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Abstract
Study design Retrospective descriptive study.
Objectives To determine the incidence and probable etiology of sperm DNA fragmentation (SDF) in a sample of males with
spinal cord injury (SCI).
Setting Hospital in Toledo, Spain; University-based Genetics laboratory in Madrid, Spain.
Methods Semen collected by vibro-stimulation from 27 males with various levels of spinal cord injury. Classical semen
parameters, SDF, leukocytospermia and pro-oxidant capacity were assessed and compared with a cohort of normozoos-
permic fertile donors (n= 10).
Results Males with SCI presented with lower semen quality compared with normozoospermic donors with respect to
progressive motility (p= 0.0002), SDF (p < 0.00005), pro-oxidant capacity (p= 0.0191) and leukocytospermia (p <
0.00005). Although there was no significant correlation between semen quality and time since the lesion occurred, the period
of abstinence appeared to be positively correlated with SDF (r= 0.486; p= 0.041). When the semen parameters of males
with SCI were categorized based on those with cervical and thoracic lesions, sperm concentration was higher for those with
cervical damage (p= 0.0257). Males with complete lesions (AIS A) had ejaculates that were lower in progressive motility
(p= 0.0040) than those with incomplete injuries (AIS B–D).
Conclusions Ejaculates of males with SCI have excessively elevated SDF when compared with normozoospermic donors,
which is likely to be associated with coincident high levels of leucocytospermia and pro-oxidant capacity. We propose that
these phenomena are caused by the accumulation and degeneration of spermatozoa in the cauda epididymidis.

Introduction

The semen of males with SCI is typically characterized by
low sperm motility and viability, variable morphology, and
alterations in semen plasma content [1–3]. The cause of
poor sperm quality in males with SCI, although con-
troversial, is likely to be multifactorial, potentially asso-
ciated with anejaculation, reproductive tract infections,
prostatic dysfunction and/or a failure to regulate scrotal
temperature [2, 4, 5]. While the classical semen character-
istics of males with SCI have been studied post injury, and
these studies have demonstrated no chronic change in
semen parameters [3], there are other factors that may be
adversely affecting fertility, including changes to structural
proteins, mitochondrial activity, and DNA damage [4, 6, 7].

There are numerous studies that relate the presence of
sperm DNA damage to male infertility (Reviewed by Rex
et al. [8]). These studies suggest that between 30 and 80%
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of cases of sub-fertility by male factor can be attributed to
the damaging effects of oxidative stress. This stress occurs
when reactive oxidative species (ROS) exceeds the natural
antioxidant capacity of semen, causing cell membrane
damage and increasing the rate of DNA fragmentation. The
two largest contributors of ROS in semen are leukocytes
and spermatozoa, although the production of ROS by leu-
kocytes is up to 1000 times more potent than that attributed
to spermatozoa. The superoxide anion is considered to be
the principal ROS generated and the primary cause of this
damage [9]. While the World Health Organisation [10]
initially set a reference standard of leukocytes in the eja-
culate at 1.5 × 106 mL−1, there are studies that have shown
that even low levels of leukocytospermia can be associated
with sperm DNA damage [11].

This retrospective study was conducted to investigate
semen characteristics of males with SCI in a reference
Hospital in Spain and to compare these data with a control
sample of fertile semen donors in an attempt to establish the
relationship between SDF, pro-oxidant capacity and leu-
kocytospermia. Our principal aims were to explore the
etiology of SDF in males with SCI and to contribute to the
database of classical semen characteristics from SCI males,
with the additional perspective of pro-oxidant capacity
related with the presence of leukocytes. This database is
likely to be useful in clinical service to provide improved
fertility diagnosis and treatment recommendations.

