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Sperm kinematics; Introduction: Semen analysis is a clinical method aimed at determining the fertility of a male
Sperm morphometry; individual. The traditional subjective method lacks the reliability that can be achieved by
Principal component computer-assisted sperm analysis (CASA) technology. Unfortunately, this technology has only
analysis; been used when taking into consideration individually different sperm characteristics. The aim
Subpopulation; of this work is to present an integrative mathematical approach that considers different seminal
CASA-Mot; variables to establish human sperm subpopulations.

CASA-Morph Methods: Samples were obtained from thirteen volunteers via masturbation and were analyzed

by the routine subjective method and two objective systems, CASA Motility (CASA-Mot) and
CASA Morphology (CASA-Morph).

Results: Seminogram variables were reduced to three principal components (PC) showing two
subpopulations. Kinematics and morphometric variables each rendered three PCs for four sub-
populations.

Conclusions: These results lay the foundations for future studies including different geograph-
ical, social, ethnic and age range conditions with the aim of achieving a definitive view of the
human semen picture.
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PALABRAS CLAVE
Cinética espermatica;
Morfometria
espermatica;

Andlisis cinematico y morfométrico de subpoblaciones de espermatozoides humanos
utilizando tecnologia CASA: un nuevo enfoque para la clasificacion de los
espermatozoides

Introduccion: El analisis de semen es el método clinico para determinar la fertilidad masculina.
El método subjetivo tradicional carece de la fiabilidad, que se puede obtener con el uso de
la tecnologia del analisis de semen asistido por ordenador (CASA). Desafortunadamente, esta
tecnologia se ha venido utilizando Unicamente teniendo en cuenta de forma independiente las
diversas caracteristicas de los espermatozoides. El objetivo del presente estudio es presentar
una aproximacion matematica que incluye diversas variables seminales para definir las posibles

Métodos: Las muestras se obtuvieron por masturbacion de 13 voluntarios, que se analizaron de
forma subjetiva, asi como con 2 sistemas objetivos, para el analisis de la movilidad (CASA-Mot)

Resultados: Tanto las variables cinematicas como las morfométricas rindieron 3 componentes

Conclusion: Estos resultados sientan las bases para estudios futuros que incluyan diferencias
geograficas, sociales, étnicas o de rango de edad con el animo de obtener una definicion
concluyente sobre las caracteristicas seminales de la especie humana.

© 2022 Asociacion Espafola de Andrologia, Medicina Sexual y Reproductiva. Publicado por
Elsevier Espafa, S.L.U. Todos los derechos reservados.

Analisis de Resumen

componentes

principales;

Subpoblacion;

CASA-Mot;

CASA-Morph
subpoblaciones espermaticas.
y la morfologia (CASA-Morph).
principales y 4 subpoblaciones.

Introduction

During recent decades it has become increasingly evi-
dent that reproductive problems affect a large proportion
(8-12%) of human populations worldwide, leading to impor-
tant socio-economic consequences. Of all infertility cases,
approximately 40-50% is due to ‘‘male factor’’ infertility
and as many as 2% of all men will exhibit suboptimal sperm
parameters.'

Semen analysis is usually the first and most commonly
performed test during male infertility consultations. These
tests started in the middle of the last century.”? However,
it was only in 1971 that Eliasson® established the first well-
defined criteria for a full semen analysis. Subsequently, the
World Health Organization (WHO) defined their criteria with
the aim of spreading them universally in accordance with
successive WHO manuals in 1980, 1987, 1992, 1999 and
2010*° and making them prevail over the criteria estab-
lished by the European Society for Human Reproduction and
Embryology (ESHRE).”-° All these criteria were based on
individual seminal characteristics from subjective analyses
(basically concentration, motility and morphology). These
manuals were based on scientific approaches designed to
identify standards for normal semen measurements.'® Some
were based on comparisons between couples who conceived
with those who did not."" Others merely compared fertile
men with infertile ones'? or followed couples after they
had discontinued their use of contraception.’> One prob-
lem associated with these kind of approaches is in how to
define male fertility.' For this purpose, some papers have
focused on the level of success following different assisted
reproduction techniques.’ "

In any case, it is necessary to point out that the prognos-
tic interpretation of semen analysis is not straightforward,
except where there is a total abnormality such as persistent
azoospermia or zero sperm motility."”'® Semen evaluation
has one important limitation in the classical approach,
both subjective or using CASA systems, which treat semi-
nal variables one-by-one. In this way, none of the classical
parameters alone or in combination can be considered to be
diagnostic for infertility.* Hence, while poor semen qual-
ity is a good indicator of subfertility, good semen quality
(in terms of conventional subjective analysis of sperm num-
ber, motility and morphological normality) is no guarantee of
acceptable fertility, given that there are many other param-
eters involved, many of which involve the female partner.'

