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Review Exploring Sperm Morphological: World
Health Organization vs. Kruger Strict Criteria

Talal Z. Al-Darawsha

Karbala Health Directorate, Al Safeer Surgical Hospital-Infertility and Artificial Insemination Unit, Karbala City, Iraq

Abstract

Sperm morphology, the study of the size, shape, and appearance of sperm cells, is vital in evaluating male fertility.
This assessment has evolved through decades of research, beginning in the 1930s with foundational classification sys-
tems by Cary and Moench.
A significant advancement came in the late 1980s with the Kruger strict criteria, which standardized sperm

morphology evaluation using high-magnification microscopy and advanced staining, supported by the WHO.
This standardization is crucial in diagnosing male infertility and optimizing treatment strategies. In assisted repro-

duction technologies like IVF and ICSI, normal sperm morphology is essential for predicting fertilization potential and
successful pregnancy outcomes.
The review article aims to explore the historical evolution, scientific advancements, and standardization efforts in

sperm morphology assessment, focusing on its impact on diagnostic accuracy and treatment efficacy in male infertility
and ART.

Keywords: Assisted reproduction technologies, Sperm morphology, World Health Organization criteria, Kruger strict
criteria, Infertility

Introduction

S perm morphology refers to the size and shape
of sperm cells as observed under a microscope;

it is an important aspect of semen analysis in
assessing male fertility (Menkveld et al., 2011).
Normal sperm morphology typically involves eval-
uating the percentage of sperm with normal shape
and structure, as abnormalities in morphology can
affect sperm motility and ability to fertilize an egg
(Chemes & Rawe, 2003). A sperm with good
morphology is typically oval-shaped with a smooth,
regular outline, a well-defined head, mid-piece, and
tail (Franken & Kruger, 2004).
Sperm morphology assessment is a critical

component of male fertility evaluation, providing
insights into the structure and form of sperm cells,
which are essential for successful fertilization
(Garcia-Vazquez et al., 2016). The assessment typi-
cally in the labs focuses on identifying the percent-
age of sperm that exhibit normal morphology, which
can significantly influence reproductive outcomes
(Khatun et al., 2018).

Two predominant methodologies guide the eval-
uation of sperm morphology, which are World
Health Organization criteria (WHO) and the Kruger
Strict Criteria (KSC), the WHO criteria provide a
comprehensive framework for assessing sperm
morphology, including detailed guidelines on the
classification of sperm head, mid-piece, and tail
defects (Menkveld, 2010).
According to the latest WHO guidelines, normal

sperm morphology is defined by specific parameters
for the head, mid-piece, and tail (Menkveld et al.,
2011). Head: The sperm head should be smooth, oval
shape, with a well-defined Acrosome covering
40e70% of the head area. The length should be
4e5 mm, and the width should be 2.5e3.5 mm (Cengiz,
2023). Mid-piece: The mid-piece should be slender,
approximately the same length as the head, and well
defined, with a regular appearance (Ghanbar-
ikeshteli, 2024). Tail: The tail should be uniform, un-
coiled, and approximately 45 mm in length (Nassir
et al., 2024). According to the WHO, a semen sample
is consideredwithinnormal range if at least 4%sperm
forms in 1 mL of the semen sample observed have
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normal morphology (Menkveld et al., 1990). This
threshold is based on the understanding that even a
small proportion of normally shaped sperm can be
sufficient for natural conception, especially when the
overall sperm count and motility are within normal
ranges (Dias et al., 2019).
In contrast, the Kruger Strict Criteria offer a more

stringent assessment, focusing primarily on the
sperm head's shape and size, which are crucial for
its ability to penetrate and fertilize the egg (Oeh-
ninger & Kruger, 2021). This method sets a higher
threshold for what is considered normal, thereby
providing a more selective and predictive measure
of fertilizing potential (Silverberg & Turner, 2017a).
The Kruger Strict Criteria offer a more stringent and
detailed method for assessing sperm morphology,
placing greater emphasis on the sperm head's di-
mensions and shape, which are critical for success-
ful fertilization (Nikolettos et al., 1999). Under this
criteria, Head: The sperm head must be precisely
oval with a smooth contour, and deviations in size
or shape are more stringently categorized as ab-
normalities (Barroso et al., 1999). The Acrosome
should occupy 40e70% of the head area, similar to
WHO standards, but with stricter adherence to
these measurements (Milachich & Dyulgerova-
Nikolova, 2020a). Mid-piece and Tail: The mid-piece
should be regular and axially attached to the head,
while the tail should be straight and uniform (Edi-
tion, 2010). Any deviations from these norms are
considered defects (Menkveld, 2007). The Kruger
method sets a higher bar for normal morphology,
often requiring at least 14% of sperm to meet these
strict criteria to be considered within the normal
range (Maree et al., 2010). This more rigorous
approach is especially valuable in assisted repro-
ductive technologies (ART), where the precise
morphology of sperm is critical for procedures like
in vitro fertilization (IVF) and Intra-Cytoplasmic
Sperm Injection (ICSI) (Marzano et al., 2020).
The use of both WHO and Kruger Strict Criteria

in clinical practice allows for a nuanced under-
standing of male fertility potential. While the WHO
criteria provide a broader and more inclusive
assessment, the Kruger Strict Criteria offer a more
selective measure, which can be particularly useful
in predicting the outcomes of ART procedures
(Sharma et al., 2010).
Both standards provide frameworks for analyzing

sperm morphology, but they differ in their method-
ologies, diagnostic significance, and clinical implica-
tions. This comprehensive comparison aims to
highlight these differences and offer an analysis of
their respective benefits in clinical practice in
providing a solution to the problemofmale infertility.

Material and methods

An extensive and systematic review of relevant
literature was conducted using multiple electronic
scientific databases. These databases included Sco-
pus, Science Direct, Springer Link, PubMed, Google
Scholar, and Cochrane Systematic Reviews. The
comprehensive search targeted published articles
and books during the twentieth century and in the
first three decades of the twenty-first century. Each
database was thoroughly examined to ensure a
wide-ranging collection of pertinent studies and
publications that contribute to the research topic.
The search strategy was designed to identify and
compile a robust body of literature to support the
study's objectives.

History of criteria development in evaluating sperm
morphology

Early contributions to the field of sperm
morphology assessment emerged in the early 1930s,
driven by pioneers such as Cary and Moench, Holt,
Williams, and Hammen, among others (Leikkola,
1955). These researchers laid foundational ground-
work that continues to shape modern andrology and
reproductive medicine. Cary and Moench proposed
early classification systems aimed at categorizing
sperm based on observable structural characteris-
tics, highlighting the need for standardized criteria
to distinguish normal from abnormal spermatozoa
(Perelman et al., 2014). Concurrently, Holt advanced
staining techniques to enhance visibility and dif-
ferentiation of sperm structures, thereby improving
the accuracy of morphological analysis in early an-
drology laboratories (Czubaszek et al., 2019).
In 1937, Williams expanded upon previous clas-

sification systems, refining criteria that defined
normal and abnormal sperm morphology more
precisely, his contributions underscored the
importance of comprehensive morphological
assessment in diagnosing male infertility (Menk-
veld, 2010). Building on these advancements, Ham-
men's work in 1944 further refined classification
systems, identifying specific morphological features
linked to fertility potential and emphasizing the
clinical significance of sperm morphology assess-
ment (Mann & Lutwak-Mann, 2012).
During the late 1940s and early 1950s, MacLeod

introduced a systematic approach categorizing
abnormal sperm head forms into distinct classes,
establishing baseline criteria for assessing male
fertility potential (Ombelet et al., 1995). However,
his initial focus on head morphology did not
encompass abnormalities in other sperm regions,

AL-AMEED JOURNAL FOR MEDICAL RESEARCH AND HEALTH SCIENCES 2024;2:38e50 39

R
E
V
IE
W



which were recognized as significant but initially
not included in his classification system (Auger
et al., 2016).
A significant milestone came in the late 1970s with

Dr. Guido David's classification system, which
standardized sperm morphology assessment by
introducing clear terminology and strict criteria for
categorizing abnormalities across the entire sper-
matozoondhead, neck, mid-piece, and tail (Chang
et al., 2017). This system revolutionized male fertility
assessment, linking specific abnormalities to
reduced fertilization rates and guiding treatment
decisions in assisted reproduction.
In 1971, Eliasson advocated for a holistic approach

to sperm morphology assessment, emphasizing
evaluation of the entire spermatozoondhead, mid-
piece, and taildwhich reshaped clinical practices
and enhanced diagnostic accuracy worldwide (Car-
son & Kallen, 2021).
The late 1980s saw the development of the Kruger

strict criteria, which set standardized guidelines for
assessing sperm morphology, defining normal
characteristics and employing rigorous methodolo-
gies like high-magnification microscopy and stan-
dardized staining techniques (Menkveld et al.,
2001). Widely adopted in clinical practice, these
criteria inform treatment decisions and predict
fertilization outcomes in assisted reproduction. The
World Health Organization (WHO) has been pivotal
in advancing and standardizing criteria for assess-
ing morphologically normal spermatozoa since the
publication of their seminal manual in 1980
(Menkveld, 2010).