Methods

Male cohort description

Semen samples were obtained from 27 males with SCI
attending the Sexual and Fertility Unit, Hospital Nacional
de Parapléjicos de Toledo, Spain (Table 1). For statistical
analysis, males with SCI were grouped in two main groups,
those presenting with cervical (C) injury (tetraplegia) and
those presenting with thoracic (T) injury (paraplegia) and
according to the American Spinal Injury Association
Impairment Scale (AIS; [12]) with respect to occurrence of
a complete lesion (A) or an incomplete lesions (B, C, and
D). For a control comparison, fertile semen samples surplus
to requirements, from ten normozoospermic donors without
SCI, were provided by a clinic in Seville, Spain; SDF
analysis of these semen samples was conducted at the
Universidad Autónoma de Madrid. The mean (SD) age of
males with SCI and the semen normozoospermic donors
was 32.1 (9.0) and 30.1 (8.5), respectively. Males with SCI
presented with a large variation in the time of abstinence
with respect to their last ejaculation; this period ranged from
12 or more months of abstinence (11/27; Table 1) to less
than 12 months of abstinence (7/27; Table 1) with a

maximum of 68 months and a minimum of 1 month. In nine
patients, only one ejaculate was obtained [denoted as not
determined (ND) in Table 1]. Considering the large range of
abstinence time as an unavoidable possible confounding
factor, we conducted a correlation analysis with respect to
months of abstinence and the different sperm quality para-
meters assessed.

Semen sample processing

All semen samples from males with SCI in this study were
obtained using vibro-stimulation (Ferticare Personal®,
https://medicalvibrator.com) and a subsample of each eja-
culate cryopreserved using a slow freezing protocol
(Cryosperm, Origio, Malov, Denmark) for later assessment

Table 1 Descriptors of males with SCI included in the current study.

Patient Age
(Years)

Time since
lesion
(Months)

Lesion
levela

AIS
Scaleb

Abstinence
(months)

1 23 7 T5 A 34

2 31 7 C4 D 68

3 25 7 T5 B 12

4 20 8 T4 A 1

5 25 8 T5 C ND

6 51 8 T6 A 65

7 23 11 C5 A 31

8 29 23 T4 A ND

9 20 24 C5 B 10

10 43 26 C6 A 2

11 37 27 C7 B 12

12 19 31 T4 A 12

13 35 33 T2 A 1

14 41 40 C7 D ND

15 37 57 C6 A 15

16 21 59 T6 A ND

17 27 69 C4 B 14

18 30 72 T5 B 10

19 27 87 T4 A 62

20 25 107 T5 A ND

21 36 120 C7 B 1

22 44 132 T8 A 1

23 36 170 C5 C ND

24 34 171 C6 A ND

25 41 280 C6 A ND

26 43 300 C6 C 40

27 45 312 C5 B ND

aLevel of spinal injury: C—cervical vertebrate; T—thoracic vertebrate.
bA—complete spinal cord damage; B–D—incomplete spinal cord
damage as defined by the International Standards for the Neurological
Classification of SCI [12].
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of sperm DNA fragmentation. The remaining sperm para-
meters (motility, pro-oxidant capacity, and leukocyte con-
centration) were assessed directly from freshly collected
ejaculates ~30 min following liquefaction. Given the large
amount of cellular debris in the ejaculate, sperm motility
and leukocyte concentration were visually assessed under
phase contrast microscopy. To assess pro-oxidant capacity
of the whole sperm sample, the Oxisperm II kit (Halotech
DNA, Madrid, Spain) was employed. The colorimetric
values of the pro-oxidant reaction were obtained after
applying image analysis protocols (ImageJ-NIH; https://ima
gej.nih.gov/ij/index.html) and following mixing of 50 µL of
semen with 50 µL of reactive gel containing nitro blue tet-
razolium according with the manufacturer’s specifications.
The color intensity of the reaction was evaluated using
image analysis protocols as gray level units, which has been
previously described by de la Casa et al. [13]. Sperm DNA
fragmentation was assessed from frozen-thawed samples
using Halosperm (Halotech DNA, Madrid, Spain) accord-
ing with the manufacturer’s recommendations.