While studies using in vitro fertilization (IVF) have
indicated the importance of both sperm motility and mor-
phology for fertilization,?® the situation in vivo is more
difficult to assess and results are less clear.'® Several trials to
define the significance of semen analysis results for predict-
ing fertility success after assisted reproductive techniques
such as intrauterine insemination, intracytoplasmic sperm
injection and IVF have produced different results.' 162!

All this has led to more accurate measurements of the
classical parameters by introducing metric data obtained
by using CASA technology, instead of categories, and the
study of other specific markers of sperm function.'®?* In any
case, CASA technology for assessing motility (CASA-Mot) was
being used without a fine system-limitation analysis and for
this reason could not offer its full potential.?#?* In addi-
tion, most laboratories using CASA-Mot systems are doing so
only to substitute subjective evaluations with an objective
one. This has reduced technical error,2 and has allowed the
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development of strong quality control programs.?’ However,
such powerful information obtained by means of kinematic
data is lost, as only mean values of the population are
considered when comparing between individuals or exper-
imental conditions, yet it is clear that all spermatozoa do
not show the same motility patterns. This is probably why
there are no noticeable changes between samples when only
mean values are used. In this way, it is necessary to consider
the total cell by cell data and distributions, which contain
much more information.

The recent approach of computing a group of varia-
bles by using multivariate statistics that includes principal
components and cluster analysis (subpopulations) offers a
new comprehension of what a semen picture is and how
it relates to male fertility. Recently, a special number of
the journals Asian Journal of Andrology (2016, vol. 18) and
Reproduction Fertility and Development (2018, vol. 30) were
published, dealing with this approach and taking into con-
sideration morphometric and kinematic data obtained using
CASA-Morph?* and CASA-Mot,?® respectively.

In this study, we have used kinematic and morphometric
data obtained from human semen samples to examine the
subpopulation structure regarding motility and with the aim
of presenting a conceptual mathematical approach to be
applied in fertility studies.

Materials and methods
Samples

Thirteen volunteers (age range 25-59 years) signed informed
consent forms to participate in and provide semen for the
study. Semen samples were collected by masturbation fol-
lowing sexual abstinence for 3-5 days. Each sample was
collected in a clean 60 mL wide-mouthed universal container
and stored at 37°C in an incubator for 30 min to allow lique-
faction that could be observed at 30 min after ejaculation
in all cases.

Kinematic analysis

Sperm motility and concentration were calculated using
a reusable 10-pm deep Spermtrack® counting chamber
(Proiser R+D S.L., Paterna, Valencia, Spain).

Analyses were conducted using the ISAS® v1 CASA-
Mot system (Proiser R+D S.L.), equipped with an ISAS®
CM13-ON video-camera attached to a UB203 microscope
(UOP/Proiser), with a 10x negative-phase-contrast objec-
tive (Numerical aperture 0.25) and an integrated self-heated
stage maintained at a constant temperature of 36°C.
The final resolution of the images was 1280 x 1024 pix-
els, with an individual x and y linear pixel value of
0.482451 pm. Nine 1-s captures of each sample were taken
(at 100images/s).

Measured parameters were as follows: curvilinear veloc-
ity (VCL), straight line velocity (VSL), average path velocity
(VAP), linearity (LIN), wobble (WOB), straightness (STR),
amplitude of lateral head displacement (ALH) and beat-cross
frequency (BCF).?

Morphometric analysis

After mixing of the samples, an aliquot of 7 pL was smeared
on a clean slide. After air drying, samples were stained using
the Diff-Quik kit (Medion Diagnostics, Dudingen, Switzer-
land) by 7-8 immersions (15s) in each of the three solutions
(fixative, Stain 1 and Stain 2), washed free of excess colorant
with distilled water and air drying again.

Slides were mounted by immersion in Neo-Clear®
for 1s (Merck KGaA., Darmstadt, Germany), followed
by the application of a drop of mounting medium
(Neo-Mount®; Merck KGaA.) beneath a large coverslip
(24 mm x 60 mm).

