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Abstract

This study was aimed to reveal the relationship between the B-mode and colour Doppler 
ultrasonography features of the portio vaginalis of the cervix in Simmental cattle with different 
physiological and pathological conditions of genital organs. For this purpose, 90 cattle were 
used in the study. The length, width and circumference of the portio vaginalis of the cervix were 
measured ultrasonographically using a 5 MHz linear probe. In addition, the portio vaginalis of the 
cervix was ultrasonographically evaluated in terms of echogenicity, cystic formations, calcification 
and integrity of its borders. Regarding the colour Doppler ultrasonography, measurements of the 
vascular distribution category, vascular density and the vascular morphological appearance were 
made. In this study, it was found that the rate of irregularity of the border of the portio vaginalis 
in B-mode ultrasonography according to the pregnancy status was 10.9% in non-pregnant cows, 
while this was not observed in pregnant cows (0.0%). According to the metritis status, it was 
observed that the rate of regularity of the border of the portio vaginalis was higher in animals 
with metritis (45.5%) in B-mode ultrasonography. As a result, it was concluded that there were 
significant changes in the B-mode and colour Doppler ultrasonography characteristics of the 
portio vaginalis of the cervix in different physiological and pathological conditions in cattle, 
and that hypotheses can be developed regarding the fertility of the animals by evaluating these 
characteristics.

Calcification, echogenicity, cystic formation

Examination of the reproductive organs in cattle usually begins with finding the cervix 
uteri. The position of the cervix uteri varies depending on the pregnancy status and the 
number of pregnancies. It is found in the pelvic cavity in sexually immature animals, but 
in pregnant animals, it extends towards the cranial part of the pelvis. As the pregnancy 
progresses, it begins to be pulled cranially and ventrally by the pregnant uterus. The 
cervical canal consists of mucosal folds that almost completely close the canal. In cattle, 
the largest caudal part of the cervix (portio vaginalis) projects into the lumen of the vagina 
and the fornix is surrounded by the vagina. Cervix uteri has a harder consistency and 
a cylindrical structure compared to the uterus. It is approximately 2 cm in diameter and 
4 cm in length in heifer. In cows, it is 4–5 cm in diameter and 8 cm in length depending 
on the number of births (Gürler and Fındık 2019; Keskin and Macun 2019).

The cervix uteri is detected at the level of the urinary bladder by ultrasonography in 
non-pregnant cows. The cervix uteri can be identified by the hyperechoic view of the 
cervical canal and detection of the cervical rings. The midline of the corpus uteri and 
the cornu uteri are displayed just anterior to the cervix uteri (Kähn 2004; Keskin and 
Macun 2019).
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Cervix uteri measurement by ultrasonography is used to evaluate the reproductive 
status in cows (LeBlanc et al. 2002). In addition, ultrasonography is used in females 
to follow cervical dilatation at the time of delivery through abdominal, vaginal, and 
transperineal routes. In order to follow the cervical dilatation, the length of the cervix, the 
width of the internal cervical os and the dilatation of the cervical canal are followed up 
by ultrasonography in females. It has also been shown that it is possible to continuously 
measure the cervical opening in cows from the first stage of birth to the hatching stage 
of the offspring using ultrasound cervimetry (Breeveld-Dwarkasing et al. 2002). 

Five different techniques are used in Doppler ultrasonography: 1) continuous-wave 
Doppler; 2) pulsed-wave Doppler; 3) colour Doppler; 4) power Doppler; 5) spectral 
Doppler or Duplex scanning. The most commonly used form of Doppler ultrasonography 
in radiological applications is colour Doppler ultrasonography. Colour Doppler 
ultrasonography provides qualitative information about blood flow and vascularization 
in tissues. Accordingly, using the colour Doppler technique, information on the vascular 
distribution category, vascular density, and vascular morphological appearance of the 
target organ and tissue and their pathological changes can be obtained (Moorthy 2002; 
Mrdjen 2013).

This study was aimed to reveal the relationship between the B-mode and colour Doppler 
ultrasonography features of the portio vaginalis of the cervix in Simmental cattle with 
different physiological and pathological conditions of genital organs and thus determine 
whether or not the ultrasonographic features of the portio vaginalis can be used to evaluate 
the reproductive status in cattle.

