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Introduction: Laparoscopic artificial insemination (LAI) is widely used in goat
breeding, yet the influence of sheath needle design on reproductive outcomes
remains unclear. This study aimed to evaluate the effects of three different LAI
sheath designs (IMV, Minitube, and TLRI) on pregnancy rate, kidding rate, and
average litter size in Alpine does.

Methods: A total of 300 Alpine does (2-3 years old) were enrolled in two
experiments. In Experiment 1, does were inseminated into either the middle-
horn (M-H) or the horn-body junction (H-BJ) of one uterine horn using each of
the three sheath types. In Experiment 2, the IMV and TLRI sheaths were used to
deposit semen either unilaterally or bilaterally. Pregnancy rate, kidding rate, and
average litter size were recorded for all treatment groups. Statistical significance
was set at p < 0.05.

Results: In Experiment 1, overall pregnancy rates with TLRI and IMV sheaths
were significantly higher than with the Minitube sheath (p < 0.05) regardless of
site. The lowest kidding rate occurred with the Minitube sheath at the H-BJ
site (p < 0.05), while the highest was observed with the TLRI sheath at the M-H
site (p < 0.05). No significant differences in kidding rate or average litter size
were found among the remaining groups (p > 0.05). In Experiment 2, there
were no significant differences in pregnancy rate, kidding rate, or average litter
size between unilateral and bilateral inseminations using either the IMV or TLRI
sheath (p > 0.05).

Discussion: These findings demonstrate that both TLRI and IMV sheath designs
outperform the Minitube sheath in terms of pregnancy and kidding rates,
particularly when targeting the M-H site. Moreover, unilateral insemination
with these sheaths does not compromise reproductive performance and offers
a time-efficient alternative to bilateral deposition. Adoption of optimal sheath
designs and insemination strategies can enhance LAl efficiency and success in
goat breeding programs.
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1 Introduction

Artificial insemination (AI) is the most convenient assisted
reproductive technology (ART) for promoting genetic improvement in
goat herds. However, in practice, success rates often remain between
55% and 59.5% (1). The goat cervix is a highly complex fibrous
structure with 4 to 7 folds, creating a narrow lumen. Typically, the
second fold is more asymmetrical than the first and third folds, leading
to a narrowing of the cervical canal (2-5). This anatomical structure
obstructs the possibility of inserting the catheter deeply into the uterine
horn or uterine body during Al (6). Forced entry can easily injure the
cervical wall (7, 8), which can trigger an immune defense response,
leading to pregnancy termination between days 3 and 14 (9). To
overcome the limitations, several improvements have been proposed
in the design of conventional transcervical AI equipment. Falchi et al.
(10) conducted experiments focusing on the curvature angle at the
distal end of the insemination catheter and found that a 5.0 mm bend
yielded the most favorable outcome for facilitating rapid and deep
intrauterine semen deposition. Their results indicated that, in most
cases, semen was successfully deposited within the uterine body rather
than remaining in the cervical canal. Additionally, Alvarez et al. (3)
introduced an unidirectional check valve at the proximal end of the
catheter. This structural modification effectively prevented semen
reflux and promoted deeper penetration into the cervical canal,
without necessitating alterations to the standard intra-cervical
insemination protocol. Collectively, these innovations have been
shown to significantly enhance pregnancy rates and increase the
number of offspring per insemination.

Many studies have found that placing sperm in a deeper location
during Al significantly improves pregnancy rates in ewes (11-13).
However, due to the natural obstruction of the goat cervix, placing sperm
deeper, such as in the uterine horn or uterine body, is highly challenging.

LAI is an advanced assisted reproductive technology particularly
suited for small ruminants such as sheep and goats. This technique,
assisted by specialized instruments, directly deposits sperm at the
uterine horn or uterine body, bypassing the physical barriers of the
cervix. It also reduces the distance and time required for sperm to reach
the oviduct, thereby significantly increasing pregnancy rates (14, 15).
LAI can also achieve a pregnancy rate of 60-80% using lower sperm
concentrations (5 x 10° spermatozoa/mL) compared to cervical Al
(55-59.5%) (6, 16). In addition to greatly improving sperm utilization
efficiency, this technology makes it feasible to use sex-sorted semen for
AI (17, 18). However, LA is not without its drawbacks, including high
equipment costs, technical expertise requirements for operators, and
greater manpower demands, all of which are bottlenecks to its
application in economic animals and remain challenges to
be addressed.

