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Abstract:

This clinical study aimed to identify key factors affecting the success of artificial insemina-
tion (Al) with frozen-thawed semen in a clinical patient population of bitches from various
breeds. Specifically, we examined the influence of Al technique, body weight, and semen
quality on pregnancy rates and litter sizes. A total of 100 Al procedures were performed on
100 bitches using either surgical intrauterine insemination (SIU; n=48) or transcervical in-
semination (TCI; n=52) between January and May 2021. Post-thaw semen quality was eval-
uated for morphology, motility, and concentration. The overall pregnancy rate was 74%, with
an average litter size of 6 + 2.79 pups. Pregnancy rates did not differ significantly across
body weight categories: small bitches (<13 kg) had a pregnancy rate of 75%, medium bitches
(13-25 kg) 64%, large bitches (2640 kg) 80%, and giant bitches (>40 kg) 73%. Similarly,
body weight categories did not show significant differences in litter sizes (p = 0.1732) and
no correlation was found between litter size and body weight (R* = 0.13). No significant
difference in pregnancy rates was found between SIU and TCI techniques, but SIU resulted
in significantly larger litter sizes (p < 0.05). No significant difference in pregnancy rates
between post thaw motility groups or among PMNS levels were found. These findings pro-
vide insights into optimizing Al protocols in canine reproduction, supporting improved man-

agement practices for breeding programs using frozen-thawed semen.
Magyar absztrakt

A diplomadolgozat célja az volt, hogy megvizsgaljuk azon tényezdket, amelyek
befolyasoljak a fagyasztott-felolvasztott spermaval végzett mesterséges termékenyités (Al)
sikerességét kutyak esetén. Kiilondsen a termékenyités technikdja, a testtomeg és a sperma
mindség hatasat vizsgaltuk a vemhességi aranyra ¢€s az alomméretre vonatkoztatva.
Osszesen 100 Al-eljarast végeztiink 100 szukan a németorszagi HSB-Blendivet Klinikan
2021.januér és majus kozott, amely soran sebészi intrauterin inszeminéaciot (SIU; n=48)
vagy transzcervikalis inszemindciot (TCI; n=52) alkalmaztunk. A felolvasztott sperma
mindségét morfologia, motilitas és koncentracio alapjan értékeltiik. A vemhességi arany
atlaga 74% volt, az atlagos alomméret 6 + 2,79 kolyok. A vemhességi aranyok nem
mutattak szignifikdns kiilonbséget a testtomeg-kategoridk kozott: a kis termetli (<13 kg)
szukéaknal 75 %, a kozepes termetii (13—26 kg) szukaknal 64 %, a nagy termetli (2640 kg)
szukaknal 80%, mig az 6rids termetii szukaknal (>40 kg) 73% volt. Hasonloképpen, az
alomméretek kozott sem mutatkozott szignifikans kiilonbség a testtomeg-kategoriak kdzott

(p = 0,1732), valamint nem talaltunk korrelaciot a testtomeg kategoridk és az alomnagysag

2



tekintetében. A SIU és a TCI technikdk kdzott nem talaltunk szignifikans kiilonbséget a
vemhességi ardnyokban, azonban a sebészi termékenyités szignifikansan nagyobb
alomméretet eredményezett (p < 0,05). A vemhességi aranyokban nem talaltunk jelentds
kiilonbségeket a felolvasztas utdni motilitasi csoportok vagy a PMNS-szintek kozott. Ezek
az eredmények betekintést nyujtanak a mesterséges termékenyitési eljarasok
optimalizalasaba, timogatva a fagyasztott- felolvasztott spermat hasznal6 tenyésztési

programok sikeressé tételét.
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Abbreviations
e Al = Artificial insemination
e TCI = transcervical insemination
e EIU = Endoscopically Assisted Intrauterine Insemination
e SIU = Surgical Intrauterine Insemination
e CASA = Computer-assisted Sperm Analysis
e HOS = Hypoosmotic Swelling Test
e PMNS = Progressive Motile Normal Sperm Cells
e LH = Luteinizing Hormone
e IVF = In Vitro Fertilization
e DFI = DNA Fragmentation Index
e SCSA = Sperm Chromatin Structure Assay
e TUNEL = Terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling
e SCD = Sperm Chromatin Dispersion
e ANOVA = Analysis of Variance
e BW =Body Weight
¢ IQR = Interquartile Range



Introduction

Reproductive medicine has undergone significant improvements over the past few decades
- especially the field of artificial insemination (Al) techniques in canines. From the 1% per-
formed Al in the 18" century by the Italian monk Spallanzani, [1] through the introduction
of cryopreservation with glycerol as cryoprotectant in the mid-20™ century, which enabled
the long-term storage and international shipping of genetic material, leading to today, where
we have endoscopically assisted methods and DNA testing, which are integral to the breed-
ing process, increasing the possibility of healthy offspring. These advancements have im-
proved our understanding and execution of successful canine insemination. Ongoing re-
search continues to refine Al techniques and explore new possibilities in canine reproduc-

tion, such as in vitro fertilization (IVF) and cloning [2].

The use of artificial insemination (Al) in canines is becoming a significant technique for
managing canine breeding, benefiting both professional breeders and private dog owners.
Al, particularly with frozen-thawed semen, offers numerous advantages. These include the
ability to ship semen internationally, which increases genetic diversity within breeds and
helps prevent inbreeding and associated genetic disorders. It also allows the use of frozen
semen from dogs with desirable traits, even if these dogs are no longer reproductive or have
already died. Additionally, Al reduces the risk of sexually transmitted diseases and mini-

mizes the physical and psychological stress on breeding animals [3-5].

Despite these advantages, with the increasing reliance on Al for breeding, it is crucial to
identify and optimize factors such as timing of Al, handling of semen and others, to maxim-

ize the success rates and ensure the benefits of Al as often as possible.

This study aims to investigate factors influencing the success of Al using frozen-thawed
semen in a clinical patient population. By examining various factors, it seeks to provide

insights enhancing the efficacy and reliability of Al procedures with frozen-thawed semen.



Literature review

1. Historical Background

The reproductive medicine, specifically the Al, stands out as one of the few branches of
medicine, which didn’t lag behind human medicine. In fact, Al was performed earlier in
animals, with records dating back to 1322, preceding the first anecdotal human Al, which is
said to have occurred between 1425 and 1474. After the first Al in a dog by monk Spallanzani
there was a greater gap in progress in the reproductive science until the topic came up again
around the 1950’s, when Harrop first described sending chilled semen from Great Britain to
the Cornell University in New York, where, after six days of transport, they successfully

inseminated 6 bitches, of which one became pregnant [1, 6, 7].

In 1969 Seager further advanced the field by publishing the first official insemination using
frozen-thawed semen. This breakthrough greatly advanced dog breeding practices. With the
ability to transport semen over long distances, breeders gained access to genetic material
from dogs worldwide, enriching the gene pool of breeding populations. Furthermore, this
technique allowed breeders to preserve and store the genes of dogs with desirable traits, that
could be passed on to future generations of puppies. This development led to a consistent
increase in the number of officially registered litters resulting from Al in organizations like

the American Kennel Club (Table 1) [7, 8].

Today, there are additional reasons for exchanging frozen canine semen, including reduced
disease transmission risks, national regulations on live animal transport (especially for ag-
gressive or restricted breeds), and financial incentives to breed specialized dogs, such as
police or guide dogs for the visually impaired. At the same time the availability and success

rate of Al add substantially to the rising demand [9].

Table 1 AKC Registration of Litters Produced with Frozen, Chilled Extended, and Fresh Semen[10]

Frozen Semen Chilled Semen Fresh Semen
Year Litters Linters Litters

1881 0

1882 4

1983 3

1984 20

1985 32

1986 18 1

1987 23 19

1988 22 14

1989 32 28

1990 48 61

1991 74 117

1992 99 156 2,201
1993 130 137 2177

Data courtesy of the AKC



2. Semen collection

Despite significant advancements, there remains considerable variation in the success rates
of A, influenced by the techniques of different practitioners and the quality of semen, which
is not consistently (uniformly) evaluated across clinics and laboratories. Furthermore, other
factors play a role, which I am going to explore in this literature review. While some factors

are widely accepted within the veterinary community, a few remain subjects of debate.

Since there is a loss of viability of the spermatozoa around 20-50%, due to the damages
which occur in the freezing and thawing procedure [9], we want the semen to be in the best
possible condition, which includes decreasing all possible errors in the processing of the
semen. To minimize losses, it is essential to record the dog's breeding history, medical his-
tory, and the length of sexual abstinence before collection. Sexual rest of 4-5 days before
collection is ideal, while abstinence exceeding 10 days may result in increased morphologi-

cal abnormalities and decreased motility due to sperm aging [11].

Before starting the semen collection process, the operator must ensure that all materials used
are sterile. This includes gloves, the collection sleeve or artificial vagina—typically made of
polypropylene or rubber- and the collection container or centrifuge, which is attached to the
end. Maintaining sterility is crucial to avoid contamination and ensure the quality of the
sample. Additionally, all equipment should be warmed to body temperature to ensure com-

fort and avoid shock to the semen [11].

The semen is collected by application of circumferential pressure around the penis shaft
between the bulbus glandis and the body wall, which on one hand mimics the copulatory
lock and on the other hand prevents the loss or contamination of the sample [12]. The semen
can then be collected once or twice, in a 30 minute interval, to gain enough spermatozoa
though the 2" sample might appear too dilute, and can then be centrifuged at 700-1000 g for
5 minutes [9]. The surroundings for the collection should be calm and quiet and non-slippery,
to reduce the stress level of the dog. A rubber-backed mat can provide good footing and
olfactory cues to the stud dog, while a teaser bitch, ideally in proestrus or estrus. It can be
recommended to the owner, suggesting that they bring such a female, because it is also as-
sociated with an ejaculation of better quality semen [12]. If no teaser is available, estrus scent
can be mimicked using vaginal secretions from estrus bitches or specific pheromones applied

to a calm female dog [11]. However, dogs that have had semen collected more frequently



can often be stimulated purely through manual methods. This varies from dog to dog and

should be adapted to the specific situation.

