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Effect of the numbers of frames analyzed on sperm density and
motility using Hamilton-Thorn Motility Analyzer (HTMA).
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Eleven semen samples from volunteer donors were analyzed to assess the influence
of the number of frames analyzed on the result of human sperm density the percentage of
sperm motility and sperm movement characteristics when using the Hamilton-Thomn
Motility Analyzer (HTMA). These semen samples were analyzed by the HTMA Model
2030, version 7 at different sperm concentrations (10 x 10° - 80 x 10° sperm/ml) and
different numbers of frames analyzed (5-20 frames). The data indicates that values
obtained for sperm density, percentage of sperm motility and sperm movement
characteristics depend on the number of frames analyzed. It is concluded that 20
frames is recommended for assessing sperm movement characteristics, but 5 frames
is suitable for the assessments of sperm densities and percentage of sperm motility to

minimize errors due to collisions.
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Semen analysis is the procedure most
commonly used in the evaluation of male fertility
potential. Traditionally, the parameters analyzed
include sperm density, percentage of sperm
motility and morphology. It is generally believed
that standardized, accurate,and precise analysis
of sperm motion in semen will improve the
predictivity of male fertility. The measurements
and analysis of sperm motion are kinematically
complex, and are optically difficult to image with
high resolution light microscope. Historically, the
clinical asessment of sperm motility was based on
subjective visual impressions with limited accu-
racy and precision. This realization has led to the
development of numerous systems for manual and
semi-automated analysis which is acceptable for
routine applications. More recently, fully auto-
mated analysis intended purely for research has
been introduced. Video and computer visibn
technology has produced new instruments that are
able to identify and track individual sperm cells
and thence to calculate a number of parameters
characterizing sperm movement.""* Such instru-
ments use a computer to process the electrical
signal obtained by a video camera integrated to a
microscope , either by direct analysis of that signal,
or by analysis of the corresponding signal from a
video tape recorder.”

In recent years, the evolution of computer
vision technology has given rise to a new gene-
ration of instruments that have overcome the
historical limitations and are becoming amenable
to practical clinical utilization. Computer-aided
semen analysis (CASA) technology has become
commercialized and is now used in hundreds of
laboratories worldwide. These laboratories are,
for the most part, oriented towards research as

well as clinical practice. A challenge to contem-
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porary CASA is to define its role as a routine tool
in the clinical analysis and treatment of human
infertility. Nowadays, CASA systems are designed
to obtain measurements of sperm density, the
percentage of sperm motility, and sperm
movement characteristics.’At least six CASA
systems are currently available. The Hamilton
Thormn Motility Analyzer (HTMA) used in this
study is one of the most popular CASA systems.
However, to a great extent, results seem to depend
on parameter settings which are completely at the
discretion of the user. The number of frames
analyzed is one of the most important such
parameters. This study was undertaken to inves-
tigate the influence of the number of frames
analyzed on the result of the sperm density, the

percentage of motile sperm and their movement

characteristics.

Materials and methods
Semen samples and semen preparation

Semen samples were provided by 11 donor
volunteers. After allowing at least 30 minutes for
liquefaction to occur, the sperm were then sepa-
rated from the seminal plasma by discontinuous
Percoll (Pharmacia, Uppsala, Sweden) gradient
centrifugation using a 2-step gradient comprising
a 3 ml layer of 80% Percoll overlaid with 3 ml of
40% Percoll. Isotonic Percoll was created by
supplementing 10 ml of 10 x concentrated medium
199 (Flow Laboratories, Irvine, UK) with 300 mg
bovine serum albumin (BSA), or the human serum

”

albumin preparation “Albuminar ” (Armour
Pharmaceutical Co., Wastbourne, UK), 3 mg so-
dium pyruvate and 0.37 ml of a sodium lactate
syrup and adding 90 ml of Percoll. This preparation
was designated 100% Percoll® and was subse-

quently diluted with HEPES-buffered Biggers-
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Whitten-Whittingham medium (BWW)® supple-
mented with bovine serum albumin (BSA) or
Albuminar, as indicated. After a 20 min period of
centrifugation at 500 g, the highest quality sperm,
located at the base of the 80% fraction were
collected, washed with a 5 ml volume of medium
BWW and finally resuspended at concentrations
of 10, 20, 40, 60 and 80 x10°/ml which were
confirmed by conventional semen analysis for
sperm density."” These sperm suspensions were
used for sperm density and sperm motility
assessment by the HTMA and determination of
percentage of sperm motility by a conventional
method.

