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Objective: To investigate current practices for sperm morphology assessment.
Design: E-mail survey questionnaire.
Setting: Diagnostic and clinical institutions/laboratories.
Patient(s): French biologists and clinicians (n ¼ 225).
Intervention(s): None.
Main Outcome Measure(s): Answers to 24 questions.
Result(s): The survey shows that even now in France there is great inconsistency in the use of sperm morphology assessments. For
example, the survey revealed that no fewer than six different staining techniques were in use. Automatic reading is hardly used
(used by 2.5% of the biologists replying to the survey). More than 33.6% of biologists use a threshold of normal forms unsuited to their
classification, and 20% do not perform any internal quality control in this area. Prescribing doctors seldom trust the tests, likely due to
their lack of analytic reliability. Among the biologists surveyed 26% said the percentage of normal forms is either unreliable or not very
reliable in analytic terms, and 24% of clinicians stated that it has little clinical relevance.
Conclusion(s): The survey reveals amarked lack of uniformity in French laboratories for performing spermmorphology assessment and
in the use of the results by physicians. Regular quality control procedures and well-trained personnel, up to date with their training and
conversant with the latest techniques as well as harmonized practices, are clearly indispensable. It is time for a consensus on the practice
and interpretation of this particular test. (Fertil Steril� 2017;107:365–72. �2016 by American Society for Reproductive Medicine.)
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Discuss: You can discuss this article with its authors and with other ASRM members at https://www.fertstertdialog.com/users/
16110-fertility-and-sterility/posts/12873-22965
A ssessing the morphology of
spermatozoa using stained
slides and standard microscopic

magnification (�100) has been routine
for more than 30 years in many coun-
tries. A change in the morphology of
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spermatozoa may be associated with
such sperm malfunctions as modifica-
tions in chromatin conformations,
defects in the acrosome reaction, dis-
orders in flagellar motility, or even an
increase in the rate of apoptosis and
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necrosis (1, 2). The definition of a
morphologically normal spermatozoon
is based on observations of
spermatozoa found in cervical mucous
and is supported by observations of
spermatozoa bound to the zona
pellucida (3). Menkveld et al. (1)
proposed a strict definition of a
morphologically normal spermatozoon.
In many studies, the percentage of
abnormal sperm was found to be a
strong indicator for male fertility (4, 5)
and for fertilization rates in an in vitro
fertilization (IVF) attempt (6). Its
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ORIGINAL ARTICLE: ANDROLOGY
predictive value for successful intrauterine insemination (IUI)
(7–9) is very controversial, and in the majority of assisted
reproductive technology (ART) centers, sperm morphology is
no longer an important factor in clinical decisions.

Since this test has become commonplace in laboratories,
many investigators have regularly alerted the scientific com-
munity to the widespread variability, both intralaboratory
and interlaboratory, in its practical implementation. They
stress the need for harmonizing techniques for preparation
and interpretation of the slides and the classifications used,
the importance of performing quality controls, and the imple-
mentation of program for training and skill maintenance for
the technicians (10–22).

The manner in which sperm morphology should be as-
sessed remains a subject of debate. The lack of standardization
of the method and the subjective nature of sperm morphology
assessment make it very difficult to compare results with the
World Health Organization (WHO) reference values (23) and
also between laboratories. The debate on differences in the clin-
ical values among the different classifications (traditional or
liberal approach, strict criteria, David classification, etc.) has
raged for years and is certainly not over (23–25). Prescribing
clinicians appear have less and less faith in the test, and the
lack of analytic reliability may be one of the reasons.

French diagnostic laboratories are now obliged to be
ISO/EN 15189 accredited, so it is an appropriate time to assess
practices concerning the use of the spermmorphology assess-
ment by surveying the clinicians and biologists using this test
in France. The purpose of the questionnaire was twofold. First,
we wanted to learn the various methods being used to prepare
and read the slides and recording the results in French labora-
tories. Second, we evaluated how clinicians (gynecologists
and andrologists) have used the results of this test in their di-
agnoses and ART decisions.