Analyses were conducted using the morphometry mod-
ule of the ISAS®v1 CASA-Morph system. The camera used
was an ISAS® CM13-ON attached to a microscope UB203
(UOP/Proiser) using a 40x objective, with a resolution of
0.121526 wm/pixels on both axes. Images from about 250
spermatozoa per sample were captured and analyzed to
obtain 12 morphometric values: nine from the sperm head:
length (L, pm), width (W, wm), area (A, uwm?), perime-
ter (P, wm), acrosome (% of head area) and the unitless
shape factors Ellipticity (L/W), Rugosity (47A/P?), Elonga-
tion ([L — W]/[L + W]), Regularity (xLW/4A); and three from
the midpiece: mp-width (um), insertion distance (n.m) and
insertion angle (°).

Statistical analysis

Clustering procedures were performed to identify sperm
subpopulations from the complete set of seminogram, kine-
matic and morphometric data independently. The first step
was to perform a principal component analysis (PCA). The
feasibility of factorial analysis (FA) was verified by the
Bartlett’s test of sphericity, to test the null hypothesis
that the correlation matrix is an identity matrix, and by
means of the KMO index (Kaiser-Meyer-0lkin), which deter-
mines the computation of the correlations between two
variables once the influence that the other variables on
them has been eliminated, and which indicates the con-
venience of performing the FA. To select the number of
principal components that should be used in the next step
of analysis, the criterion of selecting only those with an
eigenvalue (variance extracted for that particular prin-
cipal component)>1 (Kaiser criterion) was followed. The
second step was to perform a two-step cluster procedure
with the sperm-derived indices obtained after the PCA.
All the seminogram, kinematic and morphometric mea-
surements within each ejaculate were clustered using a
non-hierarchical clustering procedure (k-means model and
Euclidean distance). This classifies the spermatozoa of each
data set into a small number of subpopulations according to
their kind, concentration or vitality (seminogram), velocity
and progressivity (kinematic) and head dimensions (morpho-
metric). This analysis allowed the identification of sperm
subpopulations and the detection of outliers. The results
are presented as median and first quartile and third quar-
tile. Statistical significance was considered as P<0.05. All
data were analyzed using InfoStat Software (v. 2017) for
Windows.
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Results

Kinematic parameters

Three PCs were obtained, explaining 84% of the overall vari-
ation. PC1 was more related to sperm velocity parameters
and BCF, explaining 46% of the variation; PC2 was positively
related with progressive motility parameters and negatively
with VCL and ALH, explaining 27% of variability; and PC3 was
related with the area of the sperm heads, explaining 11% of
the variation (Table 1).

Four subpopulations were defined from these PCs. SP1
represented 31% of the total number of cells and was cha-
racterized by large, rapid and progressively motile cells;
SP2 (29.3%) comprised small, fast and medium progressively
motile spermatozoa with the highest ALH; SP3 (28.95%)
represented the smallest and less motile and progressively
motile cells; and SP4 (10.8%) included the largest spermato-
zoa with low motility and progressiveness (Table 2, Fig. 1).

The distribution of subpopulations among individuals was
significantly different (P<0.0001, by x? analysis): SP1 being
the most frequent in five individuals, SP2 in three and SP3
in the other five (Table 3).

Morphometric parameters

The first step of cluster analysis showed three PCs, explain-
ing 74% of the total variation. PC1 (36%) was positive with
regards to head length and ellipticity and negative regard-
ing rugosity; PC2 (24%) with head spermatozoa size; and PC3
(14%) with midpiece characteristics (Table 1).

In this study, four subpopulations were found. The first
comprised 40.9% of the total population and was charac-
terized by the largest acrosomes and with low ellipticity
of sperm heads, having a thin and well-aligned midpiece.
SP2 included 39.7% of cells, which showed the smallest area
with small acrosomes and the thinnest and most angulated
midpiece. SP3 represent 16.3% of the cells and was charac-
terized by narrow cells with a large acrosome and a wide
and angulated midpiece. Finally, SP4 only included 3.1% of
the cells, with large size, small acrosomes and the most
angulated midpiece (Table 4, Fig. 1).

As in the case of kinematics, the proportion of sub-
populations varied between individuals, with SP2 being the
greatest in six individuals, SP3 in five and SP4 in two. SP1
was the lowest category in all subjects, being absent in two
of them (Table 3).

