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Abstract

The cervix must regain its normal diameter after parturition. Until now, little has been known about the pattern of cervical
closure and the possible influences of myometrial and cervical contractions in this process. We continuously measured the cervical
diameter with ultrasound cervimetry during the first 48 h after calving in six cows with retained fetal membranes, while uterine
(n = 6) and cervical outer muscular layer (n = 4) electromyographic (EMG) activity was measured with bipolar EMG electrodes.

We found that the cervical diameter which was 6.2 cm (40.7) at 1.4 h after calving, initially increased to 9.0 cm (£1.0) during
the first 14.8 h (4-2.8) postpartum. After this time, the diameter decreased gradually to 5.3 cm (41.0) at 48 h after calving. The
overall EMG activity after parturition decreased by 59% (£6) and 35% (£17) for the uterus and cervix, respectively. The decrease
in EMG activity was due to a 50% (£7) decrease in EMG amplitudes of the myometrium; the EMG amplitudes of the cervix
decreased by only 8% (£21) (P > 0.05). At the same time in the cervix, burst frequency decreased by 69% (£17), while the
decrease in burst frequency of the myometrium was only 11% (£5) (P > 0.05).

Uterine myometrial and cervical EMG activity after parturition showed burst patterns. These contractions of the uterus and
cervix were accompanied by and correlated with transient dilatations of the caudal cervix. This could have functional relevance in
the evacuation of the uterus.
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

During pregnancy, the uterine cervix is firm and
closed due to a high content of connective tissue which
is dispersed with and surrounded by bundles of smooth
muscle cells [1]. Shortly before and during parturition,
the connective tissue of the cervix is remodelled [2—4]
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and loses its strength [5] which results in a softened
cervix that is able to dilate and accommodate the fetus
when the uterus contracts [6]. The cervix is an important
barrier against the invasion of bacteria in the uterine
cavity [7,8]. Therefore, it is obvious that closure of the
cervical canal and regaining of its firm structure after
parturition is important for a successful new pregnancy.
When this process is incomplete or delayed, as is the
case in cows with retention of the placenta, it
predisposes to the development of endometritis [7,8].
Insufficient closure of the cervix thus leads to infertility
or even sterility in cows [9] and mares [10].
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It is evident that contractions of the pregnant uterus
are involved in the dilatation of the cervix during
parturition [6,11] and that equally strong and even more
frequent uterine contractions are present immediately
after delivery of the calf [12-21]. After uncomplicated
calvings, the frequency of these contractions decreases
to almost zero within 2 days [13,20]. In cows with
retained membranes however, both the frequency and
the amplitude of uterine contractions have been
reported to remain high for at least more than 2 days
[13,20]. One could question whether these postpartum
uterine contractions in any way interfere with closing of
the cervix.

The cervix shows considerable amounts of electro-
myographic (EMG) activity immediately after parturi-
tion which decreases to low levels between 48 and 72 h,
as has been shown in sheep [22]. It could be expected
that these postpartum contractions of the cervix itself
influence cervical diameter which could either be a
decrease or an increase of the cervical diameter, as both
phenomena have been described during parturition
[23,24].

Given the importance of cervical closure for a good
reproductive performance, it is remarkable that neither
cervical closure, nor possible influences of uterine or
cervical contractility have been explored more exten-
sively. A better understanding of the factors that
influence cervical closure would lead to a more
evidence based diagnosis and intervention in cases in
which this closure is impaired. In fact, there is only one
report describing the process of cervical closing in cows
during the first 10 days postpartum [25]. In that study, a
forceps was repeatedly inserted in the genital tract. It
was observed that a decrease in cervical diameter from
25 to 5.2cm takes place within the first 2 days.
However, no information on uterine or cervical
contractility was provided in that study.

The study has the following three aims: (1) to
describe the cervical diameter during the first 48 h
postpartum in cows with retained placentas; (2) to
compare cervical with uterine EMG activity during that
time period; (3) to analyze the relationship between the
EMG activity and the cervical diameter. We hypothe-
size that the cervical diameter, with an initial diameter
of about 25 cm, decreases steadily during the first 2 days
after calving, and that uterine and cervical EMG activity
causes temporal changes in cervical diameter.