Statistical analysis

Descriptive and comparative statistics were performed using
the Minitab®16 package (Minitab, LLC, USA). Seminal
parameter data were mostly right-skewed so that con-
servative nonparametric statistical methods were employed
to assess statistic difference of the medians. Seminal para-
meters of males with and without SCI were compared using
the Mann–Whitney/Wilcoxon test. Seminal parameters of
males with SCI were also compared with respect to the

spinal level of their lesion (cervical or thoracic) and based
on their AIS level (A verses B–D) using the
Mann–Whitney/Wilcoxon test. Nonparametric confidence
intervals for the difference in medians as an estimate of the
differences in location are also reported. Correlations were
analyzed using a Spearman Rho correlation using SPSSV25
(IBM® SPSS® Statistics, USA). Significance for all statis-
tical tests was set at p value of 0.05 level and a two-tailed
test used.

Results

Semen quality of males with SCI compared with
normozoospermic donors without SCI

Figure 1 summarizes the descriptive statistics of the dif-
ferent semen parameters measured in males with and
without SCI; Table 2 reports the p values and confidence
intervals, when comparing the different parameter values
obtained for each cohort. While sperm concentration in
some males with SCI was very high, significant differences
were not obtained when this sample was compared with the
normozoospermic donor cohort. On the contrary, median
progressive motility was higher in the normozoospermic
donor cohort. The median sperm DNA Fragmentation
(SDF) of males with SCI was estimated to be 5.4× that of
the normozoospermic donor controls, with 70% of the SCI
patients presenting with values higher than 70% SDF.
Despite higher levels of sperm DNA damage in the ejacu-
lates of males with SCI (compare red arrows with green

Fig. 1 A box-whisker plot comparison of the semen characteristics of ejaculates of males with (P: n= 27) and without (D: n= 10) spinal cord
injury.
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arrows in Fig. 2a), some males with SCI still displayed
haloes of dispersed chromatin representative of normal
DNA quality. The median leukocyte concentration was
estimated to be 6.5× higher in males with SCI compared
with normozoospermic donors (Fig. 1 and Table 2). While
the median pro-oxidant capacity of males with SCI was
higher than that of normozoospermic donors (Fig. 1;
Table 2), not all the leukocytes showed the same level of
labeling response to the NBT reaction, as both high and low
ROS activity were often visualized in the same field of view
(Fig. 2b). In general, all semen parameters analyzed in
males with SCI showed a higher degree of variability than
the normozoospermic control donors (Fig. 1).

Time between ejaculations

For males with SCI, the time between two serial ejaculations
was highly variable, ranging from 1–68 months (Table 1),
however, the majority of semen parameters showed no

significant correlation with respect to the time period
between two sequential ejaculations (Sperm concentration:
r= 0.453; p= 0.059; Sperm motility: r=−0.059; p=
0.817; Pro-oxidant capacity: r=−0.218; p= 0.385 Leuko-
cyte concentration: r= 0.296; p= 0.233), except for SDF
which was positively correlated with time of abstinence (r=
0.486; p= 0.041). There was no significant correlation with
respect to the time since the lesion had occurred for any of
the semen parameters (Sperm concentration: r= 0.303;
p= 0.125; Sperm motility: r=−0.194; p= 0.331; SDF:
r= 0.159; p= 0.428; Pro-oxidant capacity: r=−0.027;
p= 0.895; Leukocyte concentration: r=−0.175; p=
0.383). In addition, SDF was significantly positively corre-
lated with sperm concentration (r= 0.488; p= 0.010) and
not surprisingly, negatively correlated with progressive
motility (r=−0.522; p= 0.003).

Level of injury

Two different analyses were performed. In the first, males
with SCI were grouped into those with either cervical (C—
tetraplegic) or thoracic (T—paraplegic) injuries; those
individuals in AIS category D were excluded (n= 2; see
Table 1). Those males with SCI at the cervical region
showed no significant difference in semen parameters
compared with those with thoracic injury (Table 3), except
for sperm concentration, the median of which was estimated
to be 2.1× higher in males with cervical lesions. In the
second analysis, only progressive motility was significantly
different between these two groups, with AIS A SCI males
having a median estimated to be 2.3× lower than males with
SCI that had incomplete injuries (AIS B–D) (Table 4).

