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BACKGROUND: Our objective was to determine the accuracy of in-vitro sperm penetration into cervical mucus or

substitutes in evaluating sperm motility in semen. METHODS: This was a systematic quantitative review of test

accuracy studies. The Cochrane library (2000:4), Medline (1966±2001), Embase (1988±2001) and SciSearch

(1981±2001) were searched, in addition to manual searches of conference papers and bibliographies of known pri-

mary and review articles. Primary studies measuring in-vitro sperm penetration into cervical mucus, or substitutes

(i.e. sperm±mucus penetration test, SMPT) and comparing results with sperm motility in semen were included.

RESULTS: There were 18 primary diagnostic studies published in 17 papers, involving a total of 2580 samples.

Fourteen primary diagnostic tests used vanguard distance as diagnostic criteria (SMPTvd) and the pooled likelihood

ratio (LR) for positive (LR+) and negative (LR±) tests were 2.29 (1.82±2.87) and 0.52 (0.44±0.63) respectively. Four

studies used diagnostic criteria based directly or indirectly on swim-up sperm count per high power ®eld (SMPTsc)

instead. Their pooled LR+ and LR± were 5.24 (3.36±8.18) and 0.15 (0.06±0.39) respectively. CONCLUSIONS:

SMPTvd has a low accuracy in the evaluation of sperm motility in semen. However, SMPTsc was found to be more

accurate. This method of using sperm concentration, instead of vanguard distance, as diagnostic criteria of in-vitro

SMPT has potential as a useful laboratory-based sperm function test.
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Introduction

Semen analysis is usually the ®rst and most commonly

performed test at infertility consultations. This test, which is

currently the World Health Organization (1999) reference test,

measures mainly traditional sperm parameters. Some have

argued that semen analysis provides only limited prognostic

information about fertility (Branigan et al., 1999; Tomlinson

et al., 1999; Guzick et al., 2001). The ideal male fertility test

should provide some assessment of sperm function as well as

measurements of concentration, motility and morphology.

However, the numerous assays and tests described so far,

except the zona binding assay, have only limited value in

assessing sperm function (ESHRE, 1996; Oehninger et al.,

2000). As a result, many specialist andrology laboratories, in

addition to the standard semen analysis, will perform some

form of swim-up procedure as a test of sperm function, to

further classify normal and abnormal sperm function

(Mortimer, 2000). Furthermore, when preparing sperm for

assisted conception in the embryology laboratory, it is routine

to separate motile sperm from other cells and dead sperm,

using either a basic layering and swim-up technique or density

gradient centrifugation.

The in-vitro sperm±mucus penetration test (SMPT) is a

sperm function test which measures the ability of sperm in the

semen to swim up into a column of cervical mucus or

substitute. If it can be proven to be as good as semen analysis in

assessing progressive sperm motility, then arguably, its add-

itional bene®t as a test of functional competence may make it a

suitable and cheaper alternative to the present combination of

semen analysis and sperm separation procedures (see decision

tree in Figure 1). This attraction has led to the re-emergence of

research into SMPT for the assessment of semen. Sperm

migration into cervical mucus, or any of its substitutes, is based

on the same principle as the Kremer (1965) test. Some of the

parameters used to re¯ect the degree of penetration include: the

migration or vanguard distance (distance between the foremost

sperm in the capillary tube to the end of the tube in the semen

reservoir); swim-up sperm count or sperm velocity at 10, 20, 30
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or 40 mm at high power ®eld and migration reduction (the

decrease in migration density from 10 to 40 mm). Of these, the

most commonly used parameter is the vanguard distance of

30 mm measured after incubation at 37°C for 90 min, although

other workers have used different vanguard measurements

(Ulstein et al., 1972; Matthews et al., 1980; Alexander, 1981).

Three groups, David et al. (1979), Aitken et al. (1992) and Ivic

et al. (2002), however, used swim-up sperm count per high

power ®eld at 10, 20 and 30 mm in a ¯at capillary tube as the

diagnostic criteria for SMPT. Amit et al. (1982) used average

swim-up sperm velocity, which is indirectly related to sperm

count per high power ®eld, at 10, 20 and 30 mm after 60 min.

