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Sperm M orphology Andrology Lab Corner
Assessment—Historical

Per spectives and Current

Opinions

DAVID MORTIMER* AND ROELOF MENKVELDY the cutoff (or reference value) for normality is now more
than 14%, then clearly the normal form of today cannot
be the modal form. Further, it is clear that the average
percentage of morphologically normal spermatozoa being
reported today is considerably lower than that described
30, or even 10, years ago (Figure 1). Although most of
the decline in the percentage of normal forms, especially
in the earlier years, can probably be attributed to stricter
evaluation, a real decline in the actual prevalence of mor-
Although it is now widely recognized that sperm mor- phologically normal spermatozoa cannot be ignored
phology is the semen characteristic most correlated witfiMenkveld et al, 1986, 1997a; Menkveld, 1987). The big
fertility and, in particular, fertilizing ability in vitro, many question, which will probably be difficult to answer, is
workers remain confused about the origins and specifiow much of the decline, particularly in the earlier years,
features of the various criteria and classification schemeshould be attributed to each of the two factors. Certainly,
used to assess human sperm morphology. The purpose glanges in assessment standards and interpretation of
this article is to review the origins and history of the two \yhat sperm morphology results actually mean have lead
major, and often apparently opposing, scoring systemsp great confusion for scientists and clinicians.

those of the World Health Organization (WHO) and the Before discussing how normal spermatozoa should be
Tygerberg Strict Criteria. The similarities and differencesgefined, another troubling matter must be considered—
betvyeen these two approaches will be discussed and theﬂémdy, the relationship between sperm morphological
application compared. normality and fertilizing ability. It is not uncommon for
laboratory andrologists to be asked, “if this man has so
very few [no] morphologically normal sperm, how can
he possibly achieve fertilization?” Such questions typify
the general lack of understanding of just what sperm mor-

‘I‘n the Tf"r“e?‘t re.polrfs on human sperm rr:jorphptiogy, th?)hology assessments are, what can be inferred from them,
normal® or “typical” spermatozoon was described as o,y the mechanics and cell biology of fertilization. In

th? modal form, ie, the shape that occurred most Ofter'addition, this confusion has been compounded by the fact
Briefly, these authors focused on the sperm head, descri

o ) ) o IE]ﬁat many persons evaluating sperm morphology become
!ntg It ats pelrJg oval W'tlk,j a zmoo:h .corltourt and d'V'd(Ia"doverstrict; in such circumstances, the predictive value can
into anterior ‘acrosomal” and posterior postacrosomal™ . |, ang we find ourselves on the other extreme of the
regions, adding that there should be a single tail with

asituation, compared with the early “lenient” criteria (see

symmetric axial attachment at the sperm neck, where th . .
. : . : L elow). Such changes over time demonstrate the impor-
proximal part of the tail was thickened in the midpiece . : o .
X . . tance of internal quality control, which is essential even
region. Regardless of any other considerations, such gs

. i~ S . _Tor the most experienced observers.
whether morphological abnormalities were prioritized in . . S .
o . : First, there isno a priori equivalence between sperm
order of head, neck, midpiece, or tail regions or whether orphological normality and fertilizing ability. Not all
defects were assessed multiparametrically, one differencd8°"P 9 Y 9 Y:

between the past and present is immediately obvious: irﬁormal spermatozoa are able to fertilize, and, although
some abnormal spermatozoa (eg, acrosomeless forms)

certainly cannot fertilize except by intracytoplasmic
Correspondence to: Dr David Mortimer, Genesis Fertility Centre,sperm injection (ICSI) others can. For example a sper-

gg?g;ii;)ww 12th Avenue, BC V52 3X7, Canada (e-mail: david@ 10,000 might have an apparently perfect morphology
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What Is a Normal Human Spermatozoon?
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Figure 1. Scatter diagram of mean percentage of morphologically normal
spermatozoa over a period of 28 years (1969 to 1995) at Tygerberg
Hospital. Notations in the figure area represent data over the whole pe-
riod of 28 years. The solid line represents the decline in actual mean
values of morphologically normal spermatozoa over the 8-year period of
1988 to 1995, from 12.4% to 7.8% (difference = 4.6 %). The broken line
represents the decline due to a more stringent approach in the evaluation
of the sperm morphology over that time, based on re-evaluation of a
cohort of 1988 samples in 1996 with mean values of morphologically
normal spermatozoa of 12.4% and 9.5% respectively, ie, a difference of
2.9%. The residual difference of 1.7% is attributed to other (environmen-
tal) factors. For more detail, see Menkveld et al (1997a).
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fully performed—uwill be either 100% correct or provide

the whole answer as to a man’s in vivo fecundity or his
in vitro fertilizing potential. We are merely obtaining a

morphological indicator or index as to the likelihood that
a given man will, or will not, be able to achieve the end-
point of interest; a sperm morphology result is not an
absolute truth.

How Are “Normal” Spermatozoa Defined?

In the early “modern” studies by workers such as John
MacLeod (eg, MacLeod, 1964, 1970), the “oval form”
was considered to reflect morphological normality, stem-
ming from earlier work by many investigators, including
Moench, Hotchkiss, Williams, and Hammen, who provid-
ed many wonderful drawings and descriptions of human
sperm morphology (see Hammen, 1944). Morphometric
studies by van Duijn et al (1972) provided accurate di-
mensions for human sperm heads and their differences
between normal and subfertile men, although the issue
was confused by poor textbook illustrations that, although
defining the oval form to be the modal shape for the hu-
man sperm head, showed it as a clearly abnormal shape

with all his spermatozoa being immotile, then he is func-(eg, Hafez, 1980). The original greater than 60% cutoff
tionally sterile unless ICSI is employed. Conversely, afor normal sperm morphology was established in this era,
diploid spermatozoon is certainly morphologically abnor-when assessments followed the “liberal” view—indeed,

mal, yet cases of androgenetic triploidy can arise fromMacleod and Gold (1951) stated that “we are not pre-
diplospermy, ie, fertilization by a diploid spermatozoon, pared at this time to classify any but the most distorted

not just from dispermy.

forms as truly abnormal.”

