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Introduction
Sperm analysis is of great importance when investigating 
male infertility [1]. A variety of cells enters into sperm 
composition, in particular, spermatozoa (spz). The latter 
are composed of several membrane-bound sections, 
consisting of the plasma membrane, acrosome membrane, 
and mitochondrial membrane, that must be intact to 
ensure the viability of the spz to fertilize the oocyte [2].

Andrology laboratories around the world assess semen 
quantity (volume, sperm concentration, color, density, and 
viscosity) and quality parameters (total and progressive 
motility, morphological abnormalities, oxidative status, 
mitochondrial Activity and DNA fragmentation) [3-12]. 
Different studies have been performed in pigs [3], rams [4-

6], dogs [7], goats [8,9], roosters [10], horses [11], and bulls [12] 
to examine relationship between such in vitro laboratory 
standards of fertile semen and their relationship with 
in vivo field fertility. The most important objective is to 

ensure the successful packaging of a straw with fertile spz 
that meets semen laboratory standards.

Computer Assisted Sperm Analysis (CASA) was developed 
to study sperm movement characteristics or kinematics 
and has proven to be very effective in research [1]. CASA 
has also been used with great success to record sperm 
characteristics such as concentration and proportions of 
total and progressive motility in many animal species, 
including wide application in domestic animal breeding 
laboratories and research centers [13]. The results obtained 
allow a great advance in the field of reproduction of 
domestic animals, especially providing solutions to the 
threat of animal disappearance by extinction of the breed 
[14].

This review aimed to document the recent contribution 
of the scientific community who used and benefited from 
CASA system in different experiments. Furthermore, the 
authors tend to suggest new areas of use and improvements 
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Abstract

Computer Assisted Sperm Analysis (CASA) was developed in the late 1980s to study the 
sperm movement characteristics or kinematics. Since then, CASA is becoming among 
the most important tools in reproductive biotechnologies laboratories and research 
centers related to animal breeding although the doubt about its effectiveness. This 
review aimed to investigate the different studies and reports performed by the scientific 
community recently regarding CASA system, as well as to suggest new areas of use and 
improvement for this automated device to better interpret the complexity surrounding 
the sperm sample. The main problem is related to the standardization and optimization 
of the equipment and procedures. CASA system has evolved dramatically over the past 
two decades to become powerful tool for the rapid and objective assessment of sperm 
concentration, motility and kinematics, as well as morphology, in almost all mammals, 
including humans. Despite the lack of full universal standardization, the various CASA 
instruments have all currently demonstrated high levels of accuracy and reliability.
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for CASA to better interpret the complexity of the sperm 
sample. Specifically in this literature, the authors focused 
on the use, the advantages, and the limits of CASA system.

Presentation and History
CASA is an automated system consisting of hardware 
and software that is used to view and digitize a sequence 
of sperm images. It enables clear, precise results to be 
obtained, which inform about different qualities of 
sperm parameters, including concentration, motility, 
morphology, and morphometry [15]. After spz scanning 
and placing the coordinates (x, y) on the observation 
field, the same procedure is repeated during the following 
successive captures. Then an algorithm is used to analyze 
all the data and reconstruct the individual trajectories of 
the sperm [16].

The development of computer-assisted sperm analysis 
(CASA) during the 1980s aroused great excitement, 
although the systems were only black boxes capable of 
tracking sperm movement, without being able to generate 
verifiable data, with a frame rate limited to 30 frames per 
second [17,18]. In the 1990s and early 2000s, advances in 
computer science led to several improvements to CASA 
systems. During this time, CASA has gained in value, 
especially in research area.

In the early stages of development of the CASA system, 
various problems arose; initially, CASA could not 
differentiate sperm from particles of the same size. To 
solve this problem, several approaches have been tried 
through modifications and improvements of the software, 
for example, the presence of the flagellum as a prerequisite 
[19] or the use of dyes for sperm DNA staining [20]. Currently, 
more than twelve different CASA systems brands are 
available for semen quality evaluation in laboratories and 
AI centres [17]. We cite IVOS and CEROS by Hamliton-
Thorn and Motion Analysis (USA) (Fig. 1), the Sperm Class 
Analyzer by Microptics SL (Spain), Hobson Tracker (UK), 
Sperm Motility Quantifier (South Africa), Sperm Vision 
(Germany) and Proiser/ISAS (Spain) and many others. 
Therefore, it is necessary to update the standardization of 
the methods for the objective evaluation of sperm quality 
[21].

Parameters Assessed Using 
Casa System
CASA allows to assess various Sperm parameters.

Sperm Concentration

Concentration is certainly one of the most important 
parameters when evaluating sperm, as infertility has 
been associated with low sperm count in many species 
[22]. Accurate assessment of sperm concentration using 
CASA systems remains a problem for all species in which 
this parameter has been studied [23]. If the CASA system 
proves to be reliable for motility analysis compared to 
the conventional technique, there is not yet a consensus 
on its reliability in measuring concentration in the 
different species [24]. Indeed, the values obtained were 
often overestimated or underestimated compared to 
the reference method [25]. The spz detected, because 
of analytical errors [26], are no longer representative of 
the microscopic fields in which they were analyzed 
“the principle of spz homogeneous distribution in a 
cell suspension is no longer respected”. This results in 
concentration and motility evaluation errors. If the system 
detects non-spz particles (with the size of a spz head), it 
will probably overestimate the population of static spz 
[27]. Agarwal et al.[28] reported in Humans that CASA 
systems can have difficulties in distinguishing between 
immotile sperm, non-sperm cells, and debris. This lack of 
distinction causes inaccurate evaluation of sperm motility 
as well as counting of spermatozoa, which also affects the 
evaluation of sperm concentration.

Sperm Motility

Sperm motility evaluation provides essential information 
on its functional competence and fertilizing potential [12]. 
CASA analyzer is considered the Gold Standard in Motility 
assessment [26]. CASA-derived motility parameters include 
total motility, progressive motility, non-progressive, 
static, progressive fast [type a], slow progressive [type 
b], non-progressive [type c] and immobile [type d] [24]. 
Additionally, this system provides verifiable data, as 
previously analyzed video images can be re-examined for 
periodic internal and external quality control evaluations.

Current CASA-Mot systems focus almost exclusively on 
scanning and tracking the sperm head, with some newer 
systems starting to look for the presence of the flagellum to 
help exclude debris and other foreign objects from scans. 
Mechanically, however, it is the flagellum that propels the 
sperm and, as such, the behavior of the flagellum is the 
fundamental characteristic governing sperm motility. 
Taking this into consideration, it is believed that the most 
effective way to develop CASA-Mot, and thus enlarge 
the circle of use of computer-assisted analyzes in clinical Fig 1. CASA system (Hamilton Thorne, HT-IVOS II)
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diagnosis is the introduction of flagellar monitoring, as 
has been done the pioneers Hiramoto and Baba [29].

Sperm Kinematic

In addition to being powerful analytical tools for assessing 
sperm motility, CASA systems provide additional details 
on sperm motion via determining their kinematic 
characteristics. Each individual sperm in the field of view 
is identified and a series of digital images of the spz head 
movement is captured. This allows for the reconstruction 
of their individual trajectories [18]. CASA-based kinematics 
include the following measurements: straight line velocity 
(VSL, μ/ms), corresponding to the straight line from the 
beginning to the end of the track; curvilinear velocity 
(VCL, μm/s), measured over the actual point‐to‐point 
track followed by the cell; average path velocity (VAP, 
μm/s), the average velocity over the smoothed cell path; 
amplitude of lateral head displacement (ALH, μm), 
defined as the maximum of the measured width of the 
head oscillation as the sperm cells swim; beat cross‐
frequency (BCF, Hz), defined as the frequency with 
which the actual track crossed the smoothed track in 
either direction; motility (%), the percentage of the total 
motile cells; and progressive motility (%), corresponding 
to spermatozoa swimming forward quickly in a straight 
line, (STR ≥45%; VAP ≥25 μm/s). Three progression 
ratios, expressed as percentages, were calculated from 
the velocity measurements described above: linearity of 
forward progression

(LIN = VSL/VCL·100), straightness (STR = VSL/
VAP·100) and wobble (WOB = VAP/VCL·100) [21]. These 
kinematic parameters provide valuable information on 
sperm quality, which cannot be obtained by the subjective 
evaluation using manual microscopic examination, and 
could become important components of male fertility 
evaluation, thereby enhancing the routine semen analysis 
[5]. Indeed, using CASA, it was revealed that sperm 
cells with the highest velocity and progressive motion 
were positively correlated with their resilience post-
cryopreservation [2].

