
 

 

  
Abstract—Early and reliable diagnosis of pregnancy in 

sows is considered one of the most crucial parameters for 
the proper management in pig farming.  Reproductive 
activity of the sows is directly correlated with the overall 
productivity of the enterprise. The best and most precise 
methodology to diagnose pregnancy in farm animals, 
including pigs, is ultrasonography. For getting optimal 
outputs of real-time ultrasonography application in pigs, 
both gestation status and litter size of sows is of high 
importance. Hence, a detailed evaluation and careful 
reading of the retrieved ultrasonic image could serve to the 
prediction of the sow’s litter size, providing valuable 
information to the producer. In the present article we 
studied the ultrasonic typification of sows in an effort to 
develop a methodology for the precise pregnancy diagnosis 
and the prediction of the litter size. To achieve this goal, 
1214 matings and 1010 pregnancies were recorded and 
evaluated over a period of 20 months, in a pig unit in 
Northern Greece. Two thorough scans were performed on 
each sow, classifying the ultrasonic image in a scale of 0 to 
10, 0 being ‘non pregnant’ and 10 given to the most 
reassuring image of pregnancy. Evaluations took place in a 
wide range of time since mating, hence between days 16 
(the earliest first scan) and 68 (the latest that a second scan 
was performed) and the mean values obtained were 8,36 
and 8,83 for the first and second scan respectively. 
Furthermore, the litter size of each subsequent parturition 
was recorded (mean: 12.22) and correlated to the score of 
each of the two scans performed during pregnancy. The 
results showed that more reassuring images and higher 
scores for both examinations of pregnancy were achieved 

 
 

with increasing time interval from mating (P<0.05). It is 
therefore suggested that a detailed real-time ultrasonic 
scanning, can provide a very useful tool, not only for 
pregnancy diagnosis, but also for the prediction of litter 
size and eventually the precise management of pregnant 
sows. 
 

Keywords—embryo development, pregnancy diagnosis, 
sow, ultrasonic.  

I. INTRODUCTION 
Facing a massively increasing demand in both industrialized 
world and developing countries, livestock production is 
characterized as the next food revolution that also addresses a 
huge global market competition [1]. On account of the high 
competition, producers are under pressure for reducing the 
price of their products and in the same time have to address 
consumer’s awareness for animal welfare and production of 
more eco-friendly products. Among the livestock animals, 
more than any other meat consumed in the world is owed to 
the pork industry, in which the sow gestation is considered the 
most visible animal welfare issue in commercial pig farming 
[2]. 

Sow productivity has changed dramatically during the 
recent decades. The biological limit for most modern sows is 
between 13-14 piglets [3]. Continuous genetic selection has 
led to high fertility of sows and the production of lean 
offspring. As a result, modern sows produce larger calving 
groups and each offspring is leaner and grows faster [4]. The 
reproductive process is the key element of breeding and must 
be properly managed. The reproductive function of a sow is 
divided into the following stages: estrus, mating, pregnancy, 
piglet birth, lactation, weaning, followed by a short interval 
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until the manifestation of the next estrus. 
Apart from the concerns raised, related to the impact of 

housing of pregnant sows in pig industry [5,6], it should be 
also noted that keeping breeding sows is a process of 
increased costs that is reflected in the final product. In this 
context, early and precise diagnosis of pregnancy in sows is 
crucial for the cost effective management of a pig farm [7], in 
an effort to avoid unnecessary treatment of erroneous 
characterized animals as pregnant. 

Ultrasonography is the best and most precise methodology 
to diagnose pregnancy at the earliest possible stage in both 
pigs of industrialized farms and outdoor reared ones [8,9]. On 
account of the high importance of the stage that pregnancy is 
diagnosed for the proper management of a pig farm, early 
diagnosis is considered the main advantage of the method [7]. 
However the costs related with the operation constitute the 
basic drawback of the method that cannot be ignored [10]. 
Thus, despite the continuous market price drops, the efficiency 
of the process is essential.  

During pregnancy, the efficiency of the method is getting 
substantially improved as days are passing [11]. In general, the 
utilization of the ultrasound methodology within the first 2-3 
weeks of the pregnancy is not feasible [12]. Pregnancy can be 
first diagnosed in swine approximately 18-24 days after 
natural mating or artificial insemination and needs to be 
confirmed by a second examination 35-40 days post-mating 
[13,14]. This need for confirmation is on account of to the 
high mortality rate observed up to the 30th day of gestation 
[15]. After the 23rd - 24th day post-mating, the real time 
ultrasound (RTU) is considered to give the most accurate 
results for pregnancy diagnosis in farmed sows [6,9]. 