Determination of sperm motility by HTMA
Sperm motility assessment was performed
immediately after preparation using the European
(25 Hz) version of the HTMA Model 2030,
version 7 (Hamilton Thorn Research, Danvers,
MA, USA) at a temperature of 37 C using the
following settings; minimum contrast 90;
minimum size 5; low and high size gates 0.5 and
2.0, respectively; low and high intensity gates 0.5
and 1.45, respectively; nonmotile intensity 90.
The numbers of frames analyzed were varied

from 5-20 to evaluate the influence of the numbers

of frames on the outcome of the automated semen

analysis. The measurements were conducted in
20 um depth MicroCell slides (Fertility Tech-
nologies Inc., Natick, MA) and at least 100 motile
cells were assessed for each determination. These
determinations were carried out in duplicate and
the results were averaged.

The criteria of movement assessed in this
study were curvilinear velocity (VCL), straight
line velocity (VSL); average path velocity (VAP);

percentage of motile sperm (the percentage of cells
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exhibiting a VAP of > 10 pm/S) and ALH (the
amplitude of lateral sperm head displacement in
mm.). Linearity (LIN) was defined as VSL/VCL
X 100, while straightness (STR) was VSL/VAP
x 100. The playback function of the HTMA was -
used to accurately identify motile cells as a red
dot and immotile cells as a blue dot to verify the
validity of the cell identification process and was
used to check the threshold settings during each

use.

Determination of sperm motility by a conven-
tional method

For each sample, a 10 pl aliquot of sperm
suspension was mounted between a warmed slide
and a 22 x 22 mm. coverslip. With the aid of a
grid on an eyepiece graticule using phase contrast
optics these preparations were then scored at
400 x magnification by counting the numbers of
motile sperm in several randomly selected fields
Sufficient fields

were scored so that at least 200 sperms were

away from the ceverslip edge.

counted.

In each field the number of progressively
motile sperm was counted first, counting only
those sperm that were present in the field at a
given moment. If the number of sperm in an
entire field was too great for rapid visual
counting then a small area of the field was de-
lineated using an eyepiece graticule. Immotile
sperm were those which showed no flagellar

movement at all.

Statistical analysis

All data are presented as means =+ standard
deviation (SD). The data were analyzed by the
paired t-test or repeated analysis of variance

(ANOVA) where applicable, using the Statview
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programme (Abacus Concepts Inc., Berkeley,
CA). Data were considered statistically signi-
ficant when the P value was less than 0.05.
Graphical displays use box plots for dis~
playing the detailed distribution of a variable.

Each box plot is composed of five horizontal lines

th th th

that display the 10", 25", 50", 75" and 90"

percentiles of a variable. All values for the
variables above the 90" percentile and below the

10" percentile were plotted separately.
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Results

The influence of the number of frames
analyzed on the result of sperm densities at
different sperm conéentrations is shown in
Figure 1. At all sperm concentrations, the sperm
densities obtained from the HTMA were higher
when the number of frames analyzed was increased.
The sperm concentrations obtained from the
HTMA at 20 frames were significantly higher

than those at 5 frames or by conventional semen

analysis (p < 0.05).
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Figure 1. The influence of the numbers of frames analyzed on the result of sperm concentration at
different sperm concentrations. Dashed lines represent the sperm concentration measured by
conventional method. (Boxplot shows the 10", 25", 50" (median), 75" and 90" percentiles.

The values above the 90" and below 10" percentile are plotted as open circles.)
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The mean sperm concentration obtained
from HTMA at 5 frames at 10, 20, 40, 60, 80
million sperms per ml concentrations were 12.2 *
4.0,25.0 + 10.3, 58.3 £ 16.6, 84.8 + 13.9 and
122.3 * 40.1, respectively. There were no signi-
ficant differences between sperm densities
obtained from HTMA at 5 frames and conven-
tional semen analysis at 10 and 20 million sperm
per ml. In contrast, HTMA at 5 frames signi-
ficantly overestimated sperm density (p < 0.05),
when there were higher sperm concentrations (> 20
million sperms per ml.).

Table 1 shows the influence of the number
of frames analyzed on the percentage of sperm
motility and sperm movement characteristics.
The percentage of sperm motility were signifi-
cantly higher when the number of frames analyzed

increased from 5 to 20 as shown in table 1. The
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mean percentage of sperm motility determined by
the conventional method was 70.2 £ 6.3% which
is not significantly different from the mean per-
centage of sperm motility determined by HTMA
at 5 frames. All of the sperm movement charac-
teristics were significantly different between the
5 frames and the 20 frames settings. VCL, VSL,
VAP, STR and LIN measured were significantly
lower, when a smaller number of frames was
analyzed. However, measured ALH and BCF
showed an opposite effect with higher readings
when increasing numbers of frames were
analyzed.