The World Health Organization criteria

The WHO criteria for sperm morphology repre-
sent a pivotal standard in the assessment of male
fertility (Nallella et al., 2006). Since the publication
of their seminal “WHO Laboratory Manual for the
Examination and Processing of Human Semen” in
1980, the WHO has played a crucial role in estab-
lishing guidelines that define normal sperm
morphology based on specific characteristics of the
head, neck, midpiece, and tail (Gatimel et al., 2017).
According to these criteria, an oval shape with
smooth contours, measuring 4.0e5.5 mm in length
and 2.5e3.5 mm in width, defines normal sperm
head morphology (Hoogendijk, 2007). The acrosome
should cover 40e70% of the head's surface and
appear well defined and smooth, while the nucleus
should be uniformly stained and occupy most of the
head without vacuoles exceeding 20% of its area
(Silverberg & Turner, 2017b). Abnormalities
encompass various deviations such as tapered,

amorphous, round (globozoospermia), large, small,
vacuolated, double, and pinheads (Mortimer, 1994).
Furthermore, normal sperm mid-piece morphology,
as per WHO criteria, features a slender, straight,
cylindrical shape that is about 1.5 times the length of
the head (Patel, 2023). It should align axially with the
head and tail, maintaining a streamlined structure
essential for efficient motility. The mid-piece houses
mitochondria arranged in a spiral around the
axoneme, crucial for generating energy to power
sperm movement (Cummins, 2009). As well as,
abnormal sperm mid-piece morphology, defined by
WHO criteria, encompasses deviations that can
impair sperm motility and functionality (Sunanda
et al., 2018). These include bent or angulated mid-
pieces, excessively thick or thin mid-pieces, irreg-
ular contours, and the presence of cytoplasmic
droplets, absence, or duplication of the mid-piece
(Cooper, 2005). Each abnormality can affect the
sperm's ability to move effectively, hindering
fertility potential (Chemes & Rawe, 2003). According
to WHO standards for sperm morphology, normal
sperm tail morphology is characterized by a thin,
straight structure approximately 45e50 mm long,
with consistent width, proper alignment with the
head and mid-piece, flexibility, and regular whip-
like movements for progressive motility (Menkveld,
2010). Abnormalities in tail morphology, such as
coiled or curled tails, bent or angulated tails, short
or double tails, thickened tails, irregular contours,
fragile tails, or complete absence of tails, can
significantly influence sperm motility and overall
functionality (Siddique et al., 2011). In Fig. 1, view
the World Health Organization's 2021 Guide to Diff-
Quick stain, identifying normal and abnormal
sperm form (World Health Organization, 2021) (see
Fig. 2).

Threshold for normal morphology according to
WHO criteria

The World Health Organization (WHO) criteria
for sperm morphology set a crucial standard for
assessing male fertility potential by defining specific
parameters for the head, mid-piece, and tail (Mila-
chich & Dyulgerova-Nikolova, 2020b). These criteria
ensure uniformity and objectivity in semen analysis
across clinical and research environments (Agarwal
et al., 2022a). Normal sperm morphology, as per
WHO guidelines updated in 2021, requires that at
least 4% of spermatozoa in a sample exhibit typical
structural characteristics such as oval heads with
well-defined acrosomes, straight mid-pieces con-
taining densely packed mitochondria, and tails that
are uniformly wide and flexible for effective motility
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(Minhas et al., 2021). Adherence to these criteria
plays a pivotal role in diagnosing male infertility
(Dohle et al., 2004). Deviations from the established
morphology standards, such as abnormalities in
head, mid-piece, or tail morphologydsuch as
tapered heads, coiled tails, or the presence of cyto-
plasmic dropletsdcan significantly impair sperm
motility and function, thereby contributing to
fertility challenges (Haidl & Schuppe, 2006). Table 1;
which displaying the typical values from 1980 to
2021 (Esteves et al., 2012).

The Kruger Strict Criteria for sperm morphology

The KSC represent a meticulously detailed
framework for evaluating sperm morphology,
emphasizing precise assessment of the head, mid-
piece, and tail characteristics (Popova, 2021). Devel-
oped by Dr. Thinus Kruger, this method is
renowned for its stringent parameters, crucial for
predicting success in assisted reproductive technol-
ogies (ART) such as in vitro fertilization (IVF) and

intracytoplasmic sperm injection (ICSI) (Kruger
et al., 1987). Head sperm morphology assessment
under the Kruger Strict Criteria demands strict
adherence to specific standards: the head must be
smooth, oval-shaped with a well-defined acrosome
covering 40e70% of its surface, and measure 4e5 mm
in length and 2.5e3.5 mm in width (van Rensburg,
1998). Any deviations, such as tapered, pyriform,
round, or irregularly sized heads, are classified as
abnormalities, ensuring only sperm with optimal
fertilization potential are deemed normal. The eval-
uation of the mid-piece focuses on its slender,
symmetrical shape aligned with the head, devoid of
cytoplasmic droplets larger than one-third of the
head sizeda sign of efficient energy production for
motility (Immegart, 1996). Abnormal mid-piece
structures, such as thickened or bent shapes, are
noted for their potential to affect sperm motility (De
Boer et al., 2015). Tail morphology, critical for sperm
movement, is meticulously evaluated for length,
straightness, and absence of abnormalities like coils
or multiple tails (Ayad, 2018). The Kruger Strict

Fig. 1. 0 Diff-Quick plate (1;H ¼ abnormal, M ¼ normal, T ¼ normal. 2;H ¼ abnormal, M ¼ thick, T ¼ normal. 3;H ¼ normal, M ¼ normal,
T ¼ normal. 4;H ¼ abnormal (not oval),M ¼ normal, T ¼ normal. 5;H ¼ abnormal (amorphus),M ¼ thick, T ¼ normal. 6;H ¼ normal, M ¼ normal,
T ¼ normal. 7;H ¼ abnormal (not oval),M ¼ normal, T ¼ normal. 8;H ¼ abnormal, M ¼ normal, T ¼ normal. 9;H ¼ normal, M ¼ normal,
T ¼ normal. 10;H ¼ abnormal (not oval),M ¼ thick, T ¼ normal. 11;H ¼ normal, M ¼ normal, T ¼ normal. 12;H ¼ normal, M ¼ normal,
T ¼ normal. 13;H ¼ abnormal (tapered),M ¼ normal, T ¼ normal. 14; H ¼ abnormal (small),M ¼ thick, T ¼ normal. 15;H ¼ normal, M ¼ thick,
T ¼ normal. 16;H ¼ abnormal (amorphus), M ¼ thick, T ¼ normal. 17;H ¼ abnormal (tapered), M ¼ thick, T ¼ normal. 18;H ¼ normal,
M ¼ asymmetrical, T ¼ normal. 19;H ¼ abnormal (not oval),M ¼ thick, T ¼ normal. 20;H ¼ normal, M ¼ normal, T ¼ normal. 21;H ¼ normal,
M ¼ normal, T ¼ normal. 22;H ¼ abnormal, M ¼ normal, T ¼ normal. 23;H ¼ abnormal (not oval), M ¼ asymmetrical, T ¼ normal).
H¼ Head, M ¼ Mid-piece, T ¼ Tail.
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Criteria establish a stringent standard for normal
sperm morphology, stipulating that a semen sample
be considered within the normal range if at least 14%
of the observed sperm exhibit typical structural
characteristics (Brooks, 2005). This classification in-
dicates a high probability of fertility; samples with
4e14% normal morphology suggest a slight decrease
in fertility potential, while samples showing 0e3%
normal morphology indicate significantly impaired
fertility (Enciso et al., 2011). This stringent threshold
ensures that sperm selected for ART procedures
meet the highest standards for potential fertilization
success (Said & Land, 2011). In clinical practice,
adherence to the Kruger Strict Criteria is particularly
vital in ART contexts, where sperm quality directly

influences the outcomes of fertility treatments
like IVF and ICSI (Barrera et al., 2022) (see Fig. 2
Sperm Morphology, 2018).

