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The efficiency of artificial insemination (Al) in pig breeding plays a critical role
in improving reproductive performance, reducing breeding costs, and increasing the
sustainability of the pig farming industry. Unlike cervical insemination (CAl), PCAI
allows for more precise sperm deposition in the uterus, improving the chances of
conception and this ensures more effective intensive boar management.

To evaluate the effectiveness of PCAI in improving pig breeding efficiency, a
meta-analysis was conducted using Jamovi software and algorithms from the metaphor
package (R). Publication bias estimation was integrated into the analysis to ensure the
reliability of the findings. The meta-analysis compared PCAI and CAIl across three
critical reproductive parameters: farrowing rate, fecundity index, and litter size. Criteria
for study inclusion were defined to ensure the integrity of the analysis: the exclusion of
studies involving exogenous hormonal treatments that could interfere with natural
reproductive processes, the inclusion of studies with at least 20 animals per group,
availability of group sizes and insemination doses, and provision of relevant variation
statistics.

A total of 34 studies were included in the analysis for the farrowing rate, 33
studies for the fecundity index, and 33 studies for the litter size. The inclusion of such a
large number of studies enhanced the robustness of the meta-analysis and allowed for a
comprehensive evaluation of PCAI’s impact on pig breeding efficiency.

The meta-analysis results showed that PCAI does not significantly worsen the
farrowing rate. Specifically, the average log odds ratio based on the random-effects
model was 0.0061 (95% CI: -0.2042 to 0.2163), indicating no detrimental effect on the
farrowing rate when PCAI was used. Similarly, no significant differences were found
between PCAI and CAl for the fecundity index (average standardized mean difference
was 0.1156; 95% CI: -0.0790 to 0.3103), nor for litter size (average standardized mean
difference was 0.0226; 95% Cl: -0.0670 to 0.1123). These findings suggest that PCAI is
comparable to traditional Al methods in terms of key reproductive parameters, which is
a crucial consideration for breeders seeking to improve their production efficiency.

The publication showed that use of PCAI can offer several economic benefits. By
increasing the efficiency of boars and making desirable genetics more accessible, PCAI
reduces the need for maintaining a large number of boars on farms. This not only reduces
the costs associated with keeping boars, but also promotes the wider use of high-quality
genetic material, leading to the genetic improvement of industrial pigs.

Keywords: Sows artificial insemination, traditional cervical insemination (CAI),
post-cervical artificial insemination (PCAI), meta-analysis, the farrowing rate, fecundity
index, the litter size.
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META-AHAJII3 METOIIB IEPBIKAJIBHOI'O TA
INOCTHEPBIKAJBHOI'O OCIMEHIHHA CBUHOMATOK

Haraxis IINTATOHOBA, 10KTOp CIIbCBKOTOCTIOIAPCHKUX HAYK
https://orcid.org/0000-0003-2256-7932
IncruryTt cBunapcrsa i AIIB HAAH, IloaraBa, Ykpaina

Egexmusnicmo wmyunoco ocimeninus (IL11) y ceunapcmsai gidiepac supiuiaivHy
POJIb Y NOKpaujenHi penpoOyKmueHoi npoOyKMUEHOCMI, 3HUMNCEHHT 6UMPAm HA NIeMIHHY
OJisulbHICMb  ma  niosuweHHi  cmitikocmi  cuHapcvkoi  eany3i. Ha eiominy  6i0
yepsikanvrozo ocimeninusi (CAI), PCAI 0o3s0o15€ mouniwe ocioamu cnepmy 8 mamyi,
nIOBUWYIOUU WAHCU HA 3ayamms, a ye 3abe3neuyec OLbUL eghekmuene IHMEHCUBHe
VMPUMAHHS KHYDIS.

o6 oyinumu eghexmusnicmo PCAI y nokpawenui egpexmusrnocmi po3geoenHs
ceunell, Oy10 npoeedeHo Mema-auanis 3 GUKOPUCMAHHAM NPOSPAMHO20 3a0e3nedenHs
Jamovi ma aneopummise i3 nakemy memagop (R). Oyinxa noxubku nybonixayii 6yna
inmezpoeana 6 awmanis, wjob 3abesnevyumu HaodiuHicmb pesyrbmamis. Memaananiz
nopignosase PCAI ma CAI 3a mpvoma Kpumudnumu penpooyKmueHUMU RAPAMEMPAMU.
yacmomor onopocie, IHOeKCOM naoow4ocmi ma po3mipom nocnioy. Kpumepii
BKIIIOUEHHS OO0CHI0JCeHHs OVIU U3HA4eHi OJid 3a0e3neueHHs YLiCHOCMI aHanisy:
BUKTIIOYEHHSL OOCTIONHCEHD, WO BKAIOUAIOMb €K302€HHE 20PMOHANbHE IIKYBAHHSL, SIKE MOJ4Ce
3asasicamu  NPUPOOHUM DPEeNnpOOYKIMUBHUM NPOYUECaM, 6KIHUEHH O0CNi0NCeHb i3
npunaumui 20 meapunamu Ha 2pyny, HAA6HICMb PO3MIPIE 2pYn i 003 OCIMEHIHHs, |
HAOAHHS 8I0NOBIOHOT cCIamucmuxy eapiayil.

