
INTRODUCTION

Traditionally male infertility has been diagnosed 
based on semen analysis, including semen volume, pH, 
morphology, motility, and concentration. The one of the 

most main cause of male factor infertility is varicocele 
[1]. The term varicocele has been used to describe path-
ological abnormal dilations of the testicular veins in 
the pampiniform plexus and by retrograde blood flow 
in the valves [2]. Patients with varicocele present with 
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Purpose: This study was performed to evaluate and compare threshold sperm parameters and sperm DNA fragmentation in-
dex (DFI), and further analyzed whether sperm DFI could be predicted from sperm parameters in men with varicocele.
Materials and Methods: A total of 157 semen samples underwent both semen analysis and sperm DNA fragmentation (SDF) 
testing in men with varicocele. Sperm parameters were assessed using the World Health Organization guidelines. SDF testing 
was performed using the Halosperm kit. Sperm parameters and sperm DFI results were compared.
Results: The overall sperm parameter results and sperm DFI showed normal values; however, the morphology value was at 
the lower limit of normal. High sperm DFI was associated with significantly lower motility and viability (p<0.001, respective-
ly). Sperm motility and morphology were significantly higher in the higher sperm count group compared to the lower sperm 
count group (p<0.05), while sperm DFI was higher in the lower sperm count group (p<0.05). Sperm count and viability and 
sperm DFI were significantly associated with the quality of sperm motility (p<0.001). Sperm motility and sperm DFI were 
significantly different (p<0.001) between normal and abnormal sperm viability groups. Between normal and abnormal sperm 
morphology groups, sperm count, motility, and sperm DFI showed significant differences (p<0.001).
Conclusions: In this study, a correlation between SDF and sperm parameters was confirmed in men with varicocele. SDF may 
be contributing factors to sperm motility, viability, and morphology. Abnormal sperm count, motility, and viability showed 
high sperm DFI. Therefore, lower sperm parameters were indicative of increasing SDF in men with varicocele.

Keywords: DNA fragmentation; Infertility; Semen analysis; Sperm; Spermatogenesis; Varicocele

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) 
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

http://crossmark.crossref.org/dialog/?doi=10.5534/wjmh.180014&domain=pdf&date_stamp=2018-09-01
https://orcid.org/0000-0001-6296-1200
https://orcid.org/0000-0002-8270-1809
https://orcid.org/0000-0003-4252-223X
https://orcid.org/0000-0002-6795-0057
https://orcid.org/0000-0003-0352-8698
https://orcid.org/0000-0001-6989-4549


https://doi.org/10.5534/wjmh.180014

240 www.wjmh.org

abnormal spermatogenesis, but the pathophysiologi-
cal mechanism by which varicocele can induce male 
factor infertility remains unclear, although several 
potential causes have been postulated [3]. In a World 
Health Organization report [4], a varicocele was identi-
fied in 25.4% of men with abnormal sperm parameters 
compared with only 11.7% of men with normal sperm 
parameters. 

Varicocele can be treated either by microscopic surgi-
cal varicocelectomy, which is considered the gold-stan-
dard approach to varicocele repair [5]. However, there 
are many conflicting reports. In most studies, sperm 
concentration improved after varicocelectomy [6,7], but 
other studies showed no improvement following sur-
gery [8,9]. Clearly, there are differing opinions whether 
or not varicocelectomy improves fertility. Furthermore, 
subtle forms of spermatozoa dysfunction with lower 
biological variability, such as DNA integrity, can be 
used to assess the effectiveness of varicocelectomy [10].

Recently, sperm DNA integrity has been recognized 
as a new potential fertility predictor and a potential 
parameter of sperm quality. Several studies reported 
the relationship between sperm DNA damage and 
varicocele [11,12], while others showed that sperm DNA 
damage is associated with impaired fertilization, em-
bryo cleavage and embryo quality, miscarriage, and re-
current pregnancy loss after in vitro fertilization (IVF) 
and intracytoplasmic sperm injection (ICSI) [13]. Sperm 
quality could be associated with sperm DNA fragmen-
tation (SDF) in infertile patients. Sperm DNA damage 
appears at high frequencies in abnormal semen and 
sperm DNA integrity is an important indicator of nor-
mal sperm. 