For this purpose, cervical diameter was measured
continuously with ultrasound while EMG activity of the
myometrium and cervix were recorded during the first
48 h after calving. This paper presents the results of a
study that was performed on cows that previously had

been used in an experiment in which the cervical
diameter and EMG activity of the myometrium and
cervix were recorded during a parturition which was
induced with a synthetic PGF2a analogue [24]. As a
consequence of the use of PGF2a all the cows had
retained placentas, due to insufficient shedding of the
cotyledons from the caruncles [20], after otherwise
normal calvings.

2. Materials and methods
2.1. Animals and surgery

Six pluriparous Holstein Friesian (HF) cows, bred by
HF bulls, were purchased from farmers at 6—7 months of
pregnancy. They were selected on the following traits: a
body condition score of 3-3.5 [26], only spontaneous
uncomplicated parturitions in their history and carrying
a singleton pregnancy with an anterior presentation. Six
cows were deemed to be sufficient for this study, based
on previous studies using similar physiological para-
meters and experimental protocol [14,15,24,27]. The
use of these animals in this experiment which was a
follow-up of a previously described study [24] had been
approved by the Ethical Committee of the Veterinary
Faculty of Utrecht University (The Netherlands). The
cows were housed in individual stands in the clinical
facilities of the veterinary faculty from their arrival until
the start of the experiments. They underwent surgery
10-14 days before parturition was induced with a
synthetic PGF2a analogue (Prosolvin“"@, 2ml im.,
Intervet, Boxmeer, The Netherlands) on day 274 of
pregnancy. The surgical procedure has been extensively
outlined previously [24,27]. Briefly, during abdominal
surgery, two bipolar AgAgCl electrodes, made in our
own laboratory with 5 mm distance in between [28],
were sutured on the surface of the uterine myometrium
near the top of the uterine horn. A bipolar fishhook-like
stainless steel electrode, prepared from two stainless
steel fishhooks, (Partridge of Redditch, UK) imbedded
in epoxy with 5 mm distance in between, was attached
on the middle dorsal surface of the cervical outer
muscular layer. The wires, connected to the electrodes,
were tunneled subcutaneously and exteriorized at the
dorsal sublumbar area. The cows received flunixin
meglumine (1 mg/kg i.v., Bedozane®, Eurovet, Bladel,
The Netherlands) for 2 days and ampicillin (10 mg/kg
i.m., Praxavet Ampi ™, Boehringer-Ingelheim, Alkmaar,
The Netherlands) for 5 days. They had free access to
food and water, and after two days of recovery the cows
were placed in an individual pen (3.1 m?) to prevent
them to reach the equipment and cables.
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2.2. Experimental protocol

The cows were under continuous video observation
and none of them showed signs of dystocia. All cows
delivered a healthy Holstein Friesian calf in anterior
presentation, at an average interval of 38.8 h (£3.4)
after PG administration. Almost immediately after
vaginal expulsion of the calf, two ultrasound transdu-
cers as manufactured and described by Eijskoot et al.
[29], were sutured to the internal aspect of the caudal
cervical rim. They were placed opposite to each other at
3 and 9 o’clock positions using a vaginal approach after
caudal epidural anaesthesia had been applied to avoid
abdominal straining during the procedure. One of the
transducers functioned as transmitter and the other as
receiver. The signals from the cervimeter were digitized
with a multichannel analog/digital converter (National
Instruments, Austin, USA), sampled with 40 Hz and
stored with Labview 5.0 software (National Instru-
ments, Austin, USA). After having sutured the
transducers in place (at 1.2-1.9 h after birth of the
calf), the cervical diameter and the EMG activity of the
uterine myometrium and cervical muscular layer were
measured continuously until 48 h after expulsion.

Because the cows were expected to retain their
placenta, a capsule with tetracycline (2 g, Virbac,
Barneveld, Netherlands) was manually placed in the
formerly pregnant uterine horn, immediately after the
ultrasound transducers had been sutured onto their
position. The calves were removed from their mothers
immediately after birth and the cows were milked twice
per day. Each milking took only a few minutes and the
data obtained during these short periods were included
in the analysis.