  Establishment of the RTU methodology for pregnancy 
diagnosis in pig farms resulted in two major improvements; 
the better monitoring of swine females returning to estrus and 
the reduction of the non-productive periods [16]. Hence, the 
main management advantage is the rapid rebreeding or 
removal of early-identified non-pregnant animals [14]. 
However, keeping in mind the RTU costs in combination with 
the potential diagnosis failure, it is very important to achieve 
the highest possible accuracy and efficiency when conducting 
the operation. Although the best approximate post-mating time 
period for the operation is already known, there is a lack of 
information regarding the precise day for the most successful 
diagnosis. 

 This study was designed to examine the RTU images of 
pregnant sows aiming to assess the best-proposed post-mating 
day for the operation. Furthermore, our scope was to evaluate 
and develop a rating scale whereby using the RTU image 
would diagnose pregnancy and predict the litter size in 
pregnant sows. 

II. MATERIALS AND METHODS 

A. Animals, farming conditions and ultrasonic operations 
 
All RTU scans were performed in a farm with capacity for 

300 sows, located in northern Greece. Animal manipulations 

were in accordance with the EU Directive on the protection of 
animals’ usage for scientific purposes (2010/63/EU). During 
the performance of the trials, the mean number of sows ranged 
between 260 and 280. The animals of the farm constitute a 
crossbred population between Large White and Landrace. In 
particular, approximately half of the examined animals were 
the F1-crossbred between pure Large White and pure 
Landrace (F1), whereas the other half were crossbred between 
the F1 females and pure Large White males. The F1 sows 
were initially purchased from breeding companies. These 
animals constituted the main breeding stock, which was 
enriched by females produced within the farm.  

Housing of the sows took place either in individual crates or 
in groups of seven animals. Two different feedstuffs were 
offered to the sows, one during lactation and the other one 
during the dry period. Fertilizations were all performed by 
artificial insemination using semen material collected with 
sterilized cups from males that mounted on dummy sows in 
separate pens. The collected semen was diluted and preserved 
in the sperm laboratory of the farm before fertilization. After 
manifestations of estrous, which were detected in swine 
females applying boar exposure, inseminations were carried 
out on estrous sows in two doses of 100 mL (>3 × 109 
spermatozoa per dose), with a time interval of 18-24 hours. 
The procedure was repeated in weaned sows, housed in 
individual crates, where they stayed up to estrous 
manifestation, fertilization and pregnancy confirmation using 
ultrasonography. 

For pregnancy diagnosis, a real time ultrasound scanner 
(Agroscan A7, Echo Control Medical, France) provided with a 
5 MHz linear transducer was utilized. For the operation of the 
diagnosis, the transducer was held against the hind abdomen, 
forming a 45º angle at the height of the second nipple line. 
Mineral coupling gel was also utilized for the effective 
transmission of the ultrasound waves, as suggested by Knox 
and Althouse [13].  

 
Β. Reproductive data collection 
 
Data were collected from 415 sows in a two-year period 

between September 2014 and September 2016. The gilts and 
sows were not hormonally treated for synchronization of 
estrous and born piglets were removed from the sows at the 
time of weaning, approximately after 28 days of lactation.  
Estimations in diagnosis of pregnancy were based on the 
displayed dark dots that corresponded to the gestational sacs 
within the uterine tissue. Apart from pregnancy diagnosis, 
estimations concerned the evaluation of the similarity of the 
ultrasonography image with the image of a confirmed 
pregnancy. Based on the degree of similarity and on the 
approximate number of cystic follicles, a 10-point rating scale 
was established, with value “0” corresponding to complete 
absence of pregnancy indications and value “10” given when 
the screen is completely covered by the embryonic vesicles 
(Figure 1). 

Two scans for pregnancy diagnosis were performed in each 
animal, the first of which between days 16 and 53 after 
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insemination and the second between days 28 and 68 after 
insemination and hence two rating scale scores were given in 
each animal. The collected data included the ear tag of each 
sow, the insemination date, the first and the second given scale 
score, the date of the first and the second scan, the date of 
birth and the number of born piglets. Based on these data we 
estimated (a) the time of the first scan in days, (b) the time of 
the second scan in days, (c) the fecundity of the experimental 
population and (d) the percentage of births. 
 