Over the past two decades, sperm morphology has 
been recognized as an important predictor of outcomes 
in artificial intrauterine insemination, conventional 
IVF, and ICSI [14]. While the relationship between 
sperm concentration and SDF in subfertile men ap-
pears to vary, a correlation between SDF and sperm vi-
ability has been demonstrated [15]. Although the mech-
anisms have not been fully recognized, SDF is seen in 
mature, viable sperm. DNA integrity appears to be a 
biomarker of sperm quality, and sperm DNA damage 
could thus be a potential predictor for male infertil-
ity. However, sperm DNA integrity is not assessed as a 
routine part of semen analysis in clinical laboratories.

The purpose of this study was to evaluate and com-
pare threshold sperm parameters and sperm DNA 

fragmentation index (DFI) in men with varicocele. To 
focus on the effects of sperm parameters affecting DFI 
value, sperm parameters were divided as count, motili-
ty, morphology, viability and further analyzed whether 
the normality of sperm DFI could be predicted using 
these individual parameters.

MATERIALS AND METHODS

1. Patients and semen analysis
A total of 157 semen samples were included in se-

men analysis and SDF testing during January 2015 to 
March 2017. All included patients visited to Depart-
ment of Urology, Cheil General Hospital & Women’s 
Healthcare Center, who had no baby at least 1 year 
after try to conceive. We excluded patients with other 
disease affect to male fertility and normal semen pa-
rameters, only include patients with varicocele and 
abnormal semen parameters. Each patient underwent 
physical examination and hormonal profile testing. 
In physical examination, all enrolled patients were 
confirmed varicocele and also rechecked with scrotal 
ultrasound test. 

Semen was collected by masturbation into a sterile 
plastic cup after 3 to 5 days of sexual abstinence. The 
semen specimen was left for at least 30 minutes at 
room temperature for liquefaction. Semen analysis 
was based on World Health Organization [16] criteria. 
Sperm count and motility was objectively assessed 
using a Makler counting chamber with a computer-
assisted sperm analyzer (Sperm Analysis Imaging 
System [SAIS], Seoul, Korea). The viability was evalu-
ated using eosin-nigrosin staining. Sperm were classi-
fied as viable if the sperm head was unstained and as 
non-viable if the sperm head stained red-pink (Fig. 1). 
Evaluation of sperm morphology was performed using 
the Papanicolaou staining method (Fig. 2). The Papa-
nicolaou staining enables classification of head defects 
with vacuoles of spermatozoa and other cells; sperm 
stains pale blue in the acrosomal region and dark blue 
in the post-acrosomal regions of the head. Excess re-
sidual cytoplasm stains pink or red. The midpiece may 
show some red staining and the tail is stained blue or 
reddish. The acrosomal region should contain no large 
vacuoles, and not more than two small vacuoles, which 
should not occupy more than 20% of the sperm head. 
The post-acrosomal region should not contain any vac-
uoles. The lower reference limit for sperm parameters 
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is as follows: sperm count ≥15×106 sperm/mL, motility 
≥40%, viability ≥58%, normal morphology ≥4%. Sperm 
parameters were divided into two classes: the upper 
reference limits consider to normal sperm parameter 
and lower reference limits consider to abnormal sperm 
parameter. Also, for the evaluate sperm DFI with 
sperm parameters, sperm parameter groups were di-
vided into two groups according to the 30% of sperm 
DFI. If sperm count was lower than <5×106 sperm/mL, 
sperm morphology and viability were not analyzed.

2. Sperm DNA fragmentation test
Sperm DNA fragmentation was assessed using the 

Halosperm kit (Halotech DNA, S.L., Madrid, Spain) 
according to the manufacturer’s instructions. Briefly, 
semen sample was diluted to 5–10×106/mL in sperm 
washing medium (SAGE; CooperSurgical, Inc., Trum-
bull, CT, USA). An agarose-containing Eppendorf tube 
was floated in water for 5 minutes at 90°C to 100°C, 
until the agarose dissolved. The agarose tube was 
transferred to a temperature-controlled water bath 
maintained at 37°C and left for 5 minutes until the 
temperature was even. Then, 25 µL of the diluted se-
men sample was transferred to the melted agarose 
tube and mixed well. Immediately, 10 µL of the mixed 
cell suspension was placed on a coated slide glass (pro-
vided by the kit) and covered with a coverslip. The 
slide was then placed on a cold plate for 5 minutes at 
4°C in order for the agarose to solidify with the sper-
matozoa embedded within. The coverslip was then gen-