Many factors influence the success rate of LAI, including regional
differences, breeding season, individual rams, ejaculate sequence of
the same ram, depth of cervical penetration during insemination (3),
estrus synchronization protocols (19, 20), sperm quality (21-24),
operator experience (24, 25), age, breed, and management practices
(6). Few studies, however, have focused on the needle design of
laparoscopic insemination sheaths.

Recent modifications to LAI cannulas have improved insufflation
control and semen-deposit precision. Standard 5 mm trocar-cannula
sets now employ external insemination guns within sheaths to minimize
leakage and target uterine horns more effectively (20). Insights from
transcervical catheter tip geometry, using bent tips (3.5, 5.0, 8.0 mm),
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suggest similar benefits for laparoscopic applications (10). Additionally,
hydrodynamic double-lumen needle designs inform internal flow
optimization for improved semen distribution (26). Combined with
consistent training and equipment standardization, these innovations
enhance procedural reproducibility and pregnancy outcomes (27). In
human medicine, the geometry of needles (e.g., number of bevels at the
needle tip) significantly affects the forces and energy required for
insertion and withdrawal. Needles with five bevels require significantly
less penetration and drag force compared to those with three bevels,
potentially reducing pain experienced by patients (28). Smaller-diameter
and shorter needles significantly reduce the pressure needed for
injection, thereby reducing the physical burden on operators and pain
for patients (29). Short and fine needles (e.g., 32G x 4 mm) used in
insulin injections are better tolerated by patients, enhance drug
absorption, and cause less pain (28). Currently, the commercial
laparoscopic insemination sheaths available are primarily produced by
IMV (France) and Minitube (Germany), with notable differences in
design. The IMV sheath, marketed as Aspic for mini straw (Ref. 005546),
is used with the Ovine transcap with guide (Ref. 007188) and allows
frozen semen straws to be directly mounted after thawing. Minitube’s
product, the Robertson standard pipette (Ref. 23700/2200), is used with
the Lap Al gun for Robertson pipettes (Ref. 23700/2205) or directly
connected to a syringe at the rear end. A new product developed by the
Taiwan Livestock Research Institute (TLRI) is compatible with both
0.25 mL and 0.5 mL frozen semen straws and can be used with any brand
of universal Al gun for sheep.

However, there is limited discussion on the specific parameters of
needle tips in LAT sheaths. Therefore, this study aims to compare the
needle design parameters of three types of LAI equipment and
evaluate their efficiency in terms of pregnancy rate, lambing rate, and
average litter size following LAI at different positions in the uterine
horn and unilateral versus bilateral insemination in goats.

2 Materials and methods

2.1 Animals

All experimental animals used in this study were sourced exclusively
from our own research farm, and no animals were obtained from other
owners. Prior to the start of the experiment, we applied for the use of
experimental animals, which is reviewed and approved by our
Experimental Animal Care and Use Committee. An approval letter is
then issued accordingly. This study included 300 Alpine does aged
2-3 years, all with at least one parity. Trial 1 utilized 180 does, while Trial
2 included 120 does. All animals were screened using a five-point body
condition scoring system, selecting those with scores between 2.5 and 3.
Does with a history of abortion or failed breeding during the previous
cycle were excluded. Animal use was approved by the Institutional
Animal Care and Use Committees (IACUC) under authorization
numbers N°-HUA-IACUC-101-07 and N°-LRI-IACUC-102-003.

2.2 Experimental design

2.2.1 Experiment 1

Three LAI sheaths were evaluated at two uterine horn positions
middle of uterine horn (M-H) and the uterine horn-body junction
(H-BJ)—based on pregnancy rate, kidding rate, and average litter size.
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2.2.2 Experiment 2

The two best-performing sheaths from Experiment 1 were used
to compare unilateral and bilateral uterine horn LAI. Pregnancy rate,
kidding rate, and average litter size were measured 45 days post-
insemination. For bilateral insemination, the semen concentration
and volume matched those used in unilateral insemination.

