spiking
activity. This observation has been confirmed and ex-
tended by other investigators who have called the
phenomenon the "interdigestive myoelectric com-
plex" (2). An analogous cyclically recurring sequence
of regular spiking activity has been observed in several
animal species, including sheep (3), calves (4), horses
(5), and rats (6). Very little is known about the pres-
ence of this complex in man and nothing about its
characteristics and function. Kyfareva (7) and Foulk
et al. (8) studied the motility of the human upper
small intestine. They described periods of activity
alternating with periods of quiescence and recognized
that sometimes this motility pattern developed into
a burst of rhythmic contractions of several minutes
duration terminating the active phase. It has been
shown that these bursts progress aborally in the duo-
denum of man (9). This rhythmic sequence probably
corresponds to the activity front (2) of the interdiges-
tive myoelectric complex. The cyclic recurrence of the
phenomenon and its migration down the intestine were
not recognized. On the basis of simultaneous radio-
logical and electromyographical observations, it has
been stated that this activity front serves to clean up
the remnants of the preceding meal and functions as
the "house keeper" of the small intestine (10).

The first purpose of the present study was to investi-
gate whether or not an interdigestive motor complex
occurs in humans and, if so, to determine its charac-
teristics. If this interdigestive complex functions as a
house keeper, it seems natural to speculate that a
deficient clearing mechanism may result in accumula-
tion of food remnants, desquamated cells, and secre-
tions, thus creating a medium favorable to bacterial
overgrowth in the small intestine. Therefore, the
second purpose of this study was to test the hypothesis
that abnormalities of the interdigestive motor complex
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may lead to bacterial colonization of the small intes-
tine.

METHODS
Normal subjects and patients. 18 normal subjects, without

gastrointestinal symptoms or signs and with a normal
14CO2 bile acid breath test, were studied. Their ages ranged
from 18 to 71 yr, with a mean of 33 yr. There were 11 men
and 7 women. 18 patients, selected on the basis of an
abnormal 14CO2 bile acid breath test, were also investigated.
After the motility study, they were treated for 5 days with
a daily dose of 2 g of Tetrex (tetracylcine phosphate com-
plex) (Bristol Laboratories, Syracuse, N.Y.) by mouth. A
second "4CO2 bile acid breath test was then performed
to distinguish between ileal malabsorption and small intes-
tinal bacterial overgrowth (11, 12). Nine patients with various
diseases of the digestive system but with a negative 14CO2
breath test were studied as an additional control group.
Some pertinent data on the patients are summarized in
Table I.

Motility recordings. Intraluminal pressures were meas-
ured by means of three polyethylene catheters (PE 205,
Clay Adams, Div. of Becton, Dickinson and Co., Parsippany,
N. J.) with side openings 25 cm apart. The catheters
were perfused continuously at a rate of 0.19 ml/min (Har-
vard pump, Harvard Apparatus Co., Inc., Millis, Mass.).
External pressure transducers (EMT 34, Elema Schonander,
Stockholm, Sweden) were used and the tracings were re-
corded on a polygraph (Mingograph 81, Elema Schonander).
The catheter assembly included two other tiny polyethylene
tubes (PE 60, Clay Adams) which ended in a mercury-
filled latex bag 15 cm below the most aboral recording
orifice. The mercury-filled bag facilitated the passage of the
catheter system through the small intestine whereas the two
additional catheters made it possible to aspirate the mercury.
In three subjects of the control group, the most proximal
recording site was temporarily located in the antrum. In
all other normal subjects and in the patients, the proximal
recording orifice was positioned in the distal part of the duo-
denum about 10 cm above the angle of Treitz as shown
by fluoroscope control. Nine normal subjects took a con-
tinental breakfast of about 450 kcal immediately before the
pressure measurements started. These recordings lasted for
periods of 527-735 min, with a mean of 619 min. In this
way the interval between the meal and the appearance
of the first interdigestive motor complex could be deter-
mined. In the remaining normals and in the patients, the
recordings were started after an overnight fast and were
continued for a period of 266-735 min, with a mean of
434 min.

In three normal subjects and two patients (S. V. and S. L.),
the effect of this motor complex on small intestinal propul-
sion was studied radiologically (Videorecording, De Oude
Delft, OD-X40, Delft, Netherlands). Onset and end of each
period of video recording were marked on the pressure tracing
to permit correlation of motility records and radiological
pictures. The contrast material was injected during the various
phases of the complex through a supplementary catheter
which ended 5 cm proximal of the middle recording orifice.

