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Ultrasonographische Beurteilung  
der Hauben- und Pansenmotorik  
bei 45 Kühen

Das Ziel der vorliegenden Untersuchung war es, abzu-
klären, ob und wie sich die Ultrasonographie zur Beur-
teilung der Hauben- und Pansenmotorik beim Rind 
eignet. Die Untersuchungen erfolgten bei 45 Kühen mit 
gleichzeitig 5 Ultraschallgeräten, deren Schallköpfe an 
5 verschiedenen Stellen von Haube und Pansen (Haube; 
Pansenvorhof/kraniales Ende des ventralen Pansensacks 
= Pansenbucht; dorsaler Pansensack; linke Pansenlängs-
furche; dorsaler/ventraler Pansenblindsack) positioniert 
und an ein digitales Aufnahmegerät angeschlossen wur-
den. Letzteres erlaubte es, die Videoströme aller 5 Ultra-
schallgeräte während 9 Minuten mit gleicher Zeitachse 
aufzuzeichnen und auf einem einzigen Bildschirm dar-
zustellen. Als Zeitpunkt 0 wurde der Beginn der Hau-
benkontraktion bezeichnet. An der Haube, die bei allen 
45 Kühen dargestellt werden konnte, wurden in 9 Mi-
nuten 11.0 ± 2.12 biphasische Kontraktionen beobach-
tet. Der Pansenvorhof war bei 40 Kühen (89%) zu sehen 
und kontrahierte sich 10.7 ± 2.10 Mal, wobei die Kon-
traktionen 5.0 ± 0.83 sec nach der Haubenkontraktion 
erfolgten und 7.0 ± 2.14 sec dauerten. Die Kontraktion 
des dorsalen Pansensacks war bei 29 Kühen (64%) zu 
sehen. In 9 Minuten wurden 9.5 ± 1.8 Kontraktionen 
ermittelt. Diese traten 4.0 ± 0.85 sec nach der Hauben-
kontraktion auf und dauerten 8.2 ± 1.04 sec. Die Kon-
traktion der Pansenfurche war bei 39 Kühen (87%) zu 
sehen. In 9 Minuten traten 10.2 ± 1.98 Kontraktionen 
auf. Diese waren 4.1 ± 1.81 sec nach der Haubenkon-
traktion zu beobachten und dauerten 7.8 ± 1.19 sec. Die 
Kontraktion des ventralen Pansensacks (Pansenbucht) 
war bei 31 Kühen (69%) zu sehen und es wurden 7.5 ± 
2.59 Kontraktionen ermittelt, die 14.3 ± 4.30 sec nach 
der Haubenkontraktion auftraten. Die Kontraktion des 
dorsalen und ventralen Blindsacks war bei 34 Kühen 
(76%) zu sehen. In 9 Minuten wurden 9.0 ± 2.75 Kon-
traktionen des dorsalen (1.0 ± 0.31 Kontraktionen/
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Summary

The goal of this study was to investigate the feasibility 
of ultrasonographic assessment of reticuloruminal mo-
tility in 45 healthy cows. The transducers of five ultra-
sound machines were connected to a digital video re-
corder and placed simultaneously at five sites on the left 
side of the cows to scan the reticulorumen (reticulum; 
ruminal atrium; dorsal sac of the rumen; left longitudi-
nal groove; ruminal recess, caudodorsal and caudoven-
tral blind sacs). The video streams from all five ultra-
sound machines were recorded synchronously with the 
same time line and displayed on a single monitor. Time 
0 was defined as the start of a biphasic reticular contrac-
tion. The reticulum was visualised in all cows and had 
11.0 ± 2.12 biphasic contractions in 9 min. The ruminal 
atrium was visualised in 40 (89%) cows and had 10.7 ± 
2.10 contractions in 9 min, which started at the time 
point 5.0 ± 0.83 sec and lasted 7.0 ± 2.14 sec. Contrac-
tions of the dorsal sac of the rumen, visible in all cows, 
were visualised in 29 (64%) cows. There were 9.5 ± 1.8 
contractions in 9 min that started at the time point  
4.0 ± 0.85 sec and lasted 8.2 ± 1.04 sec. The left longi-
tudinal groove was seen contracting in 39 (87%) cows. 
There were 10.2 ± 1.98 contractions in 9 min that start-
ed at the time point 4.1 ± 1.81 sec and lasted 7.8 ± 1.19 
sec. Contractions of the ventral sac of the rumen (rumi-
nal recess) were seen in 31 (69%) cows. There were 7.5 
± 2.59 contractions in 9 min that started at the time 
point 14.3 ± 4.30 sec. Contractions of the caudodorsal 
and caudoventral blind sacs were seen in 34 (76%) cows. 
There were 9.0 ± 2.75 (1.0 ± 0.31) contractions/min and 
9.4 ± 2.09 (1.0 ± 0.23) contractions/min of the dorsal 
and ventral blind sacs, and they started at the time 
points 6.2 ± 1.32 sec and 21.3 ± 6.20 sec, respectively. 
Primary contraction cycles were seen in all cows and 
secondary cycles in 22 (49%) cows. The former were 
complete in 37 (82%) cows and incomplete in 8 (18%). 
There were 11.0 ± 2.12 primary and 4.5 ± 2.15 second-
ary cycles in 9 min, and the ratio between primary and 