In reality, a sperm morphology assessment as part of a This descriptive approach remained the generally ac-
semen analysis is a visual appraisal of the shape and cooepted approach for defining normality until the late
formation of spermatozoa prepared as air-dried, fixed, and970s and the 1980s, when careful studies on sperm func-
stained smears examined with the resolving power of @onal ability and selection in vitro and in vivo were re-
light microscope. When scoring these preparations, w@orted (Fredricsson and Bjg 1977; Mortimer et al,
are evaluating the appearance of the spermatozoa anl®82; Pretorius et al, 1984; Gonzslend Jeequel, 1985;
comparing it to expectations that have been derived (alRagni et al, 1985; Katz et al, 1990). However, it should
most always by others) from studies of other men’s spernot be forgotten that several earlier authors had remarked
matozoa, in which morphology was correlated with anon the selection of human spermatozoa in postcoital cer-
endpoint of interest, such as spontaneous in vivo concepAcal mucus (eg, Cary and Hotchkiss, 1934; Kremer,
tion (eg, men whose wives are in the first trimester 0f1968; MaclLeod, 1970), although they did not consider it
pregnancy, the generally accepted best definition of a feiin defining morphological normality.

tile man) or fertilization in vitro (perforce based on pop-

The present authors met for the first time in Professeur

ulations of infertile couples). Consequently, the evalua-Georges David’s laboratory in Kremlin-Bize (near Par-
tion is indirect and, like all interpretations derived from is, France) in July 1981. David Mortimer (DM) was doing
population studies, subject to insensitivity or lack of specpostdoctoral research on sperm kinematics, and Roelof
ificity when applied to individual cases. Furthermore, Menkveld (RM) was visiting various laboratories around
sperm morphology is being evaluated independently oEurope that had been instrumental in developing or ap-
sperm motility, kinematics, vitality, and every other phys-plying classification schemes for human sperm morphol-
iological process that is involved in the complex sequencegy (see below). RM had been elaborating the concepts
of events required for gamete approximation and interthat were crystallizing into the origins of what is now
action that lead to fertilization under natural conditions.known as the Tygerberg Strict Criteria, and DM was pre-
Hence, it is totally unrealistic and naive of anyone to ex-paring for publication much of his PhD and early post-
pect that a morphology assessment—no matter how caréoctoral work from Edinburgh on the selection of human



andr 22 215 Mp 194
File # 15em

194 Journal of Andrology - March/April 2001

spermatozoa. The common interest in looking at postcoeally normal spermatozoa are found bound to the zona
ital or Kremer tests to determine the selective effect ofpellucida than abnormal ones in vitro (Menkveld et al,
mucus penetration on spermatozoa led to an enduring991a; Liu and Baker, 1992, 1994; Garrett et al, 1997);
friendship. Differences in approach, ie, the search foand 3) morphologically abnormal spermatozoa have a
“perfect” spermatozoa (RM), compared with the focus higher prevalence of chromosomal abnormalities (Lee et
on identifying defects (DM), have been seen by many agl, 1996; Kishikawa et al 1999). Basically, it can therefore
mutually exclusive, although both lead ultimately to re-be hypothesized that structures such as cervical mucus,
markably similar conclusions on the biological impor- the cumulus oophorus, and the zona pellucida act as bar-
tance of sperm morphology. Indeed, as knowledge of théiers where sperm selection can take place but do not
relationship between sperm morphology and fertilizingconstitute the selective process per se.

ability has increased, RM has expanded the Tygerbe,:? However, DM also holds the further belief that the se-

scheme to include other concepts such as the “acrosonigctive ability of the zona pellucida to bind only sper-
index” (Menkveld et al, 1996; see below). matozoa with certain morphological forms during in vitro

dinding tests is likely to reflect an extreme relationship

Another perspective mutually shared by the authors i : g =
the interpretation of studies on sperm morphological sePecause of the inherent difference between sperm binding
to a naked (hemi)zona pellucida and the physiological

lection and how these relate to physiology. In particular, . < _ . .
bhy o b ituation that exists both in the ampulla of the fallopian

we believe that selection takes place not only at the leve? R e

of cervical mucus penetration, but also at sperm penetr ube or during in vitro fertilization (IVF), when sperma-

tion through the cumulus oophorus and corona radiatafozoa encounter oocytgs that are enclosed by the cumulus-
c¢orona complex (Drobnis et al, 1988). In other words, the

and at the level of binding to the zona pellucida and sub- . , X
. . —geometry of a fertilizing spermatozoon’s head contacting
sequent sperm penetration through the zona before bing: : .
e zona pellucida would be very different when the sper-

ing to the oolemma. However, just because Selecuorfhatozoon is held in place by virtue of its being enclosed

might occur in a particular location does not mean thabvithin the cumulus, usually with the head trapped be-
the structure or environment itself is actually pen‘orming,wveen cells of the c’orona radiata. For DM, this might be

that selection of spermatozoa. For example, SPerm migras, 4 of the explanation why fertilization can occur in the
tion through the cumulus is clearly dependent on spermypcence of any strictly “normal” spermatozoa, precise
motility—in particular, hyperactivated motility—and, heaq geometry being not so vitally important as during
with the reported association between sperm morphologhe hemizona assay. Nonetheless, this does not fully ac-
ical normality and motile ability (see below), any appar-count for the findings of Krzanowska and Lorenc (1983)
ent morphological selection does not need to specificallynat, in the mouse, the proportion of abnormal sperm
occur on the basis of morphological features of the speteads seen inside the ooplasm was significantly lower in
matozoa: it can be indirect, via motility (and perhaps incymulus-intact than in cumulus-free oocytes and that
conjunction with other physiological phenomena). An ex-most severely abnormal forms were not found in intact
treme example of this is the recent paper by Van Dyk ebocytes.

al (2000) that concludes, “[t]his study suggests that the Regardless of such slight differences of opinion, we
human zona pellucida has the capacity to select againsiow look at sperm morphology with a very different per-
aneuploid spermatozoa by an as yet unknown mechapective, compared with the historical workers whose in-
nism.” For such a mechanism to exist, the zona pellucidaights were, perforce, purely descriptive. We define nor-
needs both detector and effector capabilities—ie, it musinality in light of knowing which spermatozoa might at-
be able to detect differences in the genetic content ofain the site of fertilization in vivo, which are best able
spermatozoa that attach to it and then be able to bintb bind to the zona pellucida, and which men achieve
genetically normal spermatozoa with higher affinity (and/successful fertilization at IVFE. Certainly we have access
or reject those with genetic abnormalities). Such directo microscopes with far better optics than those typically
mechanisms are certainly very difficult to postulate, butseen in pathology laboratories, especially 50 or 60 years
if one accepts fundamental relationships between spefgo. However, we have also created a strong negative
miogenesis and morphologically normal spermatozoa antifluence in our work as well—the obsession with quick
that such spermatozoa have better fertilizing ability, therftaining methods that are seen as ways of saving time
the concept that, in reality, the spermatozoa are actuall{@nd hence money) without true regard to using the best
selecting themselves on the basis of their intrinsic funcavailable techniques.

tional ability becomes not only attractive but biologically
reasonable. Supportmg evidence for such an opinion '”Staining Methods for Human Spermatozoa
cludes 1) morphologically normal spermatozoa seem to

have better motility than abnormal ones (eg, Katz et alln these authors’ opinion, Papanicolaou staining tech-
1982, 1990; Morales et al, 1988); 2) more morphologi-nique provides for the best sperm morphology assess-
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ment. MacLeod thanked George Papanicolaou for higable 1. Summary of major recent sperm morphology
support and friendship (MacLeod, 1964), and Eliassorf'assification systems

has always recommended that sperm smears should belassification System Source References
stained by the Papanicolaou method (Eliasson, 197%aclLeod MacLeod, 1964, 1970

