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Significance of sperm characteristics in the evaluation
of male infertility
Kiran P. Nallella, M.D.,a Rakesh K. Sharma, Ph.D.,a Nabil Aziz, M.D.,b

and Ashok Agarwal, Ph.D., H.C.L.D.a

a Center for Advanced Research in Human Reproduction, Infertility and Sexual Function, Glickman Urological Institute and
Department of Obstetrics-Gynecology, Cleveland Clinic Foundation, Cleveland, Ohio; and b Liverpool Women’s Hospital,
Reproductive Medicine Unit, Liverpool, United Kingdom

Objective: To compare sperm characteristics among: patients undergoing infertility evaluation, patients with male
factor infertility (MFI), healthy sperm donors, and men with proven fertility; to examine the overlap of sperm
characteristics in all four of these groups; and to identify good discriminators of fertility versus infertility among
sperm characteristics.
Design: Retrospective study.
Setting: Male infertility clinic at a tertiary care hospital.
Patient(s): Proven fertile men (n � 56), normal donors (n � 91), men presenting for infertility evaluation
(n � 406), and MFI patients (n � 166).
Intervention(s): None.
Main Outcome Measure(s): Routine semen analysis.
Result(s): Using current World Health Organization (WHO) reference values, a large group of MFI patients
presented with higher sperm concentration (27.5 � 106 to 99.2 � 106), resulting in broader overlap with fertile
men and poor sensitivity (0.48). Similarly, percentage normal morphology (%) using Tygerberg’s strict criteria
was low in most of the MFI patients (sensitivity 0.83), almost half of the fertile men also presented with abnormal
morphology (specificity 0.51). Of all the variables examined, sperm motility (%) was superior, having minimum
overlap range (lower and upper cut-off values 46% and 75%) and high sensitivity (0.74) and specificity (0.90).
Areas under curve were higher for motility (0.90) and concentration (0.84) compared with morphology (WHO
0.65 and Tygerberg’s strict criteria 0.74).
Conclusion(s): Sperm motility and concentration provide more accurate information than morphology (WHO and
Tygerberg’s criteria) during infertility evaluation. Redefining the reference values for concentration and mor-
phology may significantly increase the importance of routine semen analysis. (Fertil Steril� 2006;85:629–34. ©
2006 by American Society for Reproductive Medicine.)
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nfertility has major public heath, economic, and psychoso-
ial consequences in the United States. It affects approxi-
ately 15% of couples of reproductive age (1). A male-

elated factor is solely responsible in about 20% of cases of
nfertility and is a contributory factor in another 30%–40%
2). Infertility evaluation plays a major role in identifying the
nderlying cause, directing treatment of reversible condi-
ions to allow natural conception (3), and giving couples
ith irreversible conditions the opportunity to pursue as-

isted reproductive options without delay.

Semen analysis is the initial and most essential step of the
nfertility evaluation, which also includes a physical exam,
ormonal evaluation, sperm function testing, and genetic
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nalysis. It is also considered a cornerstone of the laboratory
valuation of the infertile male and helps define the severity
f male factor infertility (MFI) (4). The diagnosis of MFI is
ade when the results of semen analysis are repeatedly

bnormal according to World Health Organization (WHO)
riteria. Therefore, the cause of MFI in most instances is
inked to an abnormality in one or more of the semen
haracteristics (5).

Human spermatozoa display marked heterogeneity, and
herefore a variety of sperm abnormalities may be found in
he semen samples—even those from fertile men (6). More-
ver, a normal spermiogram does not necessarily indicate
atisfactory fertility potential. Owing to these inherent lim-
tations in the methods of assessment, an accurate diagnosis
f MFI can be made in only 40% of affected males seeking
ssistance (7).

WHO published manuals in 1980, 1987, 1992, and 1999
ith the objective of standardizing semen analysis procedures

n andrology laboratories worldwide. Most human semen anal-
sis laboratories have adopted the WHO-recommended refer-

nce values for assessing semen characteristics. However,
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here is a prevailing concern among clinicians that the cur-
ent WHO reference values are too stringent.