Discussion

For decades, scientists focused on defining the ‘gold param-
eter’ of semen analysis, namely the parameter defining by
itself the fertility of the sample.'*"> Following the scheme
used with subjective parameters during the first attempts,
quantitative variables were considered independently with
the aim of finding the most significant parameter when
establishing fertility.”’ However, semen is a complex mix-
ture of cells and seminal fluid and all seminal parameters
are interconnected. Hence this kind of individual approach
for analysing potential fertility has very limited power.*

In addition, a correlation study between different semen
parameters, in bull, indicated that it is not possible to define
a key parameter explaining by itself the fertility of a sample.
In fact, fertility is multifactorial, not only because of indi-
vidual male effects but other factors such as oocyte quality,
oviductal environment, or time of insemination.>’

In order to overcome this individual approach, some
attempts were made considering different subjectively eval-
uated parameters at the same time as undertaking, for
instance, logistic regression analysis. Therefore, the pro-
portion of spermatozoa with progressive motility in the
insemination medium, and linearity of sperm motion in the
semen were found to be the more significant sperm varia-
bles in the logistic regression model to define fertility in
vitro.?

Recently, our group has published a semen subpopulation
analysis based on subjective semen analysis following the
WHO criteria® in addition to other analytical probes (basi-
cally centered on DNA fragmentation and stability). The
principal component (PC) analysis rendered three compo-
nents, explaining 77% of the total variation. The PC1 was
basically positively related with total count and progres-
sive motility, the PC2 was negatively related with sperm
chromatin stability and the PC3 was positively related with
sperm vitality and motility non-progressive. The subsequent
cluster analysis rendered two subpopulations being cha-
racterized SP1 by progressive motility and high levels of
sperm chromatin stability and sperm DNA maturation and
SP2 with total count and vitality, poor motility and sperm
DNA fragmentation.

The use of CASA systems enables us to obtain a collec-
tion of a large number of mathematical parameters (e.g.
kinematic and, morphometric measures), allowing stricter
statistical approaches. For defining the quality of a sample,
it is common practice simply to use the means and stan-
dard errors provided by CASA systems as the main inputs for
further analysis. However, it was shown that this is com-
pletely inadequate. In fact, mean values of VSL are not
correlated with maximum VSL in a variety of mammals.
Another common mistake is to consider subjective limits to
define different kinds of motility such as ‘subpopulations’
when they are just a subjective arbitrary distribution of
kinematic limits.*

Therefore, a rational approach for the study of
semen characteristics must include quantitative parameters
obtained from CASA technology, such as the statistical anal-
yses of various parameters, as has been done in a variety of
species.’’

The aim of this study was to define a new mathematical
approach by taking a great variety of seminal quantitative
characteristics into account. Owing to the relatively low
number of samples available, it was not possible to perform
a cluster analysis from the multiple data set obtained from
kinematic and morphometric data, as this holistic approach
is only possible with a higher sample size, an adequate
sample size would be around an n of 200.% It is needed to
consider that there are diverse statistical procedures that
can be followed in order to calculate sperm subpopulations.
In the case of CASA systems that offer a large volume
of data, it is necessary to perform a two-step procedure
when defining the subpopulations. The first step includes
PC analysis to reduce the dimensions of data, indicate

260



Revista Internacional de Andrologia 20 (2022) 257-265

Table 1  Eigenvestors of the three PC obtained in the study of sperm kinematic and morphometric for human semen.
Kinematic
Variables PC 1 PC2 PC3
Area (pwm) 0.96
VCL (wm/s) 0.38 —0.40
VSL (wm/s) 0.47
VAP (pm/s) 0.42
LIN (%) 0.31 0.48
STR (%) 0.34 0.36
WOB (%) 0.42
ALH (nm/s) 0.31 —0.47
BCF (Hz) 0.38
Explained variation (%) 46 27 11
Morphometric
Length (wm) 0.45
Width (p.m) 0.56
Area (um?) 0.47
Peri (pm) 0.39 0.33
Acr (%) 0.31
Ellipticity 0.43
Rugosity —0.43
Elongation 0.42
Regularity
Width-mp 0.36
Dintance (h-mp) (wm) 0.63
Angle (h-mp)(°) 0.62
Explained variation (%) 36 24 14
Only eigenvalues > 0.3 are presented. The table shows only the values of the covariance higher than 0.3, for each PC.
Table 2 Sperm subpopulation values from the human kinematics data.
SP 1 SP 2 SP 3 SP 4
MD Q1 Q3 MD Q1 Q3 MD Q1 Q3 MD Q1 Q3
n/% 1243/31.0 1175/29.3 1161/28.9 431/10.8
Area (pm) 16.60° 14.60 19.30 15.90°  14.00 17.90 15.200 12.70 17.60 25.60¢ 23.00 29.60
VCL (wm/s)  110.90° 95.00 128.50 167.909 146.10 195.70 68.70° 49.10 92.70 77.50° 53.50 103.30
VSL (wm/s) 64.509 52.50 78.50 54.00¢  38.80 69.30 16.40° 8.60 26.60 20.50° 10.00 35.40
VAP (pm/s) 77.40°  66.00 88.30 96.50¢ 84.50 111.50 44.40* 30.90 60.30 45.50* 31.90 59.30
LIN (%) 58.60¢ 50.60 68.30 32.60¢  24.60 39.80 25.00° 17.00 34.80 28.50° 18.20 39.40
STR (%) 87.20¢ 77.30 93.50 57.30¢  42.60 70.60 39.40° 27.20 52.70 49.00° 31.70 66.10
WOB (%) 69.909 64.20 76.20 57.502  52.50 62.80 64.70° 56.40 73.80 58.30° 51.80 66.90
ALH (pm) 1.30 1.10 1.50 2.10 1.80 2.40 1.00 0.80 1.20 1.10 0.90 1.40
BCF (Hz) 33.00¢ 27.80 38.40 28.00¢  23.70 32.70 16.10* 11.00 22.00 19.00° 13.00 25.00