WHO and Kruger criteria in sperm
morphology for ART

The role of sperm morphology with assisted
reproductive technology is pivotal to the success of
fertility treatments such as in vitro fertilization and
Intra-Cytoplasmic Sperm Injection (Gatimel et al.,
2017). Sperm morphology, defined by the size,
shape, and structural integrity of the sperm, directly
influences its ability to fertilize an egg and ultimately
impact pregnancy outcomes (Oehninger & Kruger,

Fig. 2. Displays the sperm shapes based on Kruger's classification (Sperm morphology, 2018).
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2021). In ART procedures, selecting sperm with
normal morphology, as determined by rigorous
criteria like WHO and the Kruger Strict Criteria, is
crucial (Menkveld et al., 1990). Normal sperm
morphology ensures that the spermatozoon pos-
sesses the structural integrity necessary for pene-
trating and fertilizing the egg (Ombelet et al., 1995).

Sperm with abnormal morphology, such as irregu-
larly shaped heads, bent mid-pieces, or coiled tails,
may have reduced motility or impaired ability to
bind to the egg, thereby affecting fertilization rates
(Chemes & Rawe, 2003). Clinicians and embryolo-
gists employ stringent criteria, such as WHO and the
Kruger Strict Criteria, to assess sperm morphology

Fig. 2. (Continued).
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accurately (Kruger & Coetzee, 1999). These criteria
help identify sperm with the highest potential for
successful fertilization, thereby enhancing the
chances of a successful ART cycle (Foxcroft et al.,
2008). Techniques like sperm selection based on
morphology using advanced microscopy technolo-
gies enable precise identification and isolation of
sperm with optimal morphology for use in ART
procedures (Dai et al., 2021). The success of ART
procedures heavily relies on the quality of sperm
morphology (Di Santo et al., 2012). Higher percent-
ages of sperm with normal morphology correlate
with improved fertilization rates, embryo develop-
ment, and ultimately, higher chances of achieving a
successful pregnancy. Conversely, abnormalities in
sperm morphology can lead to lower success rates or
even failure of ART cycles (De Vos et al., 2003).
Sperm morphology can be a preliminary filter for
selecting sperm with potentially better DNA

integrity for ICSI (Parmegiani et al., 2014), While
normal morphology, according to strict criteria like
Kruger's, often suggests better DNA quality, even
these sperm may still have DNA fragmentation
(Oehninger & Kruger, 2021). Abnormal morphology,
especially with head defects, is usually linked to
higher DNA fragmentation, though not all abnor-
malities affect DNA (Cassuto et al., 2012), Thus,
combining morphology-based selection with
advanced techniques like Intracytoplasmic
Morphologically Selected Sperm Injection (IMSI),
Physiological Intracytoplasmic Sperm Injection
(PICSI), or direct DNA damage assays, such as the
Halo test, improves the chances of choosing high-
quality sperm for ICSI (Pic et al., 2020).
The WHO criteria are less stringent, allowing

a broader range of normal sperm morphology,
which can miss subtle chromosomal abnormalities
(Tournaye et al., 2017), Head defects like large or

Fig. 2. (Continued).

Table 1. The reference values for sperm as per publications from the World Health Organization, spanning from the first to the sixth edition.

Parameters according to WHO 1st edition 2nd edition 3rd edition 4th edition 5th edition 6th edition

Volume (mL) Not detect �2.0 �2.0 �2.0 �1.5 �1.5
Concentration (million/mL) 20e200 �20 �20 �20 �15 �15
Total sperm motile (%) �60 �50 �50 �50 �40 �39
Progressive motility (%) �25 (grad A) �25 (grad A) �25 (grad A) �25 (grad A) �32 (grad A þ B) �32 (grad A þ B)
Vitality (%) Not detect �50 �75 �75 �58 �42
Normal form (%) �80.5 �50 �30 �14 �4 �4
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double heads are linked to chromosomal aneu-
ploidies, while tail defects may indicate DNA frag-
mentation, yet these may go undetected under
WHO's standards (Dari�s et al., 2010) but, Kruger's
strict criteria demand nearly perfect morphology,
closely correlating with better DNA and chromo-
somal integrity (Henkel et al., 2010). Abnormalities
such as pin, pyriform, tapered, vacuoles or asym-
metrical heads, even minor ones, are associated
with chromosomal defects, making Kruger-selected
sperm less likely to carry genetic issues than those
meeting WHO's broader criteria (Mangiarini et al.,
2013).
ICSI outcomesdsuch as fertilization, cleavage

rates, and embryo qualitydvary depending on the
criteria used. The WHO's broader criteria may yield
acceptable fertilization rates but can include sperm
with minor defects, potentially leading to lower
cleavage rates and reduced embryo quality and
leading to a decrease in success rate (Lundin et al.,
2001), Kruger's strict criteria, however, select sperm
with nearly perfect morphology, often resulting in
higher fertilization rates, improved cleavage, and
better embryo quality (Grow et al., 1994). This se-
lection of morphologically ideal sperm aligns with
fewer chromosomal issues, increasing the chances
of high-quality embryos and better pregnancy out-
comes (Li et al., 2014).

Basic treatment techniques for abnormal sperm shape

Treatment strategies for abnormal sperm
morphology vary depending on the underlying
causes and the specific needs of individuals or
couples.

1. Lifestyle Modifications: Adopting a healthy life-
style can often enhance sperm morphology,
which includes maintaining a balanced diet,
regular exercise, reducing alcohol consumption,
quitting smoking, and managing stress levels
(Agarwal & Durairajanayagam, 2015).

2. Medical Interventions: Addressing hormonal
imbalances through medications that regulate
hormone levels can be beneficial in treating
abnormal sperm morphology (Brezina et al.,
2012).

3. Surgical Procedures: Correcting structural issues
such as varicoceles (enlarged veins in the
scrotum) through surgery may improve sperm
morphology (Morini et al., 2021).

4. Assisted Reproductive Techniques: Procedures
like intrauterine insemination (IUI) or in vitro
fertilization (IVF) can facilitate conception by
directly placing sperm into the female

reproductive tract, bypassing barriers posed by
abnormal sperm morphology (Leung et al., 2022).

5. Nutritional Supplements: Certain supplements,
such as antioxidants (e.g., vitamin E, vitamin C),
coenzyme Q10, and zinc, may be recommended
to enhance sperm morphology and overall
sperm health (Walczake et al., 2013).

6. Environmental Management: Minimizing expo-
sure to environmental toxins and heat sources
(like hot tubs or saunas) that can adversely affect
sperm health is crucial for improving sperm
morphology (Durairajanayagam et al., 2014).

Evaluation techniques for sperm morphology

In the field of sperm morphology assessment,
various staining techniques play crucial roles in
enhancing the visibility and detailed analysis of
sperm cells under the microscope. These stains
serve to highlight specific structures and character-
istics of spermatozoa, aiding in the diagnosis of
male infertility and guiding treatment strategies in
assisted reproduction (Lingappa et al., 2015).

1. Diff-Quik Stain: It is a rapid staining technique
that provides quick differentiation of sperm
morphology, which is commonly used in clinical
settings for basic assessments, allowing for the
visualization of sperm head and tail structures
with ease (Natali et al., 2013).

2. Papanicolaou (PAP) Stain: PAP stain is known for
its ability to differentiate various components of
cells based on their affinity for acidic or basic
dyes. In sperm morphology, PAP stain highlights
nuclear morphology and chromatin integrity,
aiding in the assessment of sperm DNA frag-
mentation and maturity (Veuthey et al., 2014).

3. Aniline Blue Stain: It is particularly useful in
highlighting sperm chromatin condensation. It
stains immature sperm with high chromatin
density, aiding in the identification of sperm
with potential DNA damage, which can affect
fertility outcomes (Dutta et al., 2021).

4. Giemsa Stain: It is widely used in cytology and
histology for its ability to stain acidic and basic
components of cells differently, Giemsa stain in
sperm morphology provides contrast that helps
identify nuclear abnormalities and assess sperm
viability (Zafar et al., 2020).

5. Hematoxylin-Eosin (H&E) Stain: H&E stain is a
routine histological stain that colors nuclei blue
(with hematoxylin), cytoplasm, and other struc-
tures pink or red (with eosin), that is used in
sperm morphology to differentiate cellular
components and assess overall tissue structure
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in testicular biopsies or sperm smears (Chan,
2014).