Some recent studies have called for these reference values
o be reconsidered, and others have proclaimed that these
alues fail to satisfy vigorous clinical, technical, and statis-
ical standards (8–10). The repercussive implications of
hese criticisms can be readily evident from the changes in

HO nomenclature reported in the last four manuals.

There are no clear-cut guidelines for discriminating fertile
en from infertile men based on the reference values put

orth by WHO. This is partly attributed to the fact that these
riteria do not strictly fit with the true fertility potential of
ubjects. Because there are no standard reference normal
alues, there is a risk of misclassifying patients with normal
perm parameters as having abnormal sperm function (8).
his error could cause unnecessary anxiety on the part of the
ffected patients. It might also lead to unwarranted investi-
ations and interventions for the patients and perhaps their
pouses.

The purpose of our study was to: 1) evaluate sperm
haracteristics in patients undergoing infertility evaluation,
n MFI patients with normal and abnormal semen character-
stics, and in normal healthy volunteers and donors with
roven fertility; 2) examine the overlap of sperm character-
stics in all groups of the study population; 3) identify sperm
haracteristics that are good discriminators between proven
ertile and infertile patients; and 4) identify improved cut-off
alues of sperm characteristics that better discriminate infer-
ile from fertile men.

ATERIALS AND METHODS
he Institutional Review Board of the Cleveland Clinic
oundation approved the study. Medical charts of the pa-

ients attending our infertility clinic for infertility evaluation
uring the years 1999–2000 were reviewed. These patients
ad attended our male infertility clinic for infertility evalu-
tion and were asked to provide a semen sample for routine
emen analysis as the first step in the evaluation of their
nfertility.

tudy Population
he study population consisted of 572 men presenting for

nfertility evaluation; of these, 406 patients presented for
nfertility with or without known female factor infertility and
66 with MFI only with no female factor infertility (n �
66). Male factor infertility is defined as the inability of a
ouple to conceive a child after one year of unprotected
exual intercourse with a normal female partner or spouse,
.e., normal reproductive history, normal ovulation (by fol-
icular ultrasound scan, luteal phase progesterone levels, and
ndometrial biopsy), and tubal patency (hysterosalpingo-
ram).

The control population included two groups: 1) normal

ealthy donors with unproven fertility and those who estab- p

630 Nallella et al. Semen analysis in infertility evaluation
ished a pregnancy more than 2 years before (n � 91); and
) men with proven fertility, i.e., established a pregnancy in
he last 2 years (n � 56).

emen Analysis
emen was collected by masturbation after 2–3 days of sexual
bstinence. After liquefaction, both manual and computer-
ssisted semen analysis (CASA) (IVOS 10.7s; Hamilton
horne Research, Beverly, MA) were performed. For each
easurement, a 5-�L sample from either a control or an

nfertile patient sample was loaded on a MicroCell slide
Conception Technologies, San Diego, CA). A minimum of
00 cells were counted per sample. Sperm motion kinetics
easured by CASA included the following: sperm concen-

ration (�106/mL), percentage motility, curvilinear velocity
VCL, �m/sec), straight-line velocity (VSL, �m/sec), aver-
ge path velocity (VAP, �m/sec), linearity (LIN, %), and
mplitude of lateral head displacement (ALH, �m).