The procedure with a teaser bitch involves the following steps: The bitch is restrained and
muzzled if necessary to prevent potential harm to the male dog, while the male is allowed to
interact with her naturally, such as mounting her or licking her vulva. The operator then
massages the area around the bulbus glandis through the prepuce to encourage an erection.
Once the erection begins, the penis is carefully guided out of the prepuce by pressuring the
caudal part of the bulbus glandis and simultaneously the hand holding the cone should push
the skin proximally to prevent the penis from becoming fully erected while it is still inside
the prepuce, which could cause discomfort for the dog. The penile shaft is now encircled

through the collection cone proximally to the bulbus glandis. (Figure 1)

Figure 1 Direction of the erect penis caudally to simulate the copulatory lock, or tie (reprinted with permis-
sion from Root Kustritz MV. 2006. The Dog Breeder’s Guide to Successful Breeding and Health Manage-
ment. St. Louis, MO: Elsevier).

During ejaculation, the dog produces three distinct fluid phases. The first phase is a small
amount of clear prostatic fluid, followed by the second phase, which is the sperm-rich frac-
tion. This occurs often during or shortly after the dog's thrusting movement. At this point,
the dog may try to lift his leg to form the tie, and the operator assists by positioning the penis
horizontally until it is directed caudally (Figure 1). Finally, the third phase, which is clear
prostatic fluid, is produced in pulses, signaling the end of the sperm-rich fluid collection.
For freezing purposes, it is advisable to remove prostatic fluid before freezing the sperm due

to its negative impact on chromatin integrity after freezing and thawing [10-13]



3. Semen evaluation

The next step is the semen evaluation. First semen is checked macroscopically, which should
have a skimmed milk to slightly creamy picture, depending on the density and should never
show yellow or reddish, brown or green discoloration, which could indicate urine, inflam-
matory processes, blood or infection in the semen and would make it unfit for AI. The vol-
ume can range between 1 and 80 ml, depending on the size of the dog and the amount of
prostatic fluid collected. This also means that a large amount of semen doesn’t necessarily
indicate a good quality [10]. After that continue microscopically and check for leukocytes,
urine, erythrocytes, bacteria or other pathogens, which could influence the semen quality
negatively. ,,Semen with leucocytes, erythrocytes or urine may be washed by centrifugation
at 700-1000 g for 5 minutes in TRIS extender or saline with antibiotics, the supernatant
discarded, and the pellet re-suspended in fresh extender with antibiotics. The semen may
then be used for Al. “(England und Von Heimendahl, 2010, p. 81). The motility of the semen
is assessed using a light microscope at 100x magnification. A drop of semen is placed on a
glass slide, and the percentage of forward-moving spermatozoa is subjectively assessed. Ca-
nine sperm are relatively resistant to cold shock, so the slide does not need to be pre-warmed.
Motility tends to decline less quickly at room temperature compared to body temperature.
Highly concentrated samples can be diluted with autologous prostatic fluid, phosphate-buff-
ered saline, 2.9% sodium citrate solution, or a semen extender. However, extenders with
viscous substances like egg yolk may decrease motility speed. Autologous prostatic fluid
typically has no significant effect on motility unless its pH is abnormal. It should be at least

70% or higher for normal use, but for freezing procedures, a higher percentage is preferred

[10, 12, 14].

In facilities that do many semen evaluations, automated semen evaluation systems can be
used such as computer-assisted sperm analysis (CASA). It is a system designed to evaluate
sperm quality by automatically tracking and measuring sperm movement in a semen sample.
Giinzel-Apel et al. (1993) were the first to describe CASA systems for dog semen analysis.
They adapted the settings specifically for dog sperm, including determining the appropriate
dilution, extender, cell size range, number of frames per analysis, and threshold values for

velocity and motility [15].

The process begins with a microscope that captures high-speed images of the sample, allow-
ing the CASA software to observe each sperm cell's motion in real time. Using advanced

tracking algorithms, the software follows each sperm’s path across multiple frames,
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calculating how fast each cell moves and in what direction. This tracking method allows
CASA to distinguish between different movement patterns, such as linear forward movement
(essential for fertilization), circular or irregular (hyperactivated) motion, and immotility.
From this data, CASA provides detailed metrics on sperm quality, including total motility
(the percentage of all moving sperm), progressive motility (the percentage moving forward
in a straight line), and various measures of speed. These metrics are compiled into a report

that gives a clear picture of the semen's fertility potential [16, 17].

The sperm concentration typically ranges between 100 and 700 million sperm per milliliter
[9]. There are 3 main ways to figure out the concentration of a semen sample. The first one
is the use of a hemacytometer. The hemacytometer is a type of counting chamber which can
be used to estimate the concentration by counting the diluted sperm (1:100 semen/saline
dilution) in one of nine large squares under a 10X microscope. This method is relatively

time-consuming but also very accurate [9, 12].

Figure 2 Unopette system and hemacytometer for determination of concentration of spermatozoa in canine
semen (reprinted with permission from Root Kustritz MV. 2006. The Dog Breeder’s Guide to Successful
Breeding and Health Management. St. Louis, MO: El)

The second technique are spectrophotometers, which are calibrated for dog semen such as
SpermaCue™. They measure the optical density of the semen sample, to estimate the con-
centration of the spermatozoa. This process offers quicker results but is not as precise as the

hemacytometer method [18].

A Nucleocounter can also be used but is rather uncommon due to the higher costs of reagents
and the significant training required for a practitioner. It works by using a fluorescent dye
(e.g., propidium iodide), which specifically binds to DNA. The device uses a fluorescence

microscope to excite the dye and capture the emitted light. The fluorescence is measured,
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and the software counts the number of sperm cells present based on the intensity and distri-
bution of light. Due to the fact that the dye only penetrates the membrane of dead sperm

cells, you can also assess the viability of the sperm sample [19].

Sperm morphology refers to the structural characteristics of sperm cells and is an important
factor in assessing fertility in dogs, though its direct correlation with fertility is less estab-
lished compared to other species. Morphologically normal spermatozoa are desirable, as
poor morphology is often linked to reduced motility and a decreased ability to reach and
fertilize the ova. Normal canine sperm cells are composed of a head, neck, and tail (with

midpiece, main piece, and end piece), covered by a plasma membrane [20, 21].

A healthy, mature sperm cell consists of a flattened, oval head containing the nucleus, a neck,
and a tail that enables motility. The acrosome, a cap-like structure covering 75-80% of the
head, contains enzymes crucial for penetrating the egg. The midpiece is packed with mito-
chondria, providing energy for motility, and the main piece and end piece make up the re-
mainder of the tail. The minimum accepted percentage of morphologically normal sperm for
canine semen used in cryopreservation is 75%. While the threshold for normal fertility isn’t
firmly established, values below 60% typically indicate testicular or epididymal dysfunction

[9, 12, 22].
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Normal sperm

Figure 3 Normal Canine Sperm cell (source: Applied Veterinary Andrology and Frozen Semen Technology
(2011))
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Figure 4 Labeled image of a dog's sperm cell (source: Textbook of Veterinary Physiology (2023) p. 482)

Abnormalities in sperm structure can affect fertility by impairing motility and function.
These defects can be categorized as primary (originating during spermatogenesis) or sec-
ondary (occurring during sample handling or due to infections). Primary defects, such as
double heads, misshapen heads, proximal cytoplasmic droplets, and bent midpieces, often
indicate more severe issues, while secondary defects include detached heads, distal cytoplas-
mic droplets, and bent tails. Head abnormalities, such as detached heads, knobbed acro-
somes, or pear-shaped heads, can lead to reduced fertility due to their impact on DNA integ-
rity and acrosomal function. Midpiece defects, such as corkscrew or Dag defects, and tail
defects like bent or coiled tails, compromise motility. Severe defects, like the tail stump

defect, often result in infertility, as affected sperm lack functional tails [9, 12, 22].
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Table 2 Normal parameters for semen quality in dogs (source: Clinical Canine and Feline Reproduction by

Kustritz, 2010 p.76)

Parameter Normal
Color Milky or opalescent
Volume 1 to 30ml

Percentage of progressively motile spermatozoa
Total number of spermatozoa in the ejaculate

Percentage of morphologically normal spermatozoa

70% or greater
300 million to 2 billion

80% or greater

pH 6.3106.7

Alkaline phosphatase of seminal fluid >50001U/1

Noninflammatory; low numbers of healthy
polymorphonuclear cells may be present in
normal semen.

Cytology

Microbiological culture Fewer than 10,000 bacteria/ml is nonsignificant

bacterial growth.

Advanced examinations of semen, such as acrosome testing, plasma membrane integrity
evaluation, and DNA fragmentation assays, provide essential insights into the fertility po-

tential of sperm cells.

Acrosome testing assesses the integrity of the acrosome, which is crucial for penetrating the
zona pellucida, the protective layer surrounding the oocyte. To evaluate acrosome function,
a calcium ionophore, such as A23187, can be introduced to the semen sample, inducing the
acrosome reaction in viable sperm [23, 24]. Fluorescent dyes like Bis-benzimide (Hoechst
33 258) and FITC-Pisum sativum agglutinin (FITC-PSA) bind specifically to reacted acro-
somes, enabling microscopic visualization of their functionality [14, 24, 25]. Alternatively,
Giemsa staining offers a visual evaluation of the acrosome but obscures other structures,
such as the nucleus and tail. Triple staining techniques using Trypan blue, Bismarck brown,
and Rose Bengal overcome this limitation by staining different sperm regions separately,
allowing classification into live or dead sperm with intact or damaged acrosomes [14, 23,
25]. These methods are valuable in canine semen evaluation, offering significant insights

into the fertilization potential of sperm cells.