MATERIALS AND METHODS
The anonymous questionnaire used Google Form and was
distributed by e-mail in April 2016 to biologists and clinicians
in France who are operating in private or academic practice
and are involved in infertility treatment. The exhaustive list
of addresses for doctors performing ART was obtained from
the French Agency for Biomedicine (ABM for Agence de la
biom�edecine). The survey was also disseminated using distri-
bution lists for appropriate learned societies, specifically for
gynecologists and andrologists, including the F�ed�eration
des biologistes de la f�econdation et de la conservation de
l'œuf (BLEFCO), Soci�et�e d'andrologie de la langue française
(SALF), and Coll�ege des gyn�ecologues du Midi. The question-
naire had 24 questions of which three were common to all ad-
dressees; the others were specific to biologists or to practicing
clinicians (Supplemental Fig. 1, available online). Data ana-
lyses were performed using descriptive statistics in Excel (Mi-
crosoft) on the database produced using Google Form.
Institutional review board approval was not necessary
because the study concerned a survey to biologists and clini-
cians to assess their medical practices without any impact on
patients during the study.
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RESULTS
Questionnaire Participant Characteristics

We received 225 responses from a total of 535 questionnaires
distributed (42%): 106 clinicians (85 gynecologists and 21 an-
drologists) and 119 biologists. In addition to infertility assess-
ment (diagnosis), 75.5% of the clinicians who responded
practice an ART activity: 20% do only intrauterine insemina-
tion (IUI) and 55% do both IUI and IVF within an ART center.
Among the biologists, 95% are practicing ART: 29% do only
sperm preparation for IUI in their laboratory, and 65% do both
IUI and IVF within an ART center.

Specific questions for biologists. Table 1 shows the great
disparity of laboratory practices. The majority (73%) of
French laboratories use the David classification. It is note-
worthy that for a given classification the threshold for
normalcy may vary between 4% and 30% depending on the
laboratory (Fig. 1), even though 92% claim that their limit
value was found in the literature. Although a majority
perform intern quality control procedures at least twice a
year, close to 20% never perform such activities.

Specific questions for clinicians (gynecologists and andro-

logists). Ninety-five percent of the clinicians surveyed pre-
scribe a sperm morphology evaluation systematically for an
infertility assessment; 5% prescribe it on an exceptional basis
for an andrological evaluation, and 22% before performing
ART. Thirty-five percent of clinicians do not always use the
same laboratory, and 18% are not aware of the classification
used. Fifty-two percent take into account specific anomalies,
but the type of anomaly is extremely variable: for 64%, a
defect of the head, for 21% an anomaly of the tail, and for
12% discrepancies in the acrosome. Supplemental Table 1
(available online) shows that only 30% of clinicians regularly
use an index of multiple sperm defects: teratozoospermia in-
dex (TZI), multiple anomalies index (MAI), or sperm deformity
index (SDI). French practitioners mainly use the multiple
anomalies index (MAI) which is used with David's
classification.

Perception of the Value of a Sperm Morphology
Assessment and its Thresholds

Among the biologists surveyed, 26% believe that the percent-
age of normal forms is either unreliable or not very reliable in
analytic terms, and 24% of clinicians state that it has very lit-
tle clinical relevance (Fig. 2).

Using the Percentage of Normal Forms before ART

As shown in Supplemental Table 2 (available online), 55% of
clinicians and 40% of biologists regularly use the percentage
of normal spermatozoa to choose the ART technique. More-
over, when used, the threshold varies widely (Fig. 3).

DISCUSSION
In France, huge disparity exists in the techniques used for pre-
paring, staining, and interpreting slides in this area. Indeed,
23% of the biologists in France who completed the survey
VOL. 107 NO. 2 / FEBRUARY 2017



TABLE 1

Description of the different methods used to prepare and read the slides and interpret the results.