3azanom 34 oocnioscenns Oyau 6KIOYeHI 8 aHaniz wacmomu onopocie, 33
00Ci0JHCeH S IHOeKCY Nn100Yocmi ma 33 00CHiOHCeHHs. po3Mipy npuniody. Brkitouenns
makoi 8enuKoi KilbKOCMi 00CNI0dHCeHb NIOBUWULO HAOIUHICMb Mema-aHanizy ma
00360110 nposecmu KomniekcHy oyinky enausy PCAI na egpexmusnicmo possedens
ceuHell.

Pezynomamu mema-ananizy noxasanu, wo PCAI icmomuo ne nociputye uacmomy
onopocie. 3okpema, cepeone ocapupmiune Cni8IOHOUEHHs WAHCI8 HA OCHOBI MOOe
sunaokosux epexmie cmarnosuno 0,0061 (95% JI: 6io -0,2042 0o 0,2163), wo éxazye Ha
giocymuicmsb WKIONUB020 6NAUGY HA uacmomy onopocié npu 3acmocyeanni PCAL
Io0ionum yunom ne 6yno eusasneno icmommuux giominnocmeri misie PCAI ma CAI ona
IHOeKCy N100YoCmi (Cepedns Cmanoapmu308ana cepeons pisnuys cmanosuna 0,1156;
95% JI: si0o -0,0790 oo 0,3103), a makodxc O po3mipy nocuioy (cepeous
cmanoapmu3o8ana cepedns pisnuys cmanosuna 0,0226; 95% /1 6io -0,0670 00 0,1123).
Li pezynemamu ceiouame npo me, wo PCAI mooicna nopisnamu 3 mpaouyitinumu
Memooamu WMY4YHO20 IHMeNeKmy 3 MOYKU 30py KIIOYO08UX PEenpoOyKMUGHUX
napamempis, Wo € BUPIUATbLHUM akmopom O CeleKyioHepis, sKi NpasHymb
niOBUWUMU edheKMUBHICMb 8UPOOHUYMEA.

Hocnioocennss nokasanu, wo euxopucmanna PCAI moowce npumecmu Kinvka
eKoHoMIuHUX nepesae. Iliosuwyrouu eghexmuenicmo KHypi6 i poOIsAUU OAXHCAHY 2EHEMUKY
oinouw oocmynnoro, PCAI smenuye nompeby ympumyeamu 6eiuKy KilbKicmo KHYpi6 Ha
Gepmax. L]e ne minvKu 3HUNCYE BUMPAMU, NOG A3AHI 3 YMPUMAHHAM KHYPI8, ane i CHpusie
OinbUWL  UWUPOKOMY BUKOPUCMAHHIO BUCOKOAKICHO20 2eHeMUYHO20 Mamepiany, wo
npuU3B00UMb 00 2eHEMUYHO20 B00CKOHATICHHS NPOMUCTIOBUX CEBUHE.

KuarouoBi cioBa: mryyHe ociMEHIHHS CBMHOMATOK, TPaJMIliifHE IIepBIKaIbHE
ocimeninus (CAl), noctuepsikanpae mrydne ocimeninas (PCAl), mera-ananis, gactora
OTIOPOCIB, 1HAEKC IIIOAOYOCTI, pO3Mip THi3JA.