DOI 10.17236/sat00007

Received: 21.01.2014 
Accepted: 21.03.2014

087_095_Braun.indd   87 23.01.15   07:43



Originalarbeiten | Original contributions

88 SAT | ASMV 2 | 2015 Band 157, Heft 2, Februar 2015, 87–95, © GST | SVS

Ultrasonographic assess-
ment of reticuloruminal 

motility in 45 cows

U. Braun, A. Schweizer

Introduction

The reticulum and rumen form the so-called reticuloru-
men, which is responsible for mixing and breaking down 
digesta and is the site of microbial digestion of plant 
fibre. The motility is regulated by a complex system of 
excitatory and inhibitory inputs to the gastric centre in 
the medulla oblongata (Constable et al., 1990a). The 
general pattern of reticuloruminal motility consists of 
regular contraction sequences (Sellers and Stevens, 
1966; Wyburn, 1980; Constable et al., 1990a; Kaske, 
2005), which successively engage the various parts of 
the reticulum and rumen. There are primary and sec-
ondary contraction cycles; the former serve primarily 
to mix the ingesta, support optimal microbial fermen-
tation and transport ingesta into the omasum (Consta-
ble et al., 1990a), whereas the latter are involved in 
eructation of gas (Constable et al., 1990b). Each prima-
ry contraction cycle starts with biphasic reticular con-
traction, which is followed by contraction of the ante-
rior blind sac of the rumen and then contraction of the 
dorsal sac of the rumen in a cranio-caudal direction. 
The latter involves circular contraction and dorsal move-
ment of the rumen pillars. The contraction of the cau-
dodorsal blind sac of the rumen is the final stage of the 
contraction of the dorsal sac of the rumen. The prima-
ry contraction cycle concludes with contraction of the 
ventral sac of the rumen and its caudoventral blind sac. 
Secondary contraction cycles do not involve the retic-
ulum and ruminal atrium and consist of contraction of 
the dorsal sac and then the ventral sac of the rumen. 
This pattern was discovered nearly 100 years ago using 
direct observation, palpation and pressure recordings 
(Wester, 1926; Schalk and Amadon, 1928). Further stud-
ies followed in the 50s and 60s of the last century (Reid 
and Cornwall, 1959; Dziuk and McCauley, 1965); pres-
sure events were recorded with a system of strain gauges 
and open-tipped catheters terminating in the reticulum, 

cranial sac, caudodorsal blind sac and ventral sac of the 
rumen (Dziuk and McCauley, 1965). These investiga-
tions were technically complex and therefore limited to 
small numbers of animals. They were also invasive be-
cause they involved fistulation of the rumen. Ultra-
sonography has been used successfully for the assess-
ment of the reticulum and reticular motility (Braun and 
Götz, 1994; Braun and Rauch, 2008) as well as for im-
aging the rumen (Tschuor and Clauss, 2008; Imran et 
al., 2011; Braun et al., 2013). The main goal of this study 
was therefore to investigate the feasibility of ultrasonog-
raphy for the assessment of ruminal motility. Ancillary 
goals were to investigate the frequency of primary and 
secondary contraction cycles and the relationship be-
tween primary and secondary cycles. To achieve this, 
the reticular and ruminal contraction pattern was char-
acterized in 45 cows belonging to 3 dairy breeds using 
5 ultrasound machines simultaneously with the trans-
ducers positioned at various sites over the reticuloru-
men. 

Animals, Material and Methods

Animals
Fifteen Brown Swiss, 15 Red Holstein and 15 Hol-
stein-Friesian cows were used. The cows were 3 to 9 years 
of age (mean ± sd = 5.7 ± 1.87 years), up to 5 months 
pregnant, clinically healthy and weighed between 550 
and 750 kg (610 ± 46 kg). They were kept in tie stalls, 
bedded with straw and fed hay ad libitum from 06:00 
to 22:00 and concentrate according to the level of pro-
duction.

Clinical examination
All cows underwent clinical examination including as-
sessment of the demeanour and general attitude, rectal 
temperature, heart and respiratory rates, rumen motili-

secondary cycles averaged 2.4:1. Ultrasonography is 
suitable for the assessment of reticuloruminal motility 
in cattle.
Keywords: cattle, ultrasonography, reticular motility,  
ruminal motility, primary cycle, secondary cycle

Min.) und 9.4 ± 2.09 Kontraktionen des ventralen 
Blindsacks (1.0 ± 0.23 Kontraktionen/Min.) beobachtet. 
Diese traten 6.2 ± 1.32 bzw. 21.3 ± 6.20 sec nach Beginn 
der Haubenkontraktion auf. Bei allen 45 Kühen (100%) 
waren Primär- und bei 22 Kühen (49%) Sekundärzyklen 
zu sehen. Die Primärzyklen waren bei 37 Kühen (82%) 
vollständig und bei 8 Kühen (18%) unvollständig. In 
9 Minuten wurden 11.0 ± 2.12 Primär- und 4.5 ± 2.15 
Sekundärzyklen beobachtet. Das Verhältnis von Primär- 
zu Sekundärzyklen betrug durchschnittlich 2.4 zu 1. 
Die Untersuchungen haben gezeigt, dass sich die Ultra-
sonographie eignet, um bei Kühen die Motorik von 
Haube und Pansen darzustellen.