1981). Apart from an aberration in the second edition ofDavid (France) David et al, 1975

its manual (World Health Organization, 1987), the WHO WHO'80 (1st edition) Eliasson, 1971; Belsey et al, 1980
has always recommended Papanicolaou staining, and tisseldorf Hofmann et al, 1985

present authors have both stated that it gives the best gifygerberg Strct Criteria KruMgeer:k?,teﬁjI’eltgfl(s;lgﬂgeonkveld' e
ferentiation for routine application (Mortimer, 1985, \wHo'g7 (2nd edition) World Health Orgianization, 1987
1994; Menkveld et al, 1990). In several laboratories, DMwHO0'92 (3rd edition) World Health Organization, 1992
has investigated the use of alternative, faster staining/HO99 (4th edition) World Health Organization, 1999

methods such as Testsimplets (Boehringer, Mannheim,
Germany; eg, Schirren et al, 1977), Sangodiff (Merck,
Darmstadt, Germany), Diff-Quik (Dade Diagnostics, Mi- Consequently, the three principal schemes currently in use
ami, Fla), Spermac (Oettld986), or Shorr staining (Da- internationally are the Tygerberg Strict Criteria and those
vid et al, 1975), but in all cases they were found to givedescribed in the 1992 and 1999 versions of the WHO
poorer quality preparations. Actually, in each case thdaboratory manual (World Health Organization, 1992,
technical staff who performed the morphology assess1999). Because the WHO schemes represent evolutions
ments themselves stated that they preferred to spend tlé the earlier editions of the WHO laboratory manual
extra time staining smears by the Papanicolaou metho(Belsey et al, 1980; World Health Organization, 1987),
because the slides were easier, and usually quicker, twwhich in turn were based largely on the work of MacLeod
read, and they had greater confidence in the assessme(it964, 1970) and Eliasson (1971), they will be considered
they reported. Obviously, specialized staining methoddirst, even though the work on which the Tygerberg Strict
have their place in particular applications—for example Criteria were based was already under way at the end of
the assessment of acrosomal status. 1970s. Interested readers seeking more extensive histori-
It should also be noted that, although rapid methodsal background are referred to reviews and books by
such as Diff-Quik might permit reasonable preparationsEliasson (1971, 1981), Mortimer (1994), Ombelet (Om-
for a rapid assessment of normal forms (Menkveld et alpelet et al, 1995; Ombelet, 1998), and Coetzee (Coetzee
1997b), they cannot provide all the insights that can beet al, 1998).
obtained from Papanicolaou-stained smears—for exam-
ple, the differentiation of midpiece defects and cytoplas-
mic droplets. Especially when we consider the great clin WHO'92
ical significance now attached to sperm morphology re-
sults, professional pride urges that the best available tecits was already mentioned, the 1980 sperm morphology
nique be used. assessment guidelines published by the WHO were based
Finally, it must be stated categorically that reliable clin-on those proposed by MacLeod (1970), with some mod-
ical assessments of human sperm morpholeggnotbe  ifications. Greater emphasis was placed on immature ger-
performed on unstained preparations, even at high magninal cells, and the categories of midpiece defect, cyto-
nification or by use of special optics such as Nomarskplasmic droplet, and tail defect were added to the original
differential interference contrast, and any attempt to ascomplement of small, megalo, pyriform, tapering, and
sess morphology on motile spermatozoa in wet preparaacutely tapering (spindle-shaped, so-called stress cells)
tions (eg, in a Makler chamber) is completely ineffectiveheads and bicephalic forms. In many regards, these de-

for identifying many important defects and must be con-scriptions had remained unchanged since the 1920s, '30s
sidered totally unreliable. and '40s (Hammen, 1944). The WHO’80 manual (Belsey

et al, 1980) also indicated that it had added pyriform to
MacLeod’s list, but this has already been shown in his
Current Classification Schemes for Sperm earlier iIIustratiqns. EIiass.on's classification system
(1971) was the first to specify the use of morphometric
Morphology values for sperm head length and width, but their origin
was not explained. His intention was to have as few al-
Of the sperm morphology classification schemes listed inernative classifications as possible, so as to make stan-
Table 1, the David system (1975) is hardly used outsidelardization possible and facilitate the instruction of others
France, and the Dusseldorf system (Hofmann et al, 1985)ere excellent principles, but unfortunately his decision
is restricted almost exclusively to some German centerghat “borderline forms have to be counted as normal” left
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the door wide open for differences in interpretation of thelet) was a practical one. As Eliasson commented in 1971,
scheme and in its application by different laboratories. restricting the number of possible classifications facili-
Clearly, these changes improved MacLeod’s early clastates better standardization. Put simply, the committee (of
sification, which was strongly biased toward the spermwhich DM was a member) agreed that it was not consid-
head. However, in WHO’80, there was no clear textualered important to know whether a sperm head was too
explanation of the scoring system, only legends to thesmall or too large, or whether it was tapering or pyriform
color plates (which remain some of the best printed coloior both, in which case which group should it be scored
illustrations of human sperm morphology outside those inn?), but that the important observation was that the sper-
the atlas by Menkveld et al, 1991b), and there was nanatozoon in question had a morphologically abnormal
explanation on how to enter values into the sample semelead. It was believed that a highly simplified scheme
analysis record form. Finally, the focus on immature germwould be more readily accepted, since very few labs per-
cells in WHO’80 had little impact on the profession: very formed any type of multiparametric assessment and that
few workers were able to make the distinctions reliablythe more complicated any proposed system was, the less
and with confidence, and there was no indication of whatikely it would be accepted. Also, such a system would
the values meant or how they were to be applied clinibe far easier to teach and implement. However, should
cally. any particular sperm abnormality be common, then it was
The second edition of the WHO manual (World Healthto be noted on the report, eg, pinheads.
Organization, 1987) did little to clarify the assessment of The descriptions in WHO’92 were prepared by one of
sperm morphology. Indeed, its inclusion of a “simplified the authors (DM) and reflected his work on human sperm
Papanicolaou” staining method and the statement thagelection in vivo and in vitro carried out during the sec-
sperm morphology “can be examined conveniently undeond half of the 1970s. The intention was to define ab-
phase-contrast microscopy with aX®bjective” was a normal spermatozoa by the presence of one or more de-
severe backward step (cf Eliasson, 1971). Although théects that, from experience, could be expected to impair
description of a normal spermatozoon was improved, ia spermatozoon’s functional ability, particularly with re-
was still only included in a plate legend, and, again, theragyard to the penetration of cervical mucus. In applying this
was no instruction on how to record the results in thesystem, normal spermatozoa were identified by default,
sample form. Consequently, no real improvement in stanin that they had no recognizable defect that might be ex-
dardization of sperm morphology assessments wapected to affect their function. Hence, although it was
achieved by WHO'87. stated that borderline forms should be considered as ab-
Consequently, one of the major goals on the third edinormal, since it is always easier to standardize strictness
tion (World Health Organization, 1992) was to removethan leniency, abnormality was not based on some an-
ambiguity from descriptions and try to eliminate possiblethropomorphic concept of “a nice looking sperm” but
sources of variation in application and interpretation ofrather on associations between sperm morphology and
the various components of the semen analysis. Th&nction.
scheme for the morphological classification of human It was discussed by the committee responsible for
spermatozoa was described carefully, but the illustration§VHO'92 (meeting in Geneva in the summer of 1990)
were essentially useless, being in monochrome and at favhether the Tygerberg scheme should be adopted by the
too low magnification. However, particularly in responseWHO for sperm morphology. However, because the avail-
to the study by Jouannet et al (1988) on the predictiveable data only related to IVF success, and because a shift
value of an index of the incidence of multiple anomaliesfrom the “normal value” of 50% or more with normal
in abnormal spermatozoa, the decision was taken tonorphology defined in WHQO'87, it was felt that shifting
adopt, and explain the application of, a multiparametricto a cutoff of 14% was too big a move for the professional
classification system. It was clearly stated that abnormatommunity. The value of 30% normal forms described in
spermatozoa could have more than one defect and th&/HO’97 was accepted by consensus. However, there was
the extent of this occurrence was prognostically useful. la qualifier attached to this value, that “[a]lthough no clin-
seems likely that multiparametric scoring had been indical studies have been completed, experience in a number
tended in earlier editions of the WHO manual (see Eliasof centres suggests that the percentage of normal forms
son, 1981), but its implementation was never clarifiedshould be adjusted downwards when more strict criteria
and Eliasson’s role in this evolution of human sperm mor-are applied. An empirical reference value is suggested to
phology scoring has been largely unknown except tde 30% or more with normal forms.” Some clinical stud-
those who have made sperm morphology assessmenties were planned but were severely affected by budget
specific career interest. cuts that affected the WHO’s Human Reproduction Pro-
The decision to restrict the WHO’92 defect categoriesgramme soon afterward. Although some studies have
to four (head, neck/midpiece, tail, and cytoplasmic drop-been published purporting to compare WHO’92 with oth-
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er schemes (eg, Morgentaler et al, 1995), there is no ewised edition of the WHO's clinical manualyHO Man-
idence that specific training in the WHO’92 scheme wasual for the Standardized Investigation, Diagnosis and
applied before embarking on them, and so they will notManagement of the Infertile Mal@Rowe et al, 2000).
be discussed here.