The usefulness of the SMPT in infertility management has

hitherto not been assessed rigorously enough for a variety of

reasons. For example, many of the primary study designs

aimed at measuring the accuracy of SMPT in the past did not

facilitate measurements of sensitivity, speci®city and likeli-

hood ratios (LR). In others, the choice of a reference or gold

standard was either not ideal, had confounding factors or the

population studied was narrow, involving only sperm donors

(Appendix A). Other diagnostic studies into the usefulness of

the SMPT have used pregnancy rate as the gold standard

because it is the outcome that infertile couples are ultimately

interested in achieving. A disadvantage of using pregnancy

rates is that many other co-factors other than semen quality

contribute to produce a pregnancy outcome (Ford, 1999).

These include numerous male and female factors and other co-

variables such as duration of infertility and particularly the

concept of time-to-event, which describes the confounding

effect of the interval between laboratory tests on the semen and

conception (Ducot et al., 1988; Dunphy et al., 1989; Eimers

et al., 1994). As a result, there are no validated diagnostic

threshold pregnancy or fertilization rates for normal/abnormal

semen analysis. Consequently, some diagnostic fertility tests

are, in reality, evaluated as prognostic interventions of

pregnancy outcomes, but are reported as diagnostic studies.

These reasons may explain why the majority of researchers

preferred semen analysis as a reference standard in their

validation of the diagnostic accuracy of SMPT.

This systematic review was conducted to answer the clinical

question: is in-vitro sperm penetration into cervical mucus, or

its substitutes, an accurate diagnostic tool in the evaluation of

semen? Our aim was to conduct a systematic quantitative

review of all primary diagnostic studies that compared SMPT

with semen analysis in a manner that allowed meaningful

assessment of test quality and usefulness. This objective was to

be achieved by identifying the number, scope and quality of

primary studies that measured the diagnostic accuracy of

SMPT or sperm penetration through known cervical mucus

substitutes, by comparing with a reference standard of

progressive or total sperm motility in the seminal plasma, as

measured manually or by computerized methods. To our

knowledge, this is the ®rst such quantitative systematic review

of the diagnostic accuracy of SMPT.

Materials and methods

This review was based on a prospective protocol using robust

methodology (Deeks, 2001; Khan et al., 2001b; Cochrane methods

working group, 2000).

Identi®cation of studies

We searched the general bibliographic databases: Medline

(1966±2001) and Embase (1988±2001). We also searched the

specialist computer databases of the Cochrane library (2000:4) and

SciSearch (1981±2001). Furthermore, we conducted manual searching

of conference papers of the American Society for Reproductive

Medicine (1997±2000), the European Society for Human

Reproduction and Embryology (1997±2000) and bibliographies of

known primary and review articles.

The search strategy was based on the clinical question: can in-vitro

sperm penetration of cervical mucus and mucus substitutes be used to

evaluate the quality of sperm motility in the semen? The search terms

(sperm or sperm; penetration or interaction or migration; cervical

mucus or cervical mucus substitutes; sperm motility or sperm motion

or computer-assisted image processing; fertility or infertility) used in

all databases were designed to be initially very sensitive (include as

many hits as possible) before they were combined using the Boolean

`and'. For example, the following search query was employed for

electronic databases: sperm$.mp or exp spermatozoa/;((cerv$ adj

mucus) or mucus$).mp or (exp mucus/ and substit$.mp); penetrat$.mp

or interact$.mp or migrat$.mp; exp sperm motility/ or motil$.mp. or

motility.mp or sperm motion.mp; exp image processing or computer-

assisted/; exp fertility/ or exp infertility, male/.

Study selection

The inclusion of primary studies was conducted in two stages. The ®rst

involved scanning of titles and abstracts, which were selected

provisionally unless clearly not comparing diagnostic accuracies of

sperm penetration into cervical mucus or its substitutes with a stated

reference standard. Articles that generated doubts regarding accuracy

Figure 1. A simple decision tree to illustrate a proposed alternative
pathway to advanced semen analysis in the evaluation of male sub-
fertility. aSA (advanced semen analysis) implies semen analysis and
together with one or more sperm procedures. bAbnormal SA or
sperm±cervical mucus penetration test (SMPT) implies a diagnosis
made after a second abnormal test. The ®xed (non-consumable
laboratory equipment) and variable costs (manpower hourly rates
and disposable apparatuses required for SA + sperm preparation) is
signi®cantly more than the same costs for SMPT. IUI = intrauterine
insemination.
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were retained until the full text documents were retrieved. An account

was made of the number of titles identi®ed, retained and excluded in

order to ensure reproducibility of this stage. The second stage involved

®nal selection of papers from the list obtained in the ®rst stage. The

selection was based on a checklist of inclusion criteria. Studies

conducted and reported in non-English language were interpreted and

dealt with in the same way as papers written in English.