Schlüsselwörter: Rind, Ultrasonographie, Haubenmotorik, 
Pansenmotorik, Primärzyklus, Sekundärzyklus
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ty and fill, stratification of the rumen contents and for-
eign body tests. The cows were examined transrectally 
and by simultaneous percussion and auscultation of the 
abdomen on both sides. A urine sample was examined 
for colour, transparency, specific gravity and other char-
acteristics using a test strip (Combur9-Test®, Roche, 
Basel), and a rumen fluid sample was examined for col-
our, odour, consistency, pH, methyl blue reduction time 
and chloride concentration. Because only healthy cows 
were used in this study, results of the examinations are 
not given but were presented elsewhere (Schweizer, 
2012).

Preparation of cows for ultrasonography
The cows were moved to a designated room for the ul-
trasound examination, during which time they were not 
fed and did not ruminate. They were clipped on the left 
from the shoulder to the flank and from the dorsal mid-
line to the ventral midline. Immediately before each 
examination, the skin was cleaned with alcohol, and 
lubricant (Vetogel®, Streuli Pharma AG, Uznach) was 
applied. 

Ultrasound machines and 8-camera  
surveillance recorder
The ultrasonographic examinations were conducted 
using five ultrasound machines simultaneously (Tab. 1). 
The five ultrasound machines were connected to a dig-
ital video recorder (VisorTech Surveillance Recorder 
DVR-6008 H.264 for 8 PTZ cameras, Pearl Switzerland 
GmbH, Pratteln), which recorded video streams from 

all five ultrasound machines synchronously and dis-
played them on a single monitor. 

Scanning sites and examination protocol
Three examiners simultaneously placed the transducers 
of the 5 ultrasound machines on the left side of the cows 
at the sites defined below (Tab. 2). At each site, the tar-
get structure of the reticulorumen was identified and 
video recordings were made during 9 minutes.

Ultrasonographic recording at the five 
scanning sites
The ultrasonographic recordings at the 5 scanning sites 
started simultaneously and all 5 recordings had exactly 
the same time axis afforded by the digital video record-
er. The start of a biphasic reticular contraction was de-
fined as time point 0, and the recordings at sites 2 to 5 
were related to time 0. The number, duration and am-
plitude of the contractions were determined at each site.

Primary and secondary contraction cycles
The number of primary and secondary contraction cy-
cles in 9 minutes, and whether they were complete, was 
recorded for each cow. A primary ruminal contraction 
cycle was defined as a cycle that was preceded by bipha-
sic reticular contraction, and a secondary ruminal con-
traction cycle was defined as a cycle without a preceding 
reticular cycle. A primary cycle was defined as complete 
when contractions could be recorded concurrently in 
the reticulum, ruminal atrium, dorsal sac of the rumen 
(including the caudodorsal blind sac and left longitudi-

Transducer Frequency Convex/linear Ultrasound machine/manufacturer

1 5.0 MHz Convex EUB 7000, Hitachi Medical Systems, Zug

2 3.5 MHz Convex EUB 8500, Hitachi Medical Systems, Zug

3 7.5 MHz Linear EUB 405, Hitachi Medical Systems, Zug

4 3.5 MHz Linear Aquila Pro Vet, Esaote Biomedica Germany GmbH, Köln

5 3.5 MHz Linear Aquila Pro Vet, Esaote Biomedica Germany GmbH, Köln

Table 1: Ultrasound machines.

Site Examiner Transducer Position Assessment

1 1 1 Paramedian, to the left of the caudal part of the xyphoid Reticulum1

2 2 2 3 to 10 centimetres caudal to site 1 Ruminal atrium and ruminal recess  
(cranial end of the ventral sac of the rumen)

3 2 3 Dorsal area (20 to 30 cm from the dorsal midline) of the 
11th or 12th intercostal space 

Dorsal sac of rumen

4 3 4 Cranial flank (5 cm caudal to the last rib and 50 to 80 cm 
from the dorsal midline) 

Left longitudinal ruminal groove

5 3 5 Caudal flank, no further details Caudodorsal and caudoventral blind sacs2

1  In contrast to a previous study (Braun and Rauch, 2008), the amplitude was expressed as the maximum distance of the reticular apex from the 
peritoneum rather than as the maximum reticular contraction measured in the longitudinal axis. 