Discussion

The results of this study have shown that apart from sperm
concentration, the semen quality of males with SCI was
remarkably poor compared with that of the normozoos-
permic “high fertility proven” donor samples provided by
the clinic with respect to every parameter analysed. This is

Fig. 2 a Spermatozoa from a male with SCI showing fragmented and
non-fragmented sperm DNA following the SCD (Halosperm®) assay
—Red arrowheads represent sperm nuclei with fragmented sperm
DNA and green arrowheads represent sperm with normal DNA;
b NBT response of a male with SCI showing leukocytes with high and
levels of activities after reaction for 15 min in the reactive gel.

Table 2 Statistical comparison
of medians, the test statistic, P
and CI values of semen
parameters of males with (n=
27) and without SCI (n= 10).

Semen parameters SCI median Donor median Test statistic W
(P value)

95% CI for
difference

Sperm concentration
(×106 mL−1)

67.0 52.5 548 (0.2380) (−11.0, 104.0)

Progressive motility (%) 19.0 52.5 403 (0.0002) (−45.0, −20.0)

SDF (%) 83.3 15.5 648 (<0.00005) (53.3, 73.7)

Pro-oxidant capacity (gray
level units)

177.0 116.0 582 (0.0191) (13.0, 98.0)

Leukocyte Concentration
(×106 mL−1)

2.6 0.4 639 (<0.00005) (1.50, 2.90)
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consistent with previous observations based on standard
semen parameters [3, 6, 14, 15], although here, we have
expanded the standard analysis to include SDF measured
using the SCDt, pro-oxidant capacity detected in the eja-
culate and the presence of active leukocytes. In addition, we
have established comparative semen characteristics between
males with cervical and thoracic level damage as well as
between complete and incomplete damage as defined by the
AIS scale.

Although sperm concentration in males with SCI eval-
uated in this study tended to be high in some individuals, it
was not statistically different compared to the normozoos-
permic donor samples. While similar to the results of Rolf
et al. [16], this finding needs to be treated with caution, as
the variability of the sperm concentration in the males with
SCI was high and the sample small. Within the samples
from males with SCI, sperm concentration ranged from
1 × 106 mL−1 to 422 × 106 mL−1, whereas the donor’s
sperm concentration only ranged from 33 × 106 mL−1 to
91 × 106 mL−1. Even if sperm concentration was higher in
males with SCI, it is unlikely to have any beneficial rele-
vance to the overall semen quality; it may actually be det-
rimental. In this study, we found a positive correlation
between sperm concentration and SDF in the ejaculates of
males with SCI. Interestingly, the adverse effect of high
sperm concentration has also been reported in a range of
animal species not affected by spinal injury (e.g., [17]).

The presence of semen reactive oxygen species in males
with SCI has been iteratively reported (e.g., [18, 19]). We
propose that amplified oxidative stress mediated by active

leukocytes associated with sperm degeneration in the cauda
epididymidis is likely contributing to an aggressive envir-
onment for the stored spermatozoa. Our results appear to
support this hypothesis, as we found a higher level of pro-
oxidant capacity associated with the presence of active
leukocytes in the ejaculates of males with SCI compared
with normozoospermic donors. In our study, there was also
an increase in the level of pro-oxidant capacity and leuko-
cyte concentration in the ejaculate of males with SCI.
Therefore, we suggest that there is most likely to be a
cooperative and degrading process, whereby the ROS
activity present in the leukocytes is affecting normal sper-
matozoa and these damaged sperm could subsequently be
further contributing to ROS generation as they breakdown,
setting up a “vortex” of cellular degradation. Given this
background, it is not surprising that we describe here a
significant reduction in the progressive motility and sperm
DNA quality in males with SCI.