6. Methylene Blue-Eosin (MBE) Stain: this stain is a
differential stain used to highlight specific
cellular components based on their chemical
properties. In sperm morphology, MBE stain
helps in distinguishing between live and dead
sperm cells, providing valuable information
about sperm viability (Dibal et al., 2022).

7. Toluidine Blue Stain: It is used to assess sperm
morphology by staining specific structures such
as sperm heads and tails. It highlights cellular
features and abnormalities, aiding in the
detailed examination of sperm morphology and
function (Alves et al., 2018).

8. Spermac staining: Also known as, Sperm Chro-
matin Dispersion (SCD) test or Sperm Chro-
matin Structure Assay (SCSA) is a diagnostic
technique used in the evaluation of male fertility,
fragmented or damaged DNA fluoresces red,
indicating poor chromatin integrity and sug-
gesting potential fertility issues (Oettl�e, 1986).

Discussion

During a period of two decades ago, the assess-
ment of sperm morphology has experienced sub-
stantial development. Beginning in the early 1930s,
groundbreaking work by scientists such as Cary,
Moench, Holt, Williams, and Hammen established
the fundamental principles of contemporary an-
drology and reproductive medicine (Menkveld
et al., 2011). These early researchers introduced
classification systems aimed at categorizing sperm
based on observable structural characteristics,
highlighting the necessity for standardized criteria
to distinguish normal from abnormal spermatozoa
(Chang et al., 2017). Cary and Moench's early clas-
sification systems set the stage for subsequent re-
finements in morphological assessment, paving the
way for more precise diagnostic tools (Menkveld
et al., 2011).
In the late 1980s, the development of the Kruger

strict criteria marked a significant milestone by
establishing standardized guidelines for assessing
sperm morphology (Kruger & Botha, 2007). Utilizing
high-magnification microscopy and advanced
staining techniques, these criteria rigorously define
normal sperm characteristics (Maettner et al., 2014).
Widely adopted in clinical practice, they inform
treatment decisions and predict fertilization out-
comes in assisted reproduction technology (Hanas-
sab et al., 2024), similarly, in World Health
Organization has played a pivotal role since 1980 in
advancing and standardizing criteria for assessing

morphologically normal spermatozoa (Gatimel
et al., 2017). The WHO criteria, periodically updated,
define normal sperm morphology based on specific
parameters of the head, mid-piece, and tail,
ensuring consistency and objectivity in semen
analysis across clinical and research environments
(Agarwal et al., 2022b). This standardization sup-
ports accurate diagnosis and tailored treatment
strategies for male infertility, thereby improving
patient outcomes (Pierik et al., 2000). Then, assess-
ing the percentage of abnormalities like thin heads,
amorphous heads, or bent and asymmetrical necks
has limited clinical value, as these features are often
physiological traits with poorly understood
pathophysiology.
The pivotal role of sperm morphology in ART

procedures such as in vitro fertilization and intra-
cytoplasmic sperm injection cannot be overstated
(Said & Land, 2011). Sperm morphology, encom-
passing size, shape, and structural integrity, directly
influences fertilization potential and influences
pregnancy rate outcomes (Chemes & Rawe, 2003).
Selection of sperm with normal morphology, as
assessed by rigorous criteria same as the Kruger
Strict Criteria, is crucial in ART (Oehninger &
Kruger, 2021). Normal sperm morphology ensures
the structural integrity necessary for spermatozoa to
penetrate and fertilize the egg. Conversely, sperm
with abnormal morphology, characterized by ir-
regularities in head shape, mid-piece bending, or
tail coiling, may exhibit reduced motility or
impaired ability to bind to the egg, thus affecting
fertilization rates (Graham, 2001). Clinicians and
embryologists rely on stringent criteria to accurately
assess sperm morphology, enhancing the likelihood
of successful ART cycles (Kohn et al., 2018). So that,
some studies have found correlations between the
percentage of normal sperm forms and functional
abnormalities, as well as the ability to conceive
naturally or, in some cases, the success of intra-
uterine insemination (IUI) and conventional IVF.
Advanced microscopy technologies enable precise

identification and isolation of sperm with optimal
morphology, enhancing the success rates of ART
procedures (Dai et al., 2021). Higher percentages of
sperm with normal morphology correlate with
improved fertilization rates, embryo development,
and increased chances of achieving successful
pregnancies (De Vos et al., 2003), conversely; ab-
normalities in sperm morphology can lead to lower
success rates or even failure of ART cycles, under-
scoring the critical role of precise morphology
assessment in clinical outcomes (Villani et al., 2022).
In the realm of sperm morphology assessment,

various staining techniques play essential roles by
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enhancing the visibility and detailed analysis of
sperm cells under the microscope (Hekmatdoost
et al., 2009). Techniques such as Diff-Quik, Papani-
colaou (PAP), Aniline Blue, Giemsa stain, Hema-
toxylin-Eosin (H&E), Methylene Blue-Eosin (MBE),
and Toluidine Blue stains highlight specific sperm
structures and characteristics (Carson, 2015), which
these stains aid in diagnosing male infertility by
providing insights into sperm chromatin integrity,
viability, and morphological abnormalities, thereby
guiding appropriate treatment strategies in assisted
reproduction (Agarwal & Sharma, 2023).
In summary, the development of sperm

morphology evaluation over time has been charac-
terized by a progressive path that has been aided by
groundbreaking discoveries and scientific break-
throughs. In the area of male infertility and ART,
standardized criteria and cutting-edge laboratory
techniques continue to propel advancements in
diagnostic precision, therapeutic effectiveness, and
patient outcomes.

Conclusion

The study of sperm morphology has advanced
significantly over the decades, driven by pioneering
research and continuous technological innovations.
Beginning with foundational work in the early 1930s
by scientists like Cary and Moench, classification
systems were introduced to categorize sperm based
on observable structural traits, highlighting the
need for standardized assessment criteria.
The establishment of the Kruger strict criteria in

the late 1980s marked a pivotal milestone, stan-
dardizing guidelines for evaluating sperm
morphology using advanced microscopy and stain-
ing techniques. These criteria, supported by the
World Health Organization, have ensured consis-
tency in semen analysis across clinical and research
environments, crucial for diagnosing male infertility
and optimizing treatment strategies.
In assisted reproduction technologies such as IVF

and ICSI, sperm morphology plays a decisive role in
determining fertilization success and influencing
pregnancy outcomes. The selection of sperm with
normal morphology is essential for achieving suc-
cessful ART cycles, as abnormalities can diminish
success rates.

Author contribution

The author strives to provide meaningful contri-
butions to the research topic.

Ethics approval and consent to participate

Approval was obtained with no requirements.

Consent for publication

Acceptance of publication by Author.

Funding

All review research was searched in scientific
research data.

Conflict of interest

The author declares no conflicts of interest.

Acknowledgements

No.

References

Agarwal, A., & Durairajanayagam, D. (2015). Lifestyle factors and
reproductive health. Handbook of Fertility, 145e157. https://doi.
org/10.1016/B978-0-12-800872-0.00013-5.

Agarwal, A., & Sharma, R. (2023). Sperm chromatin assessment.
In Textbook of assisted reproductive techniques (pp. 70e93). CRC
Press. https://doi.org/10.1201/9781003268598.

Agarwal, A., Sharma, R., Gupta, S., Finelli, R., Parekh, N.,
Selvam, M. K. P., … Henkel, R. (2022a). Standardized labora-
tory procedures, quality control and quality assurance are key
requirements for accurate semen analysis in the evaluation of
infertile male. The World Journal of Men's Health, 40(1), 52.
https://doi.org/10.5534/wjmh.210022.

Agarwal, A., Sharma, R., Gupta, S., Finelli, R., Parekh, N.,
Selvam, M. K. P., … Shah, R. (2022b). Sperm morphology
assessment in the era of intracytoplasmic sperm injection:
Reliable results require focus on standardization, quality
control, and training. The World Journal of Men's Health, 40(3),
347. https://doi.org/10.5534/wjmh.210054.

Alves, I. P., Cancelli, C. H. B., Grassi, T. L. M., Oliveira, P. R. H.,
Franciscato, D. A., Carreira, J. T., & de Koivisto, M. B. (2018).
Evaluation of sperm head dimensions and chromatin integrity
of epididymal sperm from domestic cats using the toluidine
blue technique. Animal Reproduction Science, 197, 33e39.
https://doi.org/10.1016/j.anireprosci.2018.08.001.