Plasma membrane integrity, essential for the exchange of ions, fluids, and nutrients, is an-
other critical factor in assessing sperm quality. The hypoosmotic swelling (HOS) test evalu-
ates functional membrane integrity by exposing sperm to a hypoosmolar solution composed
of fructose and sodium citrate. This solution induces swelling and curling of the sperm tail
in cells with intact membranes, indicating their ability to maintain osmotic balance. Dam-
aged membranes, in contrast, remain unaffected. The percentage of HOS-reactive sperm cor-

relates directly with semen quality and fertility potential [22, 26].
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A complementary technique, eosin-nigrosin supravital staining, assesses structural integrity.
Dead sperm with damaged membranes absorb eosin and appear red, while live sperm with
intact membranes exclude the dye and remain white against the dark nigrosin background.
(Figure 5) Studies have demonstrated high correlations between the results of the HOS test,
supravital staining, and progressive sperm motility, with the HOS test emerging as the supe-

rior predictor of functional integrity [9, 22, 26].

Figure 5 Eosin nigrosin staining for sperm vitality [27]

DNA fragmentation assays are critical for understanding the structural integrity of sperm
DNA. Among these, the sperm chromatin structure assay (SCSA) is a widely used method
that evaluates DNA fragmentation using acridine orange, a fluorescent dye that binds to
DNA. When exposed to a blue laser, in intact double-stranded DNA the dye fluoresces green,
while in fragmented DNA it appears red. By flow cytometry the metachromatic shift is meas-
ured. This technique provides a quick and accurate measure of DNA fragmentation through
the DNA Fragmentation Index (DFI), with higher DFI values associated with reduced fertil-

ity and increased risks of miscarriage [28].

The terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL) as-
say detects DNA breaks by labeling those break sites with fluorescently tagged dUTP mol-
ecules. While this method is effective, particularly for low sperm counts, its variable meth-
odologies, involving steps like washing, fixation, permeabilization and staining, pose chal-
lenges for cross-comparative studies. Despite its complexity, the TUNEL assay remains val-

uable for detailed analysis of DNA damage [28, 29].

The COMET assay evaluates DNA damage at the single-cell level using gel electrophoresis.
Under alkaline conditions, fragmented DNA migrates toward the anode, forming a charac-
teristic "comet tail" when visualized under fluorescence microscopy. Although highly sensi-
tive, the assay's interlaboratory variability and labor-intensive nature limit its broader appli-

cation [28, 30].
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The sperm chromatin dispersion (SCD) test, also known as the HALO test, provides a sim-
pler alternative by embedding sperm in an agarose gel treated with acid and lysis buffer.
Sperm with intact DNA form halos of dispersed loops, while fragmented DNA fails to create
this pattern. While convenient and suitable for initial screenings, the SCD test lacks the pre-

cision and sensitivity of more advanced assays like the SCSA [28, 31].

Each of these tests offers unique insights into sperm quality. The SCSA is particularly valued
for its speed, reproducibility, and detailed statistical output, making it a preferred method in
both clinical and research settings. However, the TUNEL, COMET, and SCD assays remain
important alternatives, especially in cases requiring detailed analysis of DNA damage or

where low sperm counts preclude the use of more robust methods.

4. Freezing and thawing process

Cryopreservation refers to the process of preserving cells, tissues, or organs by cooling them
to sub-zero temperatures. This method has been widely applied in the preservation of semen,
particularly at temperatures of -196°C using liquid nitrogen (LN2). The aim is to maintain
the biological integrity of sperm cells during storage for future use in Al (Al) [22]. Freezing
and thawing present the most challenges when processing semen for Al. This process can
damage cells through osmotic shifts, dehydration, ice crystal formation, and exposure to
extreme temperature changes, which can induce various chemical reactions within the cells
causing alterations to the sperm membrane, similar to those that occur during capacita-

tion[12].

Extenders, which are fluid-filled media, play a crucial role in semen preservation by buffer-
ing pH changes, providing energy, protecting sperm from cold shock, and often containing
antimicrobials. Common extenders include buffers like sodium citrate, along with an energy
source such as fructose or glucose and egg yolk, which provides protective agent like leci-
thin. Lecithin acts as a surfactant, which prevents lipid peroxidation and protects sperm cells
from cold shock and physical damage that can occur when cells are exposed to low temper-
atures. By forming a protective layer around the sperm cell membrane, lecithin ensures that
sperm cells retain their motility and viability after thawing. Extenders include antibiotics,
such as penicillin or streptomycin, and cryoprotectants, most commonly glycerol [22]. Glyc-
erol has the ability to bind water molecules and therefore reduces the intracellular ice crystal

formation, therefore preventing structural damage during the freezing process [12, 22].
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Table 3 Extender Types, their composition and Key Characteristics based on” Applied Veterinary Andrology

and Frozen Semen Technology” and Uppsala ingredients: [32]
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Practitioners generally choose between three freezing protocols: the manual (static) protocol,
the automatic (dynamic) protocol or the vitrification. All methods require meticulous han-

dling to ensure high sperm quality both before and after freezing.

4.1.Manual Freezing Protocol:

The manual freezing protocol, described in the book “BSAVA Manual of Canine and Feline
Reproduction and Neonatology”, is adapted from traditional conventional freezing tech-
niques described in the literature and involves gradual cooling of semen in nitrogen vapor to
avoid damage from ice crystal formation. This process is based on exposing semen straws

to nitrogen vapor at controlled distances and durations to achieve optimal freezing rates,
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aligning with the conventional freezing protocol where the freezing rate is approximately -

60°C/min [33, 34].

In the protocol described “BSAVA”, a Styrofoam box with dimensions of 30 cm x 40 cm x
30 cm is used, and a removable metal rack is positioned 10 cm below the box’s top edge.
Liquid nitrogen is added until the level is approximately 4 cm below the rack. The semen
straws are pre-filled and cooled to 3-5°C before placement on the rack using pre-cooled
forceps. The straws are left in the nitrogen vapor for 5-10 minutes, allowing a gradual tem-
perature reduction. During this phase, the nitrogen vapor facilitates controlled cooling simi-
lar to the height-dependent exposure described in conventional methods (e.g., 4-5 cm above
liquid nitrogen vapor). Once the straws are sufficiently cooled, they are transferred individ-
ually into liquid nitrogen for stabilization. After stabilization, the straws are moved to goblets
and stored within the canister of a liquid nitrogen container for long-term storage or shipping

[9, 331.

4.2.Automatic Freezing Protocol

The automatic freezing protocol employs a programmable freezing machine and is known
as “dynamic” because of its regulated, controlled nature. The machine’s freezing chamber
precisely controls the flow of nitrogen vapor, allowing accurate management of both cooling
and freezing rates. Straws are placed horizontally on racks, which often have removable lids,

enabling simultaneous processing of multiple racks for larger-scale operations [9].

The automatic freezing protocol is adapted from methods such as directional freezing and
incorporates a multi-stage cooling process to optimize cryopreservation outcomes. In direc-
tional freezing, a linear thermal gradient is employed to achieve precise temperature control,
progressing from 5°C to -50°C at a constant rate of 1 mm/s before final cooling to -100°C
(43, 47). Similarly, the automated freezing protocol achieves precise cooling rates in its three

distinct stages:
¥  Cooling from +4°C to —7°C at a rate of 2°C per minute.
¥ Rapid cooling from —7°C to —100°C at 50°C per minute.
¥ Further cooling from —100°C to —180°C at a rate of 25°C per minute.

The seeding step is a crucial part of directional freezing, where controlled ice nucleation is
initiated at a specific temperature (typically -50°C). In automated protocols, this is achieved

by precisely programming the freezing process [34]. Once the freezing program is complete,
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the rack containing the samples is immediately transferred into liquid nitrogen to stabilize
the frozen state. The straws are then stored in a liquid nitrogen container for long-term

preservation [9, 35, 36].

This carefully regulated method, aligned with the principles of directional freezing, ensures
gradual and controlled cooling. By minimizing cellular damage during the freezing process,

it significantly enhances post-thaw sperm viability and fertility outcomes.

4.3.Vitrification

Vitrification is an ultra-rapid freezing technique used to preserve sperm cells by transforming
them into a glass-like state without forming damaging ice crystals. Unlike conventional cry-
opreservation, which involves slower freezing and risks intracellular ice formation, vitrifi-
cation relies on high concentrations of cryoprotectants and rapid cooling to prevent crystal-
lization. Cryoprotectants such as dimethyl sulfoxide (DMSO) or ethylene glycol play a crit-
ical role in protecting cells from osmotic and structural damage during the freezing process.
However, these substances can be toxic at high levels, requiring the exposure time to be

minimized.

The vitrification process involves mixing sperm with a vitrification solution containing cry-
oprotectants. After a brief exposure—often around 30 seconds—the sample is rapidly pipet-
ted into liquid nitrogen. The ultra-rapid cooling solidifies the solution into a non-crystalline,
glass-like state, effectively avoiding the formation of ice that could harm the sperm's struc-
ture. This simplicity makes vitrification less equipment-intensive than traditional freezing

methods, making it particularly suitable for resource-limited settings [37-39].

Furthermore, there are general considerations and research findings that are relevant regard-
less of the specific cryopreservation method used: When preparing semen for cryopreserva-
tion, several critical decisions must be made by the practitioner. These include selecting the
straw or pellet size (0.25 ml or 0.5 ml), choosing the appropriate freezing extender, which
was discussed earlier, determining the optimal thawing rate (either slowly for 30-60 at 37°C
or rapidly for 5-10 at 70°C- duration is depending on the straw size and the cooling rate-),
and deciding on the freezing distance, typically between 3.5 to 8 cm in the vapor above the
liquid nitrogen. A 2005 study highlighted that the combination yielding the highest post-
thaw semen quality involved using 0.5 ml straws, freezing at a distance of 8 cm above the
liquid nitrogen surface, and thawing at 70°C. This method was found to preserve the semen's

integrity most effectively [40].
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5. Factors affecting artificial insemination

5.1 Timing of AI with frozen- thawed semen:

To achieve successful Al with frozen-thawed semen, understanding the reproductive cycle
of the bitch and applying cycle diagnostic methods are essential. The reproductive cycle
consists of four stages: proestrus, estrus, diestrus, and anestrus. During proestrus, the bitch’s
estrogen levels rise, preparing her for ovulation, which typically occurs during estrus. Die-
strus follows, marking the end of fertility, and anestrus is the resting phase before the cycle

restarts (Figure 6) [9, 10].