The signals from the EMG electrodes were amplified
with two amplifiers (model 11-4123-01; Gould Inc.,
Cleveland, OH or model UME-47; Schwarzer, Miinchen,
Germany) and analog bandpass filtered from 0.05 up to
more than 10 Hz. All signals were subsequently digitized
with a multichannel analog/digital converter, sampled
with 40 Hz and stored with Labview 5.0 software. The
data from the EMG activity recordings were digitally
high-pass filtered (0.125 Hz) in Labiew to correct for
slow fluctuations in tissue voltage.

2.3. Data analysis and statistics

2.3.1. Cervical diameter

The mean cervical diameter was calculated for
consecutive 10 s periods. Plotting cervical diameter
against time revealed two different stages: a first stage
during which the cervical diameter did not decrease but
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Fig. 1. An example of hourly means of measured values of cervical
diameter in an individual cow (- - -), and calculated bi-linear regres-
sion lines (—). The bi-linear regression analysis was used to calculate
the maximum cervical diameter and the time at which the maximum
was reached.

in fact even increased to a maximum value, and a
second stage during which the cervical diameter
progressively decreased. This pattern was analyzed
with bi-linear regression analysis in SPSS (Version
12.0.1, Chicago, USA, 2003) as previously described
for the analysis of cervical dilatation in parturient cows
[15]. The bi-linear regression analysis was used to
calculate the time after delivery at which the postpartal
cervix diameter reached its maximum and the
magnitude of that maximum. As Fig. 1 exemplifies
for one cow, the calculated values describe the raw data
accurately. The parameters were first obtained for each
cow separately, after which overall means (£S.E.M.,
n =6) were calculated.

2.3.2. Uterine and cervical EMG activity

The postpartum EMG activity pattern of the
myometrium and cervix differed from ante partum
and was characterized by well-defined bursts, alternated
with periods of inactivity. As a result, we were able to
analyze the EMG activity of the myometrium and
cervix quantitatively using three different parameters.

Firstly, the total EMG activity was quantified by
calculating the root mean square values (RMS) over
consecutive 10 s periods. Due to the presence of noise,
the RMS values appeared to have a basal level; this
basal level was determined for each cow separately and
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subtracted from the values during the entire recordings.
Secondly, the maximal positive EMG amplitude was
determined for each consecutive 15 min period.
Thirdly, the number of bursts of EMG activity was
counted for each consecutive 15 min period.

The changes in the RMS values of EMG activity, the
numbers of bursts and the maximal EMG amplitudes for
the first 48 h after calving were further quantified with
linear regression analysis in SPSS. The relative change
in EMG activity was calculated by dividing the
regression coefficients which reflected the changes in
EMG activity over time, by the initial values of the
EMG activity. The parameters were first obtained for
each cow separately, after which overall means
(£S.E.M., n = 6) were calculated. A one-sample #-test
of the means of the individual cows was used to assess if
there were significant changes in EMG activity over
time. Values were regarded as statistically significant
when P was lower than 0.05.

Additionally, the relationship between the occur-
rence of individual EMG bursts and transient changes in
cervical diameter was analyzed. For this purpose,
correlations were calculated between the RMS values of
the EMG activity of the uterus and cervix and the
cervical diameter. These correlations could be analyzed
on two time scales. Firstly, the long-term relationship
between the course of EMG activity and cervical
diameter over the 48 h period. Secondly, the short-term
relationship between individual bursts of EMG activity
and simultaneously occurring changes in cervical
diameter (temporal effects). Because we were primarily
interested in the short-term correlation, it was necessary
to eliminate the influence of the long-term correlations.
This was done by correcting the correlation coefficients
for time effect and cow effect, with the partial
correlations method in SPSS.

3. Results

Each cow delivered a healthy calf in anterior position
and retained the fetal membranes for more than 3 days.
It took between 1.2 and 1.9 h after birth of the calf
before the ultrasound transducers had been sutured to
the caudal cervical rim, and the continuous measure-
ments started. In two cows, the cervical muscular layer
electrodes did not detect an EMG signal after calving,
because they had become disconnected, probably due to
damage during fetal expulsion. Examples of the original
EMG activity of the myometrium and cervical muscular
layer, as well as changes in the cervical diameter are
given in Fig. 2 (all data obtained from the same cow at
different time periods after calving).