94



g[
Hayxoeo-mexniunuii broremens Incmumymy meapunnuumea HAAH, 2025, Ne133 F=5

Avrtificial insemination (Al) has been a widely-used practice in pig breeding since
the 1930s, but it wasn't until the 1980s that it saw significant commercial use in the
industry. Artificial insemination has been an important part of pig breeding for decades,
with traditional cervical insemination (CAIl) being the most common method used in
commercial settings. However, post-cervical Al (PCAI) has been proposed as an
alternative method that can reduce insemination time, decrease the number of sperm
required per dose, and improve time management for pig farms. The insemination
procedure typically involves depositing a dose of semen into the ca of the cervical canal
using cervical insemination (CAI), with 2.5-4.0 billion spermatozoa being used per
insemination in an extender (70-100 ml). A non-surgical technique for depositing semen
into the uterus was proposed by Hancock in 1959 (Hancock, J., & Hovell, G., 1961). This
technique, known as post-cervical Al (PCAI), reduces insemination time, allows for a
reduction in total sperm number per dose (and it allows for reducing the loss of sperm by
backflow (Bortolozzo, F., et al., 2015).), and improves time management for pig farms,
resulting in significant productivity gains. By reducing the number of spermatozoa
required per dose, PCAI saves on some consumables for artificial insemination and
reduces the cost of keeping boars while making desirable genetics more affordable,
making it an efficient and effective tool for improving pig breeding efficiency.

The technology of post-cervical insemination, in comparison with traditional
cervical insemination, has some specific features, which are related to inner catheter
insertion. The cervix must be relaxed for the successful insertion of the internal catheter.
Therefore, having the boar present during the process is not recommended. After inserting
the basic catheter, it is necessary to wait for 1-3 minutes to allow the cervix to relax before
inserting the internal catheter. Typically, insemination is performed for a group of sows
at the same time, so while waiting for the cervix to relax, the basic catheters can be
inserted for the next sows. It is recommended to allow sows to have contact with the boar
after insemination, as this can stimulate uterine motility and improve the transport of
sperm to the upper third of the oviduct, where fertilization takes place.

However, the different studies presented controversial results of this method, and
the different methodological aspects of research hindered independent analysis. A meta-
analysis is a tool capable of creating a comprehensive assessment of results through the
data integration of different publications.

In view of this, the aim of the study was to analyze the effects of the post-cervical
insemination method in terms of more effective use of boar semen using reproduction
parameters (farrowing rate, litter size, and fecundity index of sows).

Materials and methods. The purpose of the meta-analysis was to compare the
effectiveness of sows’ cervical and post-cervical artificial insemination (by using three
reproduction parameters: farrowing rate, fecundity index, and the litter size). The meta-
analysis was conducted using Jamovi software and algorithms of the metaphor package
(R) algorithms, with publication bias estimation (The Jamovi project, 2022; R Core Team,
2021; Viechtbauer, W., 2010; Francis, G., 2013). The articles selected to create the
database were. The following criteria were used for the inclusion of publications in the
meta-analysis:

The study should not involve exogenous hormonal effects on the reproductive system
The study must have at least 20 animals in each group;

Information regarding the size of the control and experimental groups, the volume of
insemination doses, the total sperm count in one dose, and variation statistics should be
available, which are essential for meta-analysis.

We conducted a search of relevant keywords: ("sows" OR "swine" OR "pig")
AND ("cervical” OR "post-cervical" AND "artificial insemination» on online databases,
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including PubMed and Google Scholar. We then examined the sources cited in the
received articles and used them in our study if they were available in full-text versions
and contained non-redundant data. In cases where a study included data from multiple
experiments, each experiment was considered separately (Table 1). The random effect
model was used.

Table 1
Characteristics of included studies
Group CAI Group PSAI

Sperm Sperm |Volume of

Author, year(n CAL, n PSAI) _ ceIIs_in \_/olum_e of _ ceIIs_in insemina—

insemina-| insemina- | insemina- | tion dose,
tion dose,| tion dose, | tion dose, ml

bn ml bn
Will K. J., 2021, (158, 90) 1.5 50 1.5 50
Will K. J., 2021, (159, 97) 2.5 80 2.5 80
Singh M., 2020, (40, 30) 1.5 80 1.5 80
Singh M., 2020, (40, 30) 3 80 3 80
Apic J., 2015, (30, 30) 2 50 2 50
Apic¢J., 2015, (30, 30) 4 50 4 50
Apic J., 2015, (30, 30) 4 100 4 100
Apic J., 2015, (30, 30) 2 100 2 100
Pylypenko S.V., 2006, (25, 25) 2 100 2 20
Kovalenko V.F., 2005, (25, 25) 2 100 2 20
Ternus E. M., 2017, (273, 279) 2.5 80 1.5 45
Llamas-Lopez P. J., 2019, (130, 1036) 2.5 85 1.5 45
Suarez-Usbeck A., 2019, (324, 248) 3 90 1.5 45
Cane F., 2019, (280, 280) 3 100 1.5 50
Hernandez-Caravaca 1., 2012, (1716,
1683) 3 80 1 25
Hernandez-Caravaca 1., 2012, (1716,