PROESTRUS = 9-10 days*

(non-fertile stage)

Bloody discharge can occur or not,

varies in color and intensitiy among individuals

ESTRUS = 59 days*

(ovulation, fertile phase)
s r ‘ C Discharge often becomes pinkish red,
but can also stop at this point, while

of dOQS femals remains most fertile;
Female becomes receptive to males

ANESTRUS

(non-fertile stage)

= usually 7-9 months*

No bleeding,
“Resting" stage until
female comes

into heat again

DIESTRUS =2 months*

(non-fertile stage)
Bloody discharge can occur or not and stops eventually,

www.bvllterrieréun.com S S s
varies in color and intensitiy among individuals

*The time spans given in this infographics are only average values, which can vary largely among individuals!

Figure 6 Estrus Cycle of dogs [41]

Diagnostic methods such as vaginal cytology, vaginoscopy, luteinizing hormone testing, and
progesterone testing not only help to monitor these stages but also assist in precisely timing
insemination. Each of these methods offers insight into the bitch’s reproductive status and

helps to determine the optimal window for Al.

Vaginal cytology and vaginoscopy are valuable tools when combined with progesterone test-
ing to pinpoint the fertile period. Although LH assays can indicate when ovulation may
begin, their reliability is limited due to the LH surge’s variability in both duration (24-60
hours) and timing. Consequently, relying solely on LH testing often proves insufficient for

precise Al timing [42, 43].

With vaginal cytology we can detect the estrus through the epithelial cells of the vagina
(enlarged cytoplasm, nuclear pyknosis and cornification of the surface cells), it is a cheap
and fast method but very vague standing alone. Similarly, with vaginoscopy you can
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visualize cervix and vagina and gain information about the reproductive stage. For example,
a cobblestone appearance of the vagina (“crenulation”) indicates a finished ovulation and
therefore the fertile period but as in cytology it is a cheap and useful tool but rather imprecise

when performed alone [42, 44].

The progesterone testing is currently the golden standard and perfectioned when including
vaginoscopy and vaginal cytology. It is essential for determining the timing of ovulation in
bitches, as it begins to rise steadily after the LH surge, signaling that ovulation is either
occurring or imminent. Key progesterone levels guide the timing of Al: at around 2 ng/mL
(6 nmol/L), the LH surge has occurred, marking the transition from proestrus to estrus, with
ovulation expected within 48 hours. When progesterone levels reach 4-8 ng/mL (15-25
nmol/L), ovulation is underway, though the oocytes still require 2—3 days of maturation.
Insemination is ideally performed when progesterone levels exceed 10 ng/mL (30 nmol/L),
indicating that ovulation is complete. However, if progesterone rises above 15 ng/mL (48
nmol/L), the window for insemination starts to close as the cervix begins to seal, which often

necessitates transcervical insemination methods such as endoscopical TCI [9, 10, 12] (Fig-

ure?).
25-50 ng/ml
falls to 2ng/ml
Estrogen 36-48 hrs
before whelping
t N /\
Progesterone N\
Y Sng/ml pu
=30\ -20 » ?u 10 20 30 40 50 60 "
\ wiation ‘ \
1ng/mil Progesterone falls Whelping
DAYS to 1ng/ml at whelping

Figure 7 Progesterone Levels in Bitch [45]

Combining progesterone testing with vaginal cytology provides the most accurate means of
timing insemination. While progesterone offers precise hormonal indicators, vaginal cytol-
ogy confirms the physical readiness of the reproductive tract by identifying cornification of
vaginal epithelial cells, which signals the fertile phase. This combination is particularly crit-
ical when using frozen-thawed semen, which has a short post-thaw viability window (12-24
hours). Together, these methods help ensure insemination occurs at the optimal time, mini-

mizing the risk of mistiming and increasing the chances of successful fertilization [9].
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The study by Badinand et al. (1993) provided some of the earliest insights into the relation-
ship between progesterone levels and fertility outcomes. They found that inseminations per-
formed 1.5-4.5 days after progesterone levels first exceeded 16 nmol/L (4ng/ml) resulted in
successful conceptions, with gestation lasting 58—63 days after fertilization. These findings
highlighted the importance of monitoring progesterone levels, despite significant variability

among bitches during the LH surge [46].

Building on these findings, Tsumagari et al. demonstrated that strategically spaced insemi-
nations on Days 5 and 7 after the LH surge can yield high fertility rates. Using frozen-thawed
semen, the study showed that litters averaged 6.5 £ 2.5 pups when both days were utilized.
This study reinforced the idea that Al timing could accommodate the variability in ovulation

and oocyte maturation, provided progesterone levels are carefully monitored [47].

More recently, a retrospective study by Thomassen et al. in 2006 analyzed a larger sample
size to assess the impact of timing on whelping rates and litter sizes. The study classified
inseminations based on serum progesterone concentrations and found that "optimal" tim-
ing—where at least one Al was performed 2—3 days after ovulation—resulted in significantly
higher whelping rates (78.2%, n =559, P <0.01) compared to late or too-late inseminations,
where progesterone concentrations were >60 nmol/L (55.7%, n = 61). Additionally, the av-
erage litter size was larger in optimal inseminations (5.8 & 0.2 pups) compared to late or too-

late inseminations (4.5 + 0.5, P <0.05) [48].

5.2. Quality of the semen

To maximize the success of Al it is essential to ensure the highest possible quality of semen
through meticulous handling and processing. Proper semen management plays a pivotal role
in determining the outcome of insemination, as suboptimal handling can significantly com-
promise success rates. This is particularly critical when using frozen semen, as the cryopres-
ervation process inherently causes a decline in semen quality due to cellular damage during

freezing and thawing, thereby reducing the likelihood of conception [47].

The assessment of semen quality primarily focuses on key parameters, including total sperm
count and concentration, morphological integrity, and motility. These factors collectively
influence the fertilization potential of the semen and must be carefully evaluated and opti-
mized to overcome the inherent challenges associated with the use of frozen-thawed semen

[9, 10, 12].
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There are many reasons for poor semen quality. It can arise from a variety of systemic or
reproductive-specific conditions that affect sperm morphology, motility, and concentration,
all of which play a critical role in fertility. Conditions affecting the prostate gland, testes, or
epididymis, such as infections, tumors, or inflammation, can significantly reduce semen
quality. Other factors contributing to poor semen quality include urinary tract problems, hor-
monal imbalances (e.g., hypothyroidism, hyperadrenocorticism), genetic abnormalities (e.g.,
chromosomal defects, inbreeding), ongoing medication (e.g., steroids, antifungals, certain

antibiotics), and environmental factors like stress, pollution, or scrotal hyperthermia [9, 10].

In this context, it is essential to note that the quality of semen significantly affects conception
rates. For instance, a study by Thomassen in 2006 showed, semen classified as having poor
quality (progressive motility <50% or percentage of abnormal sperm >20%) resulted in a
much lower whelping rate of 61%, compared to 77% for good-quality semen, where pro-
gressive motility was >50% and abnormal sperm <20%. This highlights that better quality
semen, particularly regarding motility and morphology, can greatly enhance the likelihood
of a successful insemination as well as the timing [48]. Additionally, poor semen quality not
only affects the likelihood of conception but also influences litter size. The same study
showed that good-quality semen results in larger average litter sizes, while poor-quality se-
men leads to smaller litter. For instance, the average litter size was 5.8 pups when high-
quality semen was used, whereas inseminations with lower-quality semen resulted in an av-

erage of only 4.5 pups [48].

It also is important to acknowledge that post-thaw motility is particularly vital for frozen
semen, which undergoes significant damage during freezing and thawing [47]. The use of
larger straws and rapid thawing at higher temperatures has been shown to improve post-thaw
semen quality, as the thawing rate and straw size influence both post-thaw motility and acro-

somal integrity, which in turn can positively affect conception rates [40].

5.3. Age of male and female dogs

The age plays a significant role in reproductive science but especially in the work with frozen
thawed semen. For male dog, the overall average puberty occurs at approximately 10-12
months, but in general smaller dogs reach puberty earlier. The sperm production reaches a
peak around 2 years of age and stays on a quite constant level until about 8-11 years, de-
pending on the breed. This decline is due to factors such as lower testicular blood flow,

fibrosis, and changes in the testicular steroidogenic enzymes [49]. Between 2005 and 2021,
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a study gathered 542 ejaculates from 307 dogs, yielding numerous findings on the relation-
ship between age and both the quality and cryotolerance of dog semen: 1. The volume of the
sperm-rich (2" fraction) increased with the age of the dogs up to 6-7 years, after which it
decreased in the 10-11-year-old dogs. 2. The sperm concentration and total sperm count de-
creased significantly at 10-11 years of age. 3. The motility, membrane integrity and mor-
phology before cryopreservation was significantly lower in 10—11-year-old dogs compared
to younger age groups. 4. The effects of cryopreservation were seen after freezing and thaw-
ing and sperm motility, morphology, and membrane integrity were generally reduced, but
the effects were markedly severe in the 10—11-year-old dogs. Specifically, the percentage of
progressively motile spermatozoa after cryopreservation was markedly lower in the oldest
group. 5. The number of Al doses obtained per ejaculate was significantly lower in 10—11-
year-old dogs compared to younger animals. The median number of doses for dogs aged 10—
11 was 1.5, while for 6-7-year-old dogs, it was 4.3. Based on the post-thaw motility thresh-
old of 35%, dogs at the age of 10—-11, 34% of the ejaculates were classified as non-acceptable
for AI, which was much higher than in younger age groups [49]. These results show a sig-
nificant connection between the age of the male dogs and the quality of the sperm and it’s

use for cryopreservation.