3.1. The cervical diameter

The cervical diameter was 6.2 cm (40.7) at the start
of the measurements which was on average at 1.4 h after
expulsion of the calf (Fig. 3A). Quite unexpectedly,
there were two stages to be recognized. With bi-linear
regression analysis, we calculated that the first stage
took 14.8 h (£2.8), during which the diameter of the
cervix increased (P < 0.05) to 9.0cm (+1.0); the
second stage took 33.2h (42.8), during which the
cervical diameter decreased (P < 0.05) to 5.3 cm
(£1.0) at 48 h after expulsion of the calf which was
the arbitrarily chosen moment that we ceased the
measurements. At that time the cervical diameter
ranged between cows from 2.0 to 9.3 cm.

3.2. The EMG activity of the cervical muscular
layer and myometrium

Immediately after parturition both the myometrium
(n=06) and cervical muscular layer (n=4) showed
EMG activity which consisted of individual bursts
with periods of rest in between. Bursts derived from
the myometrium were uniform in duration and
amplitude. Bursts from the cervical muscular layer
however, were highly variable in duration and
amplitude (Fig. 2A). Over time, the amplitudes of
the EMG activity of the myometrium decreased to
very low levels in all cows, but the amplitudes of the
EMG activity of the cervical muscular layer did not
clearly decrease. The frequency of bursts of the
myometrium remained at about the same level during
the 48 h period of the measurements (Fig. 2A—C) but
in the cervical muscular layer, the frequency of bursts
decreased over time.

The myometrium showed a total decrease of 59%
(£6) (P <0.01) of the RMS values over the 48 h
postpartum period (Fig. 3B). The cervical muscular
layer however showed a total decrease of 35 (+=17) %
(P > 0.05) of the RMS values (Fig. 3C).

Maximal EMG amplitudes of the myometrium
decreased by 50% (£7) (P <0.01) over the 48h
postpartum period (Fig. 4C). Maximal EMG amplitudes
of the cervical muscular layer varied largely but did not
change over time (8% (£21), (P > 0.05)), despite what
may be suggested by Fig. 4D.

The myometrium showed a burst frequency of 19.8
per hour (£2.2) during the first hour of our measure-
ment (Fig. 4A), after which it decreased by 11% (£5)
(P > 0.05) in total. The cervical muscular layer showed
an initial burst frequency of 15.4 per hour (£1.3)
(Fig. 4B), after which it decreased by 69% (£17)
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Fig. 2. Representative examples of 30 min recordings of the cervical diameter (cm) and EMG activity (mV) of the cervical muscular layer (CML)
and myometrium (MYO) at: (A) 5h, (B) 22 h and (C) 40 h postpartum. The examples were derived from the same cow.

(P < 0.01). The mean burst frequency in the myome-
trium was higher than that in the cervical muscular
layer. This difference became significant (P < 0.05,
repeated measures) from 29 h after parturition onwards.
Despite this difference in mean burst frequencies, the
bursts of both tissues showed synchrony, as mirrored by
the positive correlation 0.178 (P < 0.001) between the
RMS values of the two sites.

3.3. The relationship between the EMG activity and
cervical diameter

In all cows, the cervical diameter increased
transiently during EMG bursts throughout the first
day postpartum, as illustrated for one cow in Fig. 2.
These transient dilatations of the cervix occurred more
often synchronously with a burst of the cervical
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Fig. 3. Mean values per hour (£S.E.M.) of cervical diameter (cm) and
EMG activity during the first 48 h after calving. (A) The cervical
diameter (n =6); (B) the EMG activity of the myometrium (MYO;
n = 6) expressed as RMS values; (C) the EMG activity of the cervical
muscular layer (CML; n = 4) expressed as RMS values. EMG activity
is expressed relative to the values during the first hour of the
measurements. Expulsion of the calf occurred at 7 =0.

muscular layer than with a burst of the myometrium.
During the second day postpartum not only did the
baseline cervical diameter decrease but also the
magnitude of the transient increases in cervical
diameter. These temporal dilatations disappeared
completely after 36.2 h (£2.7).

The diameter of the cervix was positively correlated
with the level of EMG activity (RMS values) in all
cows. When the correlations (r) were corrected for time
effect, the correlation between the actual cervical
diameter and the cervical muscular layer EMG activity
was 0.255 (P < 0.001, two-tailed analysis) which was
larger (P < 0.05) than the correlation between the
actual cervical diameter and the myometrial EMG
activity which was 0.168 (P < 0.001, two-tailed
analysis).