In addition to the computerized results, manual results
ere calculated for sperm concentration and motility. All
anual and CASA measurements were performed by trained

nd licensed medical technologists. CASA results were used
hen the difference between the manual and CASA values
as less than 20%. In cases where the difference was greater

han 20%, the manual results were reported. For morpho-
ogic evaluation, seminal smears were stained with Giemsa
tain (Diff-Quick; Baxter Healthcare, McGraw Park, IL) and
he percentage of sperm with normal morphology was
ssessed by WHO guidelines (3) and Tygerberg’s strict
riteria (11).

tatistical Analysis
asic descriptive statistics such as the mean � standard
eviation and the median (25%, 75% interquartile ranges)
ere calculated for all study groups and compared using
npaired t test. Statistical significance was assessed at
�.05. The range (scale) was determined in order to observe

he overlap of sperm characteristics between two groups
i.e., fertile men and MFI patients). The lower cut-off point
f the range was selected where 95% (5th percentile or two
tandard deviations) of fertile donors were above this value.
he upper cut-off point of range was selected where 95%

95th percentile or two standard deviations) of MFI patients
ere below this value. The percentages of the two popula-

ions falling within this range were calculated.

The diagnostic ability of the individual semen character-
stics in differentiating infertile from fertile men was ana-
yzed using Receiver Operating Characteristic (ROC) curves
JMP IN, Version 5.1, SAS Institute, Cary, NC). The sensi-
ivity of a test was defined as the percentage of individuals
ith infertility (disease) that is classified as having infertil-

ty. The specificity of a test was defined as the percentage of

roven fertile individuals (without the disease).
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ESULTS
he various semen characteristics of the study population

mean � standard deviation or median (upper, lower CI)) are
hown in Table 1. Sperm concentration (�106/mL), motility
%), and morphology (%) (WHO and Tygerberg’s strict
riteria) were significantly higher in the men with proven
ertility and in the normal donors than in the patients under-
oing infertility evaluation and in those with MFI (P�.05).
owever, the values of sperm characteristics were compa-

able between the fertile men and normal donors.

verlap of Sperm Characteristics
he overlap and its ranges in the study population for vari-
us sperm characteristics are shown in the Table 2. The
eason for selecting these two groups was that we wanted to
ompare semen characteristics between proven fertile men
nd proven MFI patients. Although the fertile men had
ignificantly higher values for many of the sperm character-
stics than the men with MFI, a significant proportion of
verlap was seen in the sperm characteristics between these
wo groups (Table 2).

Though most of the fertile men (95% or 5th percentile
ower cut-off) demonstrated higher sperm concentration and
otility values (�27.5 � 106/mL and 46%), a subgroup of
FI patients also presented with high sperm concentration

�36 � 106/mL) and motility (28%). This resulted in a
roader range of overlap, particularly for sperm concentra-
ion (27.5 � 106 to 99.2 � 106).

Furthermore, in comparison to concentration and mor-
hology, a smaller proportion of the MFI patients had higher
otility (greater than the lower cut-off value, i.e., 5th per-

entile), resulting in a narrow range of overlap (lower and
pper cut-off values 46% and 75%); the smallest percentage
f the study population fell within this range (proven fertile:
7%; MFI: 29%).

When the distribution of normal sperm morphology in
oth the fertile donors and the MFI population was analyzed,
e found that the lower cut-off value of the overlap range
as far below the WHO cut-off value of 30% and Tyger-
erg’s strict criteria of 14% (18% for WHO morphology, 4%
or Tygerberg’s morphology). This indicates that most of the
ertile population had significantly poor sperm morphology
nd that the results (WHO and Tygerberg’s strict criteria)
ere far below the current reference values. Furthermore, in
ur study population, almost all of the fertile donors and MFI
atients were within this range of overlap (Table 2).

eceiver Operating Characteristic (ROC) Curves
he areas under the curve (AUC) for concentration (0.84)
nd motility (0.90) were significantly higher than those for
orphology (WHO morphology: 0.63; Tygerberg’s strict

riteria: 0.74). At current WHO cut-off values, the specific-
ties of sperm characteristics were higher for concentration

0.98) and motility (0.90) but not for morphology (WHO

ertility and Sterility�
T

631
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orphology: 0.68; Tygerberg’s strict criteria: 0.51). These
esults also indicate that in most of the fertile men, sperm
oncentration and motility were higher than the current
HO cut-off values but the morphology was poorer.