Hence, the “multiple anomalies index” of Jouannet et
al (1988) became the “teratozoospermia index” (or TZI).
But it was not a “nonsense index” like the total normal WHQO'99
motile sperm count (obtained by multiplying the sperm
count by the percentages of motile and normal sperma-
tozoa, which themselves are not independent subpopul&vhen updating the laboratory manual to its fourth edition
tions) but rather is a simplification of the expression of(World Health Organization, 1999), the WHO decided to
the negative aspect of sperm morphology to facilitate itsadopt the Tygerberg Strict Criteria for sperm normality
interpretation by clinicians. In this regard, it was similar put retained the functional defect-based approach to scor-
to MacLeod's “motility index,” in which percentages of ing, making for a rather confused situation. The recom-
sperm showing different degrees of motility are multi- mendations of careful Papanicolaou staining and exami-
plied by a grading factor to create a single value. Sucthation by use of a 100 bright field objective were re-
indices are extremely valuable to many clinicians whenained, and the number of spermatozoa to be counted was
they try to make sense of all the numbers included in &hanged from“at least 100, and preferably 200"
semen analysis report; this is not something that the labayH0'92) to “at least 200 consecutive spermatozoa are
oratory necessarily wants (or even uses in many instanggunted”—with the additional comment th&tvhen the
es) but something that the clinician requesting the tesfiagnosis and treatment of the patient crucially depends
needs. Adverse opinions on the use of such indices shoulgh the percentage of spermatozoa with normal morphol-

be directed to clinicians, not laboratory scientists, anc{ng 200 spermatozoa should be assessed twice to in-
used to identify educational needs in the training of clin-;rease the precision.”

ical andrologists. Baying at the moon and tilting at wind-  The T7| was reclassified as an “Optional Test,” and,

mills do not help science advance, especially in C“”icalstrangely, cytoplasmic droplets were removed from its
science, in which the laboratories are constrained to prozgjjation giving it a range of 1.00 to 3.00. This is par-

vide reports that the referring clinicians feel able to un'ticularly surprising, since on page 21 of the manual, cy-

de_:_shtan_?zalmd mte;}pret]; the b fd toplasmic residues are defined as an abnormality. Given
fect € k;/vas, Iere ore,t € a\,{eragehnum er 'od' € our knowledge of the significance of residual cytoplasm
€cls per abnormal spermatozoon” and hénce an in we% the detrimental ability of spermatozoa to generate re-

indication of 1) the risk of what appeared to be normal ctive oxvaen species. such an arbitrary chanae is diffi-
spermatozoa actually having defects that were invisible a? Y9 P ’ y 9

the level of observation and 2) just how badly aﬁ‘ectedCUIt o understand.

: . . . . Better color plates were included, but no reference val-
spermiogenesis was in the man, and hence how impaired for M morphol W iven. Instead. the follow
his sperm fertilizing ability might be. Just as the per—ue or spe orphology was given. Instead, the 110

centage of “normal” forms only reflects normality in ing statement was mad§m]ulticentre population-based

terms of the level of the observation being made, the TZF’tUdi_es utilizing the methods of morphology asses_sment
represents another, negative, dimension of the assessm&htiS Mmanual are now in progress. Data from assisted
of sperm morphology at the light microscope level. of/€Productive technology programmes suggest that, as

importance is the fact that it provides an extra dimensiorpP€'m morphology falls below 15% normal forms using
of information to help understand the likely significance the methods and definitions described in this manual, the
of situations in which there are very few normal forms. fertilization rate in vitro decreases.”
TZI introduces a dynamic range into our interpretations Consequently, WHO'99 can be seen as an integration
when the difference between 4% and 6% normal form®f the WHO'92 and Tygerberg Strict Criteria classifica-
is considered to reflect a major difference in clinical sig-tion systems. A major improvement has been the shift
nificance. This is especially important when one rememioward a lower cutoff for the percentage of normal forms
bers that even those labs that count 200 spermatozoa ca?d especially in the redefinition of this number as a “ref-
not achieve better discrimination than7%—ie, values erence value” rather than a “normal value.” But, in re-
of 3% and 9% normal forms are not statistically different.ality, has anything actually changed? The next section
It is in this aspect of clinical management that the TZIwill deal with the development and evolution of the Ty-
is of greatest value, and, although it has been reclassifiegerberg Strict Criteria and is followed by a blind com-
as an “Optional Test” in WHO’'99 (see below), it is in- parative study between the WHO'92 and Tygerberg sys-
tegral to the management decisions considered in the réems that was carried out in the mid-1990s.
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The Tygerberg Strict Criteria application of sperm morphology evaluation criteria
based on the principles of RM’s dissertation.
Historical Background The chapter from RM’s PhD dissertation on sperm

) ) morphology evaluation by stricter criteria (Menkveld,
The evaluation of the postcoital test (PCT) has been 49g7) \yas first submitted on 16 January 1987. The man-

standard procedure in th(_a _investigation of th_e inf(?rt"euscript was rejected with a note from the editor, dated
couple at the Andrology Clinic, Tygerberg Hospital, SiNCep1arch 30, 1987, stating[miy inclination is to say that

its inception in about 1970. For the purpose of the PCTyo annot publish the paper since it contributes little if