n (spermatozoa) =4010; MD, median; Q1, first quartile; Q3, third quartile. Different superscripts indicate significant differences between
subpopulations (p<0.05), a is the lowest d is highest ordered by value.

redundant information and show the relative weight of
each parameter in the variance explanation. The second
step, using PCs as variables, consists of cluster analysis to
define the structure of sperm subpopulations.?’

Therefore, a big effort has dealt in the recent years with
the study of subpopulations of spermatozoa in an ejacu-
late, changing the vision of a race between more or less
equivalent cells, to a new vision of competition between

different groups of spermatozoa with similar characteris-
tics, even if the true significance of this fact is not clear at
the moment.** However, as well as following this advanced
approach, most work has focused on just one kind of variable
such as kinematics,*” morphometry*® or DNA fragmentation
analysis.*° It is not so common to carry out a subpopulation
study from different kinds of variables in the same paper as
we have applied here.”
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a: Subpopulation 1, b: Subpopulation 2, ¢: Subpopulation 3, d: Subpopulation 4

Figure 1 Motility trajectory and morphometric examples of subpopulations.

Following this approach, in a study on human adolescents of these, which were related to sperm size and shape respec-
subjective seminal and morphometric data were combined tively, were most explanatory.*® In the best of our knowledge
in a more sophisticated mathematical approach. PC analysis only one work using fox semen samples, combined kinematic
from an original set of nine seminal and eight sperm head and morphometric data in order to study sperm subpopu-
morphometric parameters produced five PCs. The first two lation structure. Upon considering eight morphometric and
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Table 3 Percentage of human sperm cell subpopulation for kinematic and morphometric data for different individuals.
Kinematic Morphometric

Individual SP1 (%) SP2 (%) SP3 (%) SP4 (%) SP1 (%) SP2 (%) SP3 (%) SP4 (%)
1 9.91 29.13 18.92 42.94 3.48 68.16 22.39 5.97
2 6.83 37.30 37.46 18.41 3.55 35.53 59.39 1.52
3 10.79 56.27 17.49 15.45 2.55 34.18 8.16 55.10
4 26.45 31.68 20.11 21.76 0.50 30.00 20.00 49.50
5 5.56 29.17 41.67 23.61 0.00 4.00 66.50 29.50
6 12.13 20.79 19.31 47.77 4.61 28.11 46.08 21.20
7 16.56 16.34 41.61 25.49 0.00 40.91 54.04 5.05
8 11.40 7.02 37.72 43.86 3.23 45.16 27.19 24.42
9 2.78 66.67 19.44 11.11 2.00 23.50 72.50 2.00

10 0.56 23.73 33.90 41.81 2.50 48.50 43.00 6.00

11 14.92 40.33 24.86 19.89 2.00 47.00 44.50 6.50

12 4.57 17.35 16.89 61.19 7.93 56.83 29.96 5.29

13 2.55 32.77 32.34 32.34 7.04 68.34 24.12 0.50

Highest values are indicated in bold. Subpopulation distributions among individuals were different in all the cases (p<0.0001, x2).

Table 4 Median values of CASA variables for each sperm subpopulation of human.

