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ABSTRACT 36 

Assaying sperm DNA fragmentation (SDF) is becoming an important test to assess 37 

male infertility. Several different tests are available but no consensus has yet been 38 

reached as to which tests are most predictive of infertility.  Few publications have 39 

reported a comprehensive analysis comparing these methods within the same 40 

population.  The objective of this study was to analyze the differences between the five 41 

most common methodologies, to study their correlations, and to establish their cut-off 42 

values, sensitivity and specificity in predicting male infertility. We found differences of 43 

SDF between fertile donors and infertile patients in TUNEL, SCSA, SCD and alkaline 44 

Comet assays, but none with the neutral Comet assay.  The alkaline COMET assay was 45 

the best in predicting male infertility followed by TUNEL, SCSA and SCD, while the 46 

neutral COMET assay had no predictive power.  For our patient population threshold 47 

values for infertility were 20.05% for TUNEL assay, 18.90% for SCSA, 22.75% for the 48 

SCD test, 45.37% for alkaline Comet and 34.37% for neutral Comet.  This work 49 

establishes in a comprehensive study that the all techniques except neutral Comet are 50 

useful to distinguish fertile and infertile men.    51 

52 



INTRODUCTION 53 

In recent years, the sperm DNA fragmentation (SDF) has become a biomarker for male 54 

infertility, because it has been shown that fertilization of a sperm with fragmented DNA 55 

could cause defects in embryo development, giving rise to the risk of undergoing a 56 

pregnancy loss at early pregnancy stages, or problems with fetal development (Evenson 57 

et al., 1999; Carrell et al., 2003; Lewis and Simon, 2010).  Moreover, high sperm DNA 58 

fragmentation has been associated with recurrent miscarriage, higher difficulty in 59 

achieving a pregnancy, and different childhood diseases (Cooke et al., 2003; Aitken et 60 

al., 2009; Brahem et al., 2011; Zini, 2011; Absalan et al., 2012).  Etiological studies 61 

have concluded that oxidative stress is one of the most common factors associated with 62 

sperm DNA damage (Agarwal et al., 2008; Makker et al., 2009; Aitken & De Iuliis 63 

2010).  Other factors involved in sperm nuclear DNA fragmentation include incorrect 64 

chromatin remodeling, nuclease activity, or different external factors such as radiation  65 

(Maione et al., 1997; Sailer et al., 1997; Sotolongo et al., 2005; Aitken & De Iuliis, 66 

2010; Sakkas and Alvarez, 2010).  67 

Several methodologies have been developed to assess SDF, and most of them have been 68 

applied for clinical purposes by establishing their cut-off values for predicting 69 

pregnancy, and monitoring their sensitivity and specificity (Evenson et al., 2002; 70 

Sergerie et al., 2005; Velez de la calle et al., 2008; Nijs et al., 2009; Sharma et al., 2010; 71 

Simon et al., 2011