1664) 3 80 1.5 40
Hernandez-Caravaca ., 2017, (38, 104) 3 80 1.5 40
Hernandez-Caravaca ., 2017, (38, 38) 3 80 1.5 40
Hernandez-Caravaca ., 2017, (38, 42) 3 80 1.5 40
Hernandez-Caravaca I., 2017, (47, 56) 3 80 1.5 40
Hernandez-Caravaca l., 2017, (47, 54) 3 80 1.5 40
Hernandez-Caravaca I., 2017, (47, 63) 3 80 1.5 40
Mellado M., 2018, (1773, 7078) 3 90 3 90
Shardella P. E., 2014, (165, 165) 3 90 1.5 45
Pearodwong P., 2020, (88, 124) 3 100 1.5 50
Pearodwong P., 2020, (83, 129) 3 100 1.5 50
Fitzgerald R. F., 2008, (196, 193) 3 100 3 100
Dimitrov S., 2009, (49, 67) 3 100 1.5 50
Dimitrov S., 2009, (51, 33) 3 100 1.5 50
Roberts P.K., 2005, (859, 924) 3 80 1 80
Serret C.G., 2005, (95, 83) 3.5 100 2 50
Serret C.G., 2005, (95, 77) 3.5 100 1 50
Serret C.G., 2005, (95, 79) 3.5 100 0.5 50
Llanes Chalé J. E., 2007, (1074, 1510) 4 100 0.5 50
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Farrowing rate. We performed a meta-analysis of the farrowing rate using the log
odds ratio as the outcome measure. A random-effects model was utilized to analyze the
data. The amount of heterogeneity (i.e., tau?) was estimated using Hedges' estimator
(Hedges, 1985). Along with the tau? estimate, we reported the Q-test for heterogeneity
(Cochran, 1954) and the I? statistic. If any level of heterogeneity was detected (i.e., tau?
> 0, regardless of the Q-test results), a prediction interval for the true outcomes was
calculated. Studies with a Cook's distance larger than the median plus six times the
interquartile range of the Cook's distances were considered influential. To check for
funnel plot asymmetry, we used the rank correlation test and the regression test with the
standard error of the observed outcomes as predictors. In total, we included k=34 studies
in the analysis, with a total of n (CAI) = 9962 and n (PSAI) = 16582 for the farrowing
rate.

Fecundity index. We conducted an analysis of the sow’s fecundity index using
the standardized mean difference (d Hedges') as the outcome measure. We fitted a
random-effects model to the data. In total, we included k=33 studies in the analysis, with
a total of n (CAI) = 8111 and n (PSAI) = 9348 for the fecundity index.

The litter size. We analyzed the variation in the litter size between the study
groups of CAIl and PSAI insemination using the standardized mean difference as the
outcome measure. We fitted a random-effects model to the data. The number of studies
included in the analysis was the same as that described in the previous section.

Results

Farrowing rate. The observed log odds ratios for farrowing after PSAI
insemination compared to CAIl inseminations ranged from -2.1647 to 1.0561, with the
majority of estimates being positive for PSAI (56%). The estimated average log odds ratio
based on the random-effects model was 0.0061 (95% CI: -0.2042 to 0.2163) (Fig. 1).
Therefore, the average outcome did not significantly differ from zero (z = 0.0564, p =
0.9550). According to the Q-test, the true outcomes of farrowing rates appeared to be
heterogeneous (Q (33) = 68.7814, p = 0.0003, tau® = 0.1852, I> = 76.4080%). A 95%
prediction interval for the true outcomes was -0.8631 to 0.8752. Hence, although the
average outcome was estimated to be positive, it did not significantly differ from zero,
and in some studies, the true outcome may be negative. An examination of the studentized
residuals revealed that none of the studies had a value larger than +3.1804, indicating no
outliers in the context of this model.