SP 1 SP2 SP 3 SP 4
MD Q1 Q3 MD Q1 Q3 MD Q1 Q3 MD Q1 Q3

n/% 1085/40.9 1053/39.7 432/16.3 82/3.1
Length (um) 5.05€ 4.77 539  4.43* 413 470  5.61¢ 528  6.13  4.91® 434 534
Width (um) 3.42¢ 324 355 294> 276  3.10  2.73® 251 292  3.30° 2.94  3.49
Area (um?) 13.75° 12.96 14.88 10.772 9.75 11.59 12.77° 11.68 14.15 13.33®> 10.93  15.03
Peri (um) 14.22° 13.69  14.91  12.540 11.91 12.99 14.69 13.90 15.74 14.12> 12.75 15.14
Acr (%) 45.04° 40.00 49.62 35.18% 29.48  41.07 38.01° 32.39  42.94 33.82% 27.40 43.24
Ellipticity 1.482 137 1.63  1.51° 139  1.66  2.07° 1.92 229  1.51% 133  1.65
Rugosity 0.86° 0.83 0.89 0.87¢ 0.84 0.89 075 069 078  0.84° 0.79  0.88
Elongation 0.192 0.16  0.24  0.20° 0.16 025 035 032 039  0.20® 0.14  0.24
Regularity 0.97° 0.95 1.00 0.95* 0.92 0.97 094> 091 097 097° 094  1.01
Width-mp 1.44 114 176 1.3 1.08  1.68  1.52° 1.26  1.82 2.22¢ 150  3.59
D (h-mp) (wm)  0.17° 0.09  0.28  0.17° 0.09 026  0.15 0.09 023  0.84 0.53  1.29
A (h-mp) (°) 6.280 2.76 11.30  6.80* 3.39 11.99  6.512 293 12.10  6.30° 2.78  10.33

n (spermatozoa) =2652; For each CASA descriptor, significant differences between the four subpopulations are indicated by different

letters (p<0.05), a is the lowest d is highest ordered by value.

eight kinematic parameters, two PCs were obtained, being
particularly interesting the fact that the most elucidative
ones were related with morphometric parameters. Based
on this PCs four SPs were obtained which proportion var-
ied among animals, as here ir was observed in human
individuals.*

In this study, a great variety of seminal quantitative data
was used to define the semen characteristics from differ-
ent perspectives. In order to be applied in semen diagnosis
and fertility prediction future studies must consider a higher
sample size to develop a mathematical model integrating all
the variables.

Conclusions

Holistic approaches such as those described here could
improve our knowledge of semen characteristics. This would
be promising for advancing both scientific knowledge and

improving the diagnostic potential of semen analysis. The
utility of the conceptual approach presented in this study
must be extended to a population with a wide range
of variability among subjects, using different regional,
socio-economic, ethnicity, age and pharmacological and
toxicological conditions, making possible to define new uni-
versal criteria that improve the prediction of fertility and
optimize the diagnosis for assisted reproduction techniques.

Ethical disclosures

Protection of human and animal subjects. The authors
declare that no experiments have been performed on
humans or animals for this research.

Confidentiality of data. The authors declare that they have
followed the protocols of their work center on the publica-
tion of patient data.

263



A. Garcia-Molina, N. Navarro, A. Valverde et al.

Right to privacy and informed consent. The authors
declare that no patient data appear in this article.

Conflict of interests

The authors declare that they have no conflict of interest.

References

10.

11.

12.

13.

14.

15.

16.

17.

. Kumar N, Singh AK. Trends of male factor infertility, an impor-

tant cause of infertility: a review of literature. J Hum Reprod
Sci. 2015;8:191-6.

. MacLeod J, Hotchkiss RS. Semen analysis in 1500 cases of sterile

marriage. Am J Obstet Gynecol. 1946;52:34-41.

. Eliasson R. Standards for the investigation of human semen.

Andrology. 1971;3:49-84.

. World Health Organization (1980). WHO Laboratory manual for

the examination of human semen and sperm-cervical mucus
interaction. Concern Singapore: Press.

. World Health Organization (1987, 1992, 1999). WHO laboratory

manual for the examination of human semen and sperm-cervical
mucus interaction. UK: Cambridge University Press.

. World Health Organization (2010). WHO laboratory manual for

the examination and processing of human semen. World Health
Organization: Geneva.

. Nordic Association for Andrology (NAFA), European Society of

Human Reproduction (ESHRE) and Embryology Special Interest
Group on Andrology (SIGA). ‘Manual on basic semen analysis’.
U Kvist and L Bjorndahl, Oxford Univ.: Press.