Analysis of pressure records. The first step of the analysis
consisted of counting the number of pressure waves per
minute throughout the recording period. Only waves of 5
mmHg or more were taken into account. In a second
stage, the interdigestive motor complexes were identified
using the following criteria for identification of an activity
front: (a) appearance of an uninterrupted burst of pressure
waves which were produced at a rhythm of about 12 per min

at the level of the angle of Treitz; (b) aboral progression
of the activity front, as indicated by its sequential passage
over all three or over the distal two recording orifices; (c)
a period of complete quiescence after the activity front.
If a burst of rhythmic contractions was observed at the
level of the distal recording orifice only, and if this burst was
followed by a period of complete quiescence, this pattern
could not with certainty be interpreted as an activity front
because there was no proof of its aboral progression. As
this complex of pressure changes is similar to the pattern pro-
duced by an activity front, it is logical to assume that it is
produced by an activity front that starts between the two distal
recording orifices. Such pressure complexes were called
"probable interdigestive motor complexes". The activity
fronts were identified independently by two of the authors.
The tracings were coded so that no clinical information
was available to the analyzers. Up to this phase of the
analysis, interobserver variation was limited to only one
activity front.

The final step of the analysis consisted of determining
the duration of the bursts of rhythmic contractions at dif-
ferent levels (duration of activity fronts), the frequency of
the contraction waves during the periods of rhythmic ac-
tivity, the progression velocity of the activity front, the
calculated length of the activity front (duration x progres-
sion velocity), the interval between meal and appearance
of the first activity front, and the duration of the complete
cycle of the motor complex. As this phase of the analysis
is subject to observer bias and requires the drawing of marks
on the tracings, it was carried out jointly by three authors.
The data were analyzed statistically by means of Student's
t test (13).

14C02 Bile acid breath test. The bile acid breath test
was performed according to the method of Fromm et al.
(14) with slight modifications. After an overnight fast, subjects
and patients took with their breakfast a starch capsule
containing 5 ACi cholyl-['4C glycine] (The Radiochemi-
cal Centre, Amersham, Buckinghamshire, England).
Breath samples were collected before and 1, 2, 3, 4, 5, 6. 8,
10, 12, and 24 h after breakfast. The radioactivity of the 2
mmol C02, trapped in a 4-ml hyamine hydroxide solution,
was measured in a liquid scintillation counter (model 2450,
Packard Instrument Co., Inc., Downers Grove, Ill.). The
counting efficiency was checked by external quench correc-
tion. Our normal values, based on tests in 25 normal
subjects, are presented in Fig. 1. The test was taken to
be abnormal when at least two consecutive values were
higher than the mean +2 SD.

RESULTS

Normal subjects. The various phases of the inter-
digestive motor complex could easily be identified in
all tracings but the most striking feature was the burst
of rhythmic contractions called the activity front (Fig.
2). In the 18 normal subjects, 66 interdigestive com-
plexes were analyzed, covering a total registration
period of 150 h 48 min. When only those complexes
were taken into account for which all three criteria
of an interdigestive motor complex were satisfied,
the mean duration of a complete cycle was 112
min 30 s±+11 min 25 s (mean+±SEM). However, when
the probable interdigestive motor complexes (see
Methods, Analysis of records) were also taken into
account, the duration of a complete cycle was 84
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TABLE I
Clinical and Experimental Data on Patients in Whomthe Interdigestive Motility Was Studied

14CO2 Breath test

Patient Before After Interdigestive
identification Age Sex Diagnosis antibiotics antibiotics motor complex