2  The caudal groove of the rumen, which separates the two blind sacs, was observed for evaluation of the contraction of the blind sacs; it moved 
dorsally during contraction of the dorsal blind sac and ventrally during contraction of the ventral blind sac.

Table 2: Scanning sites and examination protocol.
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nal groove) and ventral sac of the rumen (ruminal re-
cess; including the caudoventral blind sac). A secondary 
cycle was defined as complete when contractions oc-
curred concurrently in the dorsal sac and in the ventral 
sac (ruminal recess) of the rumen. All other primary and 
secondary contractions were considered incomplete.

Variable Assessment 
of structure 
(number of 
cows)

Assessment 
of contrac-
tion (number 
of cows)

Contractions/ 
9 min.

Contractions/ 
min.

Time of onset 
relative to start 
of reticular 
contraction

Duration (sec) Amplitude 
(cm)

Reticulum, first  
contraction 

45 45 11.0 ± 2.12  
(6–17)

1.2 ± 0.24 
(0.7– 1.9)

0 2.6 ± 0.34 
(2.0–3.2)

5.3 ± 1.04 
(3.1–7.5)

Reticulum, second  
contraction 

45 45 11.0 ± 2.12 
(6–17)

1.2 ± 0.24 
(0.7– 1.9)

2.6 ± 0.34 
(2.0– 3.2)

5.3 ± 1.02 
(4.1–6.7)

6.1 ± 0.85 
(4.7–7.7)

Ruminal atrium 40 40 10.7 ± 2.10 
(6–15)

1.2 ± 0.24 
(0.7–1.7)

5.0 ± 0.83 
(2.2–7.5)

7.0 ± 2.14 
(3.9– 11.5)

3.7 ± 1.00 
( 1.3–5.7)

Dorsal sac of rumen 40 29 9.5 ± 1.80 
(6–13)

1.1 ± 0.20 
(0.7–1.4)

4.0 ± 0.85 
(2.4–5.9)

8.2 ± 1.04 
(6.7–11.3)

2.2 ± 0.86 
(1.1–5.3)

Left longitudinal groove 45 39 10.2 ± 1.98 
(5–15)

1.1 ± 0.22 
(0.6–1.7)

4.1 ± 1.81 
(1.6–6.4)

7.8 ± 1.19 
(4.5–9.9)

5.0 ± 1.77 
(1.8–9.6)

Ventral sac of rumen 
(ruminal recess)

45 31 7.5 ± 2.59 
(3–14)

0.8 ± 0.29 
(0.3–1.6)

31.1 ± 7.07 
(18.2–47.6)

14.3 ± 4.3 
(7.6–19.4)

3.0 ± 0.99 
(1.6–5.1)

Caudodorsal blind sac 45 34 9.0 ± 2.75 
(1–14)

1.0 ± 0.31 
(0.1–1.6)

6.2 ± 1.32 
(4.3–9.4)

15.1 ± 4.43 
(8.2–22.9)

4.6 ± 1.37 
(1.7–7.7)

Caudoventral blind sac 45 34 9.4 ± 2.09 
(6–14)

1.0 ± 0.23 
(0.7–1.6)

21.3 ± 6.20 
(14.1–40.7)

22.9 ± 6.40 
(15.5–30.0)

4.0 ± 2.11 
(1.8–7.8)

Table 3: Number, frequency, time of onset, duration and amplitude of contractions of various part of the reticulorumen in 45 dairy cows  
[mean ± sd, (range)].

Figure 1: Sequence of contraction of different parts of the reticulorumen in 
45 dairy cows (primary cycles). The red bars indicate the average onset relative 
to the start of the first reticular contraction and average duration of the contrac-
tions recorded at the different scanning sites. R1 1st, R2 2nd reticular contraction, 
RA Ruminal atrium, DSR Dorsal sac of rumen, LLG Left longitudinal groove, 
CDBS Caudodorsal blind sac, CVBS Caudoventral blind sac, VSR (RR)Ventral sac 
of rumen (ruminal recess). This figure suggests that the ruminal atrium contracts 
1 sec after the dorsal sac of the rumen. However, this did not occur in any of the 
cows; the contractions of the dorsal sac of the rumen and the left longitudinal 
groove during the primary cycle were always preceded by contractions of the 
reticulum and ruminal atrium in all cows. The suggestion of delayed reticular 
contraction is attributable to the use of means in the figure. See text for defini-
tion of scanning sites.

Statistical analysis
Means, standard deviations and frequencies were calcu-
lated using Windows Excel 2010. Differences between 
the three breeds were analysed using ANOVA and t-tests 
provided by OpenEpi (Open Source Epidemiologic Sta-
tistics for Public Health, free and open source software). 

Results

There were no differences among the three breeds of 
cows and therefore the results were pooled.