Female dogs don’t experience menopause as in humans, where the ovaries stop releasing
eggs, but they continue to cycle throughout their lives, which technically makes them able
to conceive throughout lifetime. However, age- related fertility changes occur, including
longer intervals between estrus cycles (interestrus), lower conception rate (with more than
50% of beagle females over 5 years old failing to conceive in one study [50]), and smaller

litter sizes after the age of 7 [51].

Another interesting role regarding the Al with frozen thawed semen is the body weight and
breed. In general, it is known that small-breed dogs produce fewer spermatozoa than large-
breed dogs, which is associated with the relative size of their testes. Additionally, the body
weight influences the total width of the scrotal testes, the combined weight of both testes
and the sperm reserves. This is linked to greater sperm production in larger dogs [10]. Lech-
ner’s study in 2022 also figured out that the sperm concentration in raw semen varied based
on body weight (p = 0.006). Dogs in the medium and large breed categories had higher
concentrations (around 460 x 10° sperm/ml) compared to smaller breeds (< 13 kg), which
showed lower concentrations (349 x 10° sperm/ml). The total sperm count increased signif-

icantly with body weight (p < 0.001). The larger the dog, the higher the sperm count, with
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very large dogs (>35 kg) having around 1.00 % 10° sperm compared to smaller dogs (<13
kg) at 0.34 x 10? sperm [49]. Another study by Thomassen in 2006 came to the result that
smaller breeds (under 12 kg) had significantly smaller litter sizes (3.9 £+ 0.3) compared to
medium (13-25 kg), large (2640 kg), and giant breeds (>40 kg), but there was no significant
difference in whelping rates across different breed sizes when the semen was deposited in
the uterus. However, when vaginal inseminations were included, giant breeds showed lower

whelping rates than the smaller breeds [48] .

When it comes to specific breeds. In a study from 2017 by Hollinshed and Hanlon, they
observed out of 1.146 bitches from 84 different breeds, the overall whelping rate (using fresh
semen (n=543) and frozen-thawed semen (n=645) and chilled semen (n=15)) was 74% but
Greyhounds and Labradors showed significantly higher rates of 88% and 94%, compared to
other breeds. They also saw Greyhounds exhibited longer gestation lengths (68days) and
could find a correlation between the gestation length and the litter size, with larger litters

having shorter gestations by about 0,08 days per puppy [52].
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5.3. Methods for artificial insemination

For a long time, there have been discussions around the best techniques to maximize preg-
nancy success in canine Al. The key considerations include the semen type (fresh, chilled,
or frozen) and the insemination method (vaginal or intrauterine, with or without endoscopic

assistance, or surgical).

The reproductive anatomy of the bitch plays a vital role in Al techniques. The vagina leads
to the cervix, which, due to its narrow and convoluted structure, can be difficult to traverse
without guidance tools (Figure 8). The uterus is the primary site where the inseminator
should ideally deposit sperm for increased chances of fertilization, especially with frozen-

thawed semen, which has reduced motility and longevity after thawing.

of uterus

Figure 8 Anatomy of Female Reproductive Tract (source: dogappy.com)

The Al methods in use are:

1. Vaginal Insemination: This method deposits semen in the vaginal canal, close to
the cervix. It is typically used with fresh or chilled semen but is not ideal for frozen-
thawed semen due to its lower post-thaw viability, as it requires the sperm to travel
further to reach the uterus. Vaginal insemination can be performed using a simple
plastic catheter, though its effectiveness diminishes with frozen semen as reported by

Farstad [9].

2. Intrauterine Insemination (IUI): This method involves depositing semen directly
into the uterus, which increases the chance of sperm reaching the oocytes. There are

three main techniques for intrauterine insemination:

o! Norwegian Catheter Technique: Developed as a non-surgical option, this
method uses a Norwegian catheter and involves abdominal palpation to guide

the catheter through the cervix. This transcervical technique, described by
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Farstad, is less invasive and often effective, but it requires experience to mas-

ter. It is typically performed without sedation [9].

o! Transcervical Insemination (TCI) with Endoscopic Assistance: This
method uses an endoscope with a flexible catheter passed through the cervix
to deposit semen in the uterus. The endoscopic view allows for precise navi-
gation through the cervix, which is particularly beneficial for inseminating
with frozen-thawed semen. Studies indicate that TCI results in high preg-
nancy success rates [9, 42, 48]. The required equipment consists of a rigid or

flexible endoscope, a light source, and a catheter.

o! Surgical Intrauterine Insemination: This invasive method involves a small
abdominal incision to expose the uterus, allowing direct deposition of semen
into the uterine horns or oviducts. While highly effective, especially for fro-
zen semen, it requires anesthesia and is generally reserved for situations
where other techniques are unsuitable. The Royal College of Veterinary Sur-
geons advises against this method, unless medically necessary, due to its in-

vasive nature [3, 53, 54].

TCI and SIU are widely used methods for AI with frozen-thawed semen, as both are designed
to address the challenges posed by its reduced viability. Each technique has its own set of

advantages and drawbacks, making it essential to evaluate them in context.

One of the primary benefits of TCI is its cost-effectiveness. Unlike SIU, TCI does not require
several medications, including sedatives, anesthetics, post-operative wound care, or surgical
materials such as sutures and their removal. In contrast, the surgical technique incurs higher
expenses due to the time and resources required, including the involvement of a veterinarian
and an assistant technician for tasks such as hair clipping, disinfection, and post-procedure

monitoring.

Additionally, TCI spares the dog from general anesthesia, thereby avoiding the risks associ-
ated with it, such as complications during or after the procedure. A study from October 2023
reported that the global anesthesia-related mortality rate was 0.69%, with most deaths (81%)
occurring postoperatively. The risk was notably higher in cases involving factors such as
age, obesity, and, particularly, unscheduled or urgent procedures [55]. While these factors

are less relevant for Al—generally a well-timed, non-urgent procedure—the risks must still
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be considered. In contrast, TCI typically does not require sedation, and studies have shown

that its absence does not negatively impact pregnancy success [56].

A third, somewhat controversial, advantage of TCI is the possibility of performing multiple
inseminations during a single heat cycle. In contrast, SIU is typically performed only once.
However, this advantage is debatable, as proper timing with progesterone assays, vaginal
cytology, and other techniques should ensure that a single insemination is sufficient if per-

formed at the optimal time [10].

The primary drawback of TCI is that it requires significant practice to master the technique,
ensuring it is performed as gently as possible while depositing the semen optimally inside
the uterine body or one of the horns. Because it is not possible to see the exact location of
the catheter tip, the semen relies on natural uterine muscle contractions to distribute it to
both horns. Even for experienced practitioners, the process can be time-consuming and may
require multiple attempts. There is also a risk of traumatizing the structures accessed with
the endoscope, especially when using the “Norwegian Catheter” method, which lacks visual
guidance and relies entirely on practitioner experience. However, the risk is minimized in
the endoscopic technique due to visual assistance and the use of a plastic urinary catheter,
making trauma relatively uncommon. Practitioners are advised to stop the procedure if the
bitch shows clear signs of significant discomfort during advancement of the endoscope. The
timing of insemination is an important consideration in those cases, because the vaginal
walls are thinner during anestrus and diestrus, making them more prone to trauma, so proper
timing during the estrous cycle reduces the risk of perforation [10, 12]. Additionally, advanc-
ing instruments from the vagina to the uterus introduces a risk of bacterial infection. While
the uterus is physiologically isolated from vaginal bacteria during proestrus and estrus—
lowering this risk—it is still crucial to follow strict cleaning protocols to prevent iatrogenic

introduction of pathogens.

The cost of equipment can also be a limiting factor. Endoscopic equipment and its associated
tools are expensive and may not be available in all clinics, particularly in regions where
resources or access are limited. Clinics must carefully weigh the costs of purchasing such

equipment against the potential benefits, including training personnel to use it effectively.

The surgical technique may be indicated in cases where anatomical obstructions in the
vagina or cervix complicate the insertion of an endoscope, or when the cervix is inaccessible,

as seen in giant breeds [54]. Additionally, the technique may be employed if the clinic lacks
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the necessary equipment for alternative methods. Furthermore, an increasing number of stud-
ies suggest that this technique can enhance the likelihood of conception and increase litter
size [9, 12, 53, 57]. This indicates that surgical insemination may be preferred in cases of
semen with lower quality or volume. This precision is the main advantage of surgical insem-
ination, as it ensures accurate deposition of the semen at the most optimal location (both

cranial uterine horns, close to the ovaries) with direct visual confirmation of the procedure.

Both the owner and practitioner must carefully consider the downsides of surgical insemi-
nation. In addition to the need for general anesthesia—which carries a higher risk of mor-
bidity—the surgical nature of the procedure necessitates hospitalization. Each insemination
attempt requires the animal to undergo another round of anesthesia, and repeated exposure—
especially within a short time frame—raises the risk of both short- and long-term complica-
tions. Furthermore, an ethical debate exists regarding the justification of causing unneces-
sary pain and discomfort purely for reproductive purposes. This concern has led to bans in

some countries, such as Ireland, where the procedure was prohibited starting in April 2024.

A German study involving 83 professionals working in the field of small animal reproduc-
tion found that 62.7% of respondents considered surgical insemination ethically questiona-
ble [58]. However, some argue that despite its invasiveness, surgical insemination can be
ethically justified in specific cases, particularly when it addresses the animal's health, well-
being, or reproductive success, much like medical interventions in humans for physiological
dysfunctions. This is especially relevant for animals facing fertility issues or structural ab-
normalities. On the other hand, some justify its use purely for convenience, concluding that,
from a cost-benefit perspective, it is the best method for their breeding business and, in their

view, for the animal.
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Objectives
This study aims to investigate the factors influencing the success rate of Al in canines using
frozen-thawed semen. By comparing different Al techniques—specifically TCI and SIU, the

study seeks to:

1. Identify key variables that impact pregnancy rates and litter sizes when using frozen-

thawed semen in a clinical population.

2. Evaluate the effects of body weight, number of PMNS in Al doses and post-thaw

sperm motility on reproductive outcomes.