Materials and Methods
Animals

The animals were selected from among 1,000 animals brought to the Fırat University Animal Hospital. Ninety 
clinically healthy Simmental cattle aged 2–8 years and weighing 450–500 kg were included in the study. The 
body condition scores of the animals varied between 3–3.5. 

Information regarding the age, lactation period, lactation frequency, pregnancy status, gestation period and 
milk yield of the animals to be examined was obtained. The ovaries and the uteri of the animals were examined 
with transrectal ultrasonography and the number and size of the follicles, the number and size of the corpus 
luteum and the presence of metritis were determined.

The animals were immobilized as much as possible during the ultrasonographic examination. The animals 
were adapted to the environment by waiting for 10 min. Doppler ultrasound was suspended in cases where the 
animal was moving or in which the respiratory rate increased during the examination procedures (Erdogan 
et al. 2016). 

The anatomical position of the portio vaginalis of the cervix was determined by rectal examination after the 
animal’s faecal material was evacuated. Analyses were performed by activating the B-Mode with a 5 MHz linear 
probe and colour Doppler mode command (Mindray DC-T6 Color Doppler Ultrasound System, Shenzhen, 
China). After having determined the anatomical position of the portio vaginalis of the cervix, the insonation angle 
for the colour Doppler was adjusted to 60°. The linear probe was held vertically in a light contact with the portio 
vaginalis of the cervix.

B-mode ultrasonography measurement 
The length (dorsoventral length, cm), width (caudocranial length, cm) and circumference (cm) of the portio 

vaginalis of the cervix were measured using a 5 MHz linear probe. In addition, the portio vaginalis of the cervix 
was evaluated in terms of echogenicity (as hyper-, hypo- and anechogenic), cystic formations, calcification and 
border integrity (Plate I, Fig. 1).

Colour Doppler ultrasonography measurement 
This was performed as described by Risvanli et al. (2019). Measurements were made accordingly regarding the 

vascular distribution category, vascular density and the vascular morphological appearance in the portio vaginalis 
of the cervix. Under the title of vascular distribution category, the vascularization was evaluated as avascular, 
capsular, mixed, central, mozaic and peripheral, according to its localization in the portio vaginalis of the cervix. 
According to the vascular density, the grouping was made as type 1, type 2, type 3 and type 4, from low to high 
amount of vascularization. In relation to the vascular morphological appearance, vascularization in the portio 
vaginalis of the cervix was grouped as linear, distortion, branching and uncertain (Plate I, Fig. 2 and Plate II, Fig. 3).
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Statistical analysis
First, the descriptive statistics of the data obtained for some dimensions (width, length and circumference) 

of the portio vaginalis of the cervix examined in the study were calculated. Then, it was evaluated whether 
the data provided normality analysis and parametric test assumptions. Some measurements of the portio 
vaginalis of the cervix according to various factors (such as age, lactation frequency, lactation period, 
corpus luteum diameter, gestational status and metritis status) were analysed between the groups. One-way 
analysis of variance and independent Student’s t-test in which the means of two independent groups were 
compared, were used. Chi-square test and Fisher’s Exact Test were used in the comparisons of different 
factors for the categorical data of the parameters examined (echogenicity of the portio vaginalis of the cervix, 
calcification status, appearance of its borders, vascular morphological appearance, vascular density and 
vascular distribution category) (Akgül 1997). Spearman test was used to determine the correlations between 
the categorical parameters and Pearson correlation test was used to determine the correlations between the 
other parameters. All calculations and tests were carried out with the SPSS 22.0 version program (Anonymous 
2016).

Results

As a result of the analyses performed, no difference was found between the 
ultrasonographic width, length and circumference measurements of the portio vaginalis 
according to the age of the animals, lactation period, number of lactations, presence of 
corpus luteum, pregnancy and metritis (P > 0.05).

When the echogenicity, calcification and border appearance of the portio vaginalis 
were examined according to age groups, no difference between the groups was observed 
(P > 0.05). No significant difference was found in the vascular morphological appearance, 
vascular density and vascular distribution category of the portio vaginalis according to age 
groups (P > 0.05).

When the vascular distribution category measurements in the colour Doppler of the portio 
vaginalis were evaluated according to lactation frequency, it was found that avascularity 
was higher in all lactation frequency categories. Vascular density was the highest in the 
central in the first (33.3%), 4th and above (42.9%) lactation animals, and the lowest in the 
peripheral in second–third (0.0%) lactation animals (P = 0.03).