Overall reticuloruminal motility
The reticuloruminal contraction started with biphasic 
reticular contraction (Fig. 1), which was followed closely 
by contraction of the ruminal atrium, the dorsal sac, the 
left longitudinal groove and the caudodorsal blind sac of 
the rumen. The caudoventral blind sac and the ventral 
sac of the rumen (ruminal recess) contracted on average 
at time point 21.3 and 31.1 sec, respectively (Tab. 3). Re-
ticular contraction could be verified ultrasonographically 
in all cows and contraction of the dorsal sac of the rumen 
in 29 (64%) cows; the visibility of contractions at the re-
maining examination sites was between these two propor-
tions. The highest amplitude occurred during the second 
part of the biphasic reticular contraction measuring on 
average 6.1 cm and the smallest during contraction of the 
dorsal sac of the rumen measuring on average 2.2 cm. The 
remaining amplitudes were between these two values.

Reticulum
The reticulum was visualised ultrasonographically in all 
cows confirming previous findings (Braun and Götz, 
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1994; Braun and Rauch, 2008). It had a crescent shape, 
was immediately adjacent to the peritoneum and had 
11.0 ± 2.12 biphasic contractions in 9 minutes (1.2 ± 
0.24 contractions/min) (Tab. 3). The first contraction 
lasted 2.6 ± 0.34 sec and had an amplitude of 5.3 ± 1.04 
cm, and the second contraction lasted 5.3 ± 1.02 sec 
with an amplitude of 6.1 ± 0.85 cm.

Ruminal atrium 
The ruminal atrium could be visualised in 40 (89%) 
cows at the 9th or 10th intercostal space (Tab. 3) and 
starting at time point 5.0 ± 0.83 sec, had 10.7 ± 2.10 
contractions in 9 minutes (1.2 ± 0.24 contractions/min). 
The contractions lasted 7.0 ± 2.14 sec and the amplitude 
was 3.7 ± 1.00 cm. 

Dorsal sac of the rumen
Except for the craniodorsal part, which was displaced 
medially by the spleen, the dorsal sac of the rumen was 
adjacent to the abdominal wall and could be visualised 
in all cows. Contractions were recognised in 29 cows 
(64%) and were characterized by transient movement 
of the rumen away from the abdominal wall, during 
which time the dorsocaudal pole of the spleen became 
briefly visible instead. The rumen resumed its original 
size and position immediately after the contraction. 
There were 9.5 ± 1.8 contractions in 9 minutes (1.1 ± 
0.20 contractions/min) (Tab. 3) and they occurred at 
the time point 4.0 ± 0.85 sec, lasted 8.2 ± 1.04 sec and 
had an amplitude of 2.2 ± 0.86 cm. 

Left longitudinal groove
The left longitudinal groove of the rumen separates the 
dorsal and ventral sacs of the rumen and was identified 
in all cows based on its typical triangular-notch appear-
ance. It moved dorsally during contraction of the dorsal 
sac of the rumen in 39 (87%) cows. During the subse-
quent relaxation, the left longitudinal groove moved 
very slowly and continually ventrally to its original po-
sition. There were 10.2 ± 1.98 movements in 9 minutes 
(1.1 ± 0.22 movements/minute) (Tab. 3) and they oc-
curred at the time point 4.1 ± 1.81 sec, lasted 7.8 ± 1.19 
sec and had an amplitude of 5.0 ± 1.77 cm. 

Ultrasonographic assess-
ment of reticuloruminal 
motility in 45 cows

U. Braun, A. Schweizer

Ventral sac of the rumen (ruminal recess)
The ventral sac of the rumen could be visualised in all 
cows between the 10th intercostal space and the flank 
and contractions were recognised in 31 (69%) cows. 
Contractions of the ventral sac of the rumen (ruminal 
recess) were characterized by transient movement of the 
rumen away from the abdominal wall. There were 7.5 ± 
2.59 contractions in 9 minutes (0.8 ± 0.29 contractions/
minute) (Tab. 3) and they occurred at the time point 
31.1 ± 7.07 sec, lasted 14.3 ± 4.3 sec and had an ampli-
tude of 3.0 ± 0.99 cm. 

Caudodorsal and caudoventral blind sacs 
of the rumen
The caudodorsal and caudoventral blind sacs had the 
same ultrasonographic appearance as the dorsal and 
ventral sacs of the rumen and could be identified in all 
cows because of the prominent coronary pillars between 
the sacs of the rumen and the respective blind sacs. 
During contraction of the caudodorsal blind sac, the 
posterior groove of the rumen, which separates the two 
blind sacs, moved dorsally along the abdominal wall, at 
which time the ventral blind sac also moved dorsally. 
During contraction of the caudoventral blind sac, the 
posterior groove of the rumen and the caudodorsal blind 
sac moved ventrally. These contractions were accompa-
nied by a decrease in size of the blind sacs, which caused 
them to move away from the abdominal wall. Relaxa-
tion did not occur between the contractions of the cau-
dodorsal and caudoventral blind sacs. Contractions of 
the caudodorsal blind sacs were seen in 34 (76%) cows 
(Tab. 3). There were 9.0 ± 2.75 contractions (1.0 ± 0.31 
contraction/min) of the dorsal blind sac and 9.4 ± 2.09 
contractions (1.0 ± 0.23 contraction/min) of the cau-
doventral blind sac in 9 minutes. They occurred at the 
time points 6.2 ± 1.32 and 21.3 ± 6.20 sec and lasted 
15.1 ± 4.43 and 22.9 ± 6.40 sec, respectively.