3. Provide insights into optimizing Al protocols to enhance the reliability and effective-

ness of canine reproductive techniques with frozen-thawed semen.

The findings aim to support advancements in Al protocols, contribute to improved reproduc-

tive management and genetic diversity within canine breeding practices.
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Materials and Methods
Study design

This study involved 100 Al procedures with frozen-thawed semen, conducted between Jan-
uary 2 and May 4, 2021, at the reproductive section of HSB-Blendivet GmbH in the Veteri-
nary Clinic ‘Tierarztpraxis Dr. Blendinger,” Germany. Two insemination methods were used:

48 intrauterine surgical Als and 52 transcervical inseminations.
Sample Population

Each bitch's owner determined the semen type, sire, and the age at insemination as part of
their breeding plan. Every insemination conducted on the clinical patients was performed
after a general examination, which confirmed that the animal was in good health and did not
present any clear risks that would contraindicate insemination. Such risks might include con-
ditions like pyometra, severe systemic infections, reproductive tract abnormalities, meta-
bolic disorders, or signs of underlying illness that could compromise fertility or the animal's

well-being during or after the procedure.

Timing of the Al

Al timing for each female dog was determined based on estrous behavior, physical changes,
and tests such as vaginal cytology, vaginoscopy, and serum progesterone levels. Starting
from Days 5 to 7 of proestrus, marked by symptoms like vulvar swelling and bloody dis-
charge, the dogs were initially examined every 2—4 days, depending on their estrous stage.
After detecting the LH surge, examinations were conducted every two days, then daily after
ovulation until insemination. During each visit, vaginal cytology, vaginoscopy, and blood
samples for progesterone were collected. Vaginal cytology smears, prepared by rolling a
swab onto glass slides and staining, were evaluated for epithelial cells to determine the es-
trous cycle stage. Vaginoscopy revealed a “cobblestone” or crenulated appearance of the

vaginal mucosa, which is essential for accurately timing ovulation.

Progesterone samples were collected via venipuncture, primarily from the v. cephalica, and
analyzed using the MiniVIDAS system (Figure 9) to determine optimal Al timing. For our
reference system, we used a correction factor tailored to the MiniVIDAS results, creating
what we call the "DogRep" progesterone values. According to this adapted scale, a proges-

terone level exceeding 2 ng/ml indicates the LH surge, while levels between 4-10 ng/ml
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correspond to ovulation. Levels above 10 ng/ml suggest that ovulation is complete, and the
bitch is entering a post-ovulatory phase where insemination remains viable. For frozen-
thawed semen, the ideal range is 18-35 ng/ml. Late insemination often presented cells indi-
cating imminent diestrus. If progesterone levels didn’t sufficiently rise before insemination,
Al was advised against. Insemination with frozen-thawed semen generally occurred on Days
5 and 6 post-LH surge. High costs of frozen semen often limited the use to one dose per

estrous cycle, often split into two Al sessions on Days 5 and 6 when necessary.

Figure 9 MiniVIDAS® analyzer used for progesterone hormone assay in our research, enabling precise de-
termination of optimal insemination timing. (This image was taken by the author in the “Tierarztpraxis
Blendinger” as part of the documented case study.

Frozen semen

The frozen semen samples were mostly sourced from multiple clinics all over the world and
subjected to clinic-specific freezing protocols, a factor that may introduce variability in se-
men quality post-thaw. We followed the thawing protocols according to the instructions

given by the clinic we received the semen from (Figure 10).
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Phone: (440) 327-6282  Center for Canine
Fax: (440) 353.0331

Semen Evaluation
e Animal Clinic
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Owners Name. e ——— F Northview, Inc.
Breed._Curly-Coat Retriever
Registration #: Gl DNA #

Registry American Kennel Club
Bitch Inseminating:
Owner of the Bitch [ )

Semen Evaluation

Dale of Collection __ 6128113

Color __LtWh Moty 90% Volume 13 milcc
Sperm Countmi 86 Total Count 1118 Milion

MORPHOLOGY

Primary
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Abx. Flag Attach. Ab. Midpiece Ab. Head Attach
Ab. Acrosomes Bicephalic Truncaled
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Immature 5% Detached Head 1% Coiled Sperm

Tertiary
Bent Flagella 2% _Bent Neck 1%

TOTAL ABNORMAL 10% NORMAL 90%
Primary 1%
Secondary 6%
Tetiay 3%

Thaw Recovery 80%

7
Remarks There are this collection 4 10,04

DVM/RVT rr———

Figure 10 Example of a Semen Evaluation and the Thawing Instructions (Source: Animal Clinic Northview,
Inc.)

Semen Thawing and Handling

In our clinic one method was employed, paillettes were thawed at 70°C for 8 seconds. After
thawing, each paillette was opened by cutting the straw, and the semen was mixed with a

warmed extender solution (38°C) containing tris, fructose, and citric acid.

For the pellets, they were placed into a bag with a pre-warmed solution at 38°C and then

thawed by immersing the bag in a water bath set to the same temperature for 20 seconds.
Post- thaw Semen Quality and Evaluation

Semen quality was assessed under a microscope within 3—5 minutes after thawing, with a
focus on motility and morphology. The minimum target was set at 100 x 10°¢ live morpho-
logically normal sperm (LMNS). Additional parameters recorded included sperm morphol-
ogy, motility post-collection, post-thaw motility, spermatozoa per straw, progressively mo-
tile sperm per Al, and the number of straws used per Al. As part of quality control, a sample
was placed on fleece paper (Go Card) for DNA profiling. This DNA sample, stored on the
GOcard-SC, allows for accurate identification of the genetic material through STR (Short
Tandem Repeat) profiling, a process that creates a unique genetic fingerprint for each sam-
ple. This method ensures the integrity and traceability of each semen sample, which is crucial

for quality control and verifying the genetic identity of the semen used in Al
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Insemination Procedures
1. Transcervical Insemination

The TCI involved the use of frozen-thawed semen, with a volume ranging between 1.5 and
4 ml. Most inseminations were conducted on the third day after ovulation at 18-35 ng/ml.
For the insemination, an endoscope (Fugurell) was inserted into the vagina, and a 5 CH
catheter with a curved tip was gently guided through the cervix into the uterus or uterine
horn, using camera assistance. If any resistance was encountered, the catheter was carefully
rotated. Once the correct location was confirmed, the semen was injected into the uterus, and
the catheter was flushed with a small amount of air to ensure the complete delivery of semen.
No additional post-insemination techniques, such as clitoral massage or elevating the hind
legs, were employed, though studies suggest post-procedural recommendations may slightly

enhance conception [59].

Figure 11 Endoscopy equipment used for our research (This image was taken by the author in the “Tierarztpraxis
Blendinger” as part of the documented case study.)

2. Surgical Intrauterine Insemination (SIU)

Surgical intrauterine insemination involved the use of general anesthesia, with 2 ml of semen
mixed with thawing medium injected (1 ml per uterine horn). The premedication consisted
of butorphanol and dexmedetomidine, followed by induction with propofol and maintenance
with isoflurane. During the procedure, the dog's vital signs, such as heart rate, respiratory
rate, blood pressure, oxygen saturation, and body temperature, were closely monitored. This

protocol is consistent with standard anesthesia techniques employed in similar studies [60].
Semen Handling During Surgery

While the bitch was being prepared for surgery, the semen was thawed and divided into two

1 ml syringes, one designated for each uterine horn. The semen was kept at room temperature
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in the syringes until the time of injection. Motility was rechecked under a microscope just

before insemination to ensure viability.

A midline incision was made along the linea alba to access the abdominal cavity, allowing
for careful handling of the uterine horns. A yellow intravenous catheter was used to inject
the semen directly into the uterine lumen. Gentle digital pressure was applied to the upper
portion of each uterine horn to prevent backflow, ensuring that the semen reached the in-

tended location, confirmed by the sensation of filling (Figure 12).

Figure 12 Injection of Frozen Thawed Semen in the Uterine Horn (This image was taken by the author in the
“Tierarztpraxis Blendinger” as part of the documented case study.)

Post-Operative Care and Monitoring:

The abdominal wall was closed with cruciate sutures, followed by continuous suturing of
the subcutaneous layer and interrupted stitches for the skin. Pain management included in-
traoperative Metamizol and postoperative meloxicam for three days. To reduce the risk of
surgical site infections, the animals received a broad-spectrum antibiotic, Amoxicil-
lin/Clavulanic acid, administered for five days. Postoperative complications, although min-

imal, included occasional seroma formation or mild postsurgical pain.
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Pregnancy Diagnosis and Litter size:

Pregnancy diagnosis was routinely performed via ultrasonography with the bitch in a stand-
ing position, between days 25 and 30 post-insemination. The presence of embryonic vesicles
was used as the definitive criterion to confirm pregnancy. If no vesicles were detected during
the initial scan, clients were offered the option to return for a repeat examination a few days

later.

Litter size was recorded based on owner-reported data to our clinic. Owners were encour-
aged to inform the clinic of the number of puppies born within a few days post-whelping.

Additionally, follow-up emails were sent during the thesis work to collect this information.
Statistical Analysis:

Data analysis was conducted to evaluate the relationship between various factors, such as Al
method, body weight, and semen quality and reproductive outcomes, including pregnancy
rates and litter size. Statistical tests were selected based on the data type and distribution,

with significance levels set p<0.05.