Sperm washing before smears Air drying Staining method Type of reading Classification
No. of examined
spermatozoa

Never 71.4% (85) Yes 91.6% (109) Papanicolaou 11.1% (13) Visual 97.5% (116) David's 73.1% (87) 100 68.6% (35)
Shorr 59.8% (70)

In case of severe
oligospermia
or increased
viscosity

21.8% (26) Diff-Quik 6% (7) 200 29.4% (15)
No 8.4% (10) RAL 14.5% (15) CASA 2.5% (3) Strict criteria

(WHO)
26.9% (32)

Always 6.7% (8) Other 8.6% (10) >200 2% (1)

Reference values (threshold)
used for normal forms

Determination of
the threshold

Details of
anomalies

No. of people
performing evaluation
of sperm morphology

in laboratory
Frequency of internal

quality controls
Frequency of external

quality controls

30% 13.4% (16) Published
data

91.5% (108) Always 91% (108) Mean 3.7 0/y 20.3% (24) 0/y 9.5% (11)
23% 31.1% (37) Median 3 1/y 13.6% (16) 1/y 3.4% (4)
14% 25.2% (30) On request 1% (1) Minimum 1 2/y 18.6% (22) 2/y 61.2% (71)
4% 21% (25) Own study 8.5% (10) Maximum 12 3/y 8.5% (10) 3/y 5.2% (6)
Other 9.2% (11) Never 8% (10) 3–5/y 15.3% (18) 3–5/y 15.5% (18)

>5/y 23.7% (28) >5/y 5.2% (6)
Note: CASA ¼ computer-assisted sperm analysis.

Gatimel. Survey on sperm morphology assessment. Fertil Steril 2016.
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FIGURE 1

Reference thresholds for the percentage of normal forms used by the French diagnostic laboratories questioned as a function of the classifications
used.
Gatimel. Survey on sperm morphology assessment. Fertil Steril 2016.
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do not use the staining techniques recommended by the WHO
(Papanicolaou, Diff-Quik, and Shorr). Most stains modify the
size of the cell but in different ways depending on the stain
used, largely as a result of the different osmolarities (Van
der Horst 2015). According to Mortimer and Menkveld (26),
FIGURE 2

Perception of clinical relevance and analytic reliability as seen by physician
Gatimel. Survey on sperm morphology assessment. Fertil Steril 2016.
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Papanicolaou staining is the recommended method for the
best morphologic assessment in routine applications.
Although no statistically significant difference has been
observed when comparing the Papanicolaou and the Diff-
Quik staining methods (27, 28), Natali et al. (29) revealed
s and biologists.

VOL. 107 NO. 2 / FEBRUARY 2017



FIGURE 3

The split of the various normal forms thresholds used by clinicians and biologists when choosing an assisted reproductive technique. NMS¼ number
of motile spermatozoa after sperm preparation.
Gatimel. Survey on sperm morphology assessment. Fertil Steril 2016.
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very different results when comparing Diff-Quik and Test-
simplets TS. This underlines the importance of using the
same staining when making interlaboratory comparisons or
when using threshold decisions in an ART situation, and
also the need to use the reference values published in the liter-
ature correctly.

Automatic evaluation is hardly used in France (used by
just 2.5% of the biologists replying to the survey). When using
automatic reading, the effects of any operator influence on
the assessment of the cell are reduced, although certain
computer-assisted sperm analysis (CASA) systems require
making choices about the zones to be studied and where to
focus on the cell. In addition, automatic systems allow
archiving for pictures and videos, thus providing excellent
material for personnel training sessions. Such systems would
seem to offer better reproducibility both intraoperator and
interindividual (30, 31) even though intraoperator and
interoperator variability problems were reported with some
of the earlier automatic systems (28). In this latest study, the
investigators emphasized that the coefficients of variation
were very high (from 40% to 60%) for both manual and
automated evaluations. Nevertheless, training in automatic
systems should not be neglected, even though it is simpler
than training for manual sperm analysis. In France, the
number of spermatozoa analyzed per patient is most often
100 (69% of biologists surveyed), which is contrary to the
latest guidelines from the WHO that recommend using at
least 200 over two separate evaluations. The lack of
compliance with this recommendation by French
VOL. 107 NO. 2 / FEBRUARY 2017
laboratories is probably related to the time-consuming nature
of manually interpreting and evaluating 200 items. In this
area there has been no change in 20 years compared with
the practices recorded in 1997 (22).