In conclusion, all values measured for
sperm density, percentage of sperm motility and
sperm movement characteristics were dependent
on the number of frames used for analysis (Figure
1 and Table 1).

Table 1. Mean + SEM values for the various movement charactersitics determined by HTMA

at the 5, 10, 15 and 20 frames, respectively.

Sperm movement 5 frames 10 frames 15 frames 20 frames
characteristics

Percentage of 715+ 5.3 729 + 5.6 74.0 + 5.6* 74.6 + 6.0*@
sperm motility
VCL (um/s) 59.4 + 5.0 59.7 + 5.0 58.0 = 5.0*@  54.3 + 5.0*@#
VSL (um/s) 35.3+ 2.3 31.8 £ 2.7* 29.9 + 2.7*@ 28.0 = 2.3*@#
VAP (um/s) 42.3 = 2.7 40.3 = 3.0* 39.0 + 2.7*@ 36.7 + 2.7*@#
ALH (um) 4.6 £ 5.0 + 4.6* 5.6 + 4.6*@ 5.5 + 4.6*
STR (%) 81.6 = 3.0 77.6 = 3.3* 76.5 = 3.6*@ 75.4 = 3.6*@#
LIN (%) 60.0 + 2.3 54.1 £ 2.7% 52.9 + 2.7*@  52.2 x 2.7*@
BCF (Hz) 6.7 = 0.7 12.8 + 0.7* 12.8 £ 0.7* 12.5 + 0.7*

* Significant difference from 5 frames (p<0.05)
@ Significant difference from 10 frames (p<0.05)

# Significant difference from 15 frames (p<0.05)
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Discussion

In this study, HTMA consistently overes-
timated sperm densities especially at higher
sperm concentnations. However, at the lower
concentrations of 10 and 20 million sperms per
ml., HTMA still overestimated sperm density,
but not significantly different from the conven-
tional semen analysis. This overestimation may
be caused by the phenomenon called “collision
effect”.’® Generally, the HTMA identifies sperms
by sperm head size and their luminosity. If two
swimming sperms collide, they interfere with each
other’s movement and the sperm cell size recog-
nition by HTMA (Figure 2).
point (Figure 2B), HTMA will recognize both

At the collision

sperms as debris because its size is too big for
a typical sperm head and it will be rejected from
the analysis. These sperms will be recognized as
sperms again in the next frames (Figure 2C).
Therefore, HTMA will finally construct all of
the images as 4 sperm tracks as shown in the
diagram (Figure 2D). A similar problem exists if
a swimming sperm collides with an immotile one
or with a large piece of debris or another cell

(e.g., a leukocyte). Therefore, overestimation of

sperm density is increased when the number of -

frames analyzed is increased because increased
analyzing of frames will increase the chance of
identification of sperm collision. In addition,
overstimation of sperm density is decreased when
the sperm concentration of the specimens is low.
Dealing with this concept has been a difficult
problem for all those working on CASA. However,
assessment of sperm densityat the appropriate
concentration (10-20 million per ml.) and using
the smallest possible numbers of frames analyzed

(5 frames) can reduce the overestimation from

the HTMA system.
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In general, the total motile sperm count is
higher than the total sperm count because of the
collision effect. This causes an overestimation of
the percentage of sperm motility. Higher numbers
of motile cells and higher numbers of frames
analyzed will increase the percentage of sperm
motility. However, the percentage of sperm
motility determined by HTMA at 5 frames is not
significantly more than the percentage of sperm
motility determined by conventional semen
analysis. Therefore,the smallest number of frames
analyzed (5 frames) is suitable for sperm motility
assessment.

Accurate determinations of sperm move-
ment characteristics require the largest number
of frames analyzed possible to obtain the most
precise information as to the actual curvilinear
path followed by a sperm. These differences in
numbers of frames analyzed could be of great
importance since they cause significant changes
in the perceived movement caracteristics, as
shown in the resuits. When we increased this
setting from 5 to 20 frames, a significantly lower
velocity was recorded. There are 2 explanations
for these findings. Firstly, sperms with high
velocity seem to have a greater chance of leaving
the analysis area before the inclusion criteria of a
high number of frames is met. This would bias
the results toward the slower-moving sperm who
remain in the field longer. Secondly, at high
sperm concentrations, there is exclusion of
sperm tracks interrupted by cell-cell collisions
when the larger number of frames analyzed is
used. This significantly decreases the amount of
data available for HTMA calculations and
excludes the faster moving sperm from extimates
of VCL and LIN.®) Since the heterogeneity of

sperm motion in semen requires relatively long
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Figure 2. Diagrams depicting “collision effect”.