tly removed and the slide was fully immersed in dena-
turant solution, and placed horizontal to incubate for 7 
minutes at room temperature. To make the denaturant 
solution, 80 µL of the acid denaturant solution (pro-
vided by the kit) was added to 10 mL of distilled water 
and mixed well. Afterwards, the slide was horizontally 
immersed in a lysis solution and incubated for 25 
minutes. The slide was moved into abundant distilled 
water for 5 minutes in order to wash the lysis solution. 
The slide was placed horizontal in a tray and rinsed in 
an ethanol series (70%, 90%, and 100%) for 2 minutes 
in a stepwise manner and then air-dried. For visualiza-
tion, Diff-Quik staining was used. The slide was im-
mersed in eosin solution (red color) for 7 minutes. The 
slide was then move into Azur B solution (blue color) 
for 7 minutes, washed and allowed to dry. The slide 
was covered with a coverslip and spermatozoa were 
observed with a halo under a bright microscope (×200). 
For spermatozoa classification of DNA fragmentation, 
spermatozoa with a large- or medium-sized halo were 
considered without fragmentation (normal sperma-
tozoa) and spermatozoa with a small halo, without a 
halo or that were degraded were considered to exhibit 
fragmentation (DNA-fragmented spermatozoa) (Fig. 3). 
All SDF analysis was performed and analyzed by same 
expert senior andrologist. A total of 500 spermatozoa 
per sample were scored. The fragmentation rate were 
calculated as the DFI (%)=(fragmented spermatozoa/to-
tal spermatozoa counted)×100. A threshold sperm DFI 
value exceeding 30% was considered abnormal accord-
ing to the manufacturer’s instructions.

Fig. 1. Sperm viability test using eosin-nigrosin staining. Viable sperm 
heads were unstained and non-viable sperm heads were stained red-
pink (×400).

Fig. 2. Evaluation of sperm morphology using Papanicolaou staining 
(×1,000).
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3. Ethics statement
This study was approved by the Institutional Re-

view Board of Cheil General Hospital and Women’s 
Healthcare Center, Seoul, Korea (approved No. CGH-
IRB-2017-30).

4. Statistical analysis
Data are shown as mean±standard deviation. Nu-

merical data for the two groups of interest were com-
pared by investigating their degree of correlation and 
performing the Student’s t-test. Correlation coefficient 
among SDF and semen parameters was calculated via 
Pearson methods. Differences were considered statisti-
cally significant at p<0.05.

RESULTS

Regarding the overall results for sperm parameters, 
normal and abnormal sperm DFI was evaluated (Table 
1). For the evaluate sperm parameter with sperm DFI, 
sperm parameters were categorized according to a 
threshold sperm DFI value of 30%. The total results 
of sperm parameters and sperm DFI were within nor-
mal range; however, morphology values were at the 
lower limit of normal and showed broad range (range, 
0–22). For the normal sperm DFI group (≤30%) and 
the abnormal sperm DFI group (>30%), mean age was 
34.4±4.0 years and 36.0±5.3 years, respectively (p<0.05). 
Mean sperm DFI was 18.8%±6.2% in the normal sperm 
DFI group, and 45.1%±17.6% in abnormal sperm DFI 

A B

Fig. 3. Determination of sperm DNA fragmentation using the sperm chromatin dispersion test at magnifications of (A) ×200 and (B) ×400. For vi-
sualization, Diff-Quik staining was used. The arrows indicate a sperm without fragmentation (normal sperm) and the arrowheads indicate a sperm 
with fragmentation (DNA fragmented sperm).

Table 1. Characteristics of sperm parameters and comparative proportions based on a 30% SDF threshold

Characteristic Total value
SDF

p-value
Normal (≤30%) Abnormal (>30%)

No. of case 157 115 42 -
Male age (y) 34.8±4.4 34.4±4.0 36.0±5.3 0.036*
Volume (mL) 3.3±1.6 3.3±1.5 3.2±1.9 0.643
Count (×106 sperm/mL) 74.2±69.3 75.5±67.9 70.5±72.9 0.689
Motility (%) 39.8±22.6 44.3±21.7 27.2±20.2 <0.001*
Viability (%) 60.7±16.4 64.8±13.8 49.5±17.8 <0.001*
Morphology (%) 3.9±4.1 4.3±4.2 2.9±3.3 0.069
SDF (%) 25.9±17.7 18.8±6.2 45.1±17.6 <0.001*

Values are presented as number only or mean±standard deviation.
SDF: sperm DNA fragmentation.
*p<0.05.
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group. In abnormal sperm DFI group, the average 
sperm count (range, 1–284.3×106 sperm/mL), and aver-
age sperm morphology (0%–15%) showed broad value, 
and statistical difference was not observed. High sperm 
DFI was associated with significantly lower motility 
and viability (p<0.001). Sperm parameters showed nor-
mal value in normal sperm DFI group. Although sperm 
morphology showed lower value in abnormal sperm 
DFI group, statistical difference was not observed. A 
comparison of sperm parameters and sperm DFI be-
tween the normal (≥15×106 sperm/mL) and abnormal 
(<15×106 sperm/mL) sperm count groups is shown in 
Table 2. Sperm motility and morphology were signifi-
cantly better in the normal sperm count group (p<0.001 
and p<0.05, respectively), while sperm DFI was higher 
in the abnormal sperm count group (24.5%±13.1% vs. 