. Bjorndahl L, Mortimer D, Barratt CLR, Castilla JA, Menkveld R,

Kvist R, et al. A practical guide to basic laboratory andrology.
Press: Cambridge Univ.; Publishers; 2010.

. Barratt CLR, Bjorndahl L, Menkveld R, Mortimer D. ESHRE spe-

cial interest group for andrology basic semen analysis course:
a continued focus on accuracy, quality, efficiency and clinical
relevance. Hum Reprod. 2011;26:3207-12.

Cooper TG, Noonan E, von Eckardstein S, Auger J, Baker HW,
Behre HM, et al. World Health Organization reference val-
ues for human semen characteristics. Hum Reprod Update.
2010;16:231-45.

Dunphy BC, Kay R, Barratt CLR, Cooke ID. Quality control dur-
ing the conventional analysis of semen, an essential exercise. J
Androl. 1989;10:378-85.

David G, Jouannet P, Martin-Boyce A, Spira A, Schwartz D.
Sperm counts in fertile and infertile men. Fertil Steril. 1979;31:
453-5.

Zinaman MJ, Brown CC, Selevan SG, Clegg ED. Semen quality
and human fertility: a prospective study with healthy couples.
J Androl. 2000;21:145-53.

Guzick DS, Overstreet JW, Factor-Litvak P, Brazil CK, Naka-
jima ST, Coutifaris C, et al. For the National Cooperative
Reproductive Medicine Network, Sperm morphology, motility
and concentration in fertile and infertile men. N Engl J Med.
2000;345:1388-93.

Soler C, GaBner P, Nieschlag E, de Monserrat JJ, Gutiérrez
R, Sancho M, et al. Use of the Integrated Semen Analy-
sis Sistem (ISAS®) for morphometric analysis and its role in
assisted reproduction technologies. Rev Int Androl. 2005;3:
112-9.

Barratt CLR, Tomlinson MJ, Cooke ID. Prognostic significance of
computerized motility analysis for in vitro fertility. Fertil Steril.
1993;60:520-5.

Branigan EF, Estes MA, Muller CH. Advanced semen analysis: a
simple screening to predict intrauterine insemination success.
Fertil Steril. 1999;71:547-51.

18.

19.

20.

21.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

264

Garret C, Liu DY, Clarke GN, Rushford DD, Baker HWG. Auto-
mated semen analysis: ‘‘zona pellucida preferred’’ sperm
morphometry and straight-line velocity are related to preg-
nancy rate in subfertile couples. Hum Reprod. 2003;18:
1643-9.

Eimers JM, Tevelde ER, Gerritse R, Vogelzang ET, Looman CWN,
Habbema JDF. The prediction of the chance to conceive in sub-
fertile couples. Fertil Steril. 1994;61:44-52.

Liu DY, Baker HWG. Tests of human sperm function and fertil-
ization in vitro. Fertil Steril. 1992;58:465-83.

Oehninger S, Franken DR, Sayed E, Barroso G, Kolm P. Sperm
function assays and their predictive value for fertilization out-
come in IVF therapy: a meta-analysis. Hum Reprod Update.
2000;6:160-8.

Alvarez-Goncalvez CV, Arellano FE, Pérez-Carrera AL. Study
techniques for the evaluation of DNA damage and its application
in animal production. SNS. 2015;7:21-37.

Soler C, Cooper TG, Valverde A, Yaniz J. Afterword to sperm
morphometrics today and tomorrow special issue in Asian Jour-
nal of Andrology. Asian J Androl. 2016;18:895-7.

Bompart D, Garcia-Molina A, Valverde A, Caldeira C, Yaniz J,
NUnez de Murga M, et al. CASA-Mot technology: how results are
affected by the frame rate and counting chamber. Reprod Fert
Dev. 2018;30:810-9.

Auger J, Eustache F, Ducot B, Blandin T, Daudin M, Diaz
I, et al. Intra- and inter-individual variability in human
sperm concentration, motility and vitality assessment during
a workshop involving ten laboratories. Hum Reprod. 2000;15:
2360-8.

Cooper TG, Bjorndahl L, Vreeburg J, Nieschlag E. Semen
analysis and external quality control schemes for semen
analysis needs global standardization. Int J Androl. 2002;25:
306-11.