2.3 Semen preparation and semen diluent

Cryopreserved semen from a single Alpine buck was sourced from
the Hengchun Branch of the Livestock Research Institute. Semen was
stored in liquid nitrogen and thawed in a 37°C water bath for 30 s before
use. Post-thaw quality was assessed with a computer-assisted sperm
analyzer (Sperm Class Analyzer® CASA System, MICROPTIC,
Barcelona, Spain). Only semen with >50% motility and >50% progressive
motility was used. The final semen concentration was adjusted to 50 x 10°
cells/0.25 mL for all trials. The semen diluent was prepared using the
following components per 100mL: 2.42g Tris (hydroxymethyl
aminomethane) (T1503), 1.48 g citric acid (C0759), 1.00 g glucose
(G8270), 1 mL penicillin-streptomycin solution (P4333), and 6% (dry
matter basis) low-density lipoprotein (LDL). The final concentration of
glycerol (G5516) in the diluent was adjusted to 7% (v/v). All chemicals
used for semen extender preparation were obtained from Sigma-Aldrich.

2.4 Estrus synchronization

Estrus synchronization was performed using CIDR® (Controlled
Internal Drug Release, EAZI-breed, Rydalmere, Australia), PMSG
(Pregnant Mare’s Serum Gonadotropin, Prospec-Tany, Israel), and
PGF2a (Estrumate, Vet Pharma Friesoythe Gmbh). On Day 0, CIDR®
was inserted, followed by intramuscular injections of PGF2a
(5.3 mg/0.5 mL) and PMSG (400 1U) on Day 9. CIDR® was removed
on Day 11, and LAI was performed 55 h later. The dosage of PMSG
was based on the studies by Tripan et al. (30).

2.5 Measurement and determination
criteria for each parameter

Pregnancy rate (%): At 45 days after laparoscopic artificial

insemination, pregnancy was diagnosed wusing transrectal
ultrasonography. An ultrasound scanner (Aloka, SSD-500, Japan)
equipped with a transrectal probe (Aloka, linear type, 3.5 MHz,
Japan) was used to detect uterine horn structures and fetal images for
confirmation of pregnancy.

Kidding rate (%): Calculated based on does that gave birth within
150 + 7 days after laparoscopic artificial insemination.

Average litter size: Number of kids born divided by the number of

does that gave birth.

2.6 Laparoscopic equipment

The laparoscopic setup included a rigid laparoscope (6 mm external
diameter, 0° viewing angle), a cold light source, a video imaging system,
and a CO; insufflator (Karl Storz, Germany). Two 6 mm trocars were
used for laparoscope and insemination needle placement.
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2.7 Anesthesia

Does were fasted for 24 h before surgery. Preoperative muscle
relaxation was induced with xylazine (0.2 mg/kg, Rompun®, Bayer,
Germany) and atropine sulfate (0.025 mg/kg, Xindong Biotech,
Taiwan). Sedation was administered intravenously using Zoletil 50®
(0.75 mg/kg, Virbac, France), followed by maintenance anesthesia
with 2-3% isoflurane (Piramal Healthcare, India) in oxygen (2-4 L/
min). Blood oxygen levels and respiratory rates were monitored
during the procedure. Anesthesia lasted 10-15 min, and recovery to
standing occurred within 30-60 min.

2.8 Surgical positioning

Does were positioned in the Trendelenburg position (head-down,
60° incline) on a surgical table, with hind legs secured for support.

2.9 Laparoscopic procedure and operator

The surgical area was shaved, sterilized with povidone-iodine and
75% alcohol, and locally anesthetized with 2-3 mL of 20 mg/mL
lidocaine. Two incisions (~1 cm) were made ~2-3 c¢cm anterior to the
nipples, and CO, was used to inflate the abdominal cavity. The
laparoscope was inserted through one cannula and the insemination
sheath through the other. Wounds were closed with nonabsorbable
silk sutures (Silkam, B. Braun, Spain) and treated with intramuscular
injections of Penisol (0.2 mL/kg, China Chemical & Pharmaceutical
Co., Ltd., Taiwan) once daily for 5 days to prevent infection. In order
to minimize variability due to operator differences, all laparoscopic
artificial insemination procedures were conducted by the same
technician throughout the study.

2.10 LAl sheaths
Three LAI sheaths were tested.

2.10.1 IMV

Aspic for Mini Straw (Ref. 005546) with Ovine Transcap with
Guide (Ref. 007188); needle length: 60 mm; internal diameter:
0.5 mm; bevel angle: 23° (Supplementary Figure 1B).