We identified body weight categories in order to make comparable groups. Body weights of
the bitches were categorized based on Hollinshead work (2017) [52] as small (<13 kg), me-
dium (13-26 kg), large (2640 kg), and giant (>40 kg). Inseminations, pregnancy diagnoses,

and pregnancy rates were recorded for each category.
1. Body Weight and Pregnancy Rate:

o! To examine the impact of body weight on pregnancy outcomes (pregnant or
nonpregnant), Fisher’s Exact Test was employed due to the categorical nature

of the data and the smaller sample sizes within body weight categories.
2. Body Weight and Litter Size:

o! The Kruskal-Wallis Test was applied to assess differences in litter size across
body weight categories (small, medium, large, giant). This non-parametric
test was chosen because the data on litter size were not normally distributed,
making it more suitable than parametric tests like ANOVA, which assume
normality. The Kruskal-Wallis Test allows for the comparison of medians

across multiple independent groups without requiring a normal distribution.
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We examined the impact of Al methods (TCI, SIU) on the pregnancy rate and litter size with

the following tests:
3. Al Method and Pregnancy Rate:

o! The association between Al method (SIU or TCI) and pregnancy rate was
assessed with Fisher’s Exact Test, evaluating whether the likelihood of preg-

nancy differed significantly between the two Al methods.
4. Al Method and Litter Size:

o! Litter size was compared between intrauterine surgical insemination (SIU)
and TCI using the Mann-Whitney U Test. This non-parametric test allows for

a comparison of median values between two independent groups.

Post-thaw sperm quality was examined with the use of post-thaw motility parameters and

the use of the number of PMNS contained in Al doses.
5. Post-Thaw Motility and Pregnancy Rate:

o! Semen samples were categorized based on post-thaw motility levels (poor:
<30 %, good: 30—65%, excellent: >65%) [52]. A Chi-Square Test was used
to determine if post-thaw motility quality was associated with pregnancy out-

comes.
6. Progressive Motile Normal Sperm Cells (PMNS) and Pregnancy Rate:

o! PMNS values were calculated as the product of the number of progressively
motile post-thaw sperm cells per straw and the number of straws used per Al
PMNS values were categorized as low (<100x 10° PMNS), medium (100—
150x 10° PMNS), and high (>150x 10 PMNS), based on Mason study [60].
Fisher’s Exact Test was used to analyze the impact of PMNS levels on preg-

nancy rate due to the categorical distribution of the data.
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Results

The semen quality parameters (Mean + SD) were assessed as follows:
¥  Morphology: 86.53 + 6.84%
¥ Motility Post-Collection: 84.11 + 9.88%
¥ Post-Thaw Motility: 66.97 + 11.28%
¥ Number of Spermatozoa per Straw: 92 + 31.5 million
¥ Number of Progressively Motile Sperm per Al: 169 + 81 million
¥ Straws per Al: 2.8 £ 1.1

Pregnancy Rate and Litter Size:

- The mean age of the bitches at insemination was 4.9 + 1.54 years.
- Of'the 100 inseminations, 74 resulted in pregnancies, yielding a 74% pregnancy rate.

- The average litter size was 6 = 2.79 puppies per litters.
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Body Weight and Reproductive Outcomes
The impact of Body Weight (BW) on Pregnancy rate

The impact of body weight on the pregnancy rate: This diagram shows the distribution of
pregnancy outcomes (positive, negative, and missing data) across different body weight cat-
egories (small, medium, large, and giant). The green bars represent positive pregnancies,

black bars indicate negative outcomes, and pink bars denote missing data.

Statistical analysis using Fisher’s test revealed no significant relationship between body
weight and pregnancy rate, suggesting that pregnancy success does not depend on the bitch's
weight category. This conclusion is consistent across all weight groups, as the proportions
of positive and negative pregnancies remain relatively similar. It is noteworthy that the larg-
est proportion of positive pregnancies is observed in the large category, even though this

difference is not statistically significant.
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Diagram 1 Comparison of Pregnancy Rates across Different Body Weight Categories: small (<13 kg), me-
dium (13-26 kg), large (2640 kg), and giant (>40 kg).
Pregnancy Rates: Small category: 75%,; Medium category: 64%;
Large category: 80%, Giant category: 73%
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The Impact of Body Weight on Litter size

This boxplot compares litter sizes across different body weight categories: small, medium,
large, and giant. The black horizontal line within each box represents the median litter size
for each category, while the box itself illustrates the interquartile range (IQR), capturing the
middle 50% of the data points. The whiskers extend to the minimum and maximum values,
excluding outliers. Statistical analysis using the Kruskal-Wallis test revealed no significant
differences in litter size among the four body weight categories (p = 0.1732), confirming that
body weight has no significant effect on litter size. Additionally, no correlation was found
between litter size and body weight (R? = 0.13). These results indicate that variations in litter
size across the small, medium, large, and giant categories are likely due to random variation
rather than a systematic effect of body weight. While the small category shows the narrowest
range of litter sizes, medium, large, and giant categories exhibit greater variability, with
larger dogs generally having higher upper ranges. However, the lack of statistical signifi-

cance underscores that these differences are not systematically linked to body weight.
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Diagram 2 Litter Size Distribution Across Body Weight Categories small (<13 kg), medium (13-26 kg), large
(2640 kg), and giant (>40 kg).
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Al Method and Reproductive Outcomes

The impact of Artificial Insemination (AI) Method on Pregnancy Rate

The impact of the Al method on pregnancy rate was evaluated by comparing two techniques:
SIU and TCI. The results are depicted in the bar chart, which illustrates the proportions of
positive pregnancies, negative outcomes, and missing data for each method. Positive preg-
nancies are represented by the dark green segments, negative outcomes by the light green

segments, and missing data by the dark blue segments.

A statistical analysis using Fisher's Exact Test revealed no significant association between
the Al method and the pregnancy rate, indicating that both SIU and TCI are equally effective
in achieving pregnancy. The visual comparison further supports this finding, as the propor-
tions of positive and negative outcomes are similar for both methods. While slight differ-

ences in the success rates can be observed, these differences are not statistically significant.
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Diagram 3 Comparison of Pregnancy Rates by Artificial Insemination Technique. (SUI and TCI)
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The impact of AI Method on Litter size

The relationship between the Al method and litter size was evaluated by comparing SIU and
TCI. The boxplot displays the distribution of litter sizes for both methods, with the black
horizontal lines within the boxes representing the median litter size. The shaded areas indi-
cate the IQR and the whiskers extend to the minimum and maximum values, excluding out-
liers. SIU demonstrated both a higher median litter size and a broader interquartile range
compared to TCI, indicating that SIU not only yields larger litters on average but also shows
greater variability in litter sizes. Statistical analysis confirmed that this difference is signifi-
cant (p < 0.05), underscoring the potential advantage of SIU in achieving larger litter sizes.
These findings suggest that the choice of AI method may play a critical role in optimizing
litter size. SIU may be preferable in clinical scenarios where maximizing litter size is desired,
though other factors such as semen quality, timing, and the health status of the bitch should

also be considered.
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Diagram 4 Comparison of Litter Sizes by Artificial Insemination Technique (SUI and TCI)
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Semen Quality and Pregnancy Rate
Post-Thaw Motility vs. Pregnancy Rate

The impact of post-thaw motility on pregnancy rate was evaluated by categorizing semen
samples into two motility groups: good (30-65%) and excellent (>65%), based on the criteria
established by Hollinshead (2017) [61]. The bar chart illustrates the distribution of preg-
nancy outcomes for these two categories, with dark green representing positive pregnancies

and light green indicating negative outcomes.

A statistical analysis using the Chi-Square Test of Independence revealed no significant dif-
ference between the pregnancy rates of samples with good and excellent motility. This sug-
gests that both motility levels are similarly effective in achieving gravidity. The visual com-
parison supports this finding, as the proportions of positive and negative outcomes are iden-

tical between the two categories.

These results indicate that while post-thaw motility is an important quality parameter, the
distinction between good and excellent motility may not have a substantial influence on

pregnancy outcomes in clinical settings.
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Diagram 5 Effect of Post-Thaw Motility on Pregnancy Rates: Motility defined as good: 30-65%, excellent:
>65%
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The impact of PMNS (Progressive Motile Normal Sperm Cells) Levels on Pregnancy
Rate:

The relationship between PMNS levels and pregnancy rates was evaluated by categorizing
the samples into three groups based on PMNS levels derived from Masons study [60]: low,
medium, and high. The bar chart illustrates the proportions of positive (dark green) and neg-

ative (light green) pregnancy outcomes for each category.

Statistical analysis using Fisher’s test revealed no significant association between PMNS
levels and pregnancy rates. This finding is reflected in the chart, where the proportions of
positive and negative outcomes are consistent across all three categories, indicating that var-

iations in PMNS levels do not influence the likelihood of achieving pregnancy.

These results suggest that while PMNS levels are an important parameter in semen evalua-

tion, they do not appear to have a direct impact on reproductive outcomes in this study.
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Diagram 6 Comparison of Pregnancy Rates across Progressive Motile Normal Sperm (PMNS) Levels:

low (<100x 10" PMNS), medium (100-150x 10' PMNS), and high (>150x 10' PMNS) [60].
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Discussion

Comparison of Body Weight and Pregnancy Rate

Our analysis found no significant effect of body weight on pregnancy rate (Fisher's Exact
Test). However, a study conducted on English Bulldogs (Elsevier Inc., 2019) reported that
bitches weighing >23 kg had significantly higher whelping rates compared to those weighing
<23 kg (83.9% vs. 63.8%, P < 0.05). It is important to note that this study was limited to a
single breed, which is predisposed to higher body weight and often experiences unique re-
productive challenges. Additionally, the study utilized fresh semen and exclusively em-
ployed the surgical insemination technique, both of which differ from the methods used in

our study. These factors may influence the observed outcomes [62].

Conversely, there is evidence indicating that body weight does not influence the number of
normal ovulations or estrus cycles in dogs. This suggests that while body weight may corre-
late with some aspects of reproductive success, it may not have a direct physiological impact
on fundamental reproductive processes. The lack of significance in our study might therefore
reflect this disconnect or could be attributed to differences in breed characteristics, sample

size, or methodological approaches [63, 64].
Body Weight and Litter Size Correlations

In our analysis, body weight did not significantly affect litter size, a finding at odds with
Hollinshead [52] and Thomassen et al. [48], who reported significantly larger litter sizes in
giant breeds compared to smaller ones. The tendency observed in our box plot, which sug-
gested a gradual increase in median litter size with body weight, aligns with the general trend
identified in previous studies. However, the lack of statistical significance in our data might
stem from sample size limitations, which affect statistical power. In contrast, Hollinshead’s
study, which included 1203 inseminations, had greater statistical power to detect differences

across body weight categories.