33.5%±24.9%, p<0.05). In this result, if sperm count was 
lower than <5×106 sperm/mL, sperm morphology and 
viability were not analyzed. Therefore, broad range of 
standard deviation was showed in abnormal morphol-
ogy group. Although viability was not significantly 
different, sperm count affect to sperm parameters and 
sperm DFI. 

Table 3 shows the relationship of  normal sperm 
motility (≥40%) and abnormal sperm motility (<40%) 
with sperm parameters and sperm DFI. Sperm count 
and viability were significantly associated with sperm 
motility (p<0.001). Sperm DFI also varied significantly 
between normal and abnormal sperm motility groups 
(20.0%±8.8% vs. 30.6±18.4%, p<0.001). In abnormal sperm 
DFI group, the average sperm count (range, 1–330.5×106 
sperm/mL), and average sperm morphology (0%–16%) 
showed broad value. Sperm parameters and sperm DFI 
with respect to normal sperm viability (≥58%) and ab-
normal sperm viability (<58%) are presented in Table 
4. Sperm viability was not associated with sperm count 
or morphology. Sperm motility and sperm DFI were 
significantly different (p<0.001) between normal and 
abnormal sperm viability groups. Sperm morphology 
value in abnormal sperm DFI group showed broad 
range (0%–17%). 

In Table 5, sperm count and motility showed statisti-
cally significant differences between the normal sperm 
morphology (≥4%) and abnormal sperm morphology 
(<4%) groups (p<0.001), while sperm viability and DFI 
were not shown significantly different within normal 
range. This result supposed to sperm DFI does not af-

Table 2. Sperm parameters and DFI according to sperm count

Variable

Normal 
count 

(≥15×106 
sperm/mL)

Abnormal 
count 

(<15×106 
sperm/mL)

p-value

No. of case 134 23 -
Male age (y) 34.8±4.4 35.3±4.3 0.588
Volume (mL) 3.3±1.6 3.0±1.7 0.345
Count (×106 sperm/mL) 85.6±68.7 7.4±4.0 <0.001*
Motility (%) 42.5±22.2 24.0±18.1 <0.001*
Viability (%) 60.6±16.1 61.7±19.2 0.818
Morphology (%) 4.2±4.1 1.6±1.8 0.031*
SDF (%) 24.5±13.1 33.5±24.9 0.011*

Values are presented as number only or mean±standard deviation.
DFI: sperm DNA fragmentation index, SDF: sperm DNA fragmentation.
*p<0.05.

Table 3. Sperm parameters and DFI according to sperm motility

Variable 
Normal 
motility 
(≥40%)

Abnormal 
motility 
(<40%)

p-value

No. of case 72 85 -
Male age (y) 34.7±4.5 35.0±4.3 0.678
Volume (mL) 3.1±1.4 3.4±1.8 0.315
Count (×106 sperm/mL) 109.1±70.2 44.6±52.8 <0.001*
Motility (%) 60.5±13.6 22.2±10.8 <0.001*
Viability (%) 65.5±12.2 56.1±18.5 <0.001*
Morphology (%) 4.6±4.4 3.3±3.5 0.053
SDF (%) 20.0±8.8 30.6±18.4 <0.001*

Values are presented as number only or mean±standard deviation.
DFI: sperm DNA fragmentation index, SDF: sperm DNA fragmentation.
*p<0.05.