According to Cook's distances, two studies (Serret C.G., 2005, (95, 83); Serret
C.G., 2007, (95, 79)) could be considered overly influential. A funnel plot for estimating
the systematic error associated with publication bias (Fig. 2) revealed a low probability
of such error. Neither the rank correlation nor the Egger regression test indicated any
funnel plot asymmetry (p = 0.4437 and p = 0.0567, respectively).
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d Hedge’s
Author, year, (nCAI, nPCAI) Effect size Weight | 1£95%CI]
Will K. J., 2021, (158, 90) |—i-—| 228% 0.14[-0.97, 1.24
Singh M., 2020, (40, 30) |—-—{ 2.06% 0.51[-0.69, 1.71
Apié J., 2015, (30, 30).1 i 221% 050 [-0.64, 163
Apic¢ J., 2015, (30, 30).2 |——-—{ 1.88% 042[-0.86, 1.70
Pylypenko S.V., 2006, (25, 25) }——-—| 1.18% 1.06 [-0.69, 2.80)
Kovalenko V.F,, 2005, (25, 25) |——-—{ 1.41% 0.61[-0.95, 2.16)
Ternus E. M. , 2017, (273, 279) FH 4.24% 0.28 [-0.29, 0.85
WIll K. J. , 2021, (159, 97) }—-——{ 2.25% -0.36[-1.48, 0.76
Llamas-Lopez P. J., 2019, (130, 1036) |-.-| 459% 0.29 [-0.21, 0.80
Suarez-Usbeck A, 2019, (324, 248) }ll 459% 0.26[-0.24, 0.76
Cane F., 2019, (280, 280) }u{ 5.00% 0.79[0.37, 1.21
Hernandez-Caravaca |. , 2012, (1716, 1683) . 594% 0.12[-0.06, 0.30
Hernandez-Caravaca |. , 2012, (1716, 1664) . 592% 0.35[0.16, 0.54
Hernandez-Caravaca |. , 2017, (38, 104) }—-—o—i 1.86% -0.82[-2.11, 0.46
Hernandez-Caravaca |. , 2017, (38, 38) }—-——{ 154% -0.78[-2.25 068
Hernandez-Caravaca |. , 2017, (38, 42) }—-——1 140% -0.21[-1.77, 1.36
Hernandez-Caravaca |. , 2017, (47, 56) }—-—-{ 1.74% -1.16 [-2.51, 0.20
Hernandez-Caravaca |. , 2017, (47, 54) }—-—{ 142% -0.16 [-1.71, 1.39
Hernandez-Caravaca |. , 2017, (47, 63) }—-—4 1.74% -1.02[-2.37, 0.33
Mellado M. , 2018, (1773, 7078) . 5.96% -0.08 [-0.25, 0.10
Singh M. , 2020, (40, 30) }—4—1 183% 049[-0.82, 1.79
Shardella P. E., 2014, (165, 165) }-.—i 353% 028[-0.46, 1.01
Pearodwong P., 2020, (88, 124) }——-—{ 2.13% 0.36[-0.80, 1.53
Pearodwong P., 2020, (83, 129) |—¢—| 3.02% -0.15[-1.02, 0.72
Fitzgerald R. F. , 2008, (196, 193) m 496% 0.07 [-0.35, 049
Dimitrov S., 2009, (49, 67) }—o——{ 048% -2.16 [-5.08, 0.75
Dimitrov S., 2009, (51, 33) }—-——{ 1.99% -051[-1.74, 0.72
Roberts PK., 2005, (859, 924) . 557% -0.03 [-0.32, 0.25
Serret C.G., 2005, (95, 83) - 261% -1.26[-2.26, -0.27
Serret C.G., 2005, (95, 77) |—-—{ 252% -1.10[-2.12, -0.08
Serret C.G., 2005, (95, 79) . 267% -162[-2.58, -0.65
Apic¢ J. | 2015, (30, 30).1 }—-—-—{ 1.93% 0.60[-0.66, 1.85
Apic¢ J. , 2015, (30, 30).2 |—u—| 161% 0.26[-1.16, 1.69
Llanes Chale J. E. , 2007, (1074, 1510) ' 5.94% 0.27[0.09, 045
RE Model | ‘ 3 100.00% 0.01[-0.20, 0.22
[ S — —
6 -4 -2 0 2

Fig 1. Forest plot showing effects of artificial insemination method of sows on
farrowing rate using the log odds ratio as the outcome measure. Figure lists number
sows in groups (nCAI and nPCAI), d Hedge’s and 95% confidence interval and the
weight accounting for the total statistics (weight).
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Standard Error
1
.

1.489

Log Odds Ratic

Fig. 2. A funnel plot for estimating the farrowing rate systematic error
associated with publication bias. The middle line is the effect size and the side two
lines are the corresponding confidence ranges.