We next examined the cut-off points for all the sperm
haracteristics provided by the statistical program by assign-
ng equal weight to sensitivity and specificity (Table 3).
urprisingly, these values were different from the estab-

ished WHO cut-off values, especially for sperm concentra-
ion and morphology (WHO and Tygerberg’s strict criteria).
perm motility had higher accuracy of correctly identifying

he patient population among all the semen characteristics,
ven at the current WHO cut-off point.

ISCUSSION

ur findings and recommendations are based on 166 MFI
atients with no female factor infertility and 56 men with

TABLE 2
Overlap ranges of sperm characteristics in fertile

Overlap rang
(cut-off value

Lower H

Concentration (106/mL) 27.5
Motility (%) 46
Morphology (%)

WHO 18
Tygerberg’s strict criteria 4

Note: WHO � World Health Organization.

Nallella. Sperm characteristics and male infertility evaluation. Fertil Steril 2006

TABLE 3
Receiver operating characteristic curve analysis
morphology for established and proposed cutoff

Cut-off values (≥ )

Concentration (106/mL)
WHO 20
Proposed 31.2

Motility (%)
WHO 50
Proposed 57.8

Morphology (%)
WHO 30.00

Proposed 33.00
Tygerberg’s strict criteria

Proposed 11
Note: WHO � World Health Organization; Proposed � cu

and specificity equally.
Nallella. Sperm characteristics and male infertility evaluation. Fertil Steril 2006.

632 Nallella et al. Semen analysis in infertility evaluation
roven fertility (control), although data from 572 men was
ncluded in the study. The results of this study suggest that
he average values for sperm characteristics were signifi-
antly higher in fertile men compared with men with MFI.
oreover, these values were significantly higher than the

ut-off values established by WHO. Patients undergoing
nfertility evaluation (not confirmed “infertile”) also pre-
ented with sperm characteristics that were lower than those
f the fertile men at current WHO cut-off values. However,
hey all had significantly higher values for sperm character-
stic than the MFI patients (P�.05). This may be due to the
act that in a group of patients attending infertility evalua-
ion, the cause of infertility may be due to female factors.

A significant proportion of the fertile men had lower
perm morphology values than the WHO cut-off values
espite the fact that the average values were generally
igher. Similarly, the MFI patients also demonstrated higher

n and patients with male factor infertility (MFI).

Percentage of overlap

r Proven fertile (%) MFI (%)

61.8 (34/55) 36.7 (61/166)
47.2 (26/55) 28.9 (48/166)

81.0 (30/37) 81.3 (135/166)
61.1 (33/54) 84.3 (140/166)

perm concentration, motility and sperm
ues.

Area under curve Sensitivity Specificity

0.84 0.48 0.98
0.84 0.64 0.90

0.90 0.74 0.90
0.90 0.83 0.88

0.63 0.52 0.68
0.63 0.67 0.58

0.74 0.76 0.65
point provided by statistical program weighing sensitivity
me

e
s)

ighe

99.2
75

51
15
of s
val

t-off
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alues for sperm concentration and motility than the estab-
ished WHO cut-off values. This resulted in significant over-
ap of sperm characteristics (concentration and morphology)
etween the fertile men and the MFI patients.

To provide a clear picture of this overlap, we calculated the
ower and upper cut-off values of overlap and determined
he percentage of fertile men and MFI patients falling within
his range. If sperm concentrations are below this cut-off
alue (�27.5 � 106 sperm/mL) it denotes significantly re-
uced occurrence of in vivo pregnancy (12). Similarly, con-
entrations above this cut-off value (�99.2 � 106 sperm/
L) indicate significantly higher occurrence of pregnancy.