Inclusion criteria were satis®ed if the population comprised fertile

and infertile men and if the study tested sperm penetration or

migration into cervical mucus or its alternatives. Furthermore, the

reference standard required was the World Health Organization

reference values for motile, or progressively motile sperm, according

to the date of study. Finally, the accuracy measurements based on 232

table construction had to be possible either from the text, tables,

scattergraph or receiver operator characteristics (ROC) curves. For all

included studies, the following were recorded and double-checked:

authors, year of publication, study design, setting, population

characteristics, details of test and gold standard used. The study by

Ivic et al. (2002), which has now been published, was included as

unpublished data.

Quality assessment

Methodological quality was de®ned as the con®dence with which the

study design, conduct, and analyses minimized biases. Based on

existing checklists, we performed quality assessment by scrutinizing

study designs and relevant features of the population, test and

reference standard (Cochrane working group, 2000; Khan et al.,

2001b). We considered a study to be of good quality if it used a

prospective design, consecutive enrolment, adequate test description,

and blinding of the test result (Lijmer et al., 1999; Khan et al., 2001b).

Where no explicit information was offered in the paper, this was

categorized as unreported.

Diagnostic interventions had to be described in suf®cient details to

ensure reproducibility. Kremer-type tests using ¯at or round capillary

tubes were considered ideal, but other well-described modi®cations

were also acceptable. Human cervical mucus obtained around the time

of natural and drug-induced ovulation, or hormone replacement cycles

was ideal, but other well-justi®ed cervical mucus substitutes such as

hyaluronic acid or methyl cellulose were considered acceptable.

Despite the problems with interpretation due to its non-

dichotomous outcome measures, and inter- and intra-observer errors,

semen analysis remains the benchmark test for male infertility (World

Health Organization, 1999). The accuracy of the SMPT was assessed

in respect of its ability to correctly predict normal or abnormal sperm

motility, whether measured by semen analysis or computer-aided

sperm analyses (ESHRE, 1996). For the SMPT, any or the entire four

outcome measures in common use was considered suitable.

Data abstraction and synthesis

We searched carefully for duplication of data that can result from

multiple publications of part or whole research work. For clarity and

objectivity, data sheets were used for abstraction, based on study

characteristics and quality. To minimize errors, two reviewers (B.O.

and A.C.) independently performed the data extraction and measured

the degrees of agreement for inclusion and quality criteria. The overall

agreement was 93.3%, with a Kappa value (k) of 0.87 [95%

con®dence interval (CI) 0.69±1.04]. Kappa statistics assess agreement

beyond chance and allow credit for partial accord (Landis and Koch,

1977).

Categorical data were summarized into a standard 232 table and

where the outcome measures were continuous variables, 232 tables

were derived from scattergram and on one occasion from the text and

ROC plot. Statistical analyses and data synthesis were performed on

Arcus Quickstat (Biomedical Version 1.0, 1997) and Stata Version 7.0

(Stata Corp., USA). Forest plots and pooled LR+ and LR± statistics

were derived using the DerSimonian and Laird (1986) random effects

models.

Heterogeneity was tested graphically (Forest plots) and statistically.

In our review, although no signi®cant statistical heterogeneity was

detected, we found that heterogeneity existed clinically, which

resulted in our decision to perform sub-group meta-analysis of the

primary studies based on SMPT diagnostic criteria. The reference test

had the same end point (sperm motility) but varied slightly in

thresholds. We measured effect by pooled LR+ and LR± instead of

summary ROC curves because these thresholds had been classi®ed

clearly in each primary study and such minor threshold variations do

not signi®cantly modify long-term prognosis (Dickey et al., 1999;

Deeks, 2001).

Results

The results of our literature search are summarized in Figure 2.