yr

P. F. 40 M Yersinia enterocolitis Normal Normal

R. A. 61 F Systemic sclerosis Normal Normal

M. A. M. 55 F Gall stones Normal Normal

M. J. 37 F Sigmoid polyp Normal Normal

P. A. S. 58 M Systemic sclerosis Normal Normal

D. A. 52 F Zollinger-Ellison Syndrome Normal Normal

M. A. 43 F Celiac disease Normal Normal

M. N. 28 F Psychogenic diarrhea Normal Normal

T. P. 41 M Duodenal ulcer Normal Normal

V. L. A. 27 M Crohn's disease Abnormal Abnormal Normal

D. B. E. 25 M Crohn's disease Abnormal Abnormal Normal

V. K. L. 49 M Ileal resection Abnormal Abnormal Normal

J. S. 49 F Psychosomatic Abnormal Abnormal Normal

S. E. 62 F Crohn's disease Abnormal Abnormal Normal

V. B. 42 F Ileal resection for Crohn's disease Abnormal Abnormal Normal

M. T. 42 M Chronic cholangitis Abnormal Normal Normal

M. P. 80 F Ileocolic fistula Abnormal Normal Normal

V. Y. 40 F Systemic sclerosis Abnormal Normal Normal

B. R. 32 M Hypogammaglobulinemia Giardia Abnormal Normal Normal
intestinalis

D. R. M. 45 M Partial obstruction due to adhesions Abnormal Normal Normal

Z. D. C. 57 F Partial gastrectomy and vagotomy Abnormal Normal Normal

L. J. 50 F Achlorhydria Abnormal Normal Normal

K. L. 34 M Total gastrectomy Abnormal Normal Absent

S. V. 45 M Systemic sclerosis Abnormal Normal Absent

A. R. 33 M Crohn's disease Abnormal Normal Absent
D. B. 67 M Unknown Abnormal Normal Abnormal

S. L. 45 M Unknown Abnormal Normal Absent

min 56 s+5 min 40 s (mean±SEM). Phase one of the phase three. More rarely the activity front was pre-
interdigestive motor complex was characterized by a ceded by a short period of quiescence (Fig. 3).
nearly complete absence of pressure waves. During The duration of the activity front, its progression
phase two, pressure waves occurred in irregular velocity, and the frequency of the rhythmic contrac-
sequences. This phase usually ended abruptly with the tions are summarized in Table II. As in dogs (1-2),
appearance of the burst of rhythmic contractions of the progression velocity was slightly faster in the
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duodenum than in the upper jejunum, but the dif-
ferences are just below significancy. The calculated
length of the activity front was 34.17+4.35 cm (mean
+SEM). Phase four, which follows the activity front,
was characterized by a rapid decrease in both
amplitude and regularity of the pressure peaks. This
phase was always very short. Furthermore, 24 proba-
ble interdigestive motor complexes were observed,
which probably correspond to complexes which started
very distally.

52 of the 66 complexes (79%) started at or above
the proximal recording orifice (in the duodenum or
stomach) and 14 (21%) started between the proximal
and middle orifice (below the angle of Treitz). Seven
complexes were observed in three subjects in whom
the proximal recording site was temporarily located in
the antrum, but only one of these seven complexes
(14%) started in the stomach.

The interval between breakfast and the appearance
of the first activity front was 213±48 min (mean±SD).

Patients with abnormal 14C0 bile acid breath test
(18 patients). The initially abnormal 14CO2 bile acid
breath test normalized after treatment with antibiotics
in 12 patients, suggesting the presence of bacterial
overgrowth in the small intestine. Five of these
patients had gross disorders of their interdigestive
motor activity. Although the patients were fasted for
at least 12 h before the study and the registration was
continued for at least 7 h, no interdigestive complex
was observed in patients K.L., S. V., A. R., and S. L., and
only one in patient D. B. Patient K. L. had undergone
a total gastrectomy for malignancy 3 yr previously
and there was no evidence of recurrence. S. V. had
systemic sclerosis involving the jejunum, and A. R.
had Crohn's disease involving the terminal ileum and
complicated by a vesicointestinal fistula. Patient S. L.
had a very prolonged small intestinal transit time and
severe fecal stasis without visible lesions on barium
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FIGURE 1 14CO2 bile acid breath tests before (A) and after
(B) treatment with antibiotics in patients K. L., D. B., S. V.,
A. R., and S. L. The uninterrupted line and the shaded
area represent the mean+2 SD in a series of 25 normal
subjects. The normalization of the breath tests suggests
bacterial overgrowth of the small intestine.

studies. In patient D. B., no lesion could be detected
in spite of intensive investigation. He complained of
diarrhea, exaggerated and audible bowel sounds, and
weight loss. The results of the 14CO2 bile acid breath
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FIGURE 2 The activity front of the interdigestive motor complex is characterized on manometric
tracings by a burst of rhythmic contraction waves that progresses down the intestine.
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nd J. S. com- a barium bolus during the activity front. Instillation

TABLE II
Characteristics of Activity Front in Control Group of Normal Subjects

Duodenum Jejunum I* Jejunum III

Duration, min 5.11+0.61§ 5.48+0.40 5.90±0.37
Frequency of contractions, no./min 11.61+0.13 11.48+0.14 11.30±0.14
Progression velocity, cm/min 7.65±1.06 5.91±0.79
Calculated length, cm 34.17+4.35

* Jejunum I, + 15 cm below angle of Treitz.
t Jejunum II, +40 cm below angle of Treitz.
§ Numbers refer to means±SEM.
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TABLE III
Characteristics of Activity Front in Patients with Bacterial Overgrowth of the Small Intestine

Dtiodentum Jejtuntum 1* Jejtininm Ilt

Duration, min 4.4 1+0.46§ 5.25±0.34 6.20±0.47
Frequency of contractions, no./min 11.08±0.14" 11.38±0.19 11.12±0.18
Progression velocity, cm/min 6.76±1.36 3.79±0.54
Calculated length, cm 19.12± 2.53¶

*Jejunum I, 15 cm below angle of Treitz.
I Jejunum II, +40 cm below angle of Treitz.
§ Numbers refer to means±SEM.