2.10.2 Minitube

Robertson Standard Pipette (Ref. 23700/2200) with Lap AI Gun
(Ref. 23700/2205); needle length: 45 mm; internal diameter: 0.5 mm;
bevel angle: 35° (Supplementary Figure 1A).

2.10.3 TLRI

Developed by the Taiwan Livestock Research Institute; compatible
with 0.25mL and 0.5 mL semen straws; needle length: 55 mmy;
internal diameter: 0.5 mm; bevel angle: 30°. The laparoscopic
insemination sheath used in this study was a prototype developed by
the Taiwan Livestock Research Institute (TLRI). This device is still at
the laboratory development stage and is not yet commercially available
(supplementary Figures 1C, 2).

Semen was prepared at a concentration of 50 x 10°
spermatozoa/0.25 mL, refilled into 0.25 mL straws, and thawed
before use.
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2.11 Statistical analysis

Statistical analyses were conducted using SAS Enterprise Guide
7.1 (SAS Institute Inc., Cary, NC, United States). For the three
continuous variables (Pregnant rate, Kidding rate, and Average litter
size), comparison among different treatments were done by one-way
analysis of variance (ANOVA), followed by Tukey’s HSD (Honestly
Significant Difference) test for multiple comparisons of pregnancy
rate, kidding rate, and average litter size. Statistical significance was set
at p < 0.05.

3 Results

3.1 Experiment 1: comparison of three LAI
sheath at different uterine horn sites

3.1.1 Pregnancy rate

The pregnancy rates for the TLRI and IMV sheath were
significantly higher than those of the Minitube sheath at both uterine
horn sites. At mid-horn and horn-body junction, the pregnancy rates
for TLRI and IMV were 62.67 + 1.45 [95% CI: 59.82-65.51] vs.
63.00 £ 0.58 [95% CI: 61.87-64.13] and 62.33 + 0.88 [95% CI: 60.60-
64.06] vs. 62.67 £ 0.33 [95% CI: 62.01-63.32], respectively, with no
significant difference between them but significantly higher than
Minitube (54.93 £ 0.78 [95% CI: 53.40-56.46] vs. 52.86 + 1.00 [95%
CI: 50.89-54.83]). These findings suggest that the designs of the TLRI
and IMV sheath are better suited for the uterine horn structure in
goats, enhancing sperm deposition efficiency and improving
fertilization success rates. In contrast, the lower pregnancy rate for the
Minitube sheath may be attributed to its larger needle diameter and
greater tip angle (Table 1).

3.1.2 Kidding rate

The kidding rates for each group are presented in Table 1. The
lowest rate was observed with the Minitube sheath at the M-H
position (80.20 + 1.29 [95% CI: 77.68-82.72]), which was significantly
lower than that of the TLRI sheath at the mid-horn (87.30 + 1.04%

10.3389/fvets.2025.1579540

[95% CI: 85.25-89.35]; p < 0.05). The kidding rates for the TLRI
sheath at the H-BJ (86.57 + 1.73% [95% CI: 83.17-89.96]), the IMV
sheath at both of the M-H (85.40 + 0.57% [95% CI: 84.29-86.51]) and
H-BJ (86.40 + 0.47% [95% CI: 85.47-87.33]), the Minitube sheath at
the H-BJ (81.62 + 0.61% [95% CI: 80.43-82.81]), and the ranged from
81.62 to 86.57%, with no significant differences (p > 0.05). The values
of kidding rates for each treatment group fell within the 95%
confidence intervals (Table 1).

3.1.3 Average litter size

Variations in average litter size across different sheath and
insemination sites were minimal, ranging from 2.05 to 2.13 kids
(Table 1). This suggests that the choice of insemination device has no
significant impact on average litter size. The values of average litter size
for each treatment group fell within the 95% confidence intervals.

3.2 Experiment 2: evaluation of unilateral
vs. bilateral uterine horn insemination

Based on the results of Experiment 1, the two best-performing
sheaths (IMV and TLRI) were used to evaluate pregnancy rates,
kidding rates, and average litter sizes following unilateral or bilateral
uterine horn insemination (Table 2).