Our study results clearly show that motility and concen-
ration are better predictors of fertility potential than sperm
orphology assessed both by WHO guidelines as well as by
ygerberg’s strict criteria. Not only was the mean and stan-
ard deviation of motility higher in the fertile population and
ignificantly lower in the infertile population, the range of
verlap was shorter and the percent of MFI patients with
igh motility was smaller compared to both sperm concen-
ration and morphology (Table 2). Comparing these values to
oth concentration and morphology (WHO and Tygerberg’s
trict criteria) shows that concentration has the broader range
f overlap, with a large proportion of MFI patients having
igher sperm concentration when compared with the current
HO cut-off values.

The AUC indicates the accuracy of characteristics in dis-
riminating fertile men from infertile patients (13). Our
esults clearly show that the AUC was higher for motility
0.90) when compared with concentration (0.84), WHO mor-
hology (0.63), and Tygerberg’s strict criteria (0.74) (Table 3).
his further strengthens the observation that among all the
perm characteristics in our study population, motility is
uperior in discriminating fertile from infertile men.

Several studies have recommended reconsidering the cur-
ent WHO cut-off values in an attempt to improve the current
ccuracy of sperm characteristics because of either poor
ensitivity or poor specificity (8, 14). The optimum cut-off
alue provided by the statistical software program that gives
qual weight to the sensitivity and specificity (better accu-
acy) showed that this value was comparable with high
ensitivity and specificity to the current WHO cut-off value
nly for motility. However, these values were much different
or concentration and morphology (WHO and Tygerberg’s
trict criteria) (Table 3).

Several studies have demonstrated the correlation of mo-
ility with the fertilization rate in vivo and in vitro (15–17).
rause (18) also found sperm concentration and percentage
f motile spermatozoa to be predictors of fertility outcome in
ivo. Normal motility is indicative of normal development of
permatozoal axoneme during spermatogenesis in the testis,
normal maturation process in the epididymis, and normal

eminal plasma constituents (19, 20). There are several

roven and unproven causes for isolated and combined as- d

ertility and Sterility�
henozoospermia, which include defective functioning in-
olving any of these processes.

Sperm motility is a critical indicator of semen quality and
ertility potential, because it is required for penetration of
ervical mucus, transport through the female genital tract,
nd penetration through the corona radiata and zona pellu-
ida before oocyte fertilization (21). Isolated asthenozo-
spermia has been reported in as many as 24% of patients
ndergoing infertility evaluation and contributed to another
5% patients with other sperm defects such as oligozoosper-
ia and teratozoospermia (20). In our study population,

solated asthenozoospermia was observed alone in 16% of
FI patients and in another 61% of MFI patients along with

ther defective sperm characteristics.

In our study, almost all of the fertile men had higher
otility than the current WHO cut-off value (specificity

.92). However, a group of MFI patients had higher motility
sensitivity 0.74). The results in this MFI group indicate that
everal other mechanisms and characteristics play an impor-
ant role during fertilization, even though motility signifi-
antly correlates with fertility status (X2 � 45.26; P�.0001).

Several studies in the literature have reported that percent-
ge normal morphology is an essential characteristic for in
ivo fecundity and in vitro fertilization (22). There is a
ontinuing debate over the role of normal morphology in
ale infertility and its value in the evaluation and manage-
ent of infertile men (9, 22). Most of these studies indicate

hat morphology is the best predictor among all of the sperm
haracteristics and that the current cut-off values of both
orphologies (WHO and Tygerberg’s strict criteria) need to

e further reduced.

Our results are in accordance with these studies in that
ost of our fertile population had Tygerberg’s morphology

hat was poorer than current cut-off values (specificities:
HO morphology: 0.68; Tygerberg’s strict criteria: 0.51).

urthermore, almost all of the fertile men and MFI patients
ell within the defined range of overlap, resulting in poor
ensitivity or specificity at a given cut-off value and there-
ore in poor discriminating characteristics of fertility (AUC:

HO morphology: 0.65; Tygerberg’s strict criteria: 0.72)
Tables 2 and 3).