Primary and secondary contraction cycles
Primary cycles were recognised in all cows. They were 
deemed complete in 37 (82%) cows, in which a contrac-
tion was seen at all 5 examination sites, and incomplete 
in the remaining 8 (18%) cows. Five cows with an in-

Figure 2: Frequency distribution of primary (A) and secondary (B) contraction cycles of the reticulorumen in 45 dairy cows.
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complete primary cycle only had contractions of the 
reticulum and ruminal atrium, and three cows only had 
contractions of the reticulum, ruminal atrium and dor-
sal sac of the rumen. Secondary cycles were recognised 
in 22 (49%) cows. There were 11.0 ± 2.12 (6–17) prima-
ry and 4.5 ± 2.15 (1–9) secondary cycles in 9 minutes 
(Fig. 2), corresponding to an average of 1.2 primary and 
0.5 secondary cycles per minute. All secondary cycles 
were complete. The mean ratio between a primary and 
secondary cycle was 2.4:1. 

Discussion

The phenomenon of reticuloruminal motility has kept 
researchers occupied for almost 200 years because of the 
intriguing structure and function of ruminant forestom-
achs. Flourens (1833) was the first to study ruminal mo-
tility in fistulated sheep, and Colin (1854) carried out 
extensive studies in fistulated cows using internal pal-
pation of the forestomachs to investigate their function. 
Toussaint (1875) introduced pressure recording as a tool 
to investigate rumen function by placing balloons into 
the rumen through fistulae and connecting them to a 
kymograph. The first complete description of reticular 
and ruminal motility was made by Wester (1926), who 
used direct observation, palpation and pressure record-
ings. These techniques and their modifications have 
been widely used in cattle by Schalk and Amadon 
(1928). More recently, investigation techniques were 
refined by the substitution of electronic pressure-sensi-
tive devices (Dziuk and Sellers, 1955; Reid and Corn-
wall, 1959). The most recent study was done almost 
50 years ago using two healthy non-ruminating Hol-
stein-Friesian cows. Each cow was used for eight exper-
iments, in which pressure measurements were made for 
two to three hours (Dziuk and McCauley, 1965). Cath-
eters were successively placed through the rumen fistu-
la into the various forestomach compartments including 
the reticulum and ruminal atrium, dorsal sac, caudo-
dorsal blind sac and ventral sac of the rumen. The find-
ings of these early investigations were tabulated and 
summarised; although the reviewed studies were heter-
ogeneous with respect to design and endpoints, they 
agreed on several findings that were summarised as fol-
lows (Sellers and Stevens, 1966): “After the reticular 
contractions, the primary wave of contraction passes 
back over the rumen, resulting in a lifting of the crani-
al sac, contraction of the cranial, caudal, and dorsal 
coronary pillars, and compression of the dorsal sac of 
the rumen. The wave continues over the caudodorsal 
blind sac, ventral coronary pillar, ventral sac, and cau-
doventral blind sac, and the cranial pillar may be ven-
trally displaced at this time”. The different studies also 
agreed that during the secondary contraction cycle, the 
caudodorsal blind sac sometimes contracts before the 