3.2.1 Pregnancy rate

The pregnancy rates for unilateral insemination were
63.67% + 2.96 [95% CI: 50.92-76.41] (IMV) and 64.33% % 1.20 [95%
CI: 59.16-69.50] (TLRI). For bilateral insemination, the rates were
64.00% + 0.58 [95% CI: 61.52-66.48] (IMV) and 63.67% = 0.88 [95%
CIL: 59.87-67.46] (TLRI). There were no significant differences
between unilateral and bilateral insemination. Although bilateral
insemination theoretically provides more fertilization opportunities,
the results indicate that unilateral insemination is sufficient for
achieving satisfactory pregnancy rates. This may be related to the
distribution characteristics of semen within the goat uterus, where the
concentration and distribution of semen in unilateral insemination
meet fertilization requirements.

TABLE 1 Efficiency of insemination brand on pregnancy rate, kidding rate, and average litter size.

Position Pregnancy rate, % Kidding rate (%) Average litter
(95% ClI, %) (95% ClI, %) size (95% Cl)
62.67 % 145 (59.82-65.51) 86.57 % 173 (83.17- 2,05+ 0.04 (1.98-2.13)
M-H 30
89.96)
TLRI
63.00 % 0.58* (61.87-64.13) 87.30 + 1.04* (85.25- 210+ 0.06 (1.99-2.21)
H-BJ 30
89.35)
62.33 % 0.88* (60.60-64.06) 85.40 % 0.57° (84.29- 210+ 0.02 (2.07-2.14)
M-H 30
86.51)
IMV
62.67 % 0.33 (62.01-63.32) 86.40 = 0.47° (85.47- 213 +0.12 (1.90-2.37)
H-BJ 30
87.33)
54.93 = 0.78" (53.40-56.46) 80.20 + 1.29° (77.68~ 2.07 +0.07 (1.93-2.21)
M-H 30
82.72)
Minitube
52.86 + 1.00° (50.89-54.83) 81.62 + 0.61° (80.43- 205+ 0.05 (1.96-2.14)
H-BJ 30
82.81)

M-H, middle of the uterine horn; H-BJ, uterine horn-body junction. Values are presented as the mean * standard error. ***Values with different lowercase superscripts in the same column
indicate significant differences (p < 0.05).
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TABLE 2 The effect of unilateral vs. bilateral uterine horn insemination on pregnancy rate, kidding rate, and average litter size.

Pregnancy rate, %

Kidding rate, % Average litter

Position Number .
(95% Cl, %) (95% Cl, %) size (95% Cl, %)
89.00 + 0.58 (86.52—
IMV 30 63.67 £ 2.96 (50.92-76.41) 91.48) 2.03 £0.09 (1.65-2.41)
Unilateral uterine horn :
88.33 + 1.67 (81.16—
TLRI 30 64.33 +1.20 (59.16-69.50) 1.97 +£0.09 (1.59-2.35)
95.50)
90.33 + 0.88 (86.54—
IMV 30 64.00 £ 0.58 61.52-66.48 94.13) 2.10 £ 0.06 (1.85-2.35)
4.1
Bilateral uterine horn
90.00 + 0.58 (87.52—
TLRI 30 63.67 + 0.88 (59.87-67.46) 92.48) 2.07 £0.07 (1.78-2.35)

Values are presented as the mean + standard error.

3.2.2 Kidding rate

The kidding rates for unilateral insemination, the rates were
89.00% + 0.58 [95% CI: 86.52-91.48] (IMV) and 88.33% = 1.67 [95%
CI: 81.16-95.50] (TLRI). For bilateral insemination were
90.33% + 0.88 [95% CI: 86.54-94.13] (IMV) and 90.00% = 0.58 [95%
CI: 87.52-92.48] (TLRI). No significant differences were observed
between the groups.

3.2.3 Average litter size

The average litter sizes for bilateral insemination were 2.10 + 0.06
(IMV) and 2.07 + 0.07 (TLRI). For unilateral insemination, the sizes
were 2.03+0.09 (IMV) and 1.97 £0.09 (TLRI). No significant
differences were observed.

Statistical analysis showed no significant differences among the
values in each treatment group.