Table 4. Sperm parameters and DFI according to sperm viability

Variable 
Normal 
viability 
(≥58%)

Abnormal 
viability 
(<58%)

p-value

No. of case 104 53 -
Male age (y) 34.5±4.4 35.5±4.3 0.165

Volume (mL) 3.2±1.4 3.5±1.9 0.261

Count (×106 sperm/mL) 72.6±66.5 77.2±74.3 0.697

Motility (%) 44.4±22.7 30.6±19.5 <0.001*

Viability (%) 71.1±8.2 44.2±12.1 <0.001*

Morphology (%) 4.1±4.0 3.6±4.1 0.489

SDF (%) 22.7±14.6 32.0±16.0 <0.001*

Values are presented as number only or mean±standard deviation.
DFI: sperm DNA fragmentation index, SDF: sperm DNA fragmentation.
*p<0.05.
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fected by sperm morphology. In the overall results for 
sperm parameters, Pearson’s analysis observed that 
correlation coefficient among sperm parameters, motil-
ity and viability presented a negative and significant 
correlation with sperm DFI (Table 6).

DISCUSSION

The frequency of SDF has been recognized as a new 
potential parameter of semen quality. Increased SDF 
rates are correlated with severe sperm defects, male in-
fertility, poor fertilization rates, poor embryonic devel-
opment, decreased implantation rates, low pregnancy 
rates, and increased risk of pregnancy loss after assist-
ed reproductive technology (ART) [17,18]. The etiology 
of sperm DNA damage seems to be multifactorial and 
may result from intrinsic and/or external factors. In 
the present study, motility, viability, and morphology 
were significantly lower in the >30% sperm DFI group 
(p<0.05). As a rule, increased SDF is correlated with 
poor sperm morphology; in addition, sperm with normal 

morphology and motility tend to exhibit a low DNA 
damage rate. This suggests that performing ICSI using 
sperm with high DNA fragmentation rates would lead 
to similar fertilization and clinical pregnancy rates as 
ICSI with sperm with low DNA fragmentation rates 
[19].

Several hypotheses have been proposed to explain 
the origin of sperm DNA damage. In a meta-analysis, 
an increase in sperm DNA damage was revealed in 
men with varicoceles [20]. Data in the literature have 
demonstrated an increase in DNA fragmentation in 
men with varicocele and a clear association between 
oxidative stress and worse sperm parameters, includ-
ing conventional parameters and sperm DNA damage 
[21]. Dieamant et al [3] demonstrated that men with 
varicocele had lower total sperm count, inferior pro-
gressive and total sperm motility, reduced vitality, and 
abnormal morphology compared to a control group. 
This study demonstrated that SDF was increased in 
varicocele group compared to the control group. In men 
with varicocele, impaired spermatogenesis, decreased 
progressive motility, and reduced sperm concentra-
tion are the most common abnormalities [22] and may 
cause deleterious alterations in early spermatid head 
differentiation during spermiogenesis, suggesting that 
varicocele patients with a high incidence of sperm ac-
rosome and nucleus malformation are good candidates 
for varicocelectomy [20,22]. Enciso et al [23] reported 
that men with varicocele exhibit a higher yield of 
sperm cells with the greatest nuclear DNA damage in 
a population with fragmented DNA. García-Peiró et al 
[12] reported a significant increase in DNA stainabil-
ity and in DNA-degraded spermatozoa in the presence 
of varicocele. Another potential explanation for DNA 
damage in men with varicocele might be the elevated 
intratesticular temperature that is associated with 
varicocele, which can affect testicular function [24]. 

Table 5. Sperm parameters and DFI according to sperm morphology 

Variable
Normal 

morphology 
(≥4%)

Abnormal 
morphology 

(<4%)
p-value

No. of case 79 78 -
Male age (y) 34.5±4.5 35.2±4.3 0.290
Volume (mL) 2.9±1.3 3.6±1.8 0.005*
Count (×106 sperm/mL) 85.9±74.1 62.3±61.8 0.032*
Motility (%) 42.2±22.0 37.3±22.9 0.176
Viability (%) 63.4±12.1 58.6±18.8 0.089
Morphology (%) 7.3±4.0 1.4±1.1 <0.001*
SDF (%) 25.4±16.2 26.4±15.1 0.069

Values are presented as number only or mean±standard deviation.
DFI: sperm DNA fragmentation index, SDF: sperm DNA fragmentation.
*p<0.05.