The 3 individual sperm velocity assessed by CASA are 
presented in Fig. 2.

Sperm Morphology and Morphometrics

Spermatozoa morphology constitutes an important 
parameter in the exploration of sperm quality and its 
effectiveness in fertilizing the egg [30]. The competitiveness 
of spz in the female reproductive organs and their ability to 
penetrate an ovum may result from their dimensions and 
shape which they often show a relationship with ejaculate 
traits  [31]. In fact, fertilization process is affected more by 
morphological defects of spz than motility [10]. However, 
the predictive value of sperm morphology in male fertility 
has always been a controversial issue mainly due to the 
great variability of manual assessment of morphology 
within and between laboratories, which then limited 
its practical application [14]. Investigators reported that 
the changes of classification and standards in successive 
editions of WHO classification participated in keeping 
this parameter in a conflictual cercle. The standard values 
have evolved considerably in 30 years and the doubts 
about this parameter have been more raised [13,14].

Antoni van Leewenhoek reported microscopic sperm 
morphology in 1678 for human and dog sperm using an 
early single-lens microscope [32]. This time-consuming 

Fig 2. The main kinematic measurements involved in sperm tracking 
(Velocity) 

Fig 3. Sperm parameters assessed by HT-IVOS II analyzer (Report of 
canine semen evaluation) 
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technique is quite precise depending on the experience of 
the operator, but requires specialized microscopes or stains 
and can induce visual fatigue which is a probable source of 
error. Besides, it can also suffer from subjectivity when it 
is not carried out by highly experienced investigators [33].

To avoid the limits of conventional methods, computer-
assisted sperm morphometry analysis systems (CASMA, 
generically CASA) have been developed and have first 
appeared on the market since 1990s. CASMA has been 
widely evaluated and validated for several systems and in 
different animal species [14]. Compared to morphometry 
on stained slides, automatic morphometry could thus 
offer the advantage of speed, lower analysis cost and the 
large number of spz analyzed [14,34]. It also helps avoid 
fixation and staining already identified as error factors in 
morphometry on stained slides [13].

Fig. 3 showed the different parameters assessed by a CASA 
analyzer. 

Casa System Benefits  
CASA plays an important and growing role in ensuring 
the quality of seed products for use in the AI industry 
at large, accelerating a trend that started a decade ago in 
many species [35]. 

Currently, CASA is a very useful laboratory tool, the 
simpler and more affordable option for the objective 
evaluation of semen in farm animals. It allows quick and 
repeatable sperm motility and morphometry assessment 
[1]. Examining large numbers of samples and acquiring 
reliable results in a short period of time can support the 
control of reproductive problems in male animals and 
lead to maintaining high rates of embryo production 
within laboratories [36]. The precondition is the existence 
of specialized and well-trained operators with appropriate 
functionality of the system.

Casa and Manual Analysis
Unlike manual counting, CASA uses hardware and 
software to visualize and to evaluate consecutive images 
of viable sperm in order to obtain accurate and valid 
information on the kinematics of individual sperm. Both 
methods (manual and CASA) have their advantages and 
disadvantages but the most promising technique is CASA. 
One of the drawbacks of manual method is that efficient 
use of the hemocytometer is highly dependent on precise 
pipetting, dilution and careful calculation, all of which are 
common sources of error [37]. CASA allows to obtain fast 
results with detailed objective analysis combined to high 
reproducibility [35].

The sperm parameters obtained in accordance with 
WHO recommendations remain a reference for clinical 

examinations. However, they do not always reflect the 
male fertilizing potential. Manual semen analysis is a 
very cost-effective and straightforward procedure, but it 
requires analysis by well-trained laboratory investigator. 
To date, no procedure has been validated by the WHO as 
a gold standard for semen analysis [38].

When using frozen sperm, it is interesting to notice that 
CASA compared to manual methods often overestimates 
sperm counts before freezing and underestimates this 
parameter after thawing [25]. It could be due to the variable 
agglutination rate to which immotile cells after thawing are 
subject. Fresh sperm settings of the analyzer parameters 
may not be optimal for counting cryopreserved sperm, 
where the freezing medium often contains egg yolk and/
or a cryoprotectant. In humans, washed sperm samples 
require different CASA parameters than seminal sperm 
for semen analysis; similarly, samples after thawing with 
freezing medium may require different settings when 
the viscosity of the freezing medium is different from 
that of the ejaculate. Manual microscopic evaluation of 
sperm motility is subjective and strongly associated with 
inter- and intra-laboratory variations. Within the same 
semen sample, variations of 30-60% have been reported in 
manually assessed human and animal ejaculates [39].

Unfortunately, although there are general and important 
guidelines for the measurement of sperm motility analysis 
and the use of CASA, detailed and generally accepted 
guidelines for specific internal parameters of CASA and 
important laboratory species adjustments are lacking 
[27]. Obviously, due to specific software algorithms for 
specific CASA devices (which are able to modify the 
results obtained from particular parameters such as 
the amplitude of lateral head displacement (ALH)), it is 
difficult but possible to generate a general directive with 
specific CASA parameters. Using CASA, significant 
inter-laboratory variations were observed, multi-centric 
studies on male topics demonstrated that one of the least 
subjective parameters is the sperm concentration with a 
coefficient of variation of 21% to 80% [27]. Therefore, the 
standardization of assessment methods is becoming more 
and more necessary with the increasing worldwide export 
of semen straws and communication between animal 
breeding centers. Such standardization requires a large 
amount of organization and involves several laboratories 
working on the same samples [40].

CASA is very sensitive to small changes in internal 
parameters that can lead to a considerable modification 
in the results. For example, a small tick in the box “Slow 
sperm are counted as motile/static” can lead to completely 
different results, e.g. an observation of 49% motile cells 
instead of 80%. Although valid arguments exist for 
both possibilities - 1: slow cells are motile; or 2: slow 
cells will never reach the oocyte. There is a high risk of 
misinterpretation of the results for each of the choices; 
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a possibility of overinterpretation of the respective 
information due to missing background knowledge. To 
which groups do the hyperestimated slow cells belong?

Another example of an important piece of information is 
the frame rate; e.g. 50 Hz and 60 Hz. Different rates can 
have a significant impact on the results obtained [41]. Those 
parameters should be considered before purchasing a 
specific CASA device.

Lammers et al.[42] performed a prospective double-blind 
study comparing two automated semen analyzers with 
manual sperm assessment. Statistical analysis revealed 
no significant differences for most of the measured 
sperm parameters. Komori et al.[43] found high agreement 
between automated and microscopic methods in assessing 
sperm motility. In the same context, Fuse et al.[44] showed 
that the measurement of total sperm concentration and 
percentage of progressive motility by IIB sperm quality 
analyzer revealed high correlations with those of the 
conventional manual method recommended by WHO [24] 
“Enhanced Neubauer cell type”. On the contrary, Vested 
et al.[45] reported significant differences when comparing 
the results obtained by using CRISMAS CASA and those 
performed by conventional method regarding sperm 
concentration and motility analysis.

Both CASA and manual method presented acceptable 
agreement. However, CASA is a better tool to avoid 
subjective variations and for better standardization. 
Moreover, the latter is undoubtedly the best regarding 
the evaluation of kinematic parameters [38] as well as spz 
concentration [25].

For many years, the CASA analysis has been one standard in 
the laboratory for motility and kinetic parameters [5], with 
no clear description of a species-specific setup [26]. Besides, 
although the recent advances in automation technology, 
CASA systems still require manual intervention to rectify 
errors and provide reliable results [28]. According to Jorge-
Neto et al.[26], the correct use of the CASA system, coupled 
with a detailed description of the setup and procedure 
employed, facilitates the replication of methodologies and 
comparisons of studies. Recently, O’meara et al.[40] worked 
to adjust the kinematic and morphometric setup of the 
HT-IVOS II analyzer used for frozen bovine spz. These 
authors confirmed concerns and issues on the variability 
of the results obtained using different CASA settings and 
would recommend to the Research Centers to validate 
systems and ideally engage in a standard-setting for the 
IVOS II CASA system. 