4 Discussion

4.1 Comparison of different insemination
position within a single uterine horn

In this experiment, semen (0.25 mL) containing 50 million sperm
was injected into two different locations: the mid-section of a
unilateral uterine horn and the junction between the uterine horn and
uterine body. To compare the performance of different laparoscopic
artificial insemination (LAI) devices, the pregnancy rate was evaluated
on 45 days post-insemination, the kidding rate after conception, and
the average number of fetuses. The results showed no significant
difference in pregnancy rates between the M-H and H-BJ positions
when using the Minitube insemination pipette, and the same
phenomenon was observed with IMV and TLRI devices. However,
Minitube’s overall performance in terms of pregnancy rate was
significantly lower than that of IMV and TLRI (Table 1). Regarding
the LAI site, this outcome aligns with the findings of Andersson et al.
(31), who noted no significant difference in conception rates between
insemination in the uterine body (46.4%) and the uterine horn
(43.3%) in dairy cows. However, this contrasts with the findings of
Grave et al. (32), who observed a higher success rate for insemination
in the uterine body (62.9%) compared to bilateral uterine horn
insemination (54.2%).

As for the kidding rate presented in Table 1, the lowest rate was
observed with the Minitube sheath at the M-H position (80.20 + 1.29),
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which was significantly lower than that of the TLRI sheath at the M-H
(87.30 £ 1.04%). The kidding rates for the TLRI sheath at the H-BJ
(86.57 + 1.73%), the IMV sheath at both of the M-H (85.40 + 0.57%)
and H-BJ (86.40 +0.47%), the Minitube sheath at the H-BJ
(81.62 £ 0.61%), and the ranged from 81.62 to 86.57%, with no
significant differences. Existing research on LAI has generally found
that most performance differences lie in pregnancy outcomes, with no
significant variation in kidding rates (20, 33).

Generally, LAI techniques demand a high level of skills, and
operator experiences, which directly impacts the success rate. Previous
studies have confirmed that experienced practitioners achieve
significantly higher success rates (32). Skilled operators are able to
minimize complications such as abdominal puncture and internal
bleeding, while also completing more procedures within the same
timeframe, thereby improving overall efficiency (20). This study also
further analyzed the design parameters of the various device needles,
including needle length, tip angle, the pressure required for semen
injection, ease of penetration, and depth control capability. The
findings underscored the critical importance of operator’s proficiency
and equipment optimization in achieving stable and successful
reproductive outcomes in goats.

4.2 Unilateral vs. bilateral uterine horn
insemination

This study utilized the IMV and TLRI sheaths, which demonstrated
superior pregnancy rates in Experiment 1, to evaluate the outcomes of
unilateral or bilateral mid-horn insemination. Results showed no
significant differences in pregnancy rate, kidding rate, or average litter
size between the two methods 45 days post-insemination (Table 2). These
findings contrast with those reported by Evans and Maxwell (15), who
observed higher pregnancy rates in ewes following bilateral uterine horn
insemination via laparoscopic artificial insemination (LAI). However, a
study on synchronized Merino ewes investigated the effect of unilateral
versus bilateral uterine horn insemination using frozen-thawed semen
administered through LAL A total of 217 ewes were divided into
unilateral (n = 107) and bilateral (n = 110) groups. Pregnancy rates were
52.3 and 55.5%, respectively, with no significant differences between the
groups (34). A similar outcome was reported in goats (35), aligning with
the present study’s results. In summary, all three LAI sheaths evaluated
in this study successfully facilitated laparoscopic insemination in goats,
with the IMV and TLRI sheaths providing higher efficiency due to
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optimized needle designs. The injection site within the uterine horn and
the use of unilateral versus bilateral insemination had no significant
impact on pregnancy outcomes. The critical factor in successful LAI lies
in accurately depositing semen into the uterine cavity. Unilateral
mid-horn insemination offers a more time-efficient method for LAI in
goats without compromising reproductive success.

4.3 Influence of needle design on LAl
success rates

4.3.1 Needle inner diameter (D)
According to Poiseuille’s law, flow rate (Q) is proportional to the
fourth power of the needle’s inner diameter:

_ aAPD*
1284L

Where AP, Pressure difference; y, Fluid viscosity; L, Needle length.

An increase in needle diameter significantly improves flow rate at
a given pressure. However, in this study, all sheath had the same inner
diameter (0.5 mm), making flow rate differences dependent on needle
length and tip angle.