Auger, J., Jouannet, P., & Eustache, F. (2016). Another look at
human sperm morphology. Human Reproduction, 31(1), 10e23.
https://doi.org/10.1093/humrep/dev251.

Ayad, B. M. (2018). Basic semen parameters assisted by Computer-
Aided sperm analysis (CASA) and their correlations with advanced
semen parameters in normozoospermic men with different absti-
nence periods. Doctoral dissertation. Stellenbosch: Stellenbosch
University.

Barrera, N., Omolaoye, T. S., & Du Plessis, S. S. (2022).
A contemporary view on global fertility, infertility, and assis-
ted reproductive techniques. In In fertility, pregnancy, and
wellness (pp. 93e120). Elsevier. https://doi.org/10.1016/B978-0-
12-818309-0.00009-5.

Barroso, G., Mercan, R., Ozgur, K., Morshedi, M., Kolm, P.,
Coetzee, K.,…Oehninger, S. (1999). Intra-and inter-laboratory
variability in the assessment of sperm morphology by strict
criteria: Impact of semen preparation, staining techniques and
manual versus computerized analysis. Human Reproduction,
14(8), 2036e2040. https://doi.org/10.1093/humrep/14.8.2036.

Brezina, P. R., Yunus, F. N., & Zhao, Y. (2012). Effects of phar-
maceutical medications on male fertility. Journal of Reproduc-
tion and Infertility, 13(1), 3.

Brooks, N. L. (2005). Apoptotic markers in ejaculated human sperma-
tozoa. Doctoral dissertation. University of the Western Cape.

Carson, F. L. (2015). Christa Hladik Cappellano. "Histotechnology." A
self-instructional text. American-Society.

AL-AMEED JOURNAL FOR MEDICAL RESEARCH AND HEALTH SCIENCES 2024;2:38e50 47

R
E
V
IE
W

https://doi.org/10.1016/B978-0-12-800872-0.00013-5
https://doi.org/10.1016/B978-0-12-800872-0.00013-5
https://doi.org/10.1201/9781003268598
https://doi.org/10.5534/wjmh.210022
https://doi.org/10.5534/wjmh.210054
https://doi.org/10.1016/j.anireprosci.2018.08.001
https://doi.org/10.1093/humrep/dev251
https://doi.org/10.1016/B978-0-12-818309-0.00009-5
https://doi.org/10.1016/B978-0-12-818309-0.00009-5
https://doi.org/10.1093/humrep/14.8.2036


Carson, S. A., & Kallen, A. N. (2021). Diagnosis and management
of infertility: A review. JAMA, 326(1), 65e76. https://doi.org/10.
1001/jama.2021.4788.

Cassuto, N. G., Hazout, A., Hammoud, I., Balet, R., Bouret, D.,
Barak,Y.,…Yazbeck,C. (2012).CorrelationbetweenDNAdefect
and sperm-head morphology. Reproductive BioMedicine Online,
24(2), 211e218. https://doi.org/10.1016/j.rbmo.2011.10.006.

Cengiz, F. (2023). Morphological analyses of sperms causing se-
vere male infertility with light microscopy, motile sperm
organellar morphology examination and electron microscopy
tecnics. Journal of Controversies in Obstetrics & Gynecology and
Pediatrics, 1(3), 54e61. https://doi.org/10.51271/JCOGP-0013.

Chan, J. K. (2014). The wonderful colors of the hematoxylineeosin
stain in diagnostic surgical pathology. International Journal of
Surgical Pathology, 22(1), 12e32. https://doi.org/10.1177/
106689691351793.

Chang, V., Garcia, A., Hitschfeld, N., & H€artel, S. (2017). Gold-
standard for computer-assisted morphological sperm analysis.
Computers in Biology and Medicine, 83, 143e150. https://doi.org/
10.1016/j.compbiomed.2017.03.004.

Chemes, H. E., & Rawe, V. Y. (2003). Sperm pathology: A step
beyond descriptive morphology. Origin, characterization and
fertility potential of abnormal sperm phenotypes in infertile
men. Human Reproduction Update, 9(5), 405e428. https://doi.
org/10.1093/humupd/dmg034.

Cooper, T. G. (2005). Cytoplasmic droplets: The good, the bad or
just confusing? Human Reproduction, 20(1), 9e11. https://doi.
org/10.1093/humrep/deh555.

Cummins, J. (2009). Sperm motility and energetics. In Sperm
biology (pp. 185e206). Academic Press. https://doi.org/10.1016/
B978-0-12-372568-4.00005-7.

Czubaszek, M., Andraszek, K., Banaszewska, D., & Walczak-
Jędrzejowska, R. (2019). The effect of the staining technique on
morphological and morphometric parameters of boar sperm.
PLoS One, 14(3), Article e0214243. https://doi.org/10.1371/
journal.pone.0214243.

Dai, C., Zhang, Z., Shan, G., Chu, L. T., Huang, Z., Moskovtsev, S.,
… Sun, Y. (2021). Advances in sperm analysis: Techniques,
discoveries and applications. Nature Reviews Urology, 18(8),
447e467. https://doi.org/10.1038/s41585-021-00472-2.

Dari�s, B., Goropev�sek, A., Hojnik, N., & Vlaisavljevi�c, V. (2010).
Sperm morphological abnormalities as indicators of DNA
fragmentation and fertilization in ICSI. Archives of Gynecology
and Obstetrics, 281, 363e367. https://doi.org/10.1007/s00404-
009-1140-y.

De Boer, P., De Vries, M., & Ramos, L. (2015). A mutation study of
sperm head shape and motility in the mouse: Lessons for the
clinic.Andrology, 3(2), 174e202. https://doi.org/10.1111/andr.300.

De Vos, A., Van De Velde, H., Joris, H., Verheyen, G., Devroey, P.,
& Van Steirteghem, A. (2003). Influence of individual sperm
morphology on fertilization, embryo morphology, and preg-
nancy outcome of intracytoplasmic sperm injection. Fertility
and Sterility, 79(1), 42e48. https://doi.org/10.1016/S0015-
0282(02)04571-5.

Di Santo, M., Tarozzi, N., Nadalini, M., & Borini, A. (2012).
Human sperm cryopreservation: Update on techniques, effect
on DNA integrity, and implications for ART. Advances in
Urology, 2012(1), Article 854837. https://doi.org/10.1155/2012/
854837.

Dias, T. R., Cho, C. L., & Agarwal, A. (2019). Sperm assessment:
Traditional approaches and their indicative value. In In vitro
fertilization: A textbook of current and emerging methods and devices
(pp. 249e263). https://doi.org/10.1007/978-3-319-43011-9_22.

Dibal, N. I., Garba, S. H., & Jacks, T. W. (2022). Histological stains
and their application in teaching and research. Asian Journal of
Health Sciences, 8(2), ID43. https://doi.org/10.15419/ajhs.v8i2.514.

Dohle, G. R., Weidner, W., Jungwirth, A., Colpi, G., Papp, G.,
Pomerol, J., & Hargreave, T. B. (2004). Guidelines on male
infertility. European Association of Urology.

Durairajanayagam, D., Sharma, R. K., du Plessis, S. S., &
Agarwal, A. (2014). Testicular heat stress and sperm quality.
Male Infertility: A Complete Guide to Lifestyle and Environmental
Factors, 105e125. https://doi.org/10.1007/978-1-4939-1040-3_8.

Dutta, S., Henkel, R., & Agarwal, A. (2021). Comparative analysis
of tests used to assess sperm chromatin integrity and DNA
fragmentation. Andrologia, 53(2), Article e13718. https://doi.
org/10.1111/and.13718.

Edition, F. (2010). Examination and processing of human semen.
World Health. https://doi.org/10.5772/Intechopen.71413
[Internet].

Enciso, M., Cisale, H., Johnston, S. D., Sarasa, J., Fern�andez, J. L., &
Gos�alvez, J. (2011). Major morphological sperm abnormalities
in the bull are related to sperm DNA damage. Theriogenology,
76(1), 23e32. https://doi.org/10.1016/j.theriogenology.2010.12.
034.

Esteves, S. C., Zini, A., Aziz, N., Alvarez, J. G., Sabanegh Jr, E. S.,
& Agarwal, A. (2012). Critical appraisal of World Health Or-
ganization's new reference values for human semen charac-
teristics and effect on diagnosis and treatment of subfertile
men. Urology, 79(1), 16e22. https://doi.org/10.1016/j.urology.
2011.08.003.