There were 18 primary diagnostic studies published in 17

papers, involving a total of 2580 samples. The general

characteristics of included studies are summarized in Table I

under the following categories: author and year of study,

country where study was conducted, study design, sample size

and whether drawn from a wide or narrow population, type of

penetration test and the reference test. Similarly, the methodo-

logical qualities of included studies are summarized under the

headings shown in Table II.

Figure 2. Study selection process showing history of included and
excluded primary studies. SMPTvd = sperm±cervical mucus
penetration tests where vanguard distance is the diagnostic criterion;
SMPTsc = SMPT where sperm count is the diagnostic criterion.
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Quantitative data synthesis

Forest plots in Figure 3 and Figure 4 show the individual and

overall pooled LR+ and LR± respectively when vanguard

distance is used as diagnostic criteria in 14 primary studies

(SMPTvd). The pooled LR+ and LR± were 2.29 (95% CI

1.82±2.87) and 0.52 (0.44±0.63) respectively. There were four

studies, however (David et al., 1979; Amit et al., 1982; Aitken

et al., 1992; Ivic et al., 2002; see Figures 5 and 6), that used

diagnostic criteria based on swim-up sperm count per high

power ®eld (SMPTsc) instead of vanguard distance as the test

threshold. Their pooled LR+ and LR± are 5.24 (3.36±8.18) and

0.15 (0.06±0.39) respectively.

Discussion

The LR+ and LR± of SMPTvd (2.3 and 0.5 respectively) imply

that the accuracy of this method is low. However, LR+ and

LR± of 5.2 and 0.15 respectively indicate that SMPTsc is

moderately accurate in the evaluation of sperm motility in

semen.

Table I. Characteristics of studies included in a systematic review of accuracy of sperm±cervical mucus penetration tests (SMPT)

Author and year of study Country Study design Sample size Population Type of SMPT Reference test

Alexander (1981) USA Case±control 161 Wide spectrum SbMPT SA; sperm motility
Aitken et al. (1992) UK Cohort 77 Wide spectrum SHAPT

(sperm select)
CASA; sperm motility

Amit et al. (1982) Israel Cohort 197 Wide spectrum ShMPT SA; sperm motility
David et al. (1979) Israel Cohort 200 Wide spectrum ShMPT SA; sperm motility
Eggert-Kruse et al. (1989a) Germany Cohort 288 Wide spectrum ShMPT SA; progressive motility
Ivic et al. (2002) UK Cohort 57 Wide spectrum SMCPT SA; progressive motility
Keel et al. (1987) USA Cohort 161 Wide spectrum SbMPT SA; sperm motility
Keel et al. (1988) USA Cohort 226 Wide spectrum SbMPT SA; sperm motility
Mangione et al. (1981) USA Cohort 299 Wide spectrum SbMPT SA; sperm motility
Marshburn et al. (1989) USA Cohort 86 Wide spectrum SbMPT SA; sperm motility
Matthews et al. (1980) Australia Cohort 79 Wide spectrum ShMPT SA; sperm motility
Moghissi et al. (1982) USA Case±control 75 Wide spectrum SbMPT SA; sperm motility
Mortimer et al. (1986) UK Cohort 100 Wide spectrum ShMPT SA; progressive motility
Schutte (1987) Germany Cohort 89 Wide spectrum SbMPT SA; progressive motility
Stumpf and Lloyd (1985) USA Case±control 15 Wide spectrum SbMPT SA; sperm motility
Takemoto et al. (1985) USA Cohort 136 Wide spectrum SbMPT SA; sperm motility
Ulstein (1972i) Sweden Cohort 51 Wide spectrum ShMPT SA; sperm motility
Ulstein (1972ii) Sweden Cohort 283 Wide spectrum ShMPT SA; sperm motility

Types of SMPT in this review: SMCPT = sperm±methylcellulose penetration test; SbMPT = sperm±bovine cervical mucus penetration test; ShMPT =
sperm±human cervical mucus penetration test; SHAPT = sperm penetration into hyaluronic acid. CASA = computer-assisted sperm analysis.

Figure 3. Individual and pooled estimates of likelihood ratio positive (LR+) for sperm±cervical mucus penetration tests where vanguard
distance is the diagnostic criterion (SMPTvd).