Casa Applications in Clinical 
Diagnosis
Due to the considerable efforts made to improve the 
technical performance and efficiency of current CASA 

systems, it is necessary and has become crucial to assess 
the biological relevance of parameters derived from CASA 
in the prediction of male fertility potential. CASA-derived 
measurements have been shown to be very useful in 
monitoring subtle changes in sperm distribution among 
different subpopulations of motility and speed in response 
to various physiological conditions and environmental 
exposures, which cannot be observed manually by light 
microscopic analysis [46,47].

Definition of Risk Factors Affecting Motility

Many factors can affect the quality of sperm movements. 
These include measurement temperature, sperm 
processing (freezing/thawing), sperm concentration and 
other technical factors [48].

 Some CASA systems (IVOS II) are equipped with 
heated specimen stage, which allows precise control of 
temperature during the analysis, constant to within 0.5°C, 
whereas manual semen analysis is usually conducted 
under a phase-contrast microscope at room temperature. 
This represents an unquestionable advantage, as changes 
in temperature may significantly affect the analysis of 
sperm parameters, particularly motility assessment [47].

In humans, measurement of sperm concentration and 
movement characteristics requires different parameter 
settings for fresh and washed (after removal of seminal 
plasma) sperm samples. Similarly, in cryopreserved 
samples, post-thawed sperm samples may require 
different parameter settings due to the presence of the 
freezing medium added to the ejaculate.

Fig 4. Technical setup of HT-IVOS II system recommended by the 
manufacturer (IMV Technologies) for canine spz analysis 
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Accordingly, sperm movement characteristics should 
not be considered absolute values, but should rather be 
interpreted in light of the parameter settings. Currently, 
the potential effects of environmental and occupational 
hazards on sperm function have been widely studied.  
External factors like sample temperature, sample dilution 
factor, mixing, pipetting, time to analysis, technician and 
the use of counting chambers (Type and depth) caused a 
large degree of variation or loss of cell motility [14,23,40,49]. 
Besides, the factors related to the technical configuration 
(Fig. 4) of the analyzer (pre-established setting of the 
image analysis software) do lead to different final analysis 
results [40]. These observations indicated that some risk 
factors may lead to specific changes in sperm movement 
characteristics.

Prediction of Motility Parameters Increasing the 
Chances of In-vitro Fertilization

Motility is accepted as the most important parameter 
in evaluating sperm fertilization capacity [50]. Several 
scientific laboratories deal with the topic of determining 
a particular parameter, evaluated by the CASA system, 
and its close correlation with in vivo fertility. However, 
this parameter or laboratory test, which could accurately 
report information on the fertilization capacity of the 
insemination dose, has not yet been established. This 
cannot be predicted because the reproduction process 
is very complex [17] and can be affected by different 
conditions [1,23].

Analysis of Hyperactive Spermatozoa Due to 
Capacitation Phenomenon

Hyperactivation is a form of non-progressive motility 
observed in the oocyte at the time of fertilization and 
is characterized by extremely asymmetrical flagellar 
undulations with higher amplitudes and lower frequencies 
leading to highly curved swimming trajectories, like 
whiplashes [51]. Sperm hyperactivation was initially 
assessed manually, describing flagellar movement patterns 
subjectively based on purely visual observations. However, 
since it is a flagellar phenomenon associated with changes 
in the amplitudes and frequencies of flagellar waves, 
manual analysis of the latter remains very laborious, 
time-consuming and uncontrolled. It has been strongly 
recommended that CASA systems are a more practical 
option for the identification of hyperactivated spz [18].

Under normal circumstances, spz that pass through the 
fallopian tube undergo the capacitation reaction and enter 
a hyperactive state, which is conducive to pass through 
the twisted fallopian tube, and fertilize the egg. Although 
the correlation between the percentage of hyperactive spz 
and the in vitro fertilization rate is not conclusive, but 
the detection of the percentage of hyperactive spz could 
predict the capacitation ability of spz in vivo and in vitro, 

and guide the treatment of infertility, so it is necessary to 
evaluate the dynamic characteristics of hyperactive spz by 
using the CASA system [52].

Dynamic characteristics of hyperactive spz are very 
different from those of ejaculated and non-capacitated spz. 
There are two types of sperm hyperactivity: progressive 
and non-progressive [18].

Factors Affecting Results 
Provided by Casa
A very important factor for standardizing CASA system 
data is the pre-analytical part, which includes the sample 
preparation for analysis [17]. Thus, the frame rate of the 
CASA system, sample concentration and volume, type of 
counting chamber, temperature and type of extender are 
essential for correct interpretation of CASA results. 

 Frame Rate

 The Frame rate (FR) is defined as the number of images 
acquired per second while obtaining the trajectory of the 
sperm in the CASA. It depends mainly on the quality of 
the camera and the imaging standard applied [52]. The FR 
has a direct effect on the sperm movement trajectories, 
which can further affect the results of sperm movement 
parameters. The trajectory of sperm movement varies 
with the FR. When the path is built with a FR of 30 Hz, it 
will be relatively simple, while with a 60 Hz FR, it will be 
relatively complex.

For analysis of sperm movement, images typically 
represent 0.02 sec exposure at a rate of 50 frames per 
second (fps). Image exposure can be controlled via a 
camera shutter or the pulse duration of the strobe light.

The speed at which images are captured and the duration 
of a “scene” (for example, 60 frames per second for 0.5 sec) 
affect the distance a sperm can move between successive 
frames or during an entire scene (i.e. a curvilinear path). 
These have a direct effect on the shape of the calculated 
“mean path” for each sperm, deviations from the recorded 
path of a sperm’s center of gravity on successive images, 
and other output values for motion of sperm. For the 
analysis of sperm morphology, one or more images are 
usually evaluated although some systems apparently 
calculate morphology statistics based on all the images in 
a scene [16].

As the trajectory of sperm movement changes, the 
dynamic parameters of the sperm will therefore be 
altered. The CASA‐Mot frame rate used was limited by 
hardware restrictions from 16 to 60 Hz. Nevertheless, as 
has been previously indicated, the rate at which images are 
captured and the length of video recording both affect the 
distance that spz might move between successive frames 
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[21]. This has a direct effect on the estimated trajectory for 
each sperm cell, deviations from the recorded path of a 
spermatozoon’s centroid over successive frames, and other 
output values for sperm motion [17].

It is also stated that grade a and b sperm can be assessed 
correctly by the commercial CASA system with a FR of 
30-60 Hz, while accurate assessment of grade c sperm 
requires increased FR. Now, it is generally accepted that 
the CASA system with a FR of 60 Hz can essentially 
meet the requirements of analyzing the sperm dynamics 
in mammals [16]. Recently, in boars, using the ISAS®  v1 
CASA-Mot system, with a video camera working up to 
200 Hz while six FRs (25, 50, 75, 100, 150 and 200 fps) 
were compared, authors concluded that FR affected 
all the kinematic parameters, with curvilinear velocity 
(VCL) and BCF the most sensitive ones [21]. These latter 
reported that high fps values bring significant changes 
in the value of some sperm kinetic parameters and this 
must be considered. They mentioned also that the correct 
determination of sperm tracks results in a fundamental 
shift in the determination of motility and morphology 
subpopulation structure (the fact that the ejaculate in 
many species is constituted of different subpopulations of 
spermatozoa).

Type of Counting Cell Associated with CASA System

According to the literature, the type of chamber used 
for analysis could affect the CASA motility results. A 
variety of analysis chambers with different technical 
characteristics in terms of shape, size, depth, and charging 
method of the semen sample are commercially available 
(Fig. 5). Recent research is focusing on the further 
standardization of CASA processes in order for data from 
different laboratories to be comparable [53,54]. Even though 
the CASA system has very high FR, very good video 
processing system, and advanced analysis software, if the 
depth of the sperm counting chamber has a large error, 
the results of sperm concentration and motility will be 
directly affected.  