Fecundity index. The observed standardized mean differences ranged from -
0.7213 to 1.8843, with 52% of the estimates being positive. The estimated average
standardized mean difference based on the random-effects model was 0.1156 (95% ClI: -
0.0790 to 0.3103) (Fig. 3). Therefore, the average outcome did not differ significantly
from zero (z = 1.1642, p = 0.2443). According to the Q-test, the true outcomes appear to
be heterogeneous (Q (32) =295.6778, p <0.0001, tau* = 0.2926, I*> = 97.0358%). A 95%
prediction interval for the true outcomes is given by -0.9623 to 1.1935. Neither the rank
correlation nor Egger's regression test indicated any funnel plot asymmetry (p = 0.3165
and p = 0.0877, respectively) (Fig. 4).
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Author, year, (nCAI, nPCAI) Effect size Weight | d Hedge’s
[£95%CI]
Will K. J., 2021, (158, 90) }-.4 3.18% 0.16 [-0.10, 042]
Singh M., 2020, (40, 30) 3 f—e— 2.62% 1.88[1.32, 2.45]
Api¢ J_, 2015, (30, 30).1 i — 2.64% 1.33[0.77, 1.89]
Api¢ J., 2015, (30, 30).2 -y 2.71% 0.76[0.24, 1.28]
Pylypenko S.V., 2006, (25, 25) I—--——{ 2.64% 0.24 [-0.32, 0.80]
Kovalenko V.F., 2005, (25, 25) — 2.60% 0.82[0.24, 1.40]
Ternus E. M., 2017, (273, 279) l.{ 3.29% 0.15[-0.01, 0.32]
Will K. J. , 2021, (159, 97) I-H 3.19% -0.10[-0.35, 0.15]
Llamas-Lopez P. J., 2019, (130, 1036) }.{ 3.27% -0.01[-0.19, 0.17]
Suarez-Usbeck A, 2019, (324, 248) i-{ 3.29% 0.17 [-0.00, 0.33]
Cane F. , 2019, (280, 280) - 3.29% 0.58[0.41, 0.75]
Hernandez-Caravaca |. , 2012, (1716, 1683) . 3.36% 0.14[0.08, 0.21]
Hernandez-Caravaca |. , 2012, (1716, 1664) n 3.36% 0.37[0.30, 044)]
Hernandez-Caravaca |. , 2017, (38, 104) }—-——l 3.00% -0.24[-0.61, 0.13]
Hernandez-Caravaca |. , 2017, (38, 38) |—-—| 2.85% -028[-0.73, 0.17]
Hernandez-Caravaca |. , 2017, (38, 42) }——-——{ 2.88% -0.13 [-0.56, 0.31]
Hernandez-Caravaca |. , 2017, (47, 56) |—-—| 2.96% -0.56[-0.95, -0.16]
Hernandez-Caravaca |. , 2017, (47, 54) }—-—1 297% -0.10 [-0.49, 0.29]
Hernandez-Caravaca |. , 2017, (47, 63) |-—--{ 2.99% -0.31[-0.69, 0.07]
Singh M. | 2020, (40, 30) " 2.75% 1.08 [0.57, 1.58]
Sbardella P. E., 2014, (165, 165) }.1 3.24% 0.22[0.00, 0.43]
Pearodwong P., 2020, (88, 124) }-.—{ 3.16% 0.18 [-0.09, 0.45]
Pearodwong P., 2020, (83, 129) }—-—l 3.15% -0.34[-0.62, -0.06]
Fitzgerald R. F. , 2008, (196, 193) }.-] 3.26% -0.02 [-0.22, 0.18]
Dimitrov S_, 2009, (49, 67) |—-—q 3.00% -0.32[-0.69, 0.05]
Dimitrov S_, 2009, (51, 33) —- 2.85% -0.72[-1.17,-0.27]
Roberts P.K., 2005, (859, 924) ﬂ 3.35% -0.07 [-0.16, 0.02]
Serret C.G_, 2005, (95, 83) = 3 3.12% -0.54[-0.84, -0.24]
Serret C.G_, 2005, (95, 77) i—l—{ 3.12% -0.36[-0.66, -0.06]
Serret C.G_,2005, (95, 79) = 3.11% -0.64[-0.95, -0.33]
Apic¢ J. , 2015, (30, 30).1 |—-—| 2.72% 058[0.07, 1.10]
Apic¢ J. , 2015, (30, 30).2 |-—-—1 2.74% 0.36 [-0.15, 0.87]
Llanes Chale J. E. , 2007, (1074, 1510) . 3.35% 0.19[0.11, 0.27]
RE Model . 100.00% 0.12 [-0.08, 0.31]
I T T T T
2 -1 0 1 2

Fig. 3. Forest plot showing effects of artificial insemination method on sow’s
fecundity index the standardized mean difference as the outcome measure. Figure
lists number sows in groups (nCAI and nPCAI), d Hedge’s and 95% confidence
interval and the weight accounting for the total statistics (weight).
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Fig. 4. A funnel plot for estimating the sows’ fecundity index systematic error
associated with publication bias. The middle line is the effect size and the side two
lines are the corresponding confidence ranges.