When the distribution of the results was examined according to the number of lactations, 
echogenicity, calcification, border appearance, vascular morphological appearance and 
vascular density of the portio vaginalis, no difference between the groups was found 
(P > 0.05).

When the distribution of the results was examined for the echogenicity, calcification, 
border appearance of the portio vaginalis, vascular morphological appearance, vascular 
distribution category and vascular density according to the lactation period, no difference 
between the groups was found (P > 0.05).

When the distribution of the results was examined for the echogenicity, calcification, 
border appearance of the portio vaginalis, vascular morphological appearance, vascular 
distribution category and vascular density according to the presence of corpus luteum, 
no difference between the groups was found (P > 0.05).

Irregularity of the border of the portio vaginalis was found in non-pregnant cattle (10.9%), 
but this was not found in pregnant cattle (P = 0.03). When the distribution of the results 
was examined for the echogenicity, calcification, vascular morphological appearance, 
vascular distribution category and vascular density of the portio vaginalis according to the 
pregnancy status, no difference between the groups was found (P > 0.05).

According to the metritis status, the rate of irregularity of the border of the portio 
vaginalis in B-mode ultrasonography was found to be higher in animals with metritis 
(45.5%) (P = 0.03) (Table 1). When the distribution of the results was examined for the 
echogenicity, calcification, vascular morphological appearance, vascular distribution 
category and vascular density of the portio vaginalis according to the metritis status, no 
difference between the groups was found (P > 0.05).
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When the correlation coefficients (r) and the significance levels between some 
measurements of the portio vaginalis (width, length, and circumference) and its 
echogenicity, calcification status, appearance of the borders, vascular morphological 
appearance, vascular density and vascular distribution category were examined, a negative 
correlation was determined between the width of the portio vaginalis (r = −0.29) and its 
circumference (r = −0.27), and its echogenicity (P < 0.05). Again, a positive correlation 
between the width (r = 0.44) and the circumference (r = 0.72) of the portio vaginalis was 
observed (P < 0.05). In addition, there was a positive correlation between the length of the 
portio vaginalis and vascular morphological appearance (r = 0.24) (P < 0.01), and vascular 
density (r = 0.28) (P < 0.05) (Table 2).

When the calcification and echogenicity (r = 0.84) of the portio vaginalis were examined, 
a positive correlation was observed (P < 0.05). A negative correlation was found between 
the vascular morphological appearance and echogenicity (r = −0.27) of the portio vaginalis 
(P < 0.01). A positive correlation was observed between the vascular morphological 
appearance of the portio vaginalis and the border appearance (r = 0.24) and the vascular 
distribution category (r = 0.87) (P < 0.05). A positive correlation was observed between the 
vascular density of the portio vaginalis and vascular morphological appearance (r = 0.94) 
and the vascular distribution category (r = 0.83) (P < 0.05) (Table 3).

Discussion

In the literature reviews we conducted within the scope of this research subject, we could 
not find a study evaluating either the cervix uterus or the portio vaginalis by colour Doppler 
ultrasonography in cattle. Previous studies have only measured the diameter and length 
of the cervix uteri in B-mode ultrasonography. Numerous studies have been conducted 
in the past to investigate the relationship between the cervix and the uterus size in cows. 

Table 1. Evaluation of the border appearance of the portio vaginalis in B-mode ultrasonography according to the 
metritis status.

 Appearance of the border
 Factors Regular Irregular Total
Metritis Positive n 6 5 11
  % 54.5 45.5 100
 Negative n 77 2 79
  % 97.5 2.5 100
 P  0.000

Table 3. Correlation coefficients (r) and significance levels between the examined features of the portio vaginalis 
of the cervix.

Features (n = 90) Echogenicity  Calcification Border VDC VMA
Echogenicity
Calcification 0.84 (P < 0.05)    
Border  -0.17 -0.09   
VDC  -0.18 -0.11 0.14  
VAM  -0.27 (P < 0.01) -0.12 0.24 (P < 0.01) 0.87 (P < 0.05)
VD  -0.26 (P < 0.01) -0.15 0.20 0.83 (P < 0.05) 0.94 (P < 0.05)