For motion analysis, disposable chambers (several 
manufacturers), capillary charged, with a carefully 
controlled depth (Z axis; certified depth) of 20 or 10 µm 
are often recommended. These depths make it less likely 
that a sperm can move up and/or down outside the useful 

depth of field of the microscope. However, this does mean 
that the sperm of some species cannot swim in their 
normal way; for bull spermatozoa, unlimited helical tail 
excursions require 12 µm in each direction from the plane 
of the head when a given sperm reposition itself [55].

In equine semen, Hoogewijs et al.[56] found that 
concentration and motility parameters were significantly 
influenced by the chamber type used. These authors 
after using the NucleoCounter as the gold standard for 
determining concentration, revealed that the correlation 
coefficients were low for all of the various chambers 
evaluated (Leja chambers of different depths were 
compared with disposable and reusable ISAS chambers, 
a Makler chamber and a World Health Organization 
(WHO) motility slide), with the exception of the 12 µm 
deep Leja chamber.

For morphology analysis, most systems use a colored 
dry preparation (on a conventional slide) although some 
now provide a complete analysis of head and/or tail 
morphology using a wet preparation [17].

CASA System Algorithms  

An irregular path of sperm movement will produce 
quite a different shape and complexity than the path 
of sperm movement when FR changes. Therefore, it is 
necessary to process these tracks using certain principles 
and algorithms. In general, the values of the kinematic 
parameters of sperm, such as VAP, ALH, and others, are 
calculated by the algorithms after smoothing the sperm 
trajectory [57]. Thus, if the algorithms are different between 
CASA systems, the results will lack comparability.

Nafisi et al.[58] presented a kind of algorithm for calculating 
the sperm trace, which was not sensitive to the imaging 
acquisition conditions, but background and other particles 
can be successfully removed by an arithmetic method 
improved in two stages. This arithmetic has been proven 
to work very well under different imaging acquisition 
conditions. In addition, the calculation of the percentage 
of motile sperm is linked to the setting of the threshold 
between motile and immobile sperm. Threshold settings 
can be arbitrary, which currently lacks a uniform standard.

Sperm Concentration  

Sample concentration effect on sperm quality parameters 
was very obvious when it was evaluated with CASA 
system. A high sperm concentration can affect the results 
of sperm count, motility and kinematics [31].  

WHO [24] recommended that the concentration of sperm 
in semen samples detected with CASA should be less than 
50 x 106 mL-1, and Mortimer [52] recommended even less 
values than 40 x 106 mL-1.

In fact, this is well understandable. When the kinematic 
parameters of the sperm are analyzed using CASA, the spz 

Fig 5. Leja® slides with 4 chambers of 20 µm used with HT-IVOS II analyzer
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trajectories in the detectable fields must be reconstructed. 
If there are too many spz in a field, the risk of collisions 
between sperm increases. Two or more spz trajectories that 
appear to be too close cannot be accurately reconstructed 
by CASA. As a result, the dynamic parameters of the 
sperm will be altered, and the motility categories of the 
sperm may be affected.

Therefore, when the semen samples were analyzed with 
the CASA system, samples with high concentrations of spz 
must be diluted with their corresponding seminal plasma 
[16]. The diluent used should not contain particles similar 
in size to the sperm heads (for example, unclarified egg 
yolk), as they will not be differentiated from non-motile 
spz [23].

Standardization and Quality Control Measures for 
CASA

The human factor can also affect the results of the 
analysis in different ways, so specific requirements must 
be set. The laboratory technician plays a crucial role in 
these complex assessment conditions and can influence 
almost all of the above-mentioned factors, in order to 
keep the results obtained reliable and reproducible [17,36]. 
Therefore, CASA, as a sophisticated system, places high 
demands on qualified operators. In addition, as there is no 
defined gold standard for animal sperm motility analysis 
methods, it is therefore recommended to establish a 
standard operating procedure for a specific laboratory. 
This should be accompanied by the determination of the 
repeatability of the assessment, when repeatability greater 
than 95% is possible. In other words, one of the difficulties 
in using CASA is the human factor. The purchase and 
establishment of CASA not only involves the maintenance 
of the facilities, but the operators must also know the 
principles of CASA and must be trained periodically [36].

CASA System Limits
While CASA is a reliable tool that has the ability to 
provide detailed measurements of the dimensions of the 
sperm head and midpiece, most commercially available 
CASA systems are not capable of analyzing characteristics 
of the sperm tail and therefore limit the application of 
this technology in clinical settings [18]. Moreover, CASA 
systems are not ready-to-use robots and can be influenced, 
like any other automated technique, by several artifacts 
related to inappropriate configurations and technical 
errors [59].   

With recent advancements in CASA software, many of the 
limitations affecting CASA measurement performance 
have been partially or fully reversed. For example, 
when assessed manually, sperm motility is defined and 
categorized based on its flagellar movement and beat 
pattern, while CASA is primarily dependent on tracking 

the movement of the sperm head. It has been argued 
that the assessment of the percentage of sperm motility 
using CASA might be unreliable due to the potential 
misidentification of particulate debris such as immobile 
sperm [24]. 

However, the new CASA models are incorporated with 
smart filters removing some particles similar in size to 
sperm but mostly using positive phase contrast where 
most of the background images are now viewed in dark 
and therefore not represented as part of the white reflective 
semen. In addition, a function called “drift” can be defined 
to eliminate not only Brownian motion but also minor 
flow and even help counter the detection of immotile spz 
slightly displaced as motile due to a collision with motile 
spz. These characteristics allow a more accurate and 
objective assessment of sperm count and motility [18].

Potential Future of CASA
The conditions for studying the movement of sperm are a 
compromise. The sperm are suspended in an environment 
different from anything they will encounter in vivo. The 
suspension is seen in a chamber (or droplet) in which the 
spz accumulate at the interfaces between the suspension 
and the air, or in the wall of the chamber, where they 
swim differently than if they were far from the interface 
[60]. The laws of optics dictate a shallow depth of field in 
which an object sperm can be detected by a typical matrix 
chip and even in a 20 µm deep chamber, some sperm may 
not be detected. Approaches to acquiring images of three-
dimensional swimming sperm are emerging. Researchers 
studying the biology of sperm should push to increase 
their availability, as the shallow depth of field hinders the 
free movement of sperm.

The successful collaboration and fruitful cooperation 
between science and industry has resulted in establishing 
CASA as a reliable tool that has the capacity to quantitatively 
assess sperm motility, kinematics as well as morphological 
and morphometric features, in a rapid and precise 
manner. The combination of these basic characteristics 
with advanced functional parameters will enhance the 
diagnostic value of semen analysis and provide a more 
accurate as well as quantitative approach for the assessment 
of idiopathic male infertility. Therefore, for the future 
development of CASA technology, advanced markers of 
sperm functionality (i.e. mitochondrial function, DNA 
status, hyperactivation, cervical mucous penetration) 
need to be integrated. This will enable a precise objective 
description of numerous aspects of sperm quality based on 
automated assessment. It is important also for clinicians in 
the field (e.g., examining the quality of breeding bulls under 
field or wildlife conditions) or in a small fixed-site practice 
to provide a market for a robust, simple, functional CASA 
system which does not require a specific location to use.
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Conclusions
CASA systems have evolved dramatically over the past 
two decades to become powerful tools for the rapid and 
objective assessment of sperm concentration, motility and 
kinematics, as well as morphology, in almost all mammals, 
including humans. Within seconds, hundreds to 
thousands of sperm can be analyzed with great precision. 
In this regard, CASA is far superior to subjective manual 
assessments; it quantitatively measures different aspects 
of sperm speed, hyperactivation and morphometry, 
which cannot be done manually. New generation CASA 
devices have recently been developed to automatically 
quantify various aspects of sperm functionality, such as 
sperm DNA fragmentation, sperm vitality, and acrosome 
integrity.

This investigation mainly focused on studies relating 
to the motility and morphology of sperm in domestic 
animals, as well as in various wildlife; providing parameter 
settings, in addition to new basic data for predominantly 
normospermia samples; showing that even the most 
difficult samples, such as rat and mouse sperm, can now 
be routinely analyzed for motility and morphology, thus 
presenting a powerful tool for toxicology studies. As the 
current literature showed, there are many applications 
for the routine use of CASA in the research laboratory, 
wildlife management and clinical fertility assessment 
(human and veterinary).