Table 6. Simple correlation coefficiency (r) among SDF and sperm parameters

Volume Count Motility Viability Morphology SDF 

Volume 1 -0.051 -0.049 -0.088 -0.087 -0.053
Count -0.051 1 0.482** -0.062 0.317** -0.092
Motility -0.049 0.482** 1 0.404** 0.216 -0.501**
Viability -0.088 -0.062 0.404** 1 0.078 -0.562**
Morphology -0.087 0.317** 0.216* 0.078 1 -0.136
SDF -0.053 -0.092 -0.501** -0.562** -0.136 1

SDF: sperm DNA fragmentation. 
*p<0.05 and ** p<0.001.
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The sperm chromatin integrity test has been sug-
gested to be useful in the assessment of varicocele 
[9]. Although studies have reported different clinical 
values, several specific tests have been developed to 
determine SDF: the sperm chromatin structure assay 
(SCSA) using flow cytometry, TdT-mediated dUTP 
nick end labeling (TUNEL) assay, and the single-cell 
gel electrophoresis COMET assay. However, these pro-
cedures cannot be performed routinely in conventional 
semen analysis laboratories because they are complex, 
difficult to perform, time-consuming and relatively 
expensive. SCSA is a statistically robust test, but not 
all laboratories have access to a flow cytometer or 
the technical expertise needed to perform this assay. 
Therefore, any technique used to analyze SDF in a 
clinical andrology or ART laboratory should be simple 
and reproducible. With regard to sperm DFI, in several 
studies a DNA fragmentation rate of ≥30% was associ-
ated with impaired fertility outcomes and increased 
spontaneous abortion rates [25]. Another report showed 
that a high percentage of damaged spermatozoa with 
denatured DNA (>30%) led to very low fertility po-
tential [26]. In our study, a threshold sperm DFI value 
exceeding 30% was considered abnormal according to 
the manufacturer’s instruction. All SDF analysis was 
performed and analyzed by same expert senior an-
drologist. Therefore, inter-observer variation was not 
present.

A new procedure for the determination of SDF, the 
sperm chromatin dispersion (SCD) test, has been de-
veloped. The SCD test enables detection of different 
degrees of nuclear DNA damage and discrimination 
of sperm nuclei with fragmented DNA [27]. In the 
SCD protocol, sperm nucleoids can be visualized using 
a fluorescence microscope or bright microscopy after 
Diff-Quik staining. In the initial protocol, although ha-
los can be seen using Diff-Quik staining and bright mi-
croscopy, the staining results are very weak and with 
poor contrast. Stained objects show low nucleoid den-
sity more faintly and with less contrast. If the chroma-
tin is less dense, the peripheral limit of the halo may 
not be accurately discriminated from the background. 
This phenomenon can cause errors when quantifying 
halo size. If sperm tails are not present in the stained 
sample, discrimination from other cell types can be 
difficult. Thus, there are limitations associated with 
bright field microscopy of Diff-Quik staining. However, 

the initial SCD protocol has been improved, and assess-
ment of sperm cell nuclear halo size and distinction 
from non-germ cell types can be accurately and confi-
dently performed in every basic laboratory using Diff-
Quik staining and conventional bright field microscopy 
[28]. The modified SCD test, known as the Halosperm 
kit, assesses the capacity of sperm chromatin to dis-
perse under hydrochloric acid denaturation of the 
chromatin that detected only single-strand DNA. After 
denaturing, a lysing solution was used to remove excess 
nuclear proteins. The level of fragmentation can be es-
timated based on the size of the nuclear dispersion and 
measured using optic microscopy. The SCD test gives 
predictive values for SDF similar to the SCSA and 
TUNEL and is relatively easy, expeditious, and repro-
ducible. Therefore, in our study, we used the modified 
SCD test (Halosperm) kit. Using a threshold sperm DFI 
value of 30%, significant differences in motility, vi-
ability, and morphology were observed (p<0.001, Table 
1). Semen with values near the lower limit of normal 
for count, motility, viability, and morphology had sig-
nificantly higher sperm DFI. Sellami et al [29] found 
no correlation between the degree of sperm chromatin 
condensation and sperm parameters including sperm 
count, motility, and viability. In our study, we can sug-
gest that chromatin condensation constitutes a useful 
parameter in the assessment of male fertility, com-
pletely independent of conventional sperm parameters, 
however, we focused on the relationship between SDF 
value and sperm parameters, an optimal predictive in-
dicator for the ART outcomes was not identified. Also, 
a potential weakness of the present study is that a lim-
ited number of semen analysis samples were used to 
produce these results, which may have confounded the 
results. Therefore, a larger number of semen samples 
will be needed in future studies.

CONCLUSIONS

In conclusion, SDF may be contributing factors to 
sperm motility, viability, and morphology. Also, abnor-
mal sperm count, motility, and viability showed high 
sperm DFI value. The relationship between SDF and 
abnormal sperm parameters was confirmed in men 
with varicocele. Therefore, abnormal sperm parameters 
were indicative of increasing SDF in men with varico-
cele.
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