C. Statistical analysis 
 
 We initially examined the effect of the scale score derived 
from the two pregnancy diagnosis scans as well as the effect 
of the operation time (measured in days) on the total number 
of born piglets. The association of the total number of born 
piglets with the scale scores was investigated using a 
generalized linear model. Additionally, a χ2 and a t-test were 
carried out to determine the effect of the scale score on the 
number of piglets born. Furthermore, a multiple regression 
analysis was performed for the establishment of a prediction 
model for the litter size using real time ultrasonography in two 
gestational stages of the sow. All analyses were performed 
using the statistical package IBM SPSS version 23. 

III. RESULTS 
In total, 1214 fertilizations and 1010 births were reported 

during the periods September 2014 – June 2016 and January 
2015 – September 2016, respectively. The mean number of 
born piglets was 12.22 ± 3.19. Out of the 204 remaining sows 
that failed in reproduction, a return to estrus was observed in 
166 and a pregnancy loss (abortion) was observed in 38 
animals. Thus, the fertilization rate was 86.18% whereas the 
birth rate was 83.2%. The mean rating scale values (RSV) 
according to the 10-point rating scale (Figure 1) given to the 
tested sows are presented in Table 1. The mean RSV were 
high for both scans in sows that successfully gave birth, lower 
in sows that were pregnant and aborted and very low for sows 
that returned to estrus (Table 1). 

Table 1. Given rating scale scores to tested sows 
according to Figure 1. RSV, rating scale value; N, 
number of tested sows; S.D., standard deviation. 

Sows Mean 1st RSV Mean 2nd RSV 
Sows that gave birth 
(N=1010) 8.36 (S.D.=1.58) 8.83 (S.D.=1.09) 

Sows that aborted 
(N=38) 7.20 (S.D.=3.10) 6.17 (S.D.=4.09) 

Returned to estrus 
sows (N=166) 4.03 (S.D.=1.99) 4.67 (S.D.=2.99) 

 
Variability of the RSV was greater before the day 23 and 

was reduced between days 25 and 35 post insemination, 
whereas they were in consistently high levels when the first 
scan was conducted after day 35 post insemination (Figure 2). 
Regarding the second scan, the variability of the RSV was 

generally lower and irrespective of the earliness of the 
operation, with the majority of the given scores greater than 8 
(Figure 2). 

 
 

 
Figure 2. RSV of the first and the second scan in relation with 
the day of the operation 
 

The RSV given in the first scan presented stabilization in 
a high level after the day 26, when the time of the first scan 
was clustered in 5-day groups, concerning only animals that 
successfully gave birth to piglets (Table 2).  
 
Table 2. Mean RSV of the 1st and 2nd scan according to 5-day 
groups of the first ultrasonography 

5-day 
group 

Mean 
RSV 

(1st scan) 

Min-Max 
RSV of 
the 1st 
scan 

Number of 
operations 

Mean 
RSV of 
the 2nd 
scan 

(days) 
16-20 8.34 4-10 22 8.52 

(33-40) 
21-25 7.17 1-10 300 8.60 

(28-61) 
26-30 8.96 4-10 275 8.70 

(34-66) 
31-35 9.13 5-10 187 8.97 

(38-68) 
36-40 8.89 6-10 158 9.17 

(43-65) 
41-45 8.10 4-10 54 9.00 

(48-64) 
46-53* 9.38 9-10 8 9.69 

(65-66) 
*The last group was extended to 8 days due to the small 
number of operations 
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Furthermore, although estimations of the first 5-day group 
were high, the mean RSV were reduced in the second 5-day 
group that is of high zootechnical importance. All mean 
estimations of the second ultrasonography scan were high for 
this grouping. The day of the first scan was statistically 
significantly correlated with the first ultrasonography RSV 
estimations (P<0.001). When days were clustered in 5-day 
groups based on the time of the second scan, the mean RSV 
were always high ranging between 8.31 and 9.60 (Table 3). In 
accordance to Table 2, the mean RSV of the first scan for the 
first two 5-day groups were the lowest. Similarly to the 
previous grouping, the day of the second scan and the second 
scan RSV presented a significant correlation (P<0.001). 

Descriptive statistics indicted that when clear evidence 
for pregnancy is provided (RSV>6, Figure 1), the mean time 
of the first scan was within the duration of 25-31 days (Table 
4). On the other hand, sows with scores lower than 6 had 
always a litter size of 7-10 fetuses, whereas sows with scores 9 
or 10 had litter sizes of 12 or 13. In these cases the second 
score was always higher. Regarding the second scan, low RSV 
were observed only in a limited sample (Table 4), whereas the 

mean time in days for all categories was high. Furthermore, 
based on this categorization, RSV of the first scan were 
significantly correlated with the RSV of the second scan 
(P<0.001).  