Despite the lack of full universal standardization, the 
various CASA instruments have all currently demonstrated 
high levels of accuracy and reliability. Although they can 
sometimes be disappointing, the availability of these tools 
and the adherence to a strict partial standardization will give 
the opportunity to objectively compare the movement and 
the morphology of the sperm. Therefore, CASA provides 
an efficient, precise and reliable tool to objectively assess 
fertility, to improve artificial reproduction technologies 
and to develop physiological or toxicological studies.

Declarations
Availability of Data and Materials: Not applicable. 

Acknowledgements: Not applicable. 

Competing Interests: The authors declared that there is no conflict 
of interest

Declaration of Generative Artificial Intelligence (AI): The 
authors declare that the article and/or tables and figures were not 
written/created by AI and AI-assisted technologies

Author Contributions: RB, DB, NM: Conceptualization, 
methodology, design, writing and editing. All authors read and 
approved the final manuscript.

References
1. Tanga BM, Qamar AY, Raza S, Bang S, Fang X, Yoon K, Cho J: Semen 

evaluation: Methodological advancements in sperm quality-specific fertility 
assessment - A review. Anim Biosci, 34 (8): 1253-1270, 2021. DOI: 10.5713/
ab.21.0072
2. Gilmore A, Hitit M, Ugur MR, Dinh TTN, Tan W, Jousan FD, 
Nicodemus M, Kaya A, Memili E: Functional variables of bull sperm 
associated with cryotolerance. Kafkas Univ Vet Fak Derg, 27 (3): 371-379, 
2021. DOI: 10.9775/kvfd.2021.25653
3. Xu C, Yang X, Sui H, Tong X, Zhang D, Zheng X, Jiao J, Wang C, Cao Z, 
Zhang Y: Effects of different ages on frozen semen quality and in vitro 
fertilization efficiency in Wannan black pigs. Front Vet Sci, 11:1395718, 
2024. DOI: 10.3389/fvets.2024.1395718
4. Alcay S, Aktar A, Koca D, Kilic MA, Akkasoglu M, Yilmaz MM, 
Sagirkaya H: Autologous platelet rich plasma have positive effect on ram 
spermatozoa during cryopreservation in non-breeding season. Kafkas Univ 
Vet Fak Derg, 28 (2): 229-234, 2022. DOI: 10.9775/kvfd.2021.26763
5. Şengül E, Dayanıklı C, Alpcan Künyeli B, Çoban İ, Bülbül B, Üstüner 
B, Nur Z: Effect of equex on ram semen in different freezing extenders. Kafkas 
Univ Vet Fak Derg, 30 (2): 207-214, 2024. DOI: 10.9775/kvfd.2023.30789
6. Öztürkler Y, Ak K, İleri K: Freezing of ram semen in extenders containing 
high glycerol. Istanbul Univ Vet Fak Derg, 25, 399-414, 1999.
7. Belala R, Briand-Amirat L, Martinot A, Thorin C, Michaud S, 
Desherces S, Youngs CR, Bencharif D: A comparison of liquid and 
lyophilized egg yolk plasma to low density lipoproteins for freezing of canine 
spermatozoa. Reprod Domest Anim, 54 (8): 1131-1138, 2019. DOI: 10.1111/
rda.13476
8. Kulaksız R, Ari U, Kuru M, Lehimcioğlu N, Yıldız S, Öztürkler Y: 
Seasonal variations in testicular measurements, fresh sperm quality and 
post-thaw sperm motility in Gurcu goat bucks. Slovak J Anim Sci, 53, 161-
167, 2020.
9. Bouchicha AEB, Kalem A, Mimoune N, Djouadi S, Khelef D, Kaidi R: 
Study of antibiotics and symbiotic effects on sperm quality using the CASA 
system. Vet Stanica, 53 (4): 377-388, 2022. DOI: 10.46419/vs.53.4.2
10. Günay E, Arıcı R, Şenlikçi H, Yağcıoğlu S, Eser A, Demir K, Alkan S, 
Çeşmeci M: Determination of seminal characteristics in Turkish aseel 
roosters. Kafkas Univ Vet Fak Derg, 29 (1): 1-8, 2023. DOI: 10.9775/
kvfd.2022.27920
11. Kelley D, Holyoak R: Stallion sperm concentration measurements: 
Experience and equipment. Clinical Theriogenology, 16:10071, 2024. 
DOI: 10.58292/ct.v16.10071
12. Önder NT, Gökdemir T, Kılıç MC, Şahin O, Yıldız S, Kaçar C, Demir 
MC, Öztürkler Y: Insulin and bull sperm interactions during 
cryopreservation. Kafkas Univ Vet Fak Derg, 29 (4): 401-405, 2023. DOI: 
10.9775/kvfd.2023.29623
13. Van der Horst G, Maree L, Du Plessis S: Current perspectives of CASA 
applications in diverse mammalian spermatozoa. Reprod Fertil Dev, 30 (6): 
875-888, 2018. DOI: 10.1071/RD17468
14. Van der Horst G, Du Plessis S, Maree L: Have we conquered sperm 
morphology analysis in different mammalian species as analysed by 
CASMA? In, Björndahl L, Flanagan J, Holmberg R, Kvist U (Eds): XIIIth 
International Symposium on Spermatology, Springer, Cham, 2021. 
15. Talarczyk-Desole J, Berger A, Taszarek-Hauke G, Hauke J, Pawelczyk 
L, Jedrzejczak P: Manual vs. computer-assisted sperm analysis: Can CASA 
replace manual assessment of human semen in clinical practice? Ginekol Pol, 
88 (2): 56-60, 2017. DOI: 10.5603/GP.a2017.0012
16. Lu JC, Huang YF, Lü NQ: Computer‐aided sperm analysis: Past, present 
and future. Andrologia, 46 (4): 329-338, 2014. DOI: 10.1111/and.12093
17. Amann RP, Waberski D: Computer-assisted sperm analysis (CASA): 
Capabilities and potential developments. Theriogenology, 81:5-17.e3, 2014. 
DOI: 10.1016/J.THERIOGENOLOGY.2013.09.004
18. Mortimer ST, Van der Horst G, Mortimer D: The future of computer-
aided sperm analysis. Asian J Androl, 17 (4): 545-553, 2015. DOI: 
10.4103/1008-682X.154312
19. Wijchman JG, De Wolf BTHM, Jager S: Evaluation of a computer-aided 
semen analysis system with sperm tail detection. Hum Reprod, 10:2090-
2095, 1995. DOI: 10.1093/oxfordjournals.humrep.a136241