VDC - vascular distribution category; VMA - vascular morphological appearance; VD - vascular density
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It has been reported that cows with clinical endometritis 
(4.2 cm) have a larger cervical diameter than those without 
clinical endometritis (Brick et al. 2012). LeBlanc et al. (2002) 
reported that the cervical diameter was a better determinant 
criterion in the evaluation of the status of the reproductive organs 
of cows, compared to the diameter of the uterus, and that the 
best time to make this assessment was the 3rd week postpartum. 
However, it has been suggested that the effectiveness of the 
measurement of the cervical diameter may increase when 
combined with techniques such as intrauterine fluid monitoring. 
In healthy cows, the cervix diameter is suggested to be < 5 cm 
by the 40th day postpartum (Kasimanickam et al. 2004; 
Sheldon et al. 2006). Poock et al. (2020) reported that the 
fertility indicators were lower in Jersey cattle with a large cervix 
diameter. In a study conducted to investigate the effect of PGF2α 
injection on cervix involution in the 25–30th days postpartum in 
primiparous cows with no postpartum problems (Salar et al. 
2013), the mean diameter of the cervix before the first PGF2α 
injection was 37.74 ± 1.58 mm, then decreased to 26.34 ± 1.48 mm 
before the second PGF2α injection, and 26.21 ± 0.92 mm 5 
days later, in the control group, these values were 41.42 ± 0.66, 
28.66 ± 1.07 and 28.52 ± 0.93 mm, respectively. In this study, it 
was found that the rate of irregularity of the border of the portio 
vaginalis in B-mode ultrasonography was higher in animals 
with metritis (45.5%). When the distribution of the results 
was examined for the echogenicity, calcification, vascular 
morphological appearance, vascular distribution category 
and the vascular density of the portio vaginalis according to 
the metritis condition, no difference between the groups was 
found. It was concluded that this may be due to varying degrees 
of inflammation of the portio vaginalis in animals with metritis.

Poock et al. (2020) found that cows with a cervical diameter 
of ≥ 2.54 cm were 0.44 × more likely to have a corpus luteum 
on ultrasound examination than cows with a cervix diameter 
of < 2.54 cm. In the presented study, when the distribution 
of results of the width, length, circumference, echogenicity, 
calcification, border appearance of the portio vaginalis, vascular 
morphological appearance, vascular distribution category and 
the vascular density was examined according to the presence of 
corpus luteum, it was seen that there was no difference between 
the groups.

The Doppler ultrasonography technique in cows is used 
to evaluate the physiological and pathological conditions of 
various organs and tissues of animals. However, pulsed-wave 
Doppler ultrasonography is mostly preferred (Starke et al. 
2011; Brozos et al. 2012; Dzięcioł et al. 2014). Pulsed-
wave Doppler ultrasonography does not provide sufficient 
information on blood supply in small structures such as the 
lymph node, ovary, corpus luteum and tumours. At this point, 
colour Doppler ultrasonography emerges as a useful application 
for analysing the vascularization of such tissues. Unfortunately, Ta
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analysis of the results obtained with this technique is difficult. Since it is subjective and 
repeatable, it cannot be used to evaluate the numerical data (Dzięcioł et al. 2014). In the 
present study, in the evaluation of the portio vaginalis by colour Doppler ultrasonography, 
a positive correlation was found between the length of the portio vaginalis and the vascular 
morphological appearance and vascular density, between the vascular density, vascular 
morphological appearance and vascular distribution category, and between the vascular 
morphological appearance and border appearance and the vascular distribution category. 
A negative correlation was found between the vascular morphological appearance and the 
echogenicity of the portio vaginalis. 

It was concluded that apart from the evaluation of the portio vaginalis by B-mode 
ultrasonography, the use of indicators such as vascular distribution category, vascular 
morphological appearance and vascular density, which are examined with colour Doppler 
ultrasonography, would be beneficial in the ultrasonographic evaluation of the genital 
organs of cows. In addition, a need was observed for new studies to correlate the colour 
Doppler ultrasonography measurements of the portio vaginalis with the fertility indicators 
of the animal. 
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Plate I
Risvanli A. et al.: Evaluation ... pp. 003-009

Fig. 1. Measurements of the portio vaginalis made by B-mode ultrasonography

Fig. 2. Colour Doppler ultrasonography measurements of the portio vaginalis. Vascular distribution category: 
central; vascular morphological appearance: linear; vascular density: type 2



Plate II

Fig. 3. Colour Doppler ultrasonography measurements of the portio vaginalis. Vascular distribution category: 
mixed; vascular morphological appearance: uncertain; vascular density: type 4