It is essential to stress that increasing body weight does not inherently correlate with im-
proved reproductive outcomes. Therefore, breeders should not assume that overfeeding ani-
mals to increase body weight will lead to higher pregnancy rates or larger litter sizes. Instead,
maintaining the optimal body weight specific to the breed is crucial. For example, ensuring
a Great Dane has its breed-appropriate optimal body weight—not an obese condition—is

fundamental to its overall health and reproductive success.
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Evidence strongly indicates that obesity negatively affects both the general and reproductive
health of dogs. For instance, excessive body fat around the birth canal and abdomen can lead
to dystocia, obstructing normal delivery. Additionally, hormonal and metabolic changes as-

sociated with obesity can impact uterine contractility and overall parturition [65].

A significant study from the British Journal of Nutrition (2008) provides robust evidence on
the benefits of maintaining a healthy weight in dogs. The study followed 48 Labrador Re-
trievers over their lifetimes, with one group on a diet-restricted regimen (25% fewer calories
than control-fed dogs). The findings revealed that diet-restricted dogs had: 1. A median
lifespan 1.8 years longer than their control-fed counterparts. 2. Reduced fat mass and delayed
onset of chronic diseases like osteoarthritis. 3. Improved metabolic efficiency, requiring 17%
less energy to maintain lean body mass. Moreover, excessive fat mass (above 25%) was
linked to increased insulin resistance, a condition that independently predicted a shorter
lifespan and greater susceptibility to chronic diseases. This study underscores the importance
of lean body mass over fat mass for health and longevity, even within the context of repro-

ductive physiology [66].
Insemination Methods: SIU vs. TCI/EIU

Our comparison of surgical SIU and TCI methods revealed no significant difference in preg-
nancy success rates, though TCI showed a slight tendency for higher pregnancy rate (80,05%
TCI vs. 72.31%for SIU). This aligns partially with Mason and Rous [60], who found a sig-
nificantly higher pregnancy rate with EIU compared to SIU (65% vs. 45%). However, Ma-
son’s study also highlighted that SIU is associated with greater complications, such as brad-

ycardia and delayed wound healing, which were not systematically recorded in our setting.

Interestingly, our study observed a tendency for larger litter sizes with SIU compared to TCI,
though directly comparable studies on litter size are limited. Prior research has demonstrated
that intrauterine insemination techniques, particularly when using frozen semen, improve
conception rates [59]. Theoretical explanations for increased litter size with SIU may relate
to the direct and visually confirmed placement of semen in the uterine horns, which could
enhance the chances of fertilizing multiple ova. It is important to note that the distribution
of small-breed dogs (defined as those weighing less than 13 kg) between the two insemina-
tion techniques was uneven. Only 2 small dogs underwent SUI, compared to 6 small dogs
that received TCI. This disparity may have contributed to the observed differences in litter

size between the two groups, as smaller breeds are known to typically produce smaller litters
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compared to larger breeds [67]. The underrepresentation of small-breed dogs in the SUI
group could artificially inflate the average litter size for this technique, leading to a potential
bias in the results. These findings might still highlight SIU as potentially advantageous for
breeders focused on maximizing litter size, although additional research with larger patient

populations is required to validate these observations.

While the clinical benefits of SIU give reason for exploration, it is crucial to consider the
ethical and legal implications associated with its use. SIU is an invasive procedure that re-
quires surgical access to the abdominal cavity. This not only poses significant stress and pain
to the animal (notably post-surgery) but also risks complications as emphasized in Mason’s
study [60]. From an ethical perspective, the use of SIU raises questions about its necessity
and proportionality, especially in cases where non-invasive alternatives like TCI achieve

comparable or superior outcomes.

The non-invasive nature of TCI makes it a more ethical choice for minimizing animal dis-
comfort and stress, aligning with the principles of animal welfare. In some countries, legal
regulations further restrict the use of invasive techniques like SIU unless justified by sub-
stantial benefits. European animal welfare laws, for instance, emphasize the avoidance of
unnecessary harm and prioritize procedures that minimize suffering (eg. Directive
2010/63/EU). Therefore, the routine application of SIU may conflict with these principles,

particularly if alternative methods such as TCI are readily available and effective.

These considerations are important to critically evaluate the use of SIU, not only from a
clinical but also from an ethical and legal standpoint. While SIU might offer theoretical ad-
vantages in specific breeding contexts, its invasive nature demands justification through ev-
idence of significant clinical benefit. Future studies should focus on larger populations to
better quantify the risks and benefits of SIU compared to TCI, while also addressing the

ethical and regulatory challenges associated with these methods.
Post-Thaw Semen Quality and Its Impact on Pregnancy Rate

Our findings did not reveal a significant effect of post-thaw motility categories (good: 30—
65%, excellent: >65%) on pregnancy rate, diverging from both Thomassen et al. [48] and
Hollinshead and Hanlon[52]. Thomassen et al. found that semen quality (post-thaw motility
>50% and <20% abnormal sperm) strongly correlated with pregnancy rates, with good-qual-
ity semen achieving a 77.4% pregnancy rate, significantly higher than the 61.3% rate for

poor-quality samples. Similarly, Hollinshead’s study showed a clear trend in whelping rates
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based on motility: poor-quality semen (motility <30%) had a whelping rate of just 37%,
while good-quality (30-65% motility) and excellent-quality (>65% motility) semen
achieved whelping rates of 67% and 79%, respectively. Hollinshead’s findings suggest a
threshold effect, where motility below 30% notably reduces reproductive success, while

higher motility levels increase whelping rates [61].

The discrepancy in our results may be due to the exclusive use of good- to excellent-quality
semen in our study, which limited the variability in semen quality needed to assess its impact
on pregnancy rates. Additionally, our focus on gravidity rather than whelping rates further
differentiates our study from Hollinshead’s, as we only examined the occurrence of preg-

nancy rather than ultimate whelping outcomes.
Progressive Motile Normal Spermatozoa (PMNS) and Pregnancy Rate

In contrast to Mason (2016), who found a strong correlation between PMNS levels and preg-
nancy rates, our study did not find a statistically significant difference across varying PMNS
levels. Mason reported significantly higher pregnancy rates with PMNS counts above 100
million, particularly >150 million PMNS, which reached a 76% pregnancy rate. The discrep-
ancy in our findings could be attributed to the smaller sample size (100 bitches versus 329
in Mason’s study), potential protocol differences, or variations in insemination methods, as
we included both TCI and SIU, while Mason’s study was limited to EIU. This suggests that
PMNS levels, while informative, may interact with other insemination parameters affecting

outcomes, such as insemination timing accuracy and method.
Limitations and Reflections on Study Design

One significant limitation of this study is its retrospective nature and the absence of a stand-
ardized clinical study protocol, unlike the protocols in other studies. Consequently, certain
useful data points were not recorded consistently at the time of the study. Implementing a
standardized approach to data collection could improve precision in studies, potentially en-

hancing reproductive outcome assessments.

In this study, the lack of poor-quality semen for instance, limits comparability with studies
by Thomassen and Hollinshead [52], which showed that lower-quality semen significantly
reduces reproductive success. Future studies should consider including a broader range of
semen qualities to provide a more comprehensive understanding of the relationship between

semen quality and pregnancy rates.
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Learning Outcomes and Recommendations for Future Studies

This study underscores the importance of a well-defined protocol in clinical research to en-
sure data consistency. Establishing a systematic approach in future studies would allow more
precise comparisons with published data and lead to more robust conclusions on reproduc-
tive performance in bitches. Additionally, expanding the sample size and including a wider
variety of insemination methods would enable a deeper analysis of factors such as body

weight and breed variability on reproductive success.
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Summary:

This thesis explores the factors influencing the success of Al using frozen-thawed semen in
a clinical canine population. Al has become a critical tool in dog breeding due to its ability
to facilitate genetic diversity and overcome geographical limitations. However, its success
depends on various factors, including body weight, insemination technique, and semen qual-
ity. A total of 100 AI procedures were analyzed, involving bitches of varying breeds and
body weight categories. The mean pregnancy rate was 74%, and the average litter size was
6 £ 2.79 puppies per litter, with the bitches’ mean age at insemination being 4.9 & 1.54 years.
Semen quality parameters were assessed, revealing good post-thaw motility (66.97 +
11.28%) and morphology (86.53 &+ 6.84%). On average, 2.8 = 1.1 straws were used per in-

semination, providing 169 + 81 million progressively motile sperm.

The statistical analysis revealed that body weight categories had no significant impact on
pregnancy rates or litter sizes. Pregnancy rates were relatively consistent across weight cat-
egories, ranging from a minimum of 64% in medium dogs to a maximum of 80% in large
dogs, with no statistically significant differences as determined by Fisher's Exact Test. While
litter sizes showed a tendency to increase with heavier dogs, reflected in higher median litter
sizes, the Kruskal-Wallis test confirmed that these differences were not statistically signifi-
cant.The study also compared the efficacy of two Al techniques. While both SIU and TCI
achieved similar pregnancy rates, SIU was associated with significantly larger litter sizes (p
< 0.05), highlighting its potential as a superior technique for maximizing reproductive effi-

ciency, particularly in cases where larger litter sizes are desired.

Al methods, including SIU and TCI, were also evaluated. While both methods achieved
comparable pregnancy rates, SIU resulted in significantly larger litter sizes (p < 0.05), high-

lighting its advantage in cases where maximizing litter size is desired.

The impact of semen quality was assessed through the post-thaw motility and PMNS. Sta-
tistical analysis revealed no significant difference in pregnancy rates between motility
groups or among PMNS levels. These findings suggest that distinctions in post-thaw motility

or PMNS levels may not substantially impact pregnancy outcomes in clinical settings.

These findings of this thesis emphasize the importance of optimizing Al techniques to
achieve desired reproductive outcomes, with a tailored approach considering the bitch’s
characteristics and procedural factors. The results provide valuable insights for improving

clinical Al protocols and advancing canine reproductive management practices.
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