https://www.animbiosci.org/journal/view.php?doi=10.5713/ab.21.0072
https://www.animbiosci.org/journal/view.php?doi=10.5713/ab.21.0072
https://www.animbiosci.org/journal/view.php?doi=10.5713/ab.21.0072
https://www.animbiosci.org/journal/view.php?doi=10.5713/ab.21.0072
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2809.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2809.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2809.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2809.pdf
https://www.frontiersin.org/journals/veterinary-science/articles/10.3389/fvets.2024.1395718/full
https://www.frontiersin.org/journals/veterinary-science/articles/10.3389/fvets.2024.1395718/full
https://www.frontiersin.org/journals/veterinary-science/articles/10.3389/fvets.2024.1395718/full
https://www.frontiersin.org/journals/veterinary-science/articles/10.3389/fvets.2024.1395718/full
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2886.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2886.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2886.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2886.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_3088.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_3088.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_3088.pdf
https://www.researchgate.net/publication/295073285_Freezing_of_ram_semen_in_extenders_containing_high_glycerol
https://www.researchgate.net/publication/295073285_Freezing_of_ram_semen_in_extenders_containing_high_glycerol
https://onlinelibrary.wiley.com/doi/10.1111/rda.13476
https://onlinelibrary.wiley.com/doi/10.1111/rda.13476
https://onlinelibrary.wiley.com/doi/10.1111/rda.13476
https://onlinelibrary.wiley.com/doi/10.1111/rda.13476
https://onlinelibrary.wiley.com/doi/10.1111/rda.13476
https://www.researchgate.net/publication/347524129_SEASONAL_VARIATIONS_IN_TESTICULAR_MEASUREMENTS_FRESH_SPERM_QUALITY_AND_POST-THAW_SPERM_MOTILITY_IN_GURCU_GOAT_BUCKS
https://www.researchgate.net/publication/347524129_SEASONAL_VARIATIONS_IN_TESTICULAR_MEASUREMENTS_FRESH_SPERM_QUALITY_AND_POST-THAW_SPERM_MOTILITY_IN_GURCU_GOAT_BUCKS
https://www.researchgate.net/publication/347524129_SEASONAL_VARIATIONS_IN_TESTICULAR_MEASUREMENTS_FRESH_SPERM_QUALITY_AND_POST-THAW_SPERM_MOTILITY_IN_GURCU_GOAT_BUCKS
https://www.researchgate.net/publication/347524129_SEASONAL_VARIATIONS_IN_TESTICULAR_MEASUREMENTS_FRESH_SPERM_QUALITY_AND_POST-THAW_SPERM_MOTILITY_IN_GURCU_GOAT_BUCKS
https://hrcak.srce.hr/261605
https://hrcak.srce.hr/261605
https://hrcak.srce.hr/261605
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2967.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2967.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2967.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_2967.pdf
https://clinicaltheriogenology.net/index.php/CT/article/view/10071
https://clinicaltheriogenology.net/index.php/CT/article/view/10071
https://clinicaltheriogenology.net/index.php/CT/article/view/10071
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_3011.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_3011.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_3011.pdf
https://vetdergikafkas.org/uploads/pdf/pdf_KVFD_3011.pdf
https://www.publish.csiro.au/rd/RD17468
https://www.publish.csiro.au/rd/RD17468
https://www.publish.csiro.au/rd/RD17468
https://journals.viamedica.pl/ginekologia_polska/article/view/48651
https://journals.viamedica.pl/ginekologia_polska/article/view/48651
https://journals.viamedica.pl/ginekologia_polska/article/view/48651
https://journals.viamedica.pl/ginekologia_polska/article/view/48651
https://onlinelibrary.wiley.com/doi/10.1111/and.12093
https://onlinelibrary.wiley.com/doi/10.1111/and.12093
https://www.sciencedirect.com/science/article/pii/S0093691X13003555?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X13003555?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X13003555?via%3Dihub
https://journals.lww.com/ajandrology/fulltext/2015/17040/the_future_of_computer_aided_sperm_analysis.6.aspx
https://journals.lww.com/ajandrology/fulltext/2015/17040/the_future_of_computer_aided_sperm_analysis.6.aspx
https://journals.lww.com/ajandrology/fulltext/2015/17040/the_future_of_computer_aided_sperm_analysis.6.aspx
https://academic.oup.com/humrep/article-abstract/10/8/2090/644916?redirectedFrom=fulltext&login=true
https://academic.oup.com/humrep/article-abstract/10/8/2090/644916?redirectedFrom=fulltext&login=true
https://academic.oup.com/humrep/article-abstract/10/8/2090/644916?redirectedFrom=fulltext&login=true


Automated Analysis of Semen Kafkas Univ Vet Fak Derg

20. Zinaman MJ, Uhler ML, Vertuno E, Fisher SG, Clegg ED: Evaluation 
of computer-assisted semen analysis (CASA) with IDENT stain to determine 
sperm concentration. J Androl, 17:288-292, 1996. DOI: 10.1002/j.1939-
4640.1996.tb01784.x
21. Valverde A, Madrigal M, Caldeira C, Bompart D, de Murga JN, Arnau 
S, Soler C: Effect of frame rate capture frequency on sperm kinematic 
parameters and subpopulation structure definition in boars, analysed with 
a CASA-Mot system. Reprod Domest Anim, 54 (2): 167-175, 2019. DOI: 
10.1111/rda.13320
22. Bielsa MA, Andolz P, Grtis JM: Which semen parameters have a 
predicitive value for pregnancy in infertile couples. Hum Reprod, 9, 1887-
l890, 1994. DOI: 10.1093/oxfordjournals.humrep.a138353
23. Iguer-Ouada M, Verstegen J: Evaluation of the Hamilthon Thorn 
Computer Based automated system for dog semen analysis. Theriogenology, 
55, 733-749, 2001. DOI: 10.1016/s0093-691x(01)00440-x
24. World Health Organization:  WHO Laboratory Manual for the 
Examination and Processing of Human Semen. 5th ed.,  World Health 
Organization, 2010.  https://iris.who.int/handle/10665/44261; Accessed: 
3/6/2024.
25. Schubert B, Badiou M, Force A: Computer-aided sperm analysis, the 
new key player in routine sperm assessment. Andrologia, 51:e13417, 2019. 
DOI: 10.1111/and.13417
26. Jorge Neto PN, Fabio F, Mario Davi C, Santos S, Requena L, Dressel 
Ramos S, Felix de Goés M, Franco Valle R, Lucia André Padilha F, 
Colbachini, Rafael Caprioli Gutierrez H, Schneider Brandão Souza L, 
Takatsuka Manoel V, Chrispim Reisfeld L, Deco-Souza T, Ferreira Leite 
R, Schilbach Pizzutto C:  Specific setup and methodology for Computer-
Assisted Sperm Analysis (CASA) in evaluating elasmobranch sperm. 
Theriogenology Wild, 4:100091, 2024. DOI: 10.1016/j.therwi.2024.100091
27. Brito LFC, Althouse GC, Aurich C, Chenoweth PJ, Eilts BE, Love CC, 
Luvoni GC, Mitchell JR, Peter AT, Pugh DG, Waberski D: Andrology 
laboratory review: Evaluation of sperm concentration. Theriogenology, 85 
(9): 1507-1527, 2016. DOI: 10.1016/j.theriogenology.2016.01.002
28. Agarwal A, Panner Selvam MK, Ambar RF: Validation of LensHooke® 
X1 PRO and computer-assisted semen analyzer compared with laboratory-
based manual semen analysis. World J Mens Health, 39 (3): 496-505, 2021. 
DOI: 10.5534/wjmh.200185
29. Hiramoto Y, Baba SA: A quantitative analysis of flagellar movement in 
echinoderm spermatozoa. J Exp Biol, 76, 85-104, 1978. DOI: 10.1242/
jeb.76.1.85
30. Wysokińska A, Wójcik E, Chłopik A: Evaluation of the morphometry 
of sperm from the epididymides of dogs using different staining 
methods. Animals, 11 (1):227, 2021. DOI: 10.3390/ani11010227
31. Kondracki S, Krzysztof G, Maria I: Impact of sperm concentration on 
sperm morphology of large white and landrace boars. Livest Sci, 241:104214, 
2020. DOI: 10.1016/j.livsci.2020.104214
32. Bulkeley E, Christine C, Azarene F, Kris G, Heather P, Stuart M: 
Assessment of an iPad-based sperm motility analyzer for determination of 
canine sperm motility.  Transl Anim Sci, 5 (2):txab066, 2021. DOI: 10.1093/
tas/txab066
33. Hussein RS, Mohamed EEM, Mohamed RR, Abdelbasset WK, Morsy 
WE, Elsayed SH: Assessment of sperm morphometry in evaluating male 
infertility. Int J Biomed, 14 (1): 93-98, 2024. DOI: 10.21103/Article14(1)_
OA14
34. Agustinus A, Pakpahan C: Computer assisted sperm analysis: A review. 
Indonesian Androl Biomed J, 1, 60-66, 2020. DOI: 10.20473/iabj.v1i2.35
35. Zuidema D, Kerns K, Sutovsky P: An exploration of current and 
perspective semen analysis and sperm selection for livestock artificial 
insemination. Animals, 11 (12):3563, 2021. DOI: 10.3390/ani11123563
36. Michos IA, Basioura AG, Boscos CM, Tsakmakidis IA: Proper use and 
impact of ‘Computer Assisted Semen Analysis’ technique on semen 
evaluation of farm animals. J Hellenic Vet Med Soc, 64 (4): 267-74, 2013. 
DOI: 10.12681/jhvms.15506
37. Zhang M, Gu L, Zheng P, Chen Z, Dou X, Qin Q, Cai X: Improvement 
of cell counting method for Neubauer counting chamber. J Clin Lab Anal, 34 
(1):e23024, 2020. DOI: 10.1002/jcla.23024 