11 P < 0.05 as compared to normal controls.
¶ P < 0.01 as compared to normal controls.

of barium during phase one resulted in filling of an
intestinal segment which remained immobile and re-
laxed and in stasis of the contrast material. Most
contractions occurring during phase two were
segmentary phenomena producing either aborad or
orad movement of the barium. Occasionally two or
three consecutive contractions were seen to progress
aborally over longer segments. The radiological ob-
servations in the patients with systemic sclerosis (S. V.)
confirmed the presence of dilated, poorly active jejunal
loops, but were otherwise not contributory because no
interdigestive motor complex was observed. Also, in
patient S. L. only segmentary mixing contractions were
observed with irregular and very slow aborad pro-
gression of the injected barium.

DISCUSSION

Our studies indicate that the small intestine of normal
fasted human subjects exhibits a cyclically recurring,
migrating motor complex that is the equivalent of the
interdigestive myoelectric complex first identified in
dogs (1, 2). Feeding stops the complex in man as it
does in dogs (2) and changes the motility tracing into
a pattern of contraction waves appearing at irregular
intervals. The aborally progressing front of rhythmic
contractions efficiently clears the involved intestinal
segment of all injected barium, suggesting that, in
man as well as in dogs, it functions as a house keeper

(10). Ouir observations in patients with a positive
14CO2 bile acid breath test due to small intestinal
bacterial overgrowth suggest that disorders of the inter-
digestive motor complex may be an important factor
in the pathogenesis of bacterial colonization of the
upper small bowel.

Szurszewski identified the interdigestive myo-
electric complex in the small intestine of fasted dogs
(1). Code and collaborators (2, 10, 15, 16) extended
these studies and divided the complex into four dif-
ferent phases: phase one is characterized by the relative
absence of action potentials; during phase two there is
persistent but irregular action potential activity; phase
three, the activity front, is characterized by its sudden
onset and end, and by the presence of large action
potentials on every pacesetter potential (or slow wave)
of that period; during phase four, incidence and in-
tensity of action potentials decline rapidly and disap-
pear completely. Simultaneous measurements in dogs
of intraluminal pressure changes and electrical activity
have established the motor correlates of the interdi-
gestive myoelectric complex (10). From these in-
vestigations, it is evident that pressure measurements
may be used to study the interdigestive myoelectric
complex and to determine its characteristics in man.
Our pressure tracings clearly visualized the different
phases of the interdigestive motor complex. The
activity front could easily be identified and several
fronts were observed in every subject of the control

TABLE IV
Characteristics of Activity Front in Patients with Ileal Dysfunction

Dtuodentum Jejtinum I* Jejtintim III

Duration, min 4.12+0.73§ 5.44+0.59 4.52+0.81
Frequency of contractions, no./min 11.24+0.26 11.47+0.19 11.67+0.39
Progression velocity, cm/min 7.97+0.79 6.04+0.9
Calculated length, cm 30.35±5.37

* Jejunum I, +15 cm below angle of Treitz.
t Jejunum II, +40 cm below angle of Treitz.
§ Numbers refer to means+SEM.
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TABLE V
Characteristics of Activity Front in Additional Control Group of Patients with Normal 14CO2 Breath Test

Duodenum Jejunum 1* Jejtinum II t

Duration, min 3.92+0.61§ 5.04±0.85 5.85±1.56
Frequency of contractions, no./min 11.45±0.30 10.97±0.16" 10.60±0.201
Progression velocity, cm/min 9.58±2.48 6.47±1.76
Calculated length, cm 25.86±6.67

* Jejunum I, ±15 cm below angle of Treitz.
I Jejunum II, ±40 cm below angle of Treitz.
§ Numbers refer to means±SEM.
11 P < 0.05 as compared to normal controls.

group. As our pressure recordings were limited to the
upper 50-60 cm of the small bowel, it has not
been demonstrated that the activity front progresses
down to the terminal ileum. Various parameters of the
motor complex had the same magnitude in man as in
the dog: the duration of the activity front at a
given level of the intestine, its propagation velocity,
and its calculated length; the duration of a complete
motor cycle; and the interval between feeding and the
appearance of the first activity front (2, 17). The rhythm
of the contraction waves during the activity front,
however, was similar to the pacesetter (or slow wave)
rhythm of the human jejunum (9, 18).