Foxcroft, G. R., Dyck, M. K., Ruiz-Sanchez, A., Novak, S., &
Dixon, W. T. (2008). Identifying useable semen. Theriogenology,
70(8), 1324e1336. https://doi.org/10.1016/j.theriogenology.2008.
07.015.

Franken, D. R., & Kruger, T. F. (2004). What is a normal spermato-
zoon?. InAtlas of human spermmorphology evaluation (pp. 48e51).
CRC Press. https://doi.org/10.1007/978-1-62703-038-0_5.

Garcia-Vazquez, F. A., Gadea, J., Mat�as, C., & Holt, W. V. (2016).
Importance of sperm morphology during sperm transport and
fertilization in mammals. Asian Journal of Andrology, 18(6),
844e850. https://doi.org/10.4103/1008-682X.186880.

Gatimel, N., Moreau, J., Parinaud, J., & L�eandri, R. D. (2017).
Sperm morphology: Assessment, pathophysiology, clinical
relevance, and state of the art in 2017. Andrology, 5(5), 845e862.
https://doi.org/10.1111/andr.12389.

Ghanbarikeshteli, T. (2024). Boar sperm quality applying different
preservation technologies. Master's thesis. Inland Norway Uni-
versity. https://doi.org/10.1002/smll.202000213.

Graham, J. K. (2001). Assessment of sperm quality: A flow cyto-
metric approach. Animal Reproduction Science, 68(3e4),
239e247. https://doi.org/10.1016/S0378-4320(01)00160-9.

Grow, D. R., Oehninger, S., Seltman, H. J., Toner, J. P.,
Swanson, R. J., Kruger, T. F., & Muasher, S. J. (1994). Sperm
morphology as diagnosed by strict criteria: Probing the impact
of teratozoospermia on fertilization rate and pregnancy
outcome in a large in vitro fertilization population. Fertility and
Sterility, 62(3), 559e567. https://doi.org/10.1016/S0015-0282(16)
56946-5.

Haidl, G., & Schuppe, H. C. (2006). Cytomorphological semen
analysis. In Andrology for the clinician (pp. 395e400). Berlin,
Heidelberg: Springer Berlin Heidelberg. https://doi.org/10.
1007/3-540-33713-X_73.

Hanassab, S., Abbara, A., Yeung, A. C., Voliotis, M., Tsaneva-
Atanasova, K., Kelsey, T. W., … Dhillo, W. S. (2024). The
prospect of artificial intelligence to personalize assisted
reproductive technology. Npj Digital Medicine, 7(1), 55. https://
doi.org/10.1038/s41746-024-01006-x.

Hekmatdoost, A., Lakpour, N., & Sadeghi, M. R. (2009). Sperm
chromatin integrity: Etiologies and mechanisms of abnor-
mality, assays, clinical importance, preventing and repairing
damage. Avicenna Journal of Medical Biotechnology, 1(3),
147e160..

Henkel, R., Hoogendijk, C. F., Bouic, P. J. D., & Kruger, T. F.
(2010). TUNEL assay and SCSA determine different aspects of
sperm DNA damage. Andrologia, 42(5), 305e313. https://doi.
org/10.1111/j.1439-0272.2009.01002.x.

Hoogendijk, C. F. (2007). Sperm DNA fragmentation: Implications in
assisted reproductive technologies. Doctoral dissertation. Stel-
lenbosch: Stellenbosch University.

Immegart, H. M. (1996). Equine spermatozoal motility and morpho-
logic characteristics: Assessment techniques and inter-relationships.
The Ohio State University.

Khatun, A., Rahman, M. S., & Pang, M. G. (2018). Clinical
assessment of the male fertility. Obstetrics & Gynecology Science,
61(2), 179e191. https://doi.org/10.5468/ogs.2018.61.2.179.

48 AL-AMEED JOURNAL FOR MEDICAL RESEARCH AND HEALTH SCIENCES 2024;2:38e50

R
E
V
IE
W

https://doi.org/10.1001/jama.2021.4788
https://doi.org/10.1001/jama.2021.4788
https://doi.org/10.1016/j.rbmo.2011.10.006
https://doi.org/10.51271/JCOGP-0013
https://doi.org/10.1177/106689691351793
https://doi.org/10.1177/106689691351793
https://doi.org/10.1016/j.compbiomed.2017.03.004
https://doi.org/10.1016/j.compbiomed.2017.03.004
https://doi.org/10.1093/humupd/dmg034
https://doi.org/10.1093/humupd/dmg034
https://doi.org/10.1093/humrep/deh555
https://doi.org/10.1093/humrep/deh555
https://doi.org/10.1016/B978-0-12-372568-4.00005-7
https://doi.org/10.1016/B978-0-12-372568-4.00005-7
https://doi.org/10.1371/journal.pone.0214243
https://doi.org/10.1371/journal.pone.0214243
https://doi.org/10.1038/s41585-021-00472-2
https://doi.org/10.1007/s00404-009-1140-y
https://doi.org/10.1007/s00404-009-1140-y
https://doi.org/10.1111/andr.300
https://doi.org/10.1016/S0015-0282(02)04571-5
https://doi.org/10.1016/S0015-0282(02)04571-5
https://doi.org/10.1155/2012/854837
https://doi.org/10.1155/2012/854837
https://doi.org/10.1007/978-3-319-43011-9_22
https://doi.org/10.15419/ajhs.v8i2.514
https://doi.org/10.1007/978-1-4939-1040-3_8
https://doi.org/10.1111/and.13718
https://doi.org/10.1111/and.13718
https://doi.org/10.5772/Intechopen.71413
https://doi.org/10.1016/j.theriogenology.2010.12.034
https://doi.org/10.1016/j.theriogenology.2010.12.034
https://doi.org/10.1016/j.urology.2011.08.003
https://doi.org/10.1016/j.urology.2011.08.003
https://doi.org/10.1016/j.theriogenology.2008.07.015
https://doi.org/10.1016/j.theriogenology.2008.07.015
https://doi.org/10.1007/978-1-62703-038-0_5
https://doi.org/10.4103/1008-682X.186880
https://doi.org/10.1111/andr.12389
https://doi.org/10.1002/smll.202000213
https://doi.org/10.1016/S0378-4320(01)00160-9
https://doi.org/10.1016/S0015-0282(16)56946-5
https://doi.org/10.1016/S0015-0282(16)56946-5
https://doi.org/10.1007/3-540-33713-X_73
https://doi.org/10.1007/3-540-33713-X_73
https://doi.org/10.1038/s41746-024-01006-x
https://doi.org/10.1038/s41746-024-01006-x
https://doi.org/10.1111/j.1439-0272.2009.01002.x
https://doi.org/10.1111/j.1439-0272.2009.01002.x
https://doi.org/10.5468/ogs.2018.61.2.179


Kohn, T. P., Kohn, J. R., & Lamb, D. J. (2018). Role of sperm
morphology in deciding between various assisted reproduc-
tion technologies. European Urology Focus, 4(3), 311e313.
https://doi.org/10.1016/j.euf.2018.07.029.

Kruger, T. F., Acosta, A. A., Simmons, K. F., Swanson, R. J.,
Matta, J. F., Veeck, L. L., … Brugo, S. (1987). New method of
evaluating sperm morphology with predictive value for
human in vitro fertilization. Urology, 30(3), 248e251. https://
doi.org/10.1016/0090-4295(87)90246-9.

Kruger, T. F., & Botha, M. H. (2007). Clinical gynaecology. Juta and
Company Ltd.

Kruger, T. F., & Coetzee, K. (1999). The role of sperm morphology
in assisted reproduction. Human Reproduction Update, 5(2),
172e178. https://doi.org/10.1093/humupd/5.2.172.

Leikkola, A. (1955). Seminal fluids, composition in barren mar-
riages. Acta Obstetricia et Gynecologica Scandinavica, 34(sup3),
1e105. https://doi.org/10.3109/00016345509154531.

Leung, E. T., Lee, C. L., Tian, X., Lam, K. K., Li, R. H., Ng, E. H., …
Chiu, P. C. (2022). Simulating nature in sperm selection for
assisted reproduction. Nature Reviews Urology, 19(1), 16e36.
https://doi.org/10.1038/s41585-021-00530-9.

Li, B. O., Ma, Y., Huang, J., Xiao, X., Li, L. I., Liu, C., … Wang, X.
(2014). Probing the effect of human normal spermmorphology
rate on cycle outcomes and assisted reproductive methods
selection. PLoS One, 9(11), Article e113392. https://doi.org/10.
1371/journal.pone.0113392.