The effect of the RSV on the number of piglets born, 
based on the multiple regression analysis, was statistically 
significant (R2=0.108, P<0.0001; χ2=10.884, df=2, p=0.003; 
P<0.001, Student’s t-test). However, the day of the operation 
as a covariance factor did not present a significant effect on 
the number of born piglets. The effect of the RSV on the 
number of piglets born was increased when the impact of the 
sow was also included in the model (R2=0.595, P=0.011). 
Eventually, a prediction model was designed for the number 
of piglets to be born:  

 
Y = 14,052 - 0,075 × V1 × D1 – 0,022 × V2 × D2 

 
where Y is the number of born piglets, V1 the RSV of the 

first scan, D1 the day of the first scan, V2 the RSV of the 
second scan and D2 the day of the second scan. 
 

 
 
 

 

 

Figure 1. The 10-point rating scale for the pregnancy diagnosis estimation. RSV=0: complete absence of pregnancy 
indications, RSV=1-2: low suspicion for pregnancy – typical image within 20 days post insemination, RSV=3-4: 
reasonable suspicion for pregnancy – typical image within 20-24 days post insemination, RSV=5: guaranteed pregnancy 
with possible small litter size, RSV=6: guaranteed pregnancy of medium litter size – typical image within 25-30 days 
post insemination, RSV=7: guaranteed pregnancy with possible larger litter size, RSV=8: guaranteed pregnancy of 
satisfactory litter size, RSV=9: guaranteed pregnancy of possibly great litter size – typical image at least 25 days post 
insemination, RSV=10: great litter size. 
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Table 3. Mean RSV of the 1st and 2nd scan according to 5-day 
groups of the second ultrasonography 

5-day 
group 

Mean 
RSV of 
the 
1st scan 
(days) 

Mean 
RSV  
(2nd 
scan) 

Min-Max 
RSV of the 
2nd scan 

Number of 
operations 

28-32 5.95  
(21-24) 9.24 1-10 33 

33-37 7.42  
(16-30) 8.69 2-10 110 

38-42 8.35  
(18-34) 8.31 4-10 172 

43-47 8.60  
(21-37) 8.45 2-10 278 

48-52 8.57  
(22-45) 9.15 5-10 178 

53-57 8.79  
(21-44) 9.46 7-10 123 

58-62 8.73  
(23-43) 9.29 6-10 85 

63-68* 9.19  
(30-53) 9.60 8-10 31 

 
Table 4. Mean day of the ultrasonography scan grouped 
according to the 1st given RSV 
1st scan 
RSV 

Mean day of 
the 1st scan 

Mean RSV of 
the 2nd scan 

Number of 
operations 

1-5.5 24 (18-42) 7.98 67 
6-6.5 26 (22-42) 8.39 52 
7-7.5 28 (16-44) 8.70 111 
8-8.5 30 (16-44) 8.85 213 
9-9.5 31 (16-47) 8.91 332 
10 31 (22-53) 9.11 229 
 
Based on the images of Figure 1, taking into consideration the 
various pre-natal stages, the different images correspond to the 
differential stages. Particularly, images RSV 0, 1 and 2, 
demonstrate the complete absence of pregnancy or the 
presence of a non viable morula, whereas a RSV 3 or 4 
indicates the lowest suspicion for pregnancy, however with a 
definitely small litter size. The pregnancy is guaranteed not 
earlier than RSV=5, where for the first time at least one 
healthy morula or blastocyst is depicted implying the ensured 
embryonic development. RSVs 6, 7 and 8 similarly 
demonstrate the guaranteed pregnancy with a medium, 
possibly larger and satisfactory litter size, respectively. 
Finally, RSV 9 or 10 demonstrate the the emergence of the 
embryonic axis and the early organ development during the 
stage of neurula in combination with the greatest possible litter 
size. Keeping in mind that the first ultrasonography is 
performed approximately 25 days post insemination or 
mating, RSVs between 5 and 10 indicate the normal 
embryogenesis rates. 
 Based on Tables 3 and 4, the low RSVs occurred at second 
scan, correspond to a very low number of observations, 
whereas the mean value for the days derived from all 

categories remains high. The trend of the mean RSVs of the 
first operation seems to follow the values of the second scan in 
accordance with their categorization.   