Our survey shows that in Francemost biologists (73%) use
the David classification and that there exists an enormous
disparity in the various reference thresholds used for the per-
centage of normal forms. David's French classification con-
siders all borderline aspects to be normal whereas according
to strict criteria all borderline forms should be considered
abnormal (1). The World Health Organization (2010) has rec-
ommended the use of strict sperm morphology to identify
normal spermatozoa.

In the 2010 WHO recommendations (32), the lower refer-
ence limit is 4%, based on the fifth percentile of the combined
data from recent publications according to known and stan-
dardized methodologies (33). This threshold value is in agree-
ment with cutoff values in studies that compared the semen
parameters of a fertile and a subfertile population and deter-
mined the threshold values with a receiver operating charac-
teristic curve analysis (23, 34, 35). In the modified David's
classification, the threshold values were reassessed by
Auger et al. (36) as 23% in a study that reported the
distribution of various head, midpiece, and principal piece
defects of spermatozoa in a large group of fertile men (male
partners of pregnant women).

Surprising data from this survey are that, among labora-
tories that cite using values of normal forms based on the
published data in the scientific literature, 33.6% use
369
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a threshold of normal forms unsuited to their classification
(e.g., 14% with David's classification) (see Fig. 1). Some
have suggested that each laboratory should ideally have its
own standards (19), in view of the wide variations in tech-
niques and operator interpretation and the significant diver-
sity of methods used from one laboratory to another.
However, this practice is rare among biologists in France
(8.5%), probably due to the difficulty of obtaining a reference
population.

For the vast majority (91%) of biologists, the count of the
various anomalies is handled systematically, whereas 48% of
the clinicians surveyed take no account of this. The clinicians'
lack of interest in the details of anomalies is probably linked
to the limited clinical relevance of the various anomalies, with
the exception of the very rare monoamorphous anomalies,
which are often linked to genetic disorders (globozoospermia,
macrocephalia, decapitated sperm syndrome, and fibrous
sheath dysplasia). The frequency of each morphologic abnor-
mality is statistically significantly higher in infertile men than
fertile men (36). The 2010WHO guidelines do not recommend
systematic recording of the details of anomalies. In addition,
the main problem in evaluating such abnormalities is the high
degree of variability between operators (15), which probably
explains the lack of faith in this detailed evaluation among
clinicians. In another study (37) concerning the various de-
fects, the coefficients of variation ranged between 4.80%
(dubious tail) and 132.97% (thin midpiece), and the coeffi-
cients of agreement for specific defects fell into the fair or
slight level, which is not acceptable in terms of quality
requirements.

In France, the ISO/EN 15189 standard means that it is
mandatory to perform regular internal quality controls as
well as an external quality control exercise between different
laboratories. It is surprising to find that 20% of biologists sur-
veyed do not perform any internal quality control procedures.
In a Chinese team (38), quality control training for standard-
izing sperm morphology criteria reduced the individual inter-
preting differences: the mean percentage difference reported
among three technicians varied from 4.57% � 3.69% to
1.96%� 1.19% after training. Franken et al. (39) have shown
that good sperm morphology reading skills can be achieved
and maintained by initial training sessions followed by a
continuous external quality control program and annual
refresher courses. An important point highlighted by these
investigators is that only those technicians who attended
refresher courses were able to maintain their morphology
reading skills over an extended period of 40months. The other
participants showed a decline in sperm assessment skills 6 to
9 months after their initial training course.

The most used index of multiple defects in France is the
MAI in the David's classification. The MAI records the mean
number of abnormalities per abnormal spermatozoon. In
the literature, the data on the clinical pertinence of these
sperm malformation indexes are very poor. There exist one
or two publications for each index, which would appear
insufficient for a routine parameter used bymost laboratories.
These indexes are correlated with fertility in vivo for MAI
(5, 40) and for TZI (35), and correlated with IVF for SDI
(41). For in vivo and IVF outcomes TZI has little predictive
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value (42). Our survey reveals that clinicians place little
faith in this index because 45% of them never or very rarely
take it into account for diagnosing infertility, and 50%
never or very rarely take it into account when making
decisions about ART (see Supplemental Table 1). Given the
data found in the literature, one can justifiably question the
relevance of a systematic recording of such indexes.