Lingappa, H. A., Govindashetty, A. M., Krishnamurthy, A.,
Puttaveerachary, A. K., Manchaiah, S., Shimoga, I. C., …

Gowda, S. B. M. (2015). Quest for an ideal, simple and cost-
effective stain for morphological assessment of sperms. Journal
of Clinical and Diagnostic Research: Journal of Clinical and
Diagnostic Research, 9(10), Article EC01. https://doi.org/10.
7860/JCDR/2015/13270.6655.

Lundin, K., Bergh, C., & Hardarson, T. (2001). Early embryo
cleavage is a strong indicator of embryo quality in human IVF.
Human Reproduction, 16(12), 2652e2657. https://doi.org/10.
1093/humrep/16.12.2652.

Maettner, R., Sterzik, K., Isachenko, V., Strehler, E., Rahimi, G.,
Alabart, J. L., … Isachenko, E. (2014). Quality of human sper-
matozoa: Relationship between high-magnification sperm
morphology and DNA integrity. Andrologia, 46(5), 547e555.
https://doi.org/10.1111/and.12114.

Mangiarini, A., Paffoni, A., Restelli, L., Ferrari, S., Guarneri, C.,
Ragni, G., & Somigliana, E. (2013). Specific sperm defects are
differentially correlated with DNA fragmentation in both
normozoospermic and teratozoospermic subjects. Andrology,
1(6), 838e844. https://doi.org/10.1111/j.2047-2927.2013.00138.x.

Mann, T., & Lutwak-Mann, C. (2012). Male reproductive function
and semen: Themes and trends in physiology, biochemistry and
investigative andrology. Springer Science & Business Media.
https://doi.org/10.1007/978-1-4471-1300-3

Maree, L., Du Plessis, S. S., Menkveld, R., & Van der Horst, G.
(2010). Morphometric dimensions of the human sperm head
depend on the staining method used. Human Reproduction,
25(6), 1369e1382. https://doi.org/10.1093/humrep/deq075.

Marzano, G., Chiriac�o, M. S., Primiceri, E., Dell'Aquila, M. E.,
Ramalho-Santos, J., Zara, V., … Maruccio, G. (2020). Sperm
selection in assisted reproduction: A review of established
methods and cutting-edge possibilities. Biotechnology Ad-
vances, 40, Article 107498. https://doi.org/10.1016/j.biotechadv.
2019.107498.

Menkveld, R. (2007). The basic semen analysis. In Male infertility
(pp. 169e198). CRC Press.

Menkveld, R. (2010). Clinical significance of the low normal
spermmorphology value as proposed in the fifth edition of the
WHO Laboratory Manual for the Examination and Processing
of Human Semen. Asian Journal of Andrology, 12(1), 47. https://
doi.org/10.1038/aja.2009.14.

Menkveld, R., Holleboom, C. A., & Rhemrev, J. P. (2011). Mea-
surement and significance of sperm morphology. Asian Journal
of Andrology, 13(1), 59. https://doi.org/10.1038/aja.2010.67.

Menkveld, R., Stander, F. S., Kotze, T. J. V., Kruger, T. F., & Zyl, J.
A. V. (1990). The evaluation of morphological characteristics of

human spermatozoa according to stricter criteria. Human
Reproduction, 5(5), 586e592. https://doi.org/10.1093/oxford-
journals.humrep.a137150.

Menkveld, R., Wong, W. Y., Lombard, C. J., Wetzels, A. M.,
Thomas, C. M., Merkus, H. M., & Steegers-Theunissen, R. P.
(2001). Semen parameters, including WHO and strict criteria
morphology, in a fertile and subfertile population: An effort
towards standardization of in-vivo thresholds. Human Repro-
duction, 16(6), 1165e1171. https://doi.org/10.1093/humrep/16.6.
1165.

Milachich, T., & Dyulgerova-Nikolova, D. (2020a). The sperm:
Parameters and evaluation. Innovations in Assisted Reproduction
Technology, 3. https://doi.org/10.1016/S01406736(20)32667-2.

Milachich, T., & Dyulgerova-Nikolova, D. (2020b). The sperm:
Parameters and evaluation. Innovations in Assisted Reproduction
Technology, 3. https://doi.org/10.5772/intechopen.90677.

Minhas, S., Bettocchi, C., Boeri, L., Capogrosso, P., Carvalho, J.,
Cilesiz, N. C., … Salonia, A. (2021). European association of
urology guidelines on male sexual and reproductive health:
2021 update on male infertility. European Urology, 80(5),
603e620. https://doi.org/10.1016/j.eururo.2021.08.014.

Morini, D., Spaggiari, G., Daolio, J., Melli, B., Nicoli, A., De Feo, G.
, … Santi, D. (2021). Improvement of sperm morphology after
surgical varicocele repair. Andrology, 9(4), 1176e1184. https://
doi.org/10.1111/andr.13012.

Mortimer, D. (1994). Laboratory standards in routine clinical an-
drology. Reproductive Medicine Review, 3(2), 97e111. https://doi.
org/10.1017/S0962279900000818.

Nallella, K. P., Sharma, R. K., Aziz, N., & Agarwal, A. (2006).
Significance of sperm characteristics in the evaluation of male
infertility. Fertility and Sterility, 85(3), 629e634. https://doi.org/
10.1016/j.fertnstert.2005.08.024.

Nassir, M., Levi, M., Wiser, A., & Shaked, N. T. (2024). Evaluation
of women's aging influence on sperm passage inside the fal-
lopian tube using 3D dynamic mechanical modeling. Frontiers
in Bioengineering and Biotechnology, 12, Article 1324802. https://
doi.org/10.3389/fbioe.2024.1324802.

Natali, I., Muratori, M., Sarli, V., Vannuccini, M., Cipriani, S.,
Niccoli, L., & Giachini, C. (2013). Scoring human sperm
morphology using Testsimplets and Diff-Quik slides. Fertility
and Sterility, 99(5), 1227e1232. https://doi.org/10.1016/j.fertn-
stert.2012.11.047.

Nikolettos, N., Küpker, W., Demirel, C., Sch€opper, B., Blasig, C.,
Sturm, R., … Al-Hasani, S. (1999). Fertilization potential of
spermatozoa with abnormal morphology. Human Reproduction,
14(suppl_1), 47e70. https://doi.org/10.1093/humrep/14.suppl_
1.47.

Oehninger, S., & Kruger, T. F. (2021). Sperm morphology and its
disorders in the context of infertility. F&S Reviews, 2(1), 75e92.
https://doi.org/10.1016/j.xfnr.2020.09.002.

Oettl�e, E. (1986). An improved sperm staining technique which
facilitates sequential monitoring of the acrosome state. In , Vol.
28. Development growth & differentiation (p. 96). Blackwell sci-
ence, 54 UNIVERSITY ST, PO BOX 378, CARLTON VICTO-
RIA 3053, AUSTRALIA.

Ombelet, W., Menkveld, R., Kruger, T. F., & Steeno, O. (1995).
Sperm morphology assessment: Historical review in relation
to fertility. Human Reproduction Update, 1(6), 543e557. https://
doi.org/10.1093/humupd/1.6.543.

Parmegiani, L., Cognigni, G. E., & Filicori, M. (2014). Sperm se-
lection: Effect on sperm DNA quality. Genetic damage in human
spermatozoa (pp. 151e172). https://doi.org/10.1007/978-1-4614-
7783-9_10.

Patel, S. K. (2023). Human sperm morphology. In Atlas of assisted
reproductive technologies (pp. 179e188). Singapore: Springer Na-
ture Singapore. https://doi.org/10.1007/978-981-99-0020-6_10.

Perelman, M. A. (2014). The history of sexual medicine. In D. L.
Tolman, L. M. Diamond, J. A. Bauermeister, W. H. George, J. G.
Pfaus, & L. M. Ward (Eds.), APA handbook of sexuality and psy-
chology, Vol. 2. Contextual approaches (pp. 137e179). American
Psychological Association. https://doi.org/10.1037/14194-005.