4. Discussion
4.1. Diameter of the cervix

Much to our surprise, the diameter of the caudal
cervix had already markedly decreased to 6.2 cm at the
beginning of our measurements, i.e. 1.4 h after calving.
In three different studies, we have been able to measure
the cervical diameter until the time that progression
of fetal parts into the cervical canal disturbed the
measurements. At that time, 15 out of 16 cows showed a
cervical diameter of between 14 and 20 cm. [15,24,27].
Also others described a cervical diameter of 20 cm at
1.5h after spontaneous parturition [25]. Collagen
breakdown is the main contributor to the increased
softness of the cervix around parturition [2—4], but it
would not be expected that in such a short time new
collagen fibrils would have lead to stiffening of the
once-flaccid tissue and contributed to this prompt
recovery of the diameter. Besides collagen, the cervical
stromal layer contains much smooth muscular tissue
[24] which contracts under influence of oxytocin in
vitro. Therefore, an active muscular component
originating in the cervix could be responsible for this
considerable decrease. Stretching of the cervical and
vaginal tissues by the passage of the calf or the
manipulations during suturing of the ultrasound
transducers may have caused such muscular activity.
However, we cannot verify this because no EMG data
are available from the first 1.4 h after parturition.
Another possible explanation could be that the initial
decreased cervical diameter after calving is caused by a
passive collapse of the flaccid walls of the cervical canal
which is not occupied by the fetus anymore. Shortly
after parturition, the caudal birth canal is distended.
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Fig. 4. Mean values (+S.E.M.) of (A) burst frequency per hour of the myometrium; (B) burst frequency per hour of the cervical muscular layer; (C)
maximal EMG amplitude of the myometrium and (D) maximal EMG amplitude of the cervical muscular layer. The data are obtained from continuous
measurements of EMG activity of the myometrium (MYO; n = 6) and the cervical muscular layer (CML; n = 4) during the first 48 h after calving. Values
for maximal EMG amplitudes are expressed relative to the value for the first hour of the measurements. Expulsion of the calf occurred at 7 = 0.

This leads commonly to aspiration of air, when the cow
is in a standing position. Air becomes trapped in the
vagina and uterus and might prevent cervical collapse.
Normally the cow expells this air by uterine contrac-
tions and abdominal straining and this happens quite
rapidly under influence of the high abdominal pressure
when the cow is in a recumbent position. This expulsion
of air may explain the rapid return of the cervical
diameter to about 6 cm, such as we have measured. On
the other hand, repeatedly measuring the cervical
diameter of early postpartum cows with calipers [25]
which have to be introduced in the vagina while the cow
is standing may cause aspiration of air repeatedly [30]
which could explain why a diameter of 20 cm was
measured by Wehrend et al. [25].

Even more unexpectedly the cervical diameter did
not decrease further to a diameter smaller than 6 cm, but
instead it increased up to 9 cm, during the first 15 h
postpartum. Directly after a normal parturition, the
uterus is empty, but still large in size. Thus, the placenta,
with the placentomes still intact and attached to the
uterine wall, lies far away from the cervix. Because the
uterine cavity decreases rapidly in size after expulsion
of the calf, the placenta comes more close to the cervix
which is supported by our observation in two cows, that
parts of the placenta became visible outside the vulva.
The presence of the placenta could force the still soft
and pliable cervix open. One may ask if an increase in
cervical diameter also takes place in cows without
placental retention; one would expect that the cervical
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diameter is increased at the time that the placenta is
expelled, but such measurements have not yet been
reported.

The cervical diameter started to decrease again at
15 h after parturition. During the period thereafter, the
mean cervical diameter and the rate of its decrease are in
accordance with the results of Wehrend et al. [25], who
measured similar diameters in cows without retained
placentas. During this stage, the presence of a retained
placenta in our study seemed not to have influenced the
cervical diameter any longer.