sperm tracking observations to provide accurate
measures of sperm movement characteristics,
expecially VCL and LIN, dilution of semen to
below 20 million/ml is recommended to avoid
concentration-induced bias. To avoid changing
rheological properties and other aspects of the
seminal milieu, semen should be diluted with an
aliquot of the subject’s own seminal plasma (10-
100) ul aliquot centrifuged at 16,000 x g for 5
‘minutes to obtain cell-free seminal fluid)."®

In addition, a too small number of frames

analyzed may not give a representative value for
the velocity and linearity over a certain period.
This problem becomes particularly important
when hyperactivated sperm with much higher
velocity values are measured. This is the case,
for example, with sperm washed and prepared for
in vitro fertilization.

For determination of characteristics re-
lated to the lateral displacement of the sperm head
about its axis of progression (ALH and BCF), the

data obtained from 5 frames were significantly
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different from the larger number of frames
analyzed because it contained very little infor-
mation for analysis. The results showed that the
measurements of ALH and BCF at 5 frames were
inaccurate. Serious errors can arise because the
measurements of sperm head oscillation (BCF)
and amplitude (ALH) are constrained by the
number of frames analyzed, expecially if the
number of frames analyzed is too low."" From
our data, the accurate computation of both parameters
requires at least 10 frames.

Theoretically, a larger number of frames
will improve the accuracy of sperm movement
characteristics. In combination with an appropriate
duration of analysis, single sampling points will
reflect the actual path of the sperm even more
precisely. Too small numbers of frames analyzed,
however, leads to an erroneously high linearity
reading. From basic geometry it is evident that an
extremely small number of frames analyzed,
such as only two sampling frames, would lead
to a linearity of 100%, which clearly cannot
represent the motion pattern of a single sperm
cell. The more points that are sampled, the better
the real track will be characterized, even though
analysis is slowed down. Therefore, a small
number of frames analyzed will lead to some
increases in linearity and higher values for
velocity.

From our studies, the number of frames
analyzed significantly affects calculated sperm
movement characteristics (VCL, LIN and
ALH).®'® A progressive decline in apparent
curvilinear velocity occurs when utilizing in-
creasing numbers of frames analyzed.”> At a
reduced number of frames, most sperms appear
to be moving in straight lines, while at higher

numbers of frames, a full spectrum of linearities
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is recorded.” In conclusion, use of small numbers
of frames cannot provide reliable measures of
any sperm movement characteristics.

Accurate determinations of sperm move-
ment characteristics require the largest possible
numbers of frames analyzed to obtain the most
precise information as to the actual curvilinear path
followed by a sperm. Any sperm movement
characteristics determined by smaller numbers of
frames will be significantly different from the
sperm movement characteristics obtained from
larger numbers of frames. In conclusion, the
analysis of human sperm movement at the highest
numbers of frames will give useful values for all
sperm movement characteristics.

The data presented demonstrates that the
results of automated semen analysis depend, to a
great extent, on the number of frames analyzed.
As expected from theoretical considerations,
sperm, densities percentage of sperm motility and
sperm movement characteristics were influenced
by the number of frames analyzed. Therefore,
adjustment of the number of frames is of crucial
importance since even small variations of this
parameter seems to influence the measurement
of sperm density and the percentage of sperm
motility considerably.

Although the CASA system is supposed to
allow the objective evaluation of semen samples,
results depend to a great degree on parameter
settings, which so far have not been standardized.""”
Thus, results for sperm density, percentage of
sperm motility and sperm movement characteris-
tics should not be looked upon as absolute values
but must be interpreted in the light of parameter
settings and samples analyzed. The results of
automated semen analysis may not be com-

parable among different laboratories unless
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identical parameter settings are used. The data
indicate that values obtained for sperm density
and, percentage of motile sperm depend on the
numbers of frames analyzed. Our study has
demonstrated that the number of frames analyzed
is a very important parameter setting and the
appropriate number of frames analyzed for
HTMA has been recommended to provide the
best correspondence with conventional semen
analysis. It is concluded that 20 frames is rec-
ommended for assessing sperm movement char-
acteristics but 5 frames is suitable for sperm
densities and the percentage of sperm motility

assessment to minimize errors due to collisions.
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