38. Baig AS, Shoebuddin M, Ahmed M: Comparison of manual sperm 
analysis with computer-assisted sperm analysis: A comparative cross-
sectional study. Natl J Physiol Pharm Pharmacol, 9 (9): 862-864, 2019. 
DOI: 10.5455/njppp.2019.9.0621817062019
39. Verstegen J, Iguer-Ouada M, Onclin K: Computer assisted semen 
analyzers in andrology research and veterinary practice. Theriogenology, 57, 
149-179, 2002. DOI: 10.1016/S0093-691X(01)00664-1
40. O’Meara C, Henrotte E, Kupisiewicz K, Latour C, Broekhuijse M, 
Camus A, Gavin-Plagne L, Sellem E: The effect of adjusting settings within 
a Computer-Assisted Sperm Analysis (CASA) system on bovine sperm 
motility and morphology results. Anim Reprod, 19 (1):e20210077, 2022. 
DOI: 10.1590/1984-3143-AR2021-0077
41. Abaigar T, Barbero J, Holt WV: Trajectory variance and autocorrelations 
within single sperm tracks as population-level descriptors of sperm track 
complexity, predictability, and energy-generating ability. J Androl, 33 (2): 
216-228, 2012. DOI: 10.2164/jandrol.110.012302
42. Lammers J, Splingart C, Barrière P, Jean M, Fréour T: Double-blind 
prospective study comparing two automated sperm analyzers versus manual 
semen assessment. J Assis Reprod Genet, 31 (1): 35-43, 2014. DOI: 10.1007/
s10815-013-0139-2
43. Komori K, Tsujimura A, Ishijima S, Tanjapatkul P, Fujita K, Matsuoka 
Y, Takao T, Miyagawa Y, Takada S, Okuyama A: Comparative study 
of sperm motility analysis system and conventional microscopic semen 
analysis. Reprod Med Biol, 5 (3): 195-200, 2006. DOI: 10.1111/j.1447-
0578.2006.00141.x
44. Fuse H, Akashi T, Nozaki T, Nishio R, Mizuno I: Assessment of sperm 
quality analyzer II B: Comparison with manual semen analysis and CASA. 
Syst Biol Reprod Med, 51 (1): 65-67, 2005. DOI: 10.1080/014850190513012
45. Vested A, Ramlau-Hansen CH, Bonde JP, Thulstrup AM, Kristensen 
SL, Toft G: A comparison of conventional and computer-assisted semen 
analysis (CRISMAS software) using samples from 166 young danish men. 
Asian J Androl, 13 (3): 453-458, 2011. DOI: 10.1038/aja.2011.14
46. Choi Jw, Alkhoury L, Urbano LF, Masson P, VerMilyea M, Kam M: An 
assessment tool for computer-assisted semen analysis (CASA) algorithms. Sci 
Rep, 12:16830, 2022. DOI:  10.1038/s41598-022-20943-9
47. Finelli R, Leisegang K, Tumallapalli S, Henkel R, Agarwal A: The 
validity and reliability of computer-aided semen analyzers in performing 
semen analysis: A systematic review. Transl Androl Urol, 10 (7): 3069-3079, 
2021. DOI: 10.21037/tau-21-276
48. Yánez-Ortiz I, Catalán J, Rodríguez-Gil JE, Miró J, Yeste M: Advances 
in sperm cryopreservation in farm animals: Cattle, horse, pig and sheep. 
Anim Reprod Sci, 246:106904, 2022. DOI: 10.1016/j.anireprosci.2021.106904
49. Ozimic S, Ban-Frangez H, Stimpfel M: Sperm cryopreservation today: 
Approaches, efficiency, and pitfalls. Curr Issues Mol Biol, 45 (6): 4716-4734, 
2023. DOI: 10.3390/cimb45060300
50. Waberski D, Suarez SS, Henning H: Assessment of sperm motility in 
livestock: Perspectives based on sperm swimming conditions in vivo. Anim 
Reprod Sci, 246:106849, 2022. DOI: 10.1016/j.anireprosci.2021.106849
51. Demott RP, Suarez SS: Hyperactivated sperm progress in the mouse 
oviduct. Biol Reprod, 46 (5): 779-785, 1992. DOI: 10.1095/biolreprod46.5.779
52. Mortimer ST: CASA-practical aspects. J Androl, 21(4): 515-524, 2000. 
DOI: 10.1002/j.1939-4640.2000.tb02116.x
53. Hu YA, Lu JC, Lu NQ, Shao Y, Huang YF: Comparison of four methods 
for sperm counting. Zhonghua Nan Ke Xue, 12, 222-224, 227, 2006.
54. Basioura A, Tsousis G, Boscos C, Lymberopoulos A, Tsakmakidis I: 
Method agreement between three different chambers for comparative bull 
semen computer assisted sperm motility analysis. Polish J Vet Sci, 23, 325-
331, 2020. DOI: 10.24425/pjvs.2020.133649
55. Rikmenspoel R: Movements and active moments of bull sperm flagella 
as a function of temperature and viscosity. J Exp Biol, 108, 205-230, 1984. 
DOI: 10.1242/jeb.108.1.205
56. Hoogewijs M, De Vliegher S, Govaere J, De Schauwer C, Kruif A, 
Soom A: Influence of counting chamber type on CASA outcomes of equine 
semen analysis. Equine Vet J, 44, 542-549, 2011. DOI: 10.1111/j.2042-
3306.2011.00523.x