4.2. The EMG activity of the cervical muscular
layer and myometrium

Although uterine and cervical EMG activity were
correlated and both showed a decrease in RMS values
during the first 48 h postpartum, cervical EMG activity
also showed clearly several differences compared to
uterine EMG activity. Firstly, the pattern of bursts in the
cervical muscular layer was less well organized than in
the uterus. The pattern of bursts of EMG activity of the
myometrium was in accordance with previous reports
for the postpartum period after PGF2a induced calving
[14]. These bursts are usually associated with contrac-
tions, as reflected by changes in intra uterine pressure
[14,31]. The observation that the pattern of EMG
activity of the cervical muscular layer appeared to be
less well organized, corresponds with our findings in the
same cows before fetal expulsion [24] as well as with
findings in postpartum sheep [22]. Secondly, the
decrease of the RMS values and maximal EMG
amplitudes in the cervical muscular layer was less
substantial than in the uterus and showed much
variation between cows. RMS values and maximal
amplitudes of the EMG activity both reflect the rate of
synchronization of electrical events between smooth
muscle. The formation of gap junctions is involved in
this phenomenon, and is regulated by oestrogens and
prostaglandins [32,33]. It has been shown, that the
regulation of the gap junction formation is different for
the two layers of the myometrium [34]. A similar
difference could also exist between the myometrium
and cervical muscular layer which would explain the
difference between changes of RMS values and EMG
amplitudes of myometrium and cervical muscular layer.

Thirdly, the frequency of the bursts of EMG activity
in the cervical muscular layer was lower than in the
myometrium. This agrees with a study in parturient
cows that showed a decline in the frequency of
contractions from the uterine horn towards the uterine
body [31]. Although the parturient uterus may be

considered as a functional syncitium [35,36], not all
contractions that originate at the tip of the uterine horn
will reach the uterine body and the cervix. This results
in lower contraction frequencies at more caudal sites of
the genital tract. A possible functional significance of
this phenomenon is to create a pressure gradient within
the uterus that enables the uterus to evacuate itself, even
after expulsion of the calf. In the cow, the propagation of
contractions from the tubal end to the cervical end of the
uterus takes some 25s, depending on the stage of
calving [31]. This explains why we found that, although
bursts of EMG activity of the myometrium and cervical
muscular layer were positively correlated, they had a
low correlation coefficient compared to the one (0.6)
that what has been reported by Bajcsy et al. [14]. The
latter authors determined the postpartum EMG activ-
ities at two sites along the longitudinal axis of the
myometrium, with a distance of approximately 30 cm
between the electrodes.

Fourthly, the frequency of bursts decreased in the
cervical muscular layer, but remained high in the uterus
which is in accordance with earlier reports from cows
with retained placentas [13,20]. It has been shown
before that the cervix displays its own contractility
pattern during parturition and that its response to
prostaglandin E and oxytocin differs from that of the
uterus [22,24,37]. Our study shows that such differences
in contractility also exist after parturition and further
emphasizes that the cervix has to be regarded as an
organ with an own function and acting partly
independent of the uterus.

4.3. The relationship between EMG activity and
cervical diameter

One of the aims of the present study was to
investigate to which extent the cervical muscular layer
or myometrial activity influences the diameter of the
cervix during the early postpartum period. Immediately
and shortly after fetal expulsion, EMG bursts of the
myometrium and cervical muscular layer were accom-
panied by transient increases of the cervical diameter.
This reflects a cervical tissue that is still soft and pliable.
It also suggests that during this early postpartum period,
contractions of the uterus and cervix facilitate the
expulsion of the (retained) fetal membranes, by a
combination of reducing the uterine cavity and instantly
increasing the cervical diameter. The gradually decreas-
ing cervical diameter after 15 h postpartum and the
decreased magnitude of the temporal cervical dilata-
tions during contractions point to a more rigid state of
cervical tissue, but could also follow from a combina-
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tion of a weaker uterine contractility and a less frequent
cervical muscular activity. Our observation that changes
in the cervical diameter had a stronger positive
correlation with the EMG activity of the cervical
musculature than with that of the myometrium, suggests
that during the early postpartum period cervical
contractions are more important to keep the cervix
open than myometrium contractions, while the latter
primarily cause a pressure build up and facilitate
expulsion of the uterine content. But regarding the weak
nature of the correlations, it is likely that other factors
may play a more decisive role in the regulation of the
cervical diameter postpartum.

With this study, we have demonstrated that in cows
with retained placentas cervical closing during the first
2 days postpartum takes place over two stages and that
the cervical diameter is influenced by cervical and
uterine contractions. However, more study is needed to
assess the causal relationship between cervical and
uterine contractions and the cervical diameter.
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