B.Ola et al.

1040



The use of LR as measures of test usefulness have been well

described (Radack et al., 1986; Sackett et al., 2000; Khan et al.,

2001a;b). The LR for a positive test quanti®es the probability

that a truly positive, rather than a falsely positive, test result is

to be seen when disease state, as de®ned by the reference test, is

present. Similarly, the likelihood ratio for a negative test

quanti®es the probability that a false negative rather than a

truly negative test result is presented when the reference test is

negative. As a general guide to understanding the usefulness of

a test, a LR+ >10 and LR± <0.1 generally indicate a highly

useful test because they generate large and usually conclusive

changes in the pre-test probability of disease. LR+ of 5±10 and

LR± 0.1±0.2 indicate a moderately useful test, LR+ of 2±5 and

LR± of 0.2±0.5 slightly useful, and LR+ of 1±2 and LR± 0.5±1

are considered indices of a non-valuable test (Sackett et al.,

2000; Khan et al., 2001a). The pooled LR+ and LR± of 2.29

Table II. Methodological qualities of studies included in a systematic review of accuracy of sperm±cervical mucus penetration tests (SMPT)

Author and year
of study

Study
design

Patient recruitment Type of SMPT and
normal threshold

Description of reference
test threshold

Reference
standards used

Alexander (1981) Case±
control

Prospective, but cannot tell
whether consecutive, random
or convenient sampling

SbMPT; vanguard distance
>15 mm after 90 min

Method described; SA;
50% motile sperm

SA and Pregnancy
occurring within
6 months after
SbMPT

Aitken et al. (1992) Cohort Prospective, but cannot tell
whether consecutive, random
or convenient sampling

Sperm penetration into HA;
count per high power ®eld of
swim-up sperm at 10 mm

Method described; CASA;
25% rapid sperm (mean path
velocity >25 mm/s)

CASA and hamster
oocyte penetration
test

Amit et al. (1982) Cohort Prospective, but cannot tell
whether consecutive, random
or convenient sampling

ShMPT; average swim-up sperm
velocity at 10, 20 and 30 mm
after 60 min

Method described; SA;
50% motile sperm

One reference
standard used

David et al. (1979) Cohort Prospective, but cannot tell
whether consecutive, random
or convenient sampling

ShMPT; total count per high power
®eld of swim-up sperm at 10, 20
and 30 mm after 90 min

Method described; SA;
50% motile sperm

One reference
standard used

Eggert-Kruse et al.
(1989a)

Cohort Prospective, random sampling ShMPT; vanguard distance not
stated; likely >30 mm

Method not described; SA;
40% progressive motility

SA and HA

Ivic et al. (2002) Cohort Prospective, convenient
sampling

SMCPT; count per high power
®eld of swim-up sperm at 10 mm

Method described; SA;
50% progressive motility

SA and HA

Keel et al. (1987) Cohort Prospective, convenient
sampling

SbMPT; vanguard distance >30 mm
after 90 min

Method described; SA;
40% motile sperm

SA, post-coital
test and pregnancy.
Time to pregnancy
was not stated

Keel et al. (1988) Cohort Prospective, but cannot tell
whether consecutive, random
or convenient sampling

SbMPT; vanguard distance >30 mm
after 90 min

Method described; SA;
40% motile sperm

One reference
standard used

Mangione et al.
(1981)

Cohort Prospective, but cannot tell
whether consecutive, random
or convenient sampling

ShMPT; vanguard distance >20 mm
after 30 min

Method not described; poor/good
sperm classi®cation

One reference
standard used

Marshburn et al.
(1989)

Cohort Prospective, but cannot tell
whether consecutive, random
or convenient sampling

SbMPT; vanguard distance >30 mm
after 90 min

Method described; 60% motile
sperm in swim-up supernatant

SA and pregnancy
occurring within
6 months after
SbMPT

Matthew et al.
(1980)

Cohort Prospective, but cannot tell
whether consecutive, random
or convenient sampling

ShMPT; vanguard distance >30 mm
after 30 min; derived from scatter plot

Method described; SA;
50% motile sperm

One reference
standard used

Moghissi et al.
(1982)