Sa”’,'p'es were obtained 2.hours after intercou'rse from thgnything that is new to the field; however, if you feel that
vaginal pool, the ectocervix, and the endocervix (Van ZyI,you can add new data to the manuscript and/or substan-
1975, 1980). These samples were sent to the laboratoiy, ., modify it to give a more pertinent message then |
on separate microscope slldgs for mvestlgatlon of th‘?/vould be prepared to reconsider itThe manuscript was
number of spermatozoa per high-powerX4dield, mo- e nmitted on June 5, 1989, but by then that particular
tility, and speed of forward progression. With his interestq ,na| had ceased publication. It was then submitted to
in sperm morphology, RM, as early as the mid-1970Sy,man Reproductiorand, after some modifications, ac-

also made smears from some of the samples for MOkgniaq for publication on March 22, 1990 (Menkveld et
phology evaluation of the spermatozoa present in the dify, 1990).

ferent fractions. Smears were stained by the Papanicolaou
staining method and evaluated for normal sperm morfationale

phology under 108 oil immersion. When the results of as mentioned previously, criteria for what was thought
the three different fractions were compared, it was obviyg pe g “normal” human spermatozoon were derived by
ous that there was a marked improvement in the pergonsensus of several opinions (Freund, 1966) or based on
centage of morphologically normal spermatozoa. A meaRne description of the modal sperm form seen in ejacu-
of more than 90% normal spermatozoa was observed iyted semen samples of so-called fertile groups and in-
excellent endocervical mucus fractions, whereas the mogiyigual men. However, humans are one of a small group
phology of spermatozoa in the seminal pool fractions repf species whose semen specimens exhibit extreme het-
sembled that of the original semen samples (Menkvelgrogeneity or pleiomorphism of sperm morphology, both
and Stander, unpublished data). These findings strengtRetween (Menkveld et al, 1990, 1991b; Mortimer, 1994),
ened RM's beliefs that the criteria for sperm morphologyand even within, individuals (Hartmann et al, 1964;
evaluation were too lenient and that new criteria wereyjacleod, 1970). Consequently, application of this ap-
needed for what should be considered as morphologicgyroach for defining normal spermatozoa has been unsuc-
normal spermatozoa. cessful in the human, leading to large differences being
Before RM visited the laboratory of Prof. David, where found between and even within laboratories when sperm
he met DM, as mentioned above, he first visited Profmorphology is evaluated according to these criteria
Rune Eliasson’s laboratory in Stockholm, Sweden, with(Freund, 1966; Jequier and Ukombe, 1983).
one of his main objectives being the study of sperm mor- Another approach was to define different classes of ab-
phology. From the outset, it was clear that stricter criterianormal spermatozoa and then consider those forms that
were already being applied by RM because, in his initialcould not be classified into one of the abnormal groups
comparison of 6 semen smears from Eliasson’s laboratao be the normal sperm population, the so-called liberal
ry, RM’s evaluations were significantly stricter than thoseapproach (Combhaire et al, 1994). However, this approach
determined by Eliasson, with mean values of 45.2% andlso has its shortcomings, since it will lead to the presence
57.3% morphologically normal spermatozoa, respectivelyf both a population of true morphologically normal sper-
(unpublished data). matozoa and a population that is thought to be normal
After his return from his 3-month visit to 6 European but, according to biological evidence, should have been
laboratories, RM started work on his PhD dissertationconsidered as abnormal (Menkveld and Kruger, 1995,
(Menkveld, 1987), in which the repeatability of sperm 1996; also see below).
morphology evaluation was an important aspect. Empha- The introduction of the Tygerberg Strict Criteria
sis was placed on the importance of well-defined criterigbrought a new concept into the field of sperm morphology
for normality on the basis of the appearance of spermaevaluation, since, for the first time, the description of a
tozoa as found in mucus from the endocervical channeko-called normal spermatozoon was based on biological
as well as the necessity for preparing good smears, goattiteria of spermatozoa selected by physiological princi-
staining, and standardized evaluation methodology. In theles governing their migration through endocervical mu-
meantime, the article by Kruger et al (1986) was pub-cus. This selective capacity has been known for many
lished, illustrating the clinical importance of the stricter years; as early as 1930, Cary stated that the morphology
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of human spermatozoa bears a definite relation to theipiece, and/or tail defects may be present. The midpiece
success of migration through cervical mucus. This statemust be slender, axially attached, less thamdin width,
ment was repeated by Cary and Hotchkiss (1934) wheand approximately 1.5 times the normal head length. Cy-
they wrote“[albnormal forms may possess motility but toplasmic droplets (remnants) that constitute more than
are rarely if ever found in the upper levels of cervical 30% the size of a normal sperm head are regarded as
mucus and we must consider them ineffectual for fertilabnormal. Tails must be straight, uniform, slightly thinner
ization.” Furthermore, it was shown by Mortimer et al than the midpiece, uncoiled, and about & long. So-
(1982) and Fredricsson and Bjo(1977) that strong se- called borderline normal spermatozoa are classified as ab-
lection of certain morphological types of spermatozoa ocnormal. To be considered as normal, the whole sperma-
cur with migration through cervical mucus and that thetozoon must be normal, as was also stated by Eliasson
morphological normality of these populations are signif-(1971).
icantly increased and, moreover, of strong prognostic sig- The guidelines of the Tygerberg Strict Criteria (Menk-
nificance (Fredricsson and Bjq 1977). However, the veld et al, 1990) for a morphologically normal sperma-
concept of using the appearance of these spermatozoa tgoon are further supported by the morphological ap-
a reference population to describe the ideal “normal” pearance of spermatozoa found tightly bound to the hu-
spermatozoon was not proposed at that time. man zona pellucida, as seen in the hemizona assay
The Tygerberg Strict Criteria for an ideal normal sper-(Menkveld et al, 1991a) and other in vitro sperm-zona
matozoon are therefore based on the morphology of posbinding tests (Liu and Baker, 1992). The morphology of
coital spermatozoa found at the level of the internal certhe tightly bound spermatozoa closely resembles those of
vical os. In most cases, an apparently homogeneouspermatozoa found in good postcoital cervical mucus and
sperm population is found here, in contrast to the heterois a further indication for the natural selection of sper-
geneous sperm populations found in the first or lower parinatozoa defined as morphologically normal by the Ty-
of the endocervical canal, as indicated by the presence aferberg Strict Criteria during gamete approximation and
epithelium cells (Menkveld et al, 1990). The morphologyinteraction.
of the spermatozoa at the internal os formed the basis of The Tygerberg Strict Criteria method was originally de-
the Tygerberg Strict Criteria for the ideal morphological veloped as a laboratory technique based on the in vivo
normal spermatozoon. However, even in such an appasituation (Van Zyl et al, 1976, 1990; Menkveld, 1987). It
ently homogeneous population, a small range of normahas since been applied to in vitro studies (Kruger et al,
biological sperm variants can be found. Excluding thel986) and is thus applicable to both the in vivo and in
obviously abnormal forms such as small and elongateditro situations. Morphology evaluation by strict (Tyger-
spermatozoa, these forms must also be included in thieerg) criteria is a holistic approach. The “strict” does not
range of normality. However, to ensure that the aboveeonly refer to a single aspect such as the criteria for sperm
mentioned normal variants are kept as small as possibleormality; the method is also stricter with regard to the
and thereby ensure repeatable evaluations, Tygerbergnge of normal variations allowed and stricter in that
Strict Criteria (1990), in contrast to other evaluation sys-slightly abnormal or borderline normal forms must be re-
tems (Freund, 1966; Eliasson, 1971; Belsey et al, 1980garded as abnormal. The method is also stricter with re-
Mortimer, 1985; World Health Organization, 1987), re- gard to the preparation of the semen smears, the staining
gard spermatozoa with so-called borderline or slightly abof the smears, and the methodology used for the evalua-
normal head forms as abnormal. tion process (Menkveld et al, 1990; Menkveld and Kru-
o ger, 1996).
Description
The definition for a morphologically normal spermato- /1€ Acrosome Index
zoon by strict criteria is as follows. The head must havewith the strict (Tygerberg) criteria, the appearance of the
a smooth oval configuration with a well-defined acrosomeacrosome plays an important role in defining the ideal
constituting 40%—70% of the anterior sperm head. A sechormal spermatozoon. Although slightly abnormal and
ond, slightly differing type of normal head form is also elongated spermatozoa may have normal acrosomes,
recognized: an oval form still having a smooth regularthese cells are recorded as abnormal according to strict
contour but which is slightly tapered (but not elongated)criteria. These types of spermatozoa have, as mentioned
at the posterior end, as has been described elsewhesbove, been observed at the endocervical os and also
(Williams, 1937; Amelar et al, 1973). Sperm dimensionsbound to the zona pellucida. In some cases with severe
are based on those suggested by Eliasson (1971): the nderatozoospermia or a P-patteridd® morphologically
mal head length is between 4 anduth and width be- normal spermatozoa), good fertilization rates can still oc-
tween 2.5 and 3.pm. The head width must be between cur (Kruger et al, 1988). With further basic investigations,
three-fifths and two-thirds the head length. No neck, midMenkveld et al (1991b) found that two distinct acrosomal
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morphological patterns could be observed between the STUDY DESIGN