The interdigestive motor complex in humans did not
always start in the antrum. In many instances, even
after a fast of 24 h, the activity front originated at
or below the angle of Treitz. Bursts of rhythmic
contraction waves followed by a period of quiescence
were often seen at the level of the distal recording
orifice only. They probably correspond to activity fronts
which originate very distally. The combined mano-
metrical and radiological studies in normal subjects
confirm in man the results obtained in dogs by others
(10). The activity front efficiently clears the intestinal
lumen of all injected contrast material. The function
of these cyclically recurring rhythmic contraction
waves may thus well be to clean up all remnants
of the preceding meal and to remove interdigestive
secretions and desquamated cells.

The mechanisms that control bacterial populations
in the small bowel are multiple, complex, and poorly
understood (19). There is general agreement that
motility disorders constitute an important factor in the
pathogenesis of bacterial overgrowth in the small in-
testine. However, apart from stasis of luminal contents
due to mechanical obstruction, no specific motor
disorder has been identified so far. The 18 normal
subjects and all but 5 of the 27 patients had a normal
number of interdigestive motor complexes. In con-
trast, all five patients with a complete or almost
complete absence of activity fronts had small intestinal
bacterial overgrowth as evidenced by the 14CO2 bile

acid breath tests before and after treatment with anti-
biotics. The observation that absence or gross disorders
of the interdigestive motor complex are always as-
sociated with evidence of bacterial overgrowth in the
small intestine makes it very improbable that the as-
sociation is merely coincidental. The possibility cannot
be excluded that bacterial overgrowth by itself inter-
feres with the small intestinal motor function and re-
sults in a disappearance of the activity front. In
favor of this hypothesis is the observation that three of
the five patients with gross disorders of the interdi-
gestive motor activity also had diseases which may
have contributed to the development of bacterial
overgrowth. Patient S. V. had systemic sclerosis involv-
ing the jejunum. Muscular atrophy and sclerosis
of the intestinal wall may have favored intestinal
stasis. Patient K. L. had undergone a total gastrec-
tomy 3 yr previously. Anacidity may have contributed
to the development of bacterial overgrowth in this
patient (20, 21). A. R. had Crohn's disease of the
ileum. Although there was no ileocolic fistula, a
slight degree of mechanical obstruction, difficult to
demonstrate radiologically, cannot be excluded. How-
ever, 8 of the 13 patients with evidence of bacterial
overgrowth had a normal number of interdigestive
motor complexes. Although the calculated length of the
activity front was decreased as compared to normals
(but not as compared to patients with a negative
14CO2 bile acid breath test), this observation indicates
that bacterial colonization by itself does not invariably
eliminate the activity front of the interdigestive motor
complex. Moreover, this activity front is such a highly
efficient mechanism of intestinal propulsion and is nor-
mally recurring so constantly throughout the interdi-
gestive period that it is logical to assume that the dis-
orders of the interdigestive motor complex may be the
cause rather than the result of the bacterial coloniza-
tion. The final proof may come from experiments
in which the activity front of the interdigestive motor
complex is pharmacologically inhibited for a long
period of time. At this moment, no such agents are
available.
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FIGURE 4 Propulsion of a barium bolus during the activity front of the interdigestive
motor complex. The radiocinematographic sequence has been copied from the video
recording tape. The middle recording orifice is located 3 cm below the angle of Treitz
(ust proximal to the radio-opaque marker visible in the upper right quadrant). Recording
orifices 1 and 3 are located 25 cm proximally and 25 cm distally of the middle orifice
but these are not visible on the photograph. The bolus was injected through a supplementary
catheter 5 cm proximal to the middle recording orifice at the time the activity front was
clearly visible at the level of the second recording orifice but had not yet reached the
distal recording orifice 25 cm more distally. The interval between each picture is 1 s.
The bolus is seen to progress rapidly over a distance of about 12 cm. The progression
velocity is approximately 2.5 cm/s.

It is evident that many more patients must be
studied before conclusions can be drawn regarding the
incidence of disorders of the interdigestive myoelectric

complex in pathological conditions such as systemic
sclerosis, total gastrectomy, or Crohn's disease.

Both hormonal and neural mechanisms are involved

Interdigestive Motor Complex and Small Intestinal Bacterial Overgrowth 1165

I



in the control of the interdigestive motor complex.
Vagotomy produces disorders of the motor complex (16,
22, 23). High doses of pentagastrin and of insulin
interrupt the complex (16, 24), whereas motilin in-
jections induce this type of motor activity (25). It may
be interesting to study, these hormones, particularly
motilin, in patients with bacterial overgrowth and dis-
orders of the interdigestive motor complex.
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