In France, 50% of the clinicians and biologists surveyed
who perform ART frequently use the percentage of normal
forms as an aid in choosing the type of technique (see
Supplemental Table 2). The thresholds used in such choices
are extremely variable (see Fig. 3). The impact of sperm
morphologic characteristics on pregnancy rates in IUI cycles
is still debated. In a meta-analysis (43), the threshold values
showing an impact of sperm morphology on pregnancy rates
were 4% in most cases when strict criteria were used, and var-
ied from 8% (44) to 50% (45) when the WHO (1987, 1992)
criteria were used. Recent publications have failed to demon-
strate a statistically significant difference in pregnancy rates
in IUI cycles between groups with or without teratozoosper-
mia (9, 46).

Concerning IVF procedures, in 1998 a structured litera-
ture review (47) and a review of the majority of surveys
(more than 80%) among 18 such surveys performed between
1976 and 1996 showed that the percentage of normal forms
was positively associated with a conventional IVF outcome,
the clinical pregnancy rate and fertilization rate using the
threshold of 5% (strict criteria) or 14% according to WHO
guidelines. In ICSI situations, most publications found no sta-
tistically significant difference in either fertilization rate or
pregnancy rate as a function of the percentage of normal
forms (48–51).

There are insufficient arguments in the literature to
choose between IVF and ICSI in cases of severe teratozoosper-
mia (52). The decision to assign a couple to either an IVF or an
ICSI treatment must be based mainly on the number of total
motile spermatozoa after selection. In the present survey, it
was very surprising to find that, among those clinicians and
biologists who use the percentage of normal forms (in some
cases, always) for deciding on the ART technique, more
than 65% of them use the David classification, whereas all
the publications that demonstrate a morphologic impact on
the outcome of induced pregnancies have used the former
WHO classification or the more recent strict criteria.

It would be interesting to compare the predictive value of
each technique, taking into account the staining method, the
classification system, and the type of reading (visual or CASA)
to know the best technique and methods to work with more
homogeneity. Data in the literature are poor on this topic.
Blanchard et al. (53) showed a lower discriminative power
for the David classification on fertilization rates in conven-
tional IVF compared with the strict criteria assessed by
CASA. We must note that in this publication the techniques
were Shorr staining, David classification, and visual reading
for the first group and sperm washing before smears, Diff-
Quik staining, and CASA assessment for the other. We must
consider all the steps of preparation of the smears and reading
in view of their impact. In another study (31), the investiga-
tors compared the predictive value of two different sperm
VOL. 107 NO. 2 / FEBRUARY 2017
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morphology assessment techniques on fertilization rate in
IVF: CASA assessment with strict criteria after washing and
Diff-Quik staining versus conventional visual reading by Da-
vid classification after Shorr staining. The fertilization rate
was poorly correlated with sperm morphology using both
methods, but in this study morphology assessed with CASA
was more reproducible and a little more discriminative.

A possible source of bias in this type of survey-based
study is that more responses are likely to be received from
people who are dissatisfied by the morphology assessment
than from those who are indifferent (without opinion) or
those who are satisfied. From another point of view, another
bias could be to have overcoverage of well-informed, inter-
ested clinicians and biologists. However, for a survey-based
study sent by e-mail, the participation rate was quite good,
indicating that clinicians and biologists seemed interested
in this topic.

In conclusion, we have shown that in France, although
sperm morphology assessment is almost always systemati-
cally performed in the search for infertility etiologies, there
is a great disparity in the practices used by laboratories and
a lack of compliance with recommendations. Twenty years
ago, the same kind of study concluded, ‘‘Lack of standardiza-
tion of sperm morphology assessments remains the main
reason for the debatable usefulness of this parameter in the
laboratory evaluation of semen’’ (22). In 2016, our conclusion
is the same, at least in France. One result of this is the lack of
interest shown by clinicians and biologists in France because
22% of clinicians and 26% of biologists believe that this test is
totally or largely unreliable in an analytic sense. Twenty-four
percent of clinicians and 39% of biologists believe that the
test is totally or largely irrelevant as a clinical aid. The major-
ity of the individuals surveyed who think sperm morphology
is not clinically relevant think the test is unreliable, too (data
not shown). This lack of analytic reliability of sperm
morphology assessment could explain the little faith that cli-
nicians and biologists place in this test.