groups in which fertilization did and did not occur. In the
few cases with good fertilization, it was striking to ob-
serve a pattern of slightly and moderately elongated sper,
matozoa but with morphologically normal (size and form)
acrosomes. In the group with no or very poor fertilization
in vitro, it was observed that, in the majority of the cases, 1 :
small and/or abnormal acrosomes were the dominant ab- 60 stained slides ‘ 60 stained slides
normalities. In a further study (Menkveld et al, 1996), it ..~ 1. 1 i I o
was found that when the acrosome morphology was clasé A SC(I)RE k % SC(i’RE""/ )
sified into four different groups—ie, normal, small, stain- == I O 1 =
ing defects, and amorphous—and the results expressed as: 3 6 Y & 6, i :
the acrosome index (A+ % of normal acrosomes), no 2 ~ ¥ b - qgn
fertilization occurred when the Al was less than 15%. In il ) Py
a follow-up study, it was found that the Al cutoff value
could be set at 8% normal acrosomes (Menkveld et al,
1998). Because these two studies showed that the partic-
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For the evaluation of the acrosome morphology, the same .

principles are applied as those for the evaluation of nor- E”E“ETE”l‘iff"_dfs,) Movement.of fesulis
mal sperm morphology according to strict criteria. For an

acrosome to be regarded as normal, the acrosome must
have a smooth normal oval shape, with the same dimen—‘lgure 2. Diagrammatic representation of the organization of the authors’
sions as for a normal spermatozoon. Acrosomes must b®ossover study comparing WHO'92 criteria and Tygerberg Strict Criteria
well-defined and constitute about 40%—70% of the norfor human sperm morphology assessment.

mal-sized sperm head. The postacrosomal part of the

sperm head can be abnormal, but the rest .of _the spei Comparison of WHO'92 and Tygerberg
mfatozoon mq;t be normal—thus, no_neck,.mldplece, ang;perm Morphology Criteria

tail abnormalities and no cytoplasmic residues may be

present. If the spermatozoon is classified as normal, theyiq sydy was undertaken by the authors’ laboratories in
acrosome must always be classified as normal. The a&y ey and Tygerberg and reported at the 1997 congress
rosome evaluation can be performed simultaneously withy¢ 11e "south African Society for Reproductive Science
the routine morphology evaluation, with the aid of two g5 Surgery (Mortimer et al, 1997). Sydney Andrology
laboratory counters. On the first counter, the sperm moryng the Tygerberg Andrology Laboratory each provided
phology is scored as normal or abnormal. The first keysg papanicolaou-stained and mounted slides of seminal
of the second counter is pressed if an acrosome is coRpermatozoa for assessment by both laboratories (see Fig-
sidered to be normal. As with the normal sperm mor-yre 2). After scoring in their originating laboratory, the
phology, at least 100 spermatozoa are evaluated. The Alets of slides were exchanged and scored at the other site.
will always be larger than the percentage of morpholog-Results were exchanged through an independent third par-
ically normal spermatozoa. If only one laboratory counterty (Prof. Lynn Fraser, London), but only after all results

is available, the Al can be determined after the normalvere in the third party’s possession; neither laboratory
morphology evaluation, by counting another populationwas able to reassess the other’s slides after reporting their
of spermatozoa and scoring their acrosomes as normal eg¢sults. Each laboratory used their standard classification
abnormal and expressing the result as the percentage ofiteria for human sperm morphology according to routine
normal acrosomes, ie, the Al. clinical practices. It was judged that since DM had been

{1 through {7 denotes sequence of events
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Table 2. Results of the authors’ cross-over study comparing WHO’92 criteria and Tygerberg Strict Criteria for human sperm morphology
assessment. Values are mean *+ SD

Strict
Criteria WHO 1992 Criteria
Source of Normal Normal Head Neck/midpiece Tail Cytoplasmic
Material forms Forms TZI* Defects Defects Defects Droplets
Sydney 109 + 6.6 6.4 44 1.64 = 0.17 89.7 £ 5.7 49.8 = 11.2 12.8 =+ 8.0 14+10
Tygerberg 95+ 45 31+22 1.55 + 0.18 96.2 £ 2.7 440 = 13.1 107 £ 7.2 0.1+0.1
Overall 10.2 £ 5.7 4.7 = 3.8 1.59 = 0.18 93.0 =55 46.9 = 125 117+ 77 0.7+ 1.0

*TZI denotes teratozoospermia index.

responsible for preparing the description of how spernmen and where “borderline” forms might be more prev-
morphology should be assessed for the third edition o&lent, the development of a unified approach for assessing
the WHO manual (ie, WHO'92), Sydney Andrology human sperm morphology should not be insurmountable.
could be taken as a valid, if not definitive, application of A final, cautionary, note from this study is that all people
this scheme, and because RM was responsible for the dassessing human sperm morphology must be aware of the
velopment of the Strict Criteria at Tygerberg, his assessrisk of becoming too strict.
ments could also be taken as definitive.