Pic�o, J., Rivera, R., & Puchalt, N. G. (2020). Sperm DNA damage,
ART outcomes, and laboratory methods for selecting DNA

AL-AMEED JOURNAL FOR MEDICAL RESEARCH AND HEALTH SCIENCES 2024;2:38e50 49

R
E
V
IE
W

https://doi.org/10.1016/j.euf.2018.07.029
https://doi.org/10.1016/0090-4295(87)90246-9
https://doi.org/10.1016/0090-4295(87)90246-9
https://doi.org/10.1093/humupd/5.2.172
https://doi.org/10.3109/00016345509154531
https://doi.org/10.1038/s41585-021-00530-9
https://doi.org/10.1371/journal.pone.0113392
https://doi.org/10.1371/journal.pone.0113392
https://doi.org/10.7860/JCDR/2015/13270.6655
https://doi.org/10.7860/JCDR/2015/13270.6655
https://doi.org/10.1093/humrep/16.12.2652
https://doi.org/10.1093/humrep/16.12.2652
https://doi.org/10.1111/and.12114
https://doi.org/10.1111/j.2047-2927.2013.00138.x
https://doi.org/10.1007/978-1-4471-1300-3
https://doi.org/10.1093/humrep/deq075
https://doi.org/10.1016/j.biotechadv.2019.107498
https://doi.org/10.1016/j.biotechadv.2019.107498
https://doi.org/10.1038/aja.2009.14
https://doi.org/10.1038/aja.2009.14
https://doi.org/10.1038/aja.2010.67
https://doi.org/10.1093/oxfordjournals.humrep.a137150
https://doi.org/10.1093/oxfordjournals.humrep.a137150
https://doi.org/10.1093/humrep/16.6.1165
https://doi.org/10.1093/humrep/16.6.1165
https://doi.org/10.1016/S01406736(20)32667-2
https://doi.org/10.5772/intechopen.90677
https://doi.org/10.1016/j.eururo.2021.08.014
https://doi.org/10.1111/andr.13012
https://doi.org/10.1111/andr.13012
https://doi.org/10.1017/S0962279900000818
https://doi.org/10.1017/S0962279900000818
https://doi.org/10.1016/j.fertnstert.2005.08.024
https://doi.org/10.1016/j.fertnstert.2005.08.024
https://doi.org/10.3389/fbioe.2024.1324802
https://doi.org/10.3389/fbioe.2024.1324802
https://doi.org/10.1016/j.fertnstert.2012.11.047
https://doi.org/10.1016/j.fertnstert.2012.11.047
https://doi.org/10.1093/humrep/14.suppl_1.47
https://doi.org/10.1093/humrep/14.suppl_1.47
https://doi.org/10.1016/j.xfnr.2020.09.002
https://doi.org/10.1093/humupd/1.6.543
https://doi.org/10.1093/humupd/1.6.543
https://doi.org/10.1007/978-1-4614-7783-9_10
https://doi.org/10.1007/978-1-4614-7783-9_10
https://doi.org/10.1007/978-981-99-0020-6_10
https://doi.org/10.1037/14194-005


intact sperm for ICSI. Male infertility: Contemporary clinical
approaches. Andrology, ART and Antioxidants, 717e734. https://
doi.org/10.1007/978-3-030-32300-4_58.

Pierik, F. H., Van Ginneken, A. M., Dohle, G. R., Vreeburg, J. T., &
Weber, R. F. (2000). The advantages of standardized evalua-
tion of male infertility. International Journal of Andrology, 23(6),
340e346. https://doi.org/10.1046/j.1365-2605.2000.00250.x.

Popova, D. (2021). Advanced methods in reproductive medicine: Appli-
cation of optical nanoscopy, artificial intelligence-assisted quantitative
phase microscopy and mitochondrial DNA copy numbers to assess
human sperm cells. https://hdl.handle.net/10037/22598..

Said, T. M., & Land, J. A. (2011). Effects of advanced selection
methods on sperm quality and ART outcome: A systematic
review. Human Reproduction Update, 17(6), 719e733. https://doi.
org/10.1093/humupd/dmr032.

Sharma, R. K., Sabanegh, E., Mahfouz, R., Gupta, S.,
Thiyagarajan, A., & Agarwal, A. (2010). TUNEL as a test for
spermDNAdamage in the evaluationofmale infertility.Urology,
76(6), 1380e1386. https://doi.org/10.1016/j.urology.2010.04.036.

Siddique, R. A., Gali, J. M., Kumar, R., Kumar, A., Malik, P. K.,
Kumar, C., & Atreja, S. K. (2011). Sperm abnormalities and
DNA fragmentation vis-�a-vis mammalian male infertilityea
review. Wayamba Journal of Animal Science, 578, 174e189..

Silverberg, K. M., & Turner, T. (2017a). Evaluation of sperm. In
Textbook of assisted reproductive techniques (pp. 78e91). CRCPress.

Silverberg, K. M., & Turner, T. (2017b). Evaluation of sperm. In
Textbook of assisted reproductive techniques (pp. 78e91). CRC
Press. https://doi.org/10.1016/j.fertnstert.2023.05.157.

Sperm morphology. (2018). Loma Linda University Center for
Fertility & IVF. https://lomalindafertility.com/infertility/men/
sperm-morphology/.

Sunanda, P., Panda, B., Dash, C., Padhy, R. N., & Routray, P.
(2018). An illustration of human sperm morphology and their
functional ability among different group of subfertile males.
Andrology, 6(5), 680e689. https://doi.org/10.1111/andr.12500.

Tournaye, H., Krausz, C., & Oates, R. D. (2017). Concepts in
diagnosis and therapy for male reproductive impairment.
Lancet Diabetes & Endocrinology, 5(7), 554e564..

van Rensburg, J. (1998). What constitutes morphological normal and
abnormal human sperm heads..

Veuthey, T. V., Herrera, M. G., & Dodero, V. I. (2014). Dyes and
stains: From molecular structure to histological application.
https://doi.org/10.2741/4197..

Villani, M. T., Morini, D., Spaggiari, G., Falbo, A. I., Melli, B., La
Sala, G. B., … Santi, D. (2022). Are sperm parameters able to
predict the success of assisted reproductive technology? A
retrospective analysis of over 22,000 assisted reproductive
technology cycles. Andrology, 10(2), 310e321. https://doi.org/
10.1111/andr.13123.

WalczakeJedrzejowska, R., Wolski, J. K., &
SlowikowskaeHilczer, J. (2013). The role of oxidative stress
and antioxidants in male fertility. Central European journal of
urology, 66(1), 60. https://doi.org/10.5173/ceju.2013.01.art19.

World Health Organization. (2021). WHO laboratory manual for the
examination and processing of human semen (6th ed.). Geneva:
World Health Organization.

Zafar, A., Sherlin, H. J., Jayaraj, G., Ramani, P., Don, K. R., &
Santhanam, A. (2020). Diagnostic utility of touch imprint
cytology for intraoperative assessment of surgical margins and
sentinel lymph nodes in oral squamous cell carcinoma pa-
tients using four different cytological stains. Diagnostic Cyto-
pathology, 48(2), 101e110. https://doi.org/10.1002/dc.24329.

50 AL-AMEED JOURNAL FOR MEDICAL RESEARCH AND HEALTH SCIENCES 2024;2:38e50

R
E
V
IE
W

https://doi.org/10.1007/978-3-030-32300-4_58
https://doi.org/10.1007/978-3-030-32300-4_58
https://doi.org/10.1046/j.1365-2605.2000.00250.x
https://hdl.handle.net/10037/22598
https://doi.org/10.1093/humupd/dmr032
https://doi.org/10.1093/humupd/dmr032
https://doi.org/10.1016/j.urology.2010.04.036
https://doi.org/10.1016/j.fertnstert.2023.05.157
https://lomalindafertility.com/infertility/men/sperm-morphology/
https://lomalindafertility.com/infertility/men/sperm-morphology/
https://doi.org/10.1111/andr.12500
https://doi.org/10.2741/4197
https://doi.org/10.1111/andr.13123
https://doi.org/10.1111/andr.13123
https://doi.org/10.5173/ceju.2013.01.art19
https://doi.org/10.1002/dc.24329

	Review exploring Sperm Morphological: World Health Organization vs. Kruger Strict Criteria
	Recommended Citation

	Review Exploring Sperm Morphological: World Health Organization vs. Kruger Strict Criteria
	Introduction
	Material and methods
	History of criteria development in evaluating sperm morphology
	The World Health Organization criteria
	Threshold for normal morphology according to WHO criteria
	The Kruger Strict Criteria for sperm morphology

	WHO and Kruger criteria in sperm morphology for ART
	Basic treatment techniques for abnormal sperm shape
	Evaluation techniques for sperm morphology

	Discussion
	Conclusion
	Author contribution
	Ethics approval and consent to participate
	Consent for publication
	Funding
	Conflict of interest
	Conflict of interest
	Acknowledgements
	References