dorsal sac, followed by contraction of the ventral sac of 
the rumen. This suggested that the secondary cycle 
starts in the caudodorsal blind sac or in its coronary 
pillars. The sequence of contractions recorded in the 
present study agreed well overall with published reports; 
primary cycles started with biphasic reticular contrac-
tion, which was followed immediately by contraction of 
the ruminal atrium. The dorsal sac of the rumen, the 
caudodorsal blind sac and the left longitudinal groove 
contracted at practically the same time, after which con-
traction of the caudoventral blind sac and the ventral 
sac of the rumen (ruminal recess) occurred. Complete 
primary cycles were documented in 37 (82%) cows. De-
tection of reticular contractions was straightforward in 
all cows but contractions of the dorsal and ventral sacs 
of the rumen were more difficult to see. Assessment of 
reticular motility is therefore crucial for a clinically rel-
evant examination of reticuloruminal motility. Further-
more, these contractions have the highest amplitude, 
measuring 6.1 cm on average, and are therefore readily 
identified. The amplitudes were smaller than in previous 
studies (Braun and Rauch, 2008), which may have been 
due to differences in the measuring technique (see 
Tab. 2, footnote 1). A biphasic reticular contraction sig-
nals the start of a primary ruminal contraction cycle 
even in the absence of ultrasonographically visible con-
tractions at other examination sites. The detection of a 
reticular contraction and thus a primary ruminal cycle 
is clinically relevant in cows that generate audible rumi-
nal sounds of low volume that are difficult to hear with 
a stethoscope placed on the flank. Ruminal sounds are 
generated when feed with high fibre content is moved 
along the ruminal wall during contraction of the rumen 
(Dirksen, 1979). High producing dairy cows fed a ration 
with a relatively low fibre content produce fewer fric-
tional ruminal sounds than cows fed hay (Constable et 
al., 1990a). The greatest benefit from ultrasonographic 
examination of the reticulum is derived in sick cows to 
confirm auscultatory findings and to differentiate be-
tween normal motility, hypo- and hypermotility of the 
rumen. For instance, of 144 cows with vagal indigestion 
that underwent ultrasonographic examination of the 
reticulum, 15% were diagnosed with atony or hypotony, 
38% had normal reticular motility with three to four 
contractions in three minutes and 41% had hypermo-
tility with five to 12 biphasic reticular contractions in 3 
minutes (Braun et al., 2009). In contrast, of 20 cows with 
the same disease and examined by the same clinician 
using auscultation alone, none was diagnosed with nor-
mal ruminal motility and only one (5%) with hypermo-
tility, whereas in 70% and 25%, atony and hypomotil-
ity was diagnosed, respectively (Braun et al., 1990). The 
reason for this difference is that the rumen was barely 
audible or not audible because of liquefaction of the 
rumen content. The clinician should place a hand on 
the flank in an attempt to verify rumen contractions if 
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ultrasound is not available (Dirksen, 1979). Ultrasono-
graphic examination of reticular motility may be useful 
as a non-invasive method of investigating reticulorumi-
nal stasis in cows with ruminal tympany and acidosis 
(Leek, 1983), endotoxaemia (Eades, 1997), fever and 
painful conditions (Leek, 1983) and hypo- and hyper-
calcaemia ( Jørgensen, 1998); in these studies, ruminal 
motility was assessed using invasive pressure measure-
ments.

We recorded 1.2 primary cycles and 0.5 secondary cycles 
per minute and a ratio of 2.4:1 between primary and 
secondary cycles, which was slightly greater than the ra-
tios calculated by other investigators. Standing cows that 
were not eating had a ratio of 1.7:1 (Stevens and Sellers, 
1959) and 2:1 (Phillipson and Reid, 1960). In standing 
sheep and goats, the ratios were 1.6:1 and 1.7:1, respec-
tively (Dziuk and McCauley, 1965) and in bison it was 
1.8:1 (Dziuk, 1965). These differences notwithstanding, 
it appears that the ratio between primary and secondary 
cycles is similar across various ruminant species. 

Conclusion

The results of this study support the usefulness of ultra-
sonography for the assessment of reticuloruminal mo-
tility in cows. It is non-invasive, straightforward and 
fistulation is not required, which facilitates the exami-
nation of large numbers of cows. These findings are 
primarily relevant in a scientific context. Simultaneous 
ultrasonographic examination of the reticulorumen at 
different sites is hardly feasible in the field and is not 
expected to provide much more diagnostic information 
than reticular ultrasonography alone. Ultrasonographic 
assessment of reticular motility is of major importance 
from a clinical perspective for diagnosis of reticuloru-
minal motility disorders, traumatic reticuloperitonitis 
and vagal syndrome.
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Appréciation échographique de  
la motilité du bonnet et de la panse 
chez 45 vaches

Le but de la présente étude était de juger si et comment 
l’échographie se prête à l’appréciation de la motilité du 
bonnet et de la panse chez les bovins. Les examens ont 
été réalisés sur 45 vaches avec simultanément 5 écho-
graphes dont les sondes ont été positionnées sur 5 em-
placement différentes du bonnet et de la panse (bonnet, 
extrémité crâniale du sac ventral de la panse/atrium 
ruminal, sac dorsal de la panse, sillons longitudinaux 
gauches de la panse, culs-de sac dorsal/ventral); les ap-
pareils étaient reliés à un enregistreur digital. Ce dernier 
permettait d’enregistrer les images reçues par les 5 ap-
pareils durant 9 minutes et de les afficher sur un seul 
écran. On a désigné comme temps 0 le début de la 
contraction du bonnet. Celui-ci, qu’on a pu visualiser 
chez les 45 vaches, a présenté en 9 minutes 11.0 ± 2.12 
contractions bi phasiques. L’atrium ruminal pouvait être 
visualisé chez 40 vaches (89%) et se contractait 10.7 ± 
2.10 fois, les contractions se produisant 5.0 ± 0.83 se-
condes après la contraction du bonnet et durant 7.0 ± 
2.14 secondes. Les contractions du sac dorsal de la panse 
étaient visibles chez 29 vaches (64%). En l’espace de 
9 minutes, on enregistrait 9.5 ± 1.8 contractions. Celles-
ci se produisaient 4.0 ± 0.85 secondes après la contrac-
tion du bonnet et duraient 8.2 ± 1.04 sec. La contraction 
des sillons longitudinaux était visible chez 39 vaches 

Valutazione ecografica del reticolo  
e della motricità del rumine in  
45 vacche