Overall, the range of semen specimens represented ilinical Significance of Sperm Morphology Assessments

the two sets of slides were not different (Table 2), but.rhg glinical value of the Tygerberg Strict Criteria as a

unexpectedly, the careful application of the WHO'92 cri- 5gnostic tool in IVF was originally demonstrated in the

teria by Sydney Andrology was actually found to be morep plication by Kruger et al (1986) on 190 treatment cy-
critical in assigning morphologic normality than the Ty- a5 With more than 15% morphological normal sper-
gerberg laboratory’s application of their Strict Criter (410704, the fertilization rate (of metaphase Il oocytes
< .001). Because the WHO scheme incorporated a dednly) was 82.5%, with a pregnancy rate of 25.8%3(
tailed assessment of head, neck/midpiece, tail, and Cyt%‘mbryos transferred). When the percentage of normal
plasmic droplet region_s for defects, the statistical ana|y5i§permatozoa was 14% (22 cases), there was a drastic fall
was repeated comparing WHO percentage normal Sperg e fertilization rate to only 37%, and no pregnancies
heads with Tygerberg percentage normal forms, whichyere achieved. In 1988, Kruger et al published a second
showed a slightly reduced, but still highly significgnt, d_if- paper in which they reported the results of a study spe-
ference between the two morphology classificationgsicq)ly investigating a group of men with less than 15%
schemes (Table ¥ < '901)' . ... morphological normal spermatozoa. They found that two
From these results, it was clear that if the WHO'92g,h0r6uns could be distinguished: those with a good
classification scheme was applied strictly, then it was “ttleprognosis (G-pattern), having between 14% and 5% nor-
different to the Tygerberg scheme. This is especially im,4 spermatozoa, and those with a poor prognosis (P-

portant_in th_e interpretation of the proportion of normal pattern) having 4% or less normal spermatozoa, with fer-
forms, in which the 1992 recommended WHO cutoff of iz ation rates of 63.9% and 7.4%, respectively. Further-

30% was clearly too high if sperm normality is assessedygre for the in vivo fertilization situation the same lower

critically. On the basis of the results, the authors con ioff value of 4% or less morphological normal sper-

cluded that although further data would be required t9y,5t070a has been established (Van Zyl et al, 1990).
establish whether there may be a greater difference be- 1o hositive predictive value of strict criteria has sub-

tween the two schemes when considering normal fert"%equently been confirmed by many other publications
(Oehninger et al, 1988; Enginsu et al, 1991, 1992, 1993;

Table 3. Results of the authors’ cross-over study comparing Grow et al, 1994; Ombelet et al, 1994; Vawda et al,
WHO'92 criteria and Tygerberg Strict Criteria for human sperm 1996), although there have been occasional publications
morphology assessment but comparing Tygerberg normal forms with negative reports (Morgentaler et al, 1995).

against WHO (100 — % head defects) only. See text for further

. To compare the clinical value of strict criteria with oth-
explanation. Values are mean * SD

er morphology evaluation methods in assisted reproduc-

_ Tygerberg Sydney (WHO'92) tion with regard to fertilization and pregnancy rates, Coet-
Source of Material % Normal Forms 100 — % Head Defects zee et al (1998) conducted a literature search and per-
Sydneg/ 18-9 *6.6 1g-g x 3-7 formed a meta-analysis on the accumulated data. Articles
Tygerberg 5=*45 827 ; ; _
overal 109+ 57 S0+ 5s from between 1980 and 1996 dealing with sperm mor

phology evaluation according to any criteria or methods
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were collected if they provided morphology thresholds,are supported by reports in the literature stating that ab-
true oocyte fertilization rates, ongoing pregnancy rates pemormal sperm morphology was found to be less sensitive
cycle, and pregnancy rates per transfer. From 216 article®r the evaluation of an ejaculate, compared with other
examined, 54 were included, with 44 reporting a positivesemen parameters (Van Duijn et al, 1972). Page and Hold-
predictive role for sperm morphology and 9 a negativeing (1951) found no correlation between abnormal mor-
role. Results of only 22 articles could be used for statisphology and pregnancy outcome, and Hellinga (1976)
tical analysis, 19 on the basis of strict criteria and 3 onfound that abnormal morphology was of less importance
WHO criteria. All 3 articles that used WHO criteria re- in comparison with normal morphology in the prediction
ported a positive role for sperm morphology, with 2 of male fertility potential.
showing significant odds ratios (ORs) and 2 a predictive The difference in the predictive value between strict
value for pregnancy outcome. As far as strict criteria werecriteria and WHO (1987) criteria for in vitro fertilization
concerned, all 5 articles that used the 15% or greateoutcome was illustrated by the work of Oehninger et al
threshold reported a positive role for strict criteria, all (1988). When the sperm morphology of a group of pa-
with significant ORs, and 6 of 8 articles reported a sig-tients with no fertilization after IVF was evaluated ac-
nificant role with regard to pregnancy outcome, with 2cording to the WHO criteria, only 32.7% of cases could
showing significant ORs. All 10 strict-criteria articles us- be attributed to poor morphology, and 40.4% of cases
ing a 5% threshold reported a positive role for predictionwere attributed to an unexplained factor. However, when
of fertilization outcome (9 with significant ORs), and 8 sperm morphology was reevaluated according to strict cri-
of 11 showed a positive predictive role for pregnancyteria, the sperm morphology factor group increased to
outcome (3 with significant ORs). Coetzee et al (1998)%61.5%, and the unexplained group was reduced to only
reported that the combined fertilization rate for all strict 11.5%.
criteria articles was 59.3% and 77.6% in the 4% or less According to Coetzee et al (1998), a possible overrid-
and 5% or greater normal sperm morphology groups, reing factor favoring strict criteria may rather be the level
spectively. The combined pregnancy rates for strict cri-of commitment to using sperm morphology evaluation in
teria were 15.2% and 26.0% in the 4% or less and 5% omale infertility diagnosis. This commitment is reflected
greater groups, respectively. Coetzee et al (1998) also rén the implementation of good inter- and intraobserver
ported that when the percentage of morphologically norand -laboratory quality control, and the establishment and
mal spermatozoa according to strict criteria was 4% owse of clinically based normal sperm morphology descrip-
less of the combined proportion of cycles where no emtive guidelines and fertility thresholds. Adherence to these
bryo transfers were performed was 25.5%, compared withasic principles has helped to establish the Tygerberg
only 7.5% in the 5% or greater normal sperm morphologyStrict Criteria as a dependable diagnostic tool. Coetzee et
group. To summarize, Coetzee et al (1998) found thatal (1998) further stressed that although the clinically
irrespective of the morphology evaluation method usedbased thresholds for strict criteria have been refined to
44 of the 54 articles concluded that morphology evaluainclude the poor- and good-prognosis groups (Kruger et
tion could play a positive predictive role with regard to al, 1988) and, more recently, the Al (Menkveld et al,
fertilization outcome in IVF and, to a lesser degree, preg1996), the physiological basis for strict criteria (Menk-
nancy outcome. However, strict criteria at both the 5%veld, 1987; Menkveld et al, 1990) has remained constant,
and 14% thresholds had a stronger predictive value, conmin contrast to the WHO standards, which have changed
pared with WHO criteria, where no consensus has yetonstantly, in an apparently arbitrary manner.
been reached on a threshold value. It is important to reemphasize, as mentioned earlier,
The lower predictive value obtained with WHO (Bel- that in no study was normal sperm morphology found to
sey et al, 1980; World Health Organization, 1987, 1992)e the only predictive semen parameter with regard to
criteria compared with strict criteria may, to some extentfertilization and pregnancy outcome. Considering the
be due to the fact that when sperm morphology is aseomplex sequences leading to these events, this should be
sessed according to the liberal approach (World Healtlentirely expected.
Organization, 1987; Comhaire et al, 1994) the “normal” Finally, with the acceptance by the WHO of the Ty-
sperm population will actually be composed of two pop-gerberg Strict Criteria for sperm morphological normality
ulations of spermatozoa. One will be the truly normal(World Health Organization, 1999), there is now a single
population and the other an abnormal group that had nateference method for human sperm morphology assess-
been identified as such. Therefore, poorer correlatiomment. The value and widespread adoption of additional
should be expected between the percentage of morphéacets of sperm morphology such as the Al and/or tera-
logically normal spermatozoa and in vitro fertilization tozoospermia index will remain to be seen. Their partic-
rates or functional tests, compared with strict criteria.ular value might lie in refining the decision points used
These theoretical disadvantages of the liberal approado optimize patient management, especially in cases
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where the proportion of normal spermatozoa lies betweeRelsey MA, Eliasson R, Gallegos AJ, Moghissi KS, Paulsen CA, Prasad
5% and 14% (ie the G-pattern group) when using the MRN. Laboratory Manual for the Examination of Human Semen and
concebts describ’ed in th&/HO Manual for the Stan- Semen-Cervical Mucus InteractioBingapore: Press Concern; 1980.