A change in clinical and biological practices for assessing
spermmorphology should be initiated. These results lead us to
formulate some proposals directed toward two main goals.

First, we recommend the following changes to increase
the analytic reliability of the test. [1] Standardize the staining
methods and decrease their number. [2] Perform internal and
external quality control programs and regular refresher
courses to maintain the skills of technicians and the knowl-
edge of biologists. [3] Use only one classification system in
France. We believe strict criteria should be preferred because
[a] the concept of borderline aspects is responsible for more
interobserver and intraobserver variability, [b] the vast ma-
jority of publications studying the impact of teratozoospermia
on ART procedures concern only strict criteria, and finally [c]
the test has broad international use. [4] Avoid systematic
determination of the frequency of each morphologic abnor-
mality as they are sources of even higher variability as recom-
mended by WHO guidelines. Such analyses should only be
performed on request during an andrologic investigation.

Second, to increase the trust of clinicians in the test we
propose to [1] stop the systematic recording of any index
with multiple defects (MAI, TZI, SDI), given the poor data in
VOL. 107 NO. 2 / FEBRUARY 2017
the literature relative to its clinical interest; [2] sensitize clini-
cians to the real relevance of teratozoospermia and impor-
tance of monomorphous abnormalities. Such relevance
could only be admitted once the analytic quality of sperm
morphology is optimized and once clinical studies, ideally
performed in each ART center, prove its benefit for patient
care. Once such best practices are implemented for this test,
the prescribing physicians should have more faith in the
results, and the patients will be better served.
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SUPPLEMENTAL TABLE 1

Usefulness of index of multiple sperm defects (MAI, TZI, or SDI) for
physicians.

Frequency For diagnosis
For the choice of ART

technique

Never 17.9% (12) 25.8% (17)
Very rarely 26.9% (18) 24.2% (16)
Sometimes 25.4% (17) 21.2% (14)
Often/frequently 19.4% (13) 24.2% (16)
Always 10.4% (7) 4.5% (3)
Note:ART¼ assisted reproductive technology;MAI¼multiple anomalies index; SDI¼ sperm
deformity index; TZI ¼ teratozoospermia index.

Gatimel. Survey on sperm morphology assessment. Fertil Steril 2016.
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SUPPLEMENTAL TABLE 2

Usefulness of the results of sperm morphology for choice of ART procedure.

Frequency

IUI vs. IVF–ICSI IVF vs. ICSI ICSI vs. IMSI

Physicians (%) Biologists (%) Physicians (%) Biologists (%) Physicians (%) Biologists (%)

Never 5.1 14.3 8.5 3.9 46.4 44.9
Very rarely 15.3 18.2 13.6 23.4 12.5 14.5
Sometimes 23.7 29.9 23.7 31.2 23.2 15.9
Often 27.1 27.3 28.8 27.3 14.3 17.4
Always 28.8 10.4 25.4 14.3 3.6 7.2
Note: ICSI ¼ intracytoplasmic sperm injection; IMSI ¼ intracytoplasmic morphologically selected sperm injection; IUI ¼ intrauterine insemination; IVF ¼ in vitro fertilization.

Gatimel. Survey on sperm morphology assessment. Fertil Steril 2016.

372.e2 VOL. 107 NO. 2 / FEBRUARY 2017

ORIGINAL ARTICLE: ANDROLOGY



SUPPLEMENTAL FIGURE 1

Questionnaire contents. IUI ¼ intrauterine insemination; IVF ¼ in vitro fertilization; CASA ¼ computer-assisted sperm analysis; MAI ¼ multiple
anomalies index; TZI ¼ teratozoospermia index; SDI ¼ sperm deformity index; ICSI ¼ intracytoplasmic sperm injection; IMSI ¼ intracytoplasmic
morphologically selected sperm injection.
Gatimel. Survey on sperm morphology assessment. Fertil Steril 2016.
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