Case±
control

Prospective, but cannot tell
whether consecutive, random
or convenient sampling

SbMPT; vanguard distance >30 mm
after 90 min; derived from scatter plot

Method described; SA;
50% motile sperm

One reference
standard used

Mortimer et al.
(1986)

Cohort Prospective, but cannot tell
whether consecutive, random
or convenient sampling

ShMPT; vanguard distance; threshold
not stated explicitly (normal/abnormal)

Method described; SA;
253106/ml concentration
progressive motility

One reference
standard used

Schutte et al.
(1987)

Cohort Prospective, but cannot tell
whether consecutive, random
or convenient sampling

SbMPT; vanguard distance >30 mm
after 90 min

Method described; SA;
50% progressive motility

One reference
standard used

Stumpf and Lloyd
(1985)

Case±
control

Prospective, but cannot tell
whether consecutive, random
or convenient sampling

SbMPT; vanguard distance >30 mm
after 90 min; derived from scatter plot

Method described; SA;
50% motile sperm

One reference
standard used

Takemoto et al.
(1985)

Cohort Prospective, but cannot tell
whether consecutive, random
or convenient sampling

SbMPT; vanguard distance >30 mm
after 90 min

Method described; SA;
50% motile sperm

SA and zona-free
hamster egg
fertilization

Ulstein (1972i) Cohort Prospective, but cannot tell if
consecutive, random or
convenient sampling

ShMPT; vanguard distance >20 mm
after 180 min

Method described; SA;
50% motile sperm

One reference
standard used

Ulstein (1972ii) Cohort Prospective, but cannot tell if
consecutive, random or
convenient sampling

ShMPT; vanguard distance >20 mm
after 180 min

Method described; SA;
50% motile sperm

One reference
standard used

SA = semen analysis; CASA = computer-assisted sperm analysis; HA = hyaluronic acid.
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(1.82±2.87) and 0.52 (0.44±0.63) therefore show that the

method of using vanguard distance as diagnostic criterion (i.e.

SMPTvd) has a low accuracy.

The studies by David et al. (1979), Amit et al. (1982), Aitken

et al. (1992) and Ivic et al. (2002) are different from all others

because they use the number of swim-up sperm per high power

®eld at 10, 20 or 30 mm as the test diagnostic criterion (i.e.

SMPTsc). There was a substantial difference between the

pooled results for these four primary studies; LR+ and LR±

respectively are 5.24 (3.36±8.18) and 0.15 (0.06±0.39), and the

other 14 studies in which vanguard distance was used. These

®ndings suggest that swim-up sperm count per high power ®eld

is a more accurate diagnostic criterion than vanguard distance

for SMPT.

Figure 4. Individual and pooled estimates of likelihood ratio (LR±) negative for sperm±cervical mucus penetration tests where vanguard
distance is the diagnostic criterion (SMPTvd).

Figure 5. Individual and pooled estimates of likelihood ratio positive (LR+) for sperm±cervical mucus penetration tests where sperm count is
the diagnostic criterion (SMPTsc).
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Likelihood ratios from primary studies using slightly

different thresholds can be pooled if the end points had been

classi®ed clearly and such threshold variations do not signi®-

cantly modify long-term prognosis (Deeks, 2001). Dickey et al.

(1999) have shown that variations above the diagnostic

thresholds of 53106/ml for total sperm count, and 30% for

progressive motility, produced only minimal and insigni®cant

changes in fertility rates. Dickey's group studied 1841 couples

undergoing 4056 cycles of intrauterine inseminations and

demonstrated that there was very little difference in the effect

on fertility rates between normal values of total and progressive

motility. They went further to demonstrate that only when

initial values of total motile sperm count were <53106/ml, and

progressive motility <30%, was fertility signi®cantly affected.

In our review, only 6.9% of the samples in our study had a

reference threshold of 25% progressive motility, therefore the

only valid ground for sub-grouping was based on the SMPT

diagnostic criteria (i.e. whether vanguard distance or swim-up

sperm concentration).