In addition to ROS production, leukocytes can also affect
sperm viability by the combined assembly of extracellular
neutrophil traps, the so-called neutrophil extracellular traps
(NETs). These structures are made up of DNA fibers ejected
by neutrophils to capture and degrade bacteria and which
are also able to trap spermatozoa [20]. Granules associated
with forming part of these NETs contain microbicidal
proteins, such as myeloperoxidase, calprotectin, or cathe-
psin G [21], all of which may negatively affect sperm
quality.

Unbalanced levels of ROS appear in part to be respon-
sible for the presence of high levels of SDF (e.g., [22]).

Table 3 Statistical comparison
of medians, the test statistic, P
and CI values of semen
parameters of males with
cervical (n= 12) and thoracic
(n= 13) SCI.

Semen parameters Cervical median Thoracic median Test statistic W
(P value)

95% CI for
difference

Sperm concentration
(×106 mL−1)

93.5 45.0 197.5 (0.0257) (10.0, 193.0)

Progressive motility (%) 16.0 15.0 164.0 (0.6833) (−11.0, 18.0)

SDF (%) 83.5 83.9 157.5 (0.9566) (−10.9, 12.4)

Pro-oxidant capacity (gray
level units)

67 85.0 146.0 (0.6053) (−45.0, 42.0)

Leukocyte concentration
(×106 mL−1)

2.65 2.50 161.5 (0.7856) (−1.00, 1.60)

Table 4 Statistical comparison
of medians, the test statistic, P
and CI values of semen
parameters of males with SCI
classified as AIS A (n= 15) and
AIS B–D (n= 12) lesions.

Semen parameters AIS (A) AIS (B–D) Test statistic W
(P value)

95% CI for difference

Sperm concentration (×106 mL−1) 76.0 64.5 200.0 (0.6430) (−89.0, 55.0)

Progressive motility (%) 16.0 36.5 150.5 (0.0040) (−38.0, −6.0)

SDF (%) 83.9 72.5 245.5 (0.877) (−3.7, 24.3)

Pro-oxidant capacity (gray
level units)

85.0 77.0 202.0 (0.7144) (−54.0, 33.0)

Leukocyte concentration
(×106 mL−1)

2.50 2.65 197.5 (0.5582) (−1.40, 0.899)
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Consequently, an uncontrolled REDOX system may also be
responsible for the extremely high levels of SDF described
in males with SCI in our study. The level of SDF in males
with SCI in our study appears to be higher than that reported
in generalized male factor infertility, such as leukocytos-
permia, Chlamydia infection, testicular cancer or varicocele
[23]. In fact, the level of SDF in some males with SCI we
analysed was as high as 100% and the median estimated to
be 5.4× higher than that observed in the control donor
cohort. If these males with SCI are ultimately going to
achieve pregnancy, then it will be necessary that these high
levels of SDF are reduced to around 15–25% so that pro-
cedures such as ICSI might be employed.

When the semen quality of males with SCI in this study
was analysed based on whether they had cervical or thoracic
spinal cord lesions, no significant differences were observed
in any semen parameter, except that of sperm concentration.
It is possible that males with SCI at the cervical level are
less likely to ejaculate spontaneously, thereby increasing
cauda epididymidal reserves. Neither the length of time
after the injury the semen sample was collected, nor the
period of anejaculation appeared to have any effect on
ejaculate quality, except that SDF was positively correlated
with abstinence time. As the impact of anejaculation has
been challenged by Brackett et al. [6] and we only had small
number of observations in our current study, this phenom-
enon will require further investigation.

When the semen parameter data for the SCI patients were
analysed according to AIS categories [complete (A) verses
incomplete (B–D)], the only significant difference in semen
parameters in our study was found for progressive motility,
which was higher in males with SCI with incomplete
lesions. The neurophysiology of this observation is difficult
to explain but is possibly related to the varying higher
degrees of spinal cord integrity in this broad category of
males with SCI; given the relatively low numbers of males
with SCI in each sub-category injury, their interpretation
needs to be regarded with caution.