The litter size. The observed standardized mean differences ranged from -0.4466
to 1.1583, with positive estimates in 52% of cases. The estimated average standardized
mean difference, based on the random-effects model, was 0.0226 (95% CI: -0.0670 to
0.1123) (Fig. 5). Therefore, the average outcome did not differ significantly from zero
(z= 0.4950, p = 0.6206). According to the Q-test, the true outcomes appear to be
heterogeneous (Q (32) = 71.9705, p < 0.0001, tau? = 0.0435, I = 83.0904%). A 95%
prediction interval for the true outcomes is given by -0.3958 to 0.4410. Neither the rank
correlation nor Egger's regression test indicated any funnel plot asymmetry (p = 0.2736
and p = 0.3391, respectively) (Fig. 6).
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Author, year, (nCAI, nPCAI) Effect size Weight | d Hedge’s
[£95%CI]
Will K. J., 2021, (158, 90) o 343% 0.11 [-0.15, 0.37]
Singh M., 2020, (40, 30) —_— 1.88% 1.16[0.65, 1.67]
Apie J_, 2015, (30, 30).1 — 1.86% 0.51[-0.00, 1.02]
Apie J_, 2015, (30, 30).2 e 1.89% 0.26 [-0.25, 0.76]
Pylypenke S.V., 20086, (25, 25) foooe 1.69% 0.05[-0.51, 0.60]
Kovalenko V.F, 2005, (25, 25) I | 1.69% 0.22[-0.33, 0.78]
Ternus E. M., 2017, (273, 279) i o 4.13% 006[-0.11, 0.22]
Will K. J., 2021, (159, 97) ] 3.48% 0.00[-0.25, 0.25]
Llamas-Lopez P. J., 2019, (130, 1036) H 401% -0.16 [-0.34, 0.02]
Suarez-Usheck A, 2019, (324, 248) I-I-I 4.14% 0.04 [-0.13, 0.20]
Cane F. , 2019, (280, 280) 511 4.13% 0.14 [-0.02, 0.31]
Hernandez-Caravaca |. , 2012, (1716, 1683) [ 469% 0.06 [-0.00, 0.13]
Hernandez-Caravaca |. , 2012, (1716, 1664) [ ] 469% 0.15[0.08, 0.21]
Hernandez-Caravaca |. , 2017, (38, 104) | 2.64% -0.02[-0.40, 0.35]
Hernandez-Caravaca |. , 2017, (38, 38) oo 2.18% 0.06 [-0.39, 0.50]
Hernandez-Caravaca |. , 2017, (38, 42) — 2.23% -0.09 [-0.53, 0.35]
Hernandez-Caravaca . , 2017, (47, 56) e 2.53% -0.15[-0.53, 0.24]
Hernandez-Caravaca |. , 2017, (47, 54) b 251% -0.07 [-0.46, 0.32]
Hernandez-Caravaca |. , 2017, (47, 63) e 260% 0.05[-0.33, 042]
Singh M. | 2020, (40, 30) [ —— 2.03% 042[-0.06, 0.90]
Shardella P. E., 2014, (165, 165) = B 3.76% 0.14 [-0.07, 0.36]
Pearodwong P., 2020, (88, 124) ] 3.33% 0.11[-0.17, 0.38]
Pearodwong P., 2020, (83, 129) | 3.30% -0.28[-0.56, -0.00]
Fitzgerald R. F. , 2008, (196, 193) - 3.89% -0.05[-0.25, 0.15]
Dimitrov S_, 2009, (49, 67) f—e—] 2.66% -0.04[-0.41, 0.33]
Dimitrov S., 2009, (51, 33) | 2.21% -045[-0.89, -0.00]
Roberts PK_, 2005, (859, 924) B 458% -0.07[-0.16, 0.02]
Serret C.G., 2005, (95, 83) }—-—4 3.16% -0.26 [-0.56, 0.03]
Serret C.G.,2005, (95, 77) }—-——| 3.12% -0.13[-0.43, 0.17]
Serret C.G., 2005, (95, 79) - 3.13% -0.23[-0.53, 0.07]
Apie J. , 2015, (30, 30).1 f—e i 1.90% -0.16 [-0.67, 0.35]
Apie J. , 2015, (30, 30).2 — 1.90% 0.12[-0.39, 0.63]
Llanes Chalé J.E. , 2007, (1074, 1510) . 464% -0.02[-0.10, 0.05]
RE Model 1 0 100.00% 0.02[-0.07, 0.11]
[ | T 1
-1 0 1 2

Fig. 5. Forest plot showing effects of sows artificial insemination method on
litter size the standardized mean difference as the outcome measure. Figure lists
number sows in groups (nCAI and nPCAI), d Hedge’s and 95% confidence interval,

and the weight accounting for the total statistics (weight).
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Fig. 6. A funnel plot for estimating the litter size’s systematic error associated
with publication bias. The middle line is the effect size and the side two lines are the
corresponding confidence ranges.