IV. DISCUSSION 

The sow is a polyestrous animal exhibiting estrus 
throughout the year, whereas their estrous cycle usually lasts 
18-24 days with an average of 21. The precise detection of 
estrus is of high importance for achieving high reproductive 
yields and the success of artificial insemination when applied 
[17]. The main symptoms of animals in estrus include the 
unusual behavior and mobility, decreased appetite, 
nervousness, swelling and redness of the vulva, mucus coming 
out of the vulva, the tendency to ride on other pigs and the 
reflex of immobility. Failure to accurately detect estrus may 
have a great impact on the birth rate and the size of the 
delivery group [18]. The estrous cycle is interrupted during 
pregnancy and sow milk production. Thus, the early and 
accurate diagnosis of pregnancy improves reproductive 
capacity on commercial pig farms. 

In the present work we studied the ultrasonic typification 
of sows in an effort to develop a methodology for the precise 
pregnancy diagnosis and the prediction of the number of born 
piglets. According to the detailed observation of the ultrasonic 
image of the sow, a rating scale was established based on the 
number of the embryonic vesicles and the degree of filling of 
the ultrasonic image. 

Taking into consideration the reproduction data of the 
animals tested, namely the high fecundity (86.18%), the birth 
rate (83.20%) and the mean number of born piglets (12.22), 
the pig unit from which we obtained the data can be 
characterized as a high-yield commercial farm. Specifically, 
the fecundity data are within the range of typical commercial 
farms according to the review of Stalder et al. [19], whereas 
the numbers of born piglets are similar with other pig farms in 
Europe [20].  

The given scores of the developed rating scale of the 
ultrasonic image were almost always high for the sows that 
gave birth, lower for the sows that aborted and very low for 
the ones that returned to estrus. This fact can be probably 
attributed to the density of the fluid within the uterus that is 
greater in pregnant than in non-pregnant sows [21]. Regarding 
the precise time post insemination, the day of the operation 
showed a statistically significant effect on the given score. In 
particular, after day 26 post insemination the given scores 
were stabilized in high levels, while earlier estimations 
between days 21-26 were lower ranging from 6 to 7. These 
results agree and extend previous studies concluding that 
pregnancy can be easily diagnosed in sows after day 16 post 
mating or artificial insemination due to the accumulation of 
fluid in the uterus [13] and more specifically that between 
days 23 and 30 the diagnosis has the highest success rates 
[22]. It is generally proven that after day 28 post mating or 
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insemination, ultrasonography provides diagnosis results with 
high accuracy, which is even higher when the operation takes 
place twice [11]. In line with these inferences, the diameter of 
the embryonic vesicles increases up to day 30 and then starts 
to decrease [23]. On the other hand, the low scores obtained 
between days 21 and 25 are probably owing to the fetal 
growth, which occupies the largest proportion of the ultrasonic 
image [24]. The lower scale scores observed in sows that were 
pregnant and aborted, probably indicate a bad fetal health, 
which is also reflected in ultrasonography.  

The rating scale scores indicated also a significant effect 
on the total number of born piglets. Although the day of the 
operation does not affect significantly this number, the 
prediction model was improved taking into account the day as 
a covariance factor. The rating scale scores showed a higher 
effect on the total number of born piglets when the impact of 
the sow was taken into account. This could be due to various 
features such as genetic characteristics of the sow, 
management of the sow in the first life stages, parity number, 
duration of the lactation and the quality of the semen [25,26]. 
Thus, it has to be noted that the prediction model is not of high 
accuracy. However, there is a great potential of improvement 
in predicting the number of piglets and a general principle that 
not clear and uncertain image is usually an indication of small 
litter size [14,27-28]. The prediction of litter size based on the 
ultrasonic image is a very promising perspective of the 
ultrasonography technology that can work as a tool of high 
importance in pig farming. In general, using a numerical 
software for the early detection of numerous biological 
parameters is a very powerful tool for their proper diagnosis 
and their management [29,30] 

In conclusion, the developed rating scale provides reliable 
and accurate pregnancy diagnosis between day 25 and 35 post 
mating or artificial insemination. Although the given scores 
are stable and high in pregnancy diagnosis after day 35, there 
is the drawback of not accurately predicting the litter size on 
this time point. In this context, the second scan is of lower 
zootechnical value. Thus, future research should be more 
focused on the precise diagnosis of litter size, the earliest 
possible, which is of high economic value for the management 
of the farm [31]. Nevertheless, it should be pointed out that the 
litter size prediction model is generic and works properly 
under the condition that there is a correction regarding the 
duration in days between the mating and the operation. The 
developed scale could be the basis for the utilization of 
ultrasonography under the framework of precision pig 
farming, for the detailed examination and automatic 
connection to a management software of pregnant sows. 
Incorporating also additional data, future analyses will be 
directed towards the integration of various factors such as the 
parity profile, the age and the weight of the sow, the age of 
first mating and the features of the male. 
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