4.3.2 Needle length (L)

Flow rate is inversely proportional to needle length:
1
Qox—
L

Longer needles reduce flow rate due to increased resistance,
requiring higher pressures to achieve similar flow rates. Among the
sheath tested, Minitube had the shortest needle length, followed by
TLRI, with IMV having the longest.

4.3.3 Needle tip angle (0)

Larger tip angles (flatter) reduce resistance to fluid flow, making
it easier for fluids to enter target tissues. Smaller tip angles (sharper)
reduce insertion resistance but may limit flow rate. In this study, IMV
had the smallest tip angle (23°), TLRI was intermediate (30°), and
Minitube had the largest (35°).

Using Poiseuille’s law, the pressure required (AP) to maintain a
given flow rate can be expressed as:

_8ulQ

7Z'7’4

AP

Where r is the inner radius (0.25 mm for all needles).

In this study, the inner diameter and flow rate of LAI sheaths from
the three examined brands were identical. Consequently, the primary
factors determining pressure requirements were needle length (L) and
needle tip bevel angle, as the latter influences fluid entry and exit
efficiency. The bevel angle affects the resistance encountered by fluid
passing through the needle: a smaller angle (IMV, 23°) results in a
longer bevel, increasing fluid outlet resistance and subsequently
requiring greater pressure. In contrast, a larger angle (Minitube, 35°)
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shortens the bevel, reducing fluid outlet resistance and thereby lowering
pressure demands. The intermediate angle (TLRI, 30°) falls between
these two extremes, resulting in moderate outlet resistance. The
diameter and length of the needle have been demonstrated to directly
influence pain perception. Furthermore, additional factors, including
needle tip shape, sharpness, insertion angle, gliding performance, and
the number of friction points (i.e., the number of bevels), are critical in
determining both the needlé’s ability to penetrate tissue and its impact
on pain sensation (36). Beyond needle length, inner diameter, and
bevel angle, the number of bevels also plays a crucial role in penetration
efficiency and pain levels. A comparative study on insulin pen needles
used by diabetic patients found that modified asymmetric three-bevel
needles outperformed traditional three-bevel needles in terms of both
force requirements and pain perception (37). Additionally, research on
bevel quantity has shown that five-bevel needles exhibit superior
penetration force and lower withdrawal resistance compared to three-
bevel needles. Experimental assessments of the insertion-withdrawal
cycle indicated that five-bevel needles require 11.5 to 29% less energy
than three-bevel needles, suggesting that less energy is transferred to
the surrounding tissue. Clinically, this implies that five-bevel needles
effectively reduce the force and energy associated with needle friction,
thereby minimizing patient discomfort during injection (28, 38). These
design improvements not only enhance surgical efficiency but also
contribute significantly to animal welfare. Based on the derived
formulas, the parameters and operational characteristics of laparoscopic
artificial insemination sheaths from different manufacturers are
summarized in Table 3.

During the procedure, the successful deposition of semen into the
uterine horn cavity can be confirmed by observing whether the
uterine horn exhibits expansion. Based on the above results,
we compared key parameters of the insemination needle, including
inner diameter, length, and bevel angle. Since the inner diameters
were identical across brands, we found that a longer needle and a
smaller bevel angle enhanced the efficiency of LAL

TABLE 3 Needle and practical operation characteristics of different
brands.

Needle inner 0.5 0.5 0.5

diameter (mm)
Needle length (mm) 6 5.5 4.5

Needle bevel angle 23 30 35
@)

Pressure requirement Highest Moderate Lowest
Uterine horn wall Good Moderate, Poor, higher risk
penetrability positioning, easy suitable for of blockage
penetration smooth uterine
walls
Semen injection Accurate Accurate Accurate
accuracy
Risk of blockage after | Low probability Moderate risk High risk of
penetration of complete of blockage blockage
blockage due to

small bevel angle
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In conclusion, all three laparoscopic artificial insemination
sheaths evaluated in this study were successfully applied in LAI in
goats, with the IMV and TLRI sheaths demonstrating superior
performance. The pregnancy rate was not significantly affected by
whether semen was deposited unilaterally or bilaterally in the uterine
horn. Precise semen deposition in the uterine horn cavity is critical,
and unilateral insemination can reduce the procedure time for
LAI Additionally, an appropriately designed needle can significantly
enhance the efficiency of laparoscopic artificial insemination.
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