Holt WV, Cummins JM, Soler C. Computer-assisted sperm anal-
ysis and reproductive science; a gist for understanding gamete
biology from multidisciplinary perspectives. Reprod Fert Dev.
2018;30, iii-v.

Yaniz JL, Vicente-Fiel S, Soler C, Recreo P, Carretero T, Bono A,
et al. Comparison of different statistical approaches to evaluate
morphometric sperm subpopulations in men. Asian J Androl.
2016;18:819-23.

Santolaria P, Vicente-Fiel S, Palacin |, Fantova E, Blasco
ME, Silvestre M, et al. Predictive capacity of sperm quality
parameters and sperm subpopulations on field fertility after
artificial insemination in sheep. Anim Reprod Sci. 2015;163:
82-8.

Utt MD. Prediction of bull
2016;169:37-44.

Liu DY, Clarke GN, Baker HW. Relationship between sperm
motility assessed with the Hamilton-Thorn motility ana-
lyzer and fertilization rates in vitro. J Androl. 1991;12:
231-9.

Garcia-Molina A, Valverde A, Bompart D, Vendrell A, Sancho M,
Soler C. Updating semen analysis: a subpopulation approach.
Asian J Androl. 2019 [in press].

Maree L, van der Horst G. Quantification and identification of
sperm subpopulations using computer-aided sperm analysis and
species-specific cut-off values for swimming speed. Biotech His-
tochem. 2013;88:181-93.

Tabachnick B, Fidell L. Principal components and factor analysis
in Using Multivariate Statistics. 5th ed. Needham Heights, MA:
Allyn & Bacon. Publishers; 2007. p. 582-633.

Martinez-Pastor F, Tizado EJ, Garde JJ, Anel L, de Paz
P. Statistical series: opportunities and challenges of sperm
motility subpopulation analysis. Theriogenology. 2011;75:
783-95.

Jedrzejczak P, Rzepczynska |, Taszarek-Hauke G, Pawelczyk
L, Kotwicka M, Warchol W. Effect of sperm subpopulations

fertility. Anim Reprod Sci.


http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0205
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0210
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0215
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0215
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0215
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0215
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0215
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0215
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0215
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0215
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0215
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0215
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0215
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0215
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0215
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0215
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0215
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0215
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0215
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0215
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0240
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0245
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0250
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0255
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0260
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0265
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0270
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0275
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0280
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0285
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0290
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0295
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0300
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0305
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0315
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0320
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0325
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0330
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0335
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0340
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0345
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0350
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0355
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0355
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0355
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0355
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0355
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0355
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0355
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0355
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0355
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0355
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0355
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0355
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0355
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0355
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0355
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0355
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0355
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0355
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0355
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0360
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0365
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0370
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0375
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0380
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385

Revista Internacional de Andrologia 20 (2022) 257-265

38.

39.

on human fertilization in vitro. Arch Androl. 2005;51:
185-93.

Vasquez F, Soler C, Camps P, Valverde A, Garcia-Molina A.
Spermiogram and sperm head morphometry assessed by mul-
tivariate cluster analysis results during adolescence (12-18
years) and the effect of varicocele. Asian J Androl. 2016;18:
824-30.

Sadeghi S, Garcia-Molina A, Celma F, Valverde A, Fereidounfar S,
Soler C. Morphometric comparison by the ISAS® CASA-DNAf sys-
tem of two techniques for the evaluation of DNA fragmentation
in human spermatozoa. Asian J Androl. 2016;18:835-9.

40. Soler C, Contell J, Bori L, Sancho M, Garcia-Molina A,
Valverde A, et al. Sperm kinematic, head morphometric and
kinetic-mophometric subpopulations in the blue fox (Alopex
lagopus). Asian J Androl. 2017;19:154-9.

Further reading

22. MacLeodIC, Irvine DS. The predictive value of computer assisted
semen analysis in the context of donor insemination programme.
Hum Reprod. 1995;10:580586.

265


http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0385
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0390
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0395
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0400
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405
http://refhub.elsevier.com/S1698-031X(22)00061-9/sbref0405

	Human kinematic and morphometric sperm subpopulation analysis using CASA technology: A new approach to spermatozoa classif...
	Introduction
	Materials and methods
	Samples
	Kinematic analysis
	Morphometric analysis
	Statistical analysis

	Results
	Kinematic parameters
	Morphometric parameters

	Discussion
	Conclusions
	Ethical disclosures
	Protection of human and animal subjects
	Confidentiality of data
	Right to privacy and informed consent

	Conflict of interests
	References

	Further reading