Our results also strongly favor lowering of the cut-off
alues of sperm morphology to further improve their ability
o discriminate MFI patients from fertile men (Table 3).
artoov et al. (23) demonstrated that a diagnostic semen
rofile based on the number of deviations from the WHO
ormal standard values is not accurate. Even though their
tudy included up to six semen characteristics, none of them,
ncluding normal sperm morphology, was useful as a sole
redictor in the evaluation of male fertility potential. They
oncluded that optimal evaluation of male fertility potential
an be achieved only by proportionally combining semen
nalysis characteristics in which fertile and infertile males

iffer significantly.
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Multivariate discriminant analysis demonstrates that a
ombination of sperm characteristics, such as semen volume,
perm count, and percentage of motile and normal forms,
onsidered in correct proportions, provides the best diagnos-
ic profile that could discriminate the fertile from the sus-
ected infertile male groups. Each semen characteristic con-
ributes a different aspect to fertility potential, which in
onjunction with the others yields maximum potency. This
as elegantly demonstrated in our earlier studies (24, 25),
here we derived novel semen quality scores based on
rincipal component analysis. Each variable was assigned a
eight to provide an overall semen quality score capable of
iscriminating the two populations.

In the current study, we examined and analyzed routine
emen analysis reports of all possible study groups (i.e.,
ertile men, normal healthy donors as controls, patients un-
ergoing infertility evaluation, and patients with MFI). The
ajor limitation was the retrospective nature of the study. In

onclusion, a significant proportion of patients with MFI
resent with normal sperm concentration, and a significant
roportion of the fertile population present with poor sperm
orphology. This is reflected in the fact that we found a

ignificant overlap of sperm characteristics among fertile and
nfertile men. However, among the sperm characteristics,
perm motility and concentration are more accurate than
perm morphology (both WHO morphology and Tyger-
erg’s strict criteria). There is a need to reevaluate the cut-off
alues established by WHO to further improve the ability of
hese characteristics to differentiate patients with MFI from
ertile men. Finally, additional studies in larger clinical set-
ing are needed to identify the exact reference range that can
ifferentiate infertile men from fertile ones.

cknowledgments: The authors thank Karen Seifarth, M.T. (A.S.C.P.),
heryl Ackerman, M.T. (A.S.C.P.), and Lora Cordek, M.T. (A.S.C.P.),

rom the Clinical Andrology Laboratory for their technical assistance and
obin Verdi for secretarial help.

EFERENCES
1. Sharlip I, Jarow J, Belker A, Lipshultz L, Sigman M, Thomas A, et al.

Best practice policies for male infertility. Fertil Steril 2002;77:873–82.
2. Thonneau P, Marchand S, Tallec A, Ferial ML, Ducot B, Lansac J, et

al. Incidence and main causes of infertility in a resident population
(1,850,000) of three French regions (1988–1989). Hum Reprod 1991;
6:811–6.

3. Kolettis PN. Evaluation of the subfertile man. Am Fam Physician
2003;67:2165–72.

4. Male Infertility Best Practice Policy Committee of American Urolog-
ical Association, Practice Committee of the American Society or Re-
productive Medicine. Report on optimal evaluation of the infertile
male. Fertil Steril 2004;82 (Suppl 1):S123–30.

5. World Health Organization. Laboratory manual for the examination of
human semen and sperm-cervical mucus interaction. 4th ed. New York:

Cambridge University Press; 1999.

634 Nallella et al. Semen analysis in infertility evaluation
6. Chia SE, Tay SK, Lim ST. What constitutes a normal seminal analysis?
Semen parameters of 243 fertile men. Hum Reprod 1998;13:3394–8.

7. Moldenhauer JS, Ostermeier GC, Johnson A, Diamond MP, Krawetz
SA. Diagnosing male factor infertility using microarrays. J Androl
2003;24:783–9.

8. Guzick DS, Overstreet JW, Factor-Litvak P, Brazil CK, Nakajima ST,
Coutifaris C, et al. Sperm morphology, motility, and concentration in
fertile and infertile men. N Engl J Med 2001;345:1388–93.