Lo scopo del presente studio è di chiarire se e come 
l’ecografia possa essere adatta alla valutazione della mo-
tricità del reticolo e del rumine nei bovini. Gli esami 
sono stati eseguiti su 45 vacche con 5 apparecchi ad 
ultrasuoni contemporaneamente, i cui trasduttori sono 
stati posizionati su 5 diverse posizioni del reticolo e del 
rumine (reticolo; atrio del rumine/estremità craniale del 
sacco ventrale = recesso; sacco dorsale, solco longitudi-
nale sinistro; fondo cieco dorsale e ventrale) e a cui è 
stato collegato un dispositivo digitale di registrazione. 
Quest’ultimo ha permesso di registrare le immagini di 
tutti i cinque dispositivi a ultrasuoni durante 9 minuti 
con la stessa sequenza temporale e di visualizzarle su un 
singolo schermo. A tempo 0, si è definito l’inizio della 
contrazione reticolare. Sul reticolo, rappresentato in 
tutte le 45 vacche, sono state osservate in 9 minuti 11.0 
± 02.12 contrazioni bifasiche. L’atrio del rumine è stato 
osservato in 40 vacche (89%) e si è contratto per ben 
10.7 ± 2.10 volte. Le contrazioni sono avvenute dopo 
5.0 ± 0.83 secondi dopo la contrazione reticolare e con 
una durata di 7.0 ± 2.14 secondi. La contrazione del 
sacco dorsale è stata osservata in 29 vacche (64%). In 
nove minuti sono state rilevate 9.5 ± 1.8 contrazioni. 
Queste sono comparse dopo 4.0 ± 0.85 secondi dalla 
contrazione reticolare e sono durate 8.2 ± 1.04 secondi. 
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(87%). En 9 minutes, elles se produisaient 10.2 ± 1.98 
fois et apparaissaient 4.1 ± 1.81 secondes après la 
contraction de la panse; elles duraient 7.8 ± 1.19 se-
condes. La contraction du sac ventral de la panse était 
visible chez 31 vaches (69%) et on enregistrait 7.5 ± 2.59 
contractions, qui apparaissaient 14.3 ± 4.30 secondes 
après la contraction du bonnet. Les contractions des 
culs-de–sac ventral et dorsal étaient visibles chez 34 
vaches (76%). En 9 minutes, on a observé 9.0 ± 2.75 
contractions du cul de sac dorsal (1.0 ± 0.31 contrac-
tions/minute) et 9.4 ± 2.09 contractions du cul-de-sac 
ventral (1.0 ± 0.23 contraction/minute). Ces contrac-
tions apparaissaient 6.2 ± 1.32 respectivement 21.3 ± 
6.20 secondes après le début de la contraction du bon-
net. Chez les 45 vaches (100%) ou voyait des cycles 
primaires et chez 22 (49%), des cycles secondaires. Les 
cycles primaires étaient complets chez 37 vaches (82%) 
et incomplets chez les 8 autres (18%). En 9 minutes, on 
a observé 11.0 ± 2.12 cycles primaires et 4.5 ± 2.15 cycles 
secondaires. Le rapport entre les cycles primaires et se-
condaires était en moyenne de 2.4 à 1. Ces études ont 
montré que l’échographie se prête à la représentation de 
la motilité du bonnet et de la panse.

La contrazione del solco longitudinale è stata osservata 
in 39 vacche (87%). In nove minuti sono state rilevate 
10.2 ± 1.98 contrazioni. Queste sono comparse dopo 
4.1 ± 1.81 secondi dalla contrazione reticolare e sono 
durate 7.8 ± 1.19 secondi. La contrazione del sacco ven-
trale è stata osservata in 31 vacche (69%) e si è rilevata 
per ben 7.5 ± 2.59 volte. Le contrazioni sono avvenute 
dopo 14.3 ± 4.30 secondi dopo la contrazione reticola-
re. La contrazione del sacco dorsale e dei fondi cechi è 
stata osservata in 34 vacche (76%). In 9 minuti, sono 
state osservate 9.0 ± 2.75 contrazioni dorsali (1.0 ± 0.31 
contrazioni/min.) e 9.4 ± 2.09 contrazioni dei fondi 
ciechi ventrali (1.0 ± 0.23 contrazioni/min.). Queste 
sono comparse dopo 6.2 ± 1.32 secondi risp. 21.3 ± 6.20 
secondi dalla contrazione reticolare. In tutte le 45 vacche 
(100%) sono stati osservati dei cicli primari e in 22 (49%) 
cicli secondari. I cicli primari risultavano in 37 vacche 
(82%) completi e in 8 (18%) incompleti. In 9 minuti, 
sono stati osservati 11.0 ± 2.12 cicli primari e 4.5 ± 2.15 
secondari. Il rapporto tra ciclo primario e secondario 
era in media di 2.4:1. Le ricerche hanno dimostrato che 
l’ecografia è adatta per rappresentare la funzione moto-
ria del reticolo e del rumine nelle vacche.
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