In general, semen samples from the males with SCI were
highly abnormal, so it is unlikely that these samples would
result in pregnancy using standard intra-uterine artificial
insemination techniques. Rather, it is anticipated that males
with SCI would need some form of sperm selection to
create an enriched subpopulation of suitable spermatozoa,
closer to the donor standard in terms of sperm motility and
acceptable levels of SDF, to in order to obtain a pregnancy
in their partners. If classical sperm selection protocols for
improving human sperm quality such as “swim up” or
density gradient centrifugation (DGC) were not sufficient to
improve the proportion of fertile spermatozoa, then a
synergistic combination of DGC and magnetic activated cell
sorting (MACS) may need to be employed. DGC is likely to
be particularly useful for males with SCI, as it can eliminate

a large proportion of somatic cells (e.g., leukocytes) and
thereby decrease the effect of post-ejaculation sperm DNA
fragmentation [24]. In addition, the MACS procedure may
remove spermatozoa containing DNA damaged undergoing
apoptosis by targeting the cell surface of these spermatozoa
for capture with annexin-V antibodies [25].

Increased ejaculation frequency has been shown to be
effective for improving semen parameters in males with SCI
(e.g., [26]), even affecting the level of SDF of the selected
sperm subpopulation following DGC [27]. While such a
strategy appears intuitive, there are also obvious practical
challenges in obtaining repeated ejaculations, including
problems associated with the overuse of procedures such as
vibro-ejaculation or electro-ejaculation that could poten-
tially be harmful to males with SCI. In addition, the current
evidence that repeated ejaculation in males with SCI might
be helpful in improving semen quality, still appears equi-
vocal (e.g., [6, 28]).

Another possibility to improve the sperm quality of
males with SCI is harvesting spermatozoa directly from the
testis for use in intracytoplasmic sperm injection proce-
dures. Spermatozoa recovered from the testis, typically have
a lower level of sperm DNA fragmentation [29] and in
addition, they have not been exposed to oxidative damage
associated with sperm accumulation and deterioration in the
cauda epididymidis or from being adversely affected by
leukocyte presence. In addition, is it unnecessary to undergo
aggressive artificial induction of ejaculation, since sperm
recovery can be performed using TESA/TESE or micro-
TESE. When testicular sperm recovery is used in severe
oligospermic males, it may reduce the level of SDF from
~40% of SDF within the ejaculate to 8%, resulting in a
reduction in the probability of a miscarriage [30].

In reality, males with SCI are likely to require a com-
bination of customized sperm selection and assisted fertili-
zation techniques depending on their specific pathology and
circumstances but these procedures will need to be able to
reduce the proportion of SDF in the semen sample in order
to achieve a successful pregnancy. For example, this may
involve serial ejaculations with a period of abstinence for at
least two days, followed by a protocol of DGC for sperm
selection to reduce the proportion of leukocyte and/or
immature spermatozoa causing oxidative damage so as to
increase the final proportion of spermatozoa free of DNA
damage. If the sperm concentration recruited is optimal for
this treatment, then additional possibilities also exist to use
procedures such as MACS for a second tier of sperm
selection.

Although the findings of our study are limited to some
degree by its retrospective design, the small sample size of
ejaculates collected from males with SCI, the convenience
of using our own reference data for estimating the semen
parameters of donors and the use of nonparametric statistics,
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we have clearly demonstrated that semen quality of males
with SCI is significantly poorer than that of donors. Given
this phenomenon, most males with SCI will most likely
require some form of assisted reproductive technology to
increase their chances of successful conception. While this
study provides preliminary insights into the aeitology of
poor semen quality in males with SCI, there is still much to
learn, particularly with respect to the relationship between
anejaculation, sperm concentration, and SDF.

Data availability

The datasets generated and/or analysed during the current
study are available from the corresponding author on rea-
sonable request.
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