. P . ) . . Cary WH. Sterility diagnosis: the study of sperm cell migration in female
dard'?ed Investigation, Diagnosis and Management of the  secretion and interpretation of findingy. Y State J Med1930;30:
Infertile Male (Rowe et al, 2000). However, it cannot be  131-136.
stressed enough that reliable implementation of Tygerbergary WH, Hotchkiss RS. Semen appraisal. A differential stain that ad-
Strict Criteria cannot be achieved solely from reading a Vtancei thKe StUdyT'O:f ‘Iie” fg‘orghgéogpw\g_/*t,1934?10215;37—590]
book. Practical training courses, both external and in-"°¢2c¢ ™ ®ruger 1% Lombard L., Fredictive value of normal sperm

. . . . morphology: a structured literature revieldlum Reprod Update.
house, are essential, and must be combined with contin- 199g.4:73_g2.
ual, rigorous internal quality control and participation in comhaire F, Schoonjans F, Vermeulen L, De Clercq N. Methodological
effective external quality assurance programs. Only by aspects of sperm morphology evaluation: comparison between strict
these means can interlaboratory standardization and con- and liberal criteriaFertil Steril. 1994:62:857-861.

sistency be achieved and the pitfall of progressive exceé)_avid G, Bisson JP, Czyglik F, Jouannet P, Gernigon C. Anomalies mor-
phologiques du spermatozi® humain. 1) Propositions pour un sys-

sive strictness be avoided. teme de classificationJ Gyn Obstet Biol Reprodl975;4(suppl.1):

. 17-36.
Conclusions Drobnis EZ, Yudin Al, Cherr GN, Katz DF. Hamster sperm penetration
We hope that this explanation of the historical origins of of the zona pellucida: kinematic analysis and mechanical implications.

g Dev Biol. 1988;130:311-323.

human Sperm morphOIOgy ass'essment and the CIaSSIfICEITasson R. Standards for investigation of human semderdrologie.
tion schemes currently used in the majority of centers 1971.3.49-64.
around the world will dispel some of the myths surround-Eliasson R. Analysis of semen. In: Burger H, De Kretser D, ade
ing the clinical significance and application of these re- Testis.New York, NY: Raven Press; 1981.
sults. A better understanding of just what is being aSEnginsu ME, Dumoulin JCM, Pieters MHEC, Bras M, Evers JLH, Ger-
sessed by a sperm morphology count will eliminate con- aedts JPM. Evaluation of human sperm morphology using strict cri-
fusi b h lati hio b | f d teria after Diff-Quik staining: correlation of morphology with fertil-
US"O_n_ a OUt_ _t ere a_ltlons Ip between normal forms an ization in vitro. Hum Reprod1991;6:854—-858.
fertilizing ability. Basing our assessments on sperm funcenginsu ME, Dumoulin JCM, Pieters MHEC, Evers JLH, Geraedts JPM.
tional criteria rather than anthropomorphic perceptions of Predictive value of morphologically normal sperm concentration in
“nice Iooking sperm” now permit biologically useful the medium for in vitro fertilizationInt J Androl. 1993;16:113-120.
opinions to be reached. Finally, how such results can bgnglnsu ME, Pieters MHEC, Dumoulin JCM, Evers JLH, Geraedts JPM.

. ted int linical t t | deci Male factor as determinant of in vitro fertilization outcontéum
INncorporated Into clinical management protocols as deci- Reprod.1992;7:1136-1140.

sion points—eg, when ICSI will be required rather thangredricsson B, Bjtk G. Morphology of postcoital spermatozoa in the

IVF, or when IUl has a good expectation of pregnancy cervical secretions and its clinical significan&ertil Steril. 1977;28:

such that IVF is least cost-effective, will help andrology = 841-845.

laboratories justify the need to perform careful assessEreund M_. Standards for thg rating of human sperm morphology. A co-
. he best available techniques. As profession- operatlve‘ studylnt J Fertil. 1966;11:9_7_—118.

ments using the . . q ; p ra;arrett C, Liu DY, Baker HWG. Selectivity of the human sperm-zona

als, we must always strive to provide the highest stan- pellucida binding process to sperm head morphométeytil Steril.

dards of patient care and not submit to constraints re- 1997,67:362-371.

quiring the use of poorer techniques based on quasiecon‘;onzales J, Jeequel F Influence of the quality of the cervical mucus on

omic arguments intended only to cut budgets or increase SPerm penetration: comparison of the morphologic features of sper-

) o . : matozoa in 101 postcoital tests with those of the semen of the hus-
profitability. The desire for best practice must be para band. Fertil Steril. 1985:44:796-799.

mount. Grow DR, Oehninger S, Seltman HJ, Toner JP, Swanson RJ, Kruger TF,
Muasher SJ. Sperm morphology as diagnosed by strict criteria: prob-
ing the impact of teratozoospermia on fertilization rate and pregnancy
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