Cervical mucus plays an important role in selecting motile,

mostly morphologically normal sperm for fertilization. For this

reason, the SMPT has always held a potential as an important

in-vitro sperm function test. However, human cervical mucus

(hCM), apart from being dif®cult to obtain in large quantities,

possesses wide variations in viscosity (Karni, 1971; World

Health Organization, 1987; Eggert-Kruse et al., 1989a;b). As a

result, cervical mucus substitutes in many forms are now

commonly used in these tests. Bovine cervical mucus (bCM) is

particularly common because it is easier to obtain in large

quantities, has similar rheological and biochemical properties

to hCM and can be stored in the frozen stage with only minimal

changes in rheological properties (Meyer, 1977; Gaddum-

Rosse et al., 1980; Lee et al., 1981). However, bCM has the

disadvantage of between-batch variability in consistency.

Hyaluronic acid (HA) has been described as a suitable

alternative. It is a muco-polysaccharide with a structure similar

to that of cervical mucus (Bothner and Wik, 1987) and a

viscosity that can easily be varied to that described for hCM

(Karni 1971; Ishijima et al., 1986). More recently, however

methylcellulose (MC) has been evaluated as an effective sperm

swim-up medium, which is comparable with HA in ef®cacy

(Ivic et al., 2002). Most included primary studies tested sperm

penetration of either bCM or hCM, using sperm motility or

progressive motility as the reference standard. It was somewhat

surprising that not many eligible primary studies were iden-

ti®ed that tested arti®cial substitutes for cervical mucus such as

HA and MC.

There were, however, early problems with accurate quan-

ti®cation of swim-up sperm concentration into capillary tubes

and micropipettes with circular cross-sections (Kremer, 1965;

Ulstein, 1973; Kerin et al., 1976). This problem, well described

by Kremer and Kroeks (1975) is the optical effect due to

curvature of the circular walls, which rendered sperm under-

neath grossly distorted. It was partially solved with the

subsequent introduction of generations of ¯at capillary tubes.

The most popular for many years had external measurements of

either 0.333350 mm (De Geyter et al., 1988) or 0.3333100

mm (Kotoulas et al., 1984; Pandya et al., 1986; Morrow et al.,

1992). However, loss of accuracy in counting within the sides

of the ¯at tubes had continued to be problematic partly due to

distortion and also because sperm tended to swim against the

surface of the circular walls. This may have accounted partly

for the continued adoption of vanguard distance, which is more

easily measured, as SMPT threshold. More recently, the

accuracy of quantifying sperm migration into cervical mucus

substitutes in ¯at capillary tubes has been improved by newer

designs with central counting chambers, away from the circular

walls. One such design (Camlab Ltd, UK) has outer dimensions

of 1.234.8350 mm, an inner depth of 0.4 mm, and engraved

counting frames at intervals of 10, 20, 30 and 40 mm on

the tube. Using this design, it was shown that mean count of

39 sperm per high power ®eld at 10 mm, after 30 min

incubation at 37°C, is the optimum threshold criterion (Ivic

et al., 2002).

In conclusion, SMPTvd has a low accuracy in the evaluation

of semen. However, SMPTsc was found to be moderately

Figure 6. Individual and pooled estimates of likelihood ratio negative (LR±) for sperm mucus penetration tests where sperm count is the
diagnostic criterion (SMPTsc).
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accurate in assessing sperm motility in semen. This method of

using sperm concentration, instead of vanguard distance, as

diagnostic criteria of in-vitro SMPT has potential as a useful

laboratory-based sperm function test.
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Appendix B. De®nitions of some commonly used terms in diagnostic accuracy studies using examples from a 232 table

Reference test or gold standard

Disease present Disease absent Totals

Diagnostic test
Test positive a (true test positive) b (false test positive) a + b
Test negative c (false test negative) d (true test negative) c + d
Totals a + c b + d a + b + c + d

Sensitivity is the truly positive test rate or the probability of a positive test result, if disease is present
= a 4 (a + c)

Speci®city is the truly negative test rate or the probability of a negative test result, if disease is absent
= d 4 (b + d)

Positive predictive value (PPV) is the probability of disease, if the test is positive
= a 4 (a + b)

Negative predictive value (NPV) is the probability of `no disease', if test is negative
= d 4 (c + d)

Likelihood ratio of a positive test (LR+) is the ratio of a true positive test rate to a false positive test rate when disease is present
= sensitivity 4 (1 ± speci®city)

Likelihood ratio of a negative test (LR±) is the ratio of a false negative test rate to a true negative test rate when disease is absent
= (1 ± sensitivity) 4 speci®city
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