Discussion

The present study demonstrates that none of the investigated parameters
(including the farrowing rate, the fecundity index, and the litter size) decreased with the
use of the post-cervical insemination method. Therefore, based on the data from various
authors analyzed in this meta-analysis, we can conclude that this method offers all the
advantages without any loss of reproductive efficiency.

From a methodological standpoint, our dataset was not stratified based on the
number of spermatozoa in the semen dose or the volume of the dose when comparing the
two methods.

In the analyzed dataset, the number of sperm per dose for traditional insemination
ranged from 1.5 billion to 4 billion and the volume of the dose was from 50 to 100 ml.
Realistically, industrial doses of less than 70 ml and a total sperm count of less than 2.5
billion are not used. Usually, breeding companies use about 3 billion sperm per dose and
a volume of 80-100 ml, this is an effective way to get a good level of fertility in group
insemination. So, (Knox R.V., 2016;. Roca J., et al., 2006) wrote about 3 billion and 80
ml. The number of sperm per dose for post-cervical insemination ranged from 0.5 billion
to 4 billion and the volume of the dose was from 20 to 100 ml. The actual industrial use
is about 1.5 billion sperm (Feitsma H., 2009) and the volume of the dose is 35-50 ml.

We separated each group into subgroups where the grouping factor was the
number of spermatozoa in the insemination dose. For CAI group, these were
concentrations of 1.5-2 million (n=6), 2.5-3 million (n=22), and >3 million (n=6) (Fig. 7,
a, b, ¢). For the PCAI group, these were concentrations of 0.5-1 million (n=5), 1.5-2
million (n=23), and >2 million (n=6) (Fig. 7 (d, e, f). The significance of differences
between groups was evaluated by ANOVA (Tables 2, 3).
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Fig. 7. Fecundity index (a, d), farrowing rate (b, e), and litter sizes (c, f) for
CAIl and PSAI sow artificial insemination in groups with different total sperm
numbers in one dose. Means and 95% CI are shown.

Table 2
One-way ANOVA (Fisher's) result of the effect of sperm numbers per dose on

reproductive performance in sows at PCAI

Variables F dfl df2 p

Farrowing rate 2.08 2 31 0.142
Fecundity index 2.45 2 31 0.103
Litter sizes 1.87 2 31 0.171
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Table 3
One-way ANOVA (Fisher's) result of the effect of sperm numbers per dose on
reproductive performance in sows at CAl

Variables F dfl df2 p

Farrowing rate 2.84 2 31 0.074
Fecundity index 5.01 2 31 0.013
Litter sizes 4.56 2 31 0.018

In all cases, the absolute values of average groups were optimal. The lowest values
were in the case of the smallest sperm counts per dose. However, the differences in
fecundity index and litter sizes were significant in the CAE group Post-cervical
insemination offers several benefits in pig breeding, including increased control over
semen placement, reduced use of semen material, the potential for increased genetic
diversity, and improved herd performance. These advantages make it a popular choice
for many farms looking to enhance their breeding programs.

In recent years, there has been a growing interest in the use of post-cervical
insemination in the pig industry. The need for more efficient breeding programs has
driven the adoption of this technology, as it allows farmers to achieve the same or better
results with less effort and resources.

As technology and equipment continue to improve, the use of post-cervical
insemination is likely to increase further. It is also expected to play a crucial role in the
speed of selective breeding and genetic improvement, making it a valuable tool for the
pig industry.

In recent years, there has been a growing interest in the use of post-cervical
insemination in the pig industry. Post-cervical insemination offers several benefits in pig
breeding, including increased control over semen placement, reduced use of semen
material, the potential for increased genetic diversity, and improved herd performance.
These advantages make it a popular choice for many farms looking to enhance their
breeding programs. The need for more efficient breeding programs has driven the
adoption of this technology, as it allows farmers to achieve the same or better results with
less effort and resources.

As technology and equipment continue to improve, the use of post-cervical
insemination is likely to increase further. It is also expected to play a crucial role in the
speed of selective breeding and genetic improvement, making it a valuable tool for the
pig industry.

Conclusion. Thus, according to the results of the meta-analysis of the available
published data, the method of post-cervical insemination of pigs does not lead to a
deterioration of reproductive performance and allows the use of its technological,
economic, breeding, and genetic advantages in commercial pig breeding. Also, according
to the results obtained, there is no reliable systematic error associated with publication
bias.
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