9. Menkveld R, Wong WY, Lombard CJ, Wetzels AM, Thomas CM,
Merkus HM, et al. Semen parameters, including WHO and strict criteria
morphology, in a fertile and subfertile population: an effort towards
standardization of in-vivo thresholds. Hum Reprod 2001;16:1165–71.

0. Ombelet W, Bosmans E, Janssen M, Cox A, Vlasselaer J, Gyselaers W,
et al. Semen parameters in a fertile versus subfertile population: a need
for change in the interpretation of semen testing. Hum Reprod 1997;
12:987–93.

1. Kruger TF, Acosta AA, Simmons KF, Swanson RJ, Matta JF, Veeck
LL, et al. New method of evaluating sperm morphology with predictive
value for human in vitro fertilization. Urology 1987;30:248–51.

2. Comhaire FH, Vermeulen L, Schoonjans F. Reassessment of the accu-
racy of traditional sperm characteristics and adenosine triphosphate
(ATP) in estimating the fertilizing potential of human semen in vivo. Int
J Androl 1987;10:653–62.

3. DeLong D. Comparing the areas under two or more correlated re-
ceiver operating curves: a nonparametric approach. Biometrics 1998;
44:837–45.

4. Bonde JP, Ernst E, Jensen TK, Hjollund NH, Kolstad H, Henriksen TB,
et al. Relation between semen quality and fertility: a population-based
study of 430 first-pregnancy planners. Lancet 1998;352:1172–7.

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

6. Irvine DS. Computer assisted semen analysis systems: sperm motility
assessment. Hum Reprod 1995;10(Suppl 1):53–9.

7. Shulman A, Hauser R, Lipitz S, Frenkel Y, Dor J, Bider D, et al. Sperm
motility is a major determinant of pregnancy outcome following intra-
uterine insemination. J Assist Reprod Genet 1998;15:381–5.

8. Krause W. The significance of computer-assisted semen analysis
(CASA) for diagnosis in andrology and fertility prognosis. Int J Androl
1995;18(Suppl 2):32–5.

9. Morton B, Harrigan-Lum J, Albagli L, Jooss T. The activation of
motility in quiescent hamster sperm from the epididymis by calcium
and cyclic nucleotides. Biochem Biophys Res Commun 1974;56:
372–9.

0. McConnell JD. Abnormalities in sperm motility: Techniques of evalu-
ation and treatment. In: Lipschulz LI, Howard SS, editors. Infertility in
the male. 3rd ed. St. Louis, Missouri: Mosby; 1997. p. 249–68.

1. Macleod J, Gold RZ. The male factor in fertility and infertility. VI.
Semen quality and certain other factors in relation to ease of concep-
tion. Fertil Steril 1953;4:10–33.

2. Coetzee K, Kruger TF, Lombard CJ. Predictive value of normal sperm
morphology: a structured literature review. Hum Reprod Update 1998;
4:73–82.

3. Bartoov B, Eltes F, Pansky M, Lederman H, Caspi E, Soffer Y.
Estimating fertility potential via semen analysis data. Hum Reprod
1993;8:65–70.

4. Agarwal A, Sharma RK, Nelson DR. New semen quality scores devel-
oped by principal component analysis of semen characteristics. J An-
drol 2003;24:343–52.

5. Bedaiwy MA, Sharma RK, Alhussaini TK, Nelson DR, Mohamed MS,
Abdel-Aleem AM, et al. The use of novel semen quality scores to
predict pregnancy in couples with male-factor infertility undergoing

intrauterine insemination. J Androl 2003;24:353–60.

Vol. 85, No. 3, March 2006


	Significance of sperm characteristics in the evaluation of male infertility
	MATERIALS AND METHODS
	Study Population
	Semen Analysis
	Statistical Analysis

	RESULTS
	Overlap of Sperm Characteristics
	Receiver Operating Characteristic (ROC) Curves

	DISCUSSION
	Acknowledgments
	REFERENCES