https://onlinelibrary.wiley.com/doi/10.1002/j.1939-4640.1996.tb01784.x
https://onlinelibrary.wiley.com/doi/10.1002/j.1939-4640.1996.tb01784.x
https://onlinelibrary.wiley.com/doi/10.1002/j.1939-4640.1996.tb01784.x
https://onlinelibrary.wiley.com/doi/10.1002/j.1939-4640.1996.tb01784.x
https://onlinelibrary.wiley.com/doi/10.1111/rda.13320
https://onlinelibrary.wiley.com/doi/10.1111/rda.13320
https://onlinelibrary.wiley.com/doi/10.1111/rda.13320
https://onlinelibrary.wiley.com/doi/10.1111/rda.13320
https://onlinelibrary.wiley.com/doi/10.1111/rda.13320
https://academic.oup.com/humrep/article-abstract/9/10/1887/928187?redirectedFrom=fulltext&login=true
https://academic.oup.com/humrep/article-abstract/9/10/1887/928187?redirectedFrom=fulltext&login=true
https://academic.oup.com/humrep/article-abstract/9/10/1887/928187?redirectedFrom=fulltext&login=true
https://www.sciencedirect.com/science/article/pii/S0093691X0100440X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X0100440X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X0100440X?via%3Dihub
https://iris.who.int/handle/10665/44261
https://iris.who.int/handle/10665/44261
https://iris.who.int/handle/10665/44261
https://iris.who.int/handle/10665/44261
https://onlinelibrary.wiley.com/doi/10.1111/and.13417
https://onlinelibrary.wiley.com/doi/10.1111/and.13417
https://onlinelibrary.wiley.com/doi/10.1111/and.13417
https://www.sciencedirect.com/science/article/pii/S2773093X24000229?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2773093X24000229?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2773093X24000229?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2773093X24000229?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2773093X24000229?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2773093X24000229?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2773093X24000229?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X16000030?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X16000030?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X16000030?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X16000030?via%3Dihub
https://wjmh.org/DOIx.php?id=10.5534/wjmh.200185
https://wjmh.org/DOIx.php?id=10.5534/wjmh.200185
https://wjmh.org/DOIx.php?id=10.5534/wjmh.200185
https://wjmh.org/DOIx.php?id=10.5534/wjmh.200185
https://journals.biologists.com/jeb/article/76/1/85/22565/A-Quantitative-Analysis-of-Flagellar-Movement-in
https://journals.biologists.com/jeb/article/76/1/85/22565/A-Quantitative-Analysis-of-Flagellar-Movement-in
https://journals.biologists.com/jeb/article/76/1/85/22565/A-Quantitative-Analysis-of-Flagellar-Movement-in
https://www.mdpi.com/2076-2615/11/1/227
https://www.mdpi.com/2076-2615/11/1/227
https://www.mdpi.com/2076-2615/11/1/227
https://www.sciencedirect.com/science/article/pii/S1871141320304716?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1871141320304716?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1871141320304716?via%3Dihub
https://academic.oup.com/tas/article/5/2/txab066/6220094
https://academic.oup.com/tas/article/5/2/txab066/6220094
https://academic.oup.com/tas/article/5/2/txab066/6220094
https://academic.oup.com/tas/article/5/2/txab066/6220094
https://www.ijbm.org/articles/i53/ijbm_14(1)_oa14.pdf
https://www.ijbm.org/articles/i53/ijbm_14(1)_oa14.pdf
https://www.ijbm.org/articles/i53/ijbm_14(1)_oa14.pdf
https://www.ijbm.org/articles/i53/ijbm_14(1)_oa14.pdf
https://e-journal.unair.ac.id/IABJ/article/view/35559
https://e-journal.unair.ac.id/IABJ/article/view/35559
https://www.mdpi.com/2076-2615/11/12/3563
https://www.mdpi.com/2076-2615/11/12/3563
https://www.mdpi.com/2076-2615/11/12/3563
https://ejournals.epublishing.ekt.gr/index.php/jhvms/article/view/15506
https://ejournals.epublishing.ekt.gr/index.php/jhvms/article/view/15506
https://ejournals.epublishing.ekt.gr/index.php/jhvms/article/view/15506
https://ejournals.epublishing.ekt.gr/index.php/jhvms/article/view/15506
https://onlinelibrary.wiley.com/doi/10.1002/jcla.23024
https://onlinelibrary.wiley.com/doi/10.1002/jcla.23024
https://onlinelibrary.wiley.com/doi/10.1002/jcla.23024
https://www.ejmanager.com/mnstemps/28/28-1560760851.pdf?t=1727266189
https://www.ejmanager.com/mnstemps/28/28-1560760851.pdf?t=1727266189
https://www.ejmanager.com/mnstemps/28/28-1560760851.pdf?t=1727266189
https://www.ejmanager.com/mnstemps/28/28-1560760851.pdf?t=1727266189
https://www.sciencedirect.com/science/article/pii/S0093691X01006641?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X01006641?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X01006641?via%3Dihub
https://www.scielo.br/j/ar/a/9mN8rYqp33SL9GZQwcZNMpb/?lang=en
https://www.scielo.br/j/ar/a/9mN8rYqp33SL9GZQwcZNMpb/?lang=en
https://www.scielo.br/j/ar/a/9mN8rYqp33SL9GZQwcZNMpb/?lang=en
https://www.scielo.br/j/ar/a/9mN8rYqp33SL9GZQwcZNMpb/?lang=en
https://www.scielo.br/j/ar/a/9mN8rYqp33SL9GZQwcZNMpb/?lang=en
https://onlinelibrary.wiley.com/doi/10.2164/jandrol.110.012302
https://onlinelibrary.wiley.com/doi/10.2164/jandrol.110.012302
https://onlinelibrary.wiley.com/doi/10.2164/jandrol.110.012302
https://onlinelibrary.wiley.com/doi/10.2164/jandrol.110.012302
https://link.springer.com/article/10.1007/s10815-013-0139-2
https://link.springer.com/article/10.1007/s10815-013-0139-2
https://link.springer.com/article/10.1007/s10815-013-0139-2
https://link.springer.com/article/10.1007/s10815-013-0139-2
https://onlinelibrary.wiley.com/doi/10.1111/j.1447-0578.2006.00141.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1447-0578.2006.00141.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1447-0578.2006.00141.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1447-0578.2006.00141.x
https://onlinelibrary.wiley.com/doi/10.1111/j.1447-0578.2006.00141.x
https://www.tandfonline.com/doi/full/10.1080/014850190513012
https://www.tandfonline.com/doi/full/10.1080/014850190513012
https://www.tandfonline.com/doi/full/10.1080/014850190513012
http://www.asiaandro.com/Abstract.asp?doi=10.1038/aja.2011.14
http://www.asiaandro.com/Abstract.asp?doi=10.1038/aja.2011.14
http://www.asiaandro.com/Abstract.asp?doi=10.1038/aja.2011.14
http://www.asiaandro.com/Abstract.asp?doi=10.1038/aja.2011.14
https://www.nature.com/articles/s41598-022-20943-9
https://www.nature.com/articles/s41598-022-20943-9
https://www.nature.com/articles/s41598-022-20943-9
https://tau.amegroups.org/article/view/73822/html
https://tau.amegroups.org/article/view/73822/html
https://tau.amegroups.org/article/view/73822/html
https://tau.amegroups.org/article/view/73822/html
https://www.sciencedirect.com/science/article/pii/S0378432021002190?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378432021002190?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378432021002190?via%3Dihub
https://www.mdpi.com/1467-3045/45/6/300
https://www.mdpi.com/1467-3045/45/6/300
https://www.mdpi.com/1467-3045/45/6/300
https://www.sciencedirect.com/science/article/pii/S0378432021001640?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378432021001640?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378432021001640?via%3Dihub
https://academic.oup.com/biolreprod/article/46/5/779/2763201
https://academic.oup.com/biolreprod/article/46/5/779/2763201
https://onlinelibrary.wiley.com/doi/10.1002/j.1939-4640.2000.tb02116.x
https://onlinelibrary.wiley.com/doi/10.1002/j.1939-4640.2000.tb02116.x
https://pubmed.ncbi.nlm.nih.gov/16597036/
https://pubmed.ncbi.nlm.nih.gov/16597036/
https://journals.pan.pl/dlibra/publication/133649/edition/116779/content
https://journals.pan.pl/dlibra/publication/133649/edition/116779/content
https://journals.pan.pl/dlibra/publication/133649/edition/116779/content
https://journals.pan.pl/dlibra/publication/133649/edition/116779/content
https://journals.biologists.com/jeb/article/108/1/205/4267/Movements-and-Active-Moments-of-Bull-Sperm
https://journals.biologists.com/jeb/article/108/1/205/4267/Movements-and-Active-Moments-of-Bull-Sperm
https://journals.biologists.com/jeb/article/108/1/205/4267/Movements-and-Active-Moments-of-Bull-Sperm
https://beva.onlinelibrary.wiley.com/doi/10.1111/j.2042-3306.2011.00523.x
https://beva.onlinelibrary.wiley.com/doi/10.1111/j.2042-3306.2011.00523.x
https://beva.onlinelibrary.wiley.com/doi/10.1111/j.2042-3306.2011.00523.x
https://beva.onlinelibrary.wiley.com/doi/10.1111/j.2042-3306.2011.00523.x


Kafkas Univ Vet Fak Derg
BELALA, BOURAHMOUNE, MIMOUNE

57. Mortimer ST, Swan MA: The development of smoothing-independent 
kinematic measures of capacitating human sperm movement. Hum Reprod, 
14 (4): 986-996, 1999. DOI: 10.1093/humrep/14.4.986
58. Nafisi VR, Moradi MH, Nasr-Esfahani MH: A template matching 
algorithm for sperm tracking and classification. Physiol Meas, 26 (5): 639-
651, 2005. DOI: 10.1088/0967-3334/26/5/006

59. Singh AK, Kumar A, Bisla A: Computer-assisted sperm analysis 
(CASA) in veterinary science: A review. Indian J Anim Sci, 91 (6): 419-429, 
2021. 
60. Su TW, Choi I, Feng J, Huang K, McLeod E, Ozcan A: Sperm 
trajectories form chiral ribbons. Sci Rep, 3:1664, 2013. DOI: 10.1038/
srep01664

https://academic.oup.com/humrep/article/14/4/986/628776?login=true
https://academic.oup.com/humrep/article/14/4/986/628776?login=true
https://academic.oup.com/humrep/article/14/4/986/628776?login=true
https://iopscience.iop.org/article/10.1088/0967-3334/26/5/006
https://iopscience.iop.org/article/10.1088/0967-3334/26/5/006
https://iopscience.iop.org/article/10.1088/0967-3334/26/5/006
https://www.researchgate.net/publication/354630993_Computer-assisted_sperm_analysis_CASA_in_veterinary_science_A_review
https://www.researchgate.net/publication/354630993_Computer-assisted_sperm_analysis_CASA_in_veterinary_science_A_review
https://www.researchgate.net/publication/354630993_Computer-assisted_sperm_analysis_CASA_in_veterinary_science_A_review
https://www.nature.com/articles/srep01664
https://www.nature.com/articles/srep01664
https://www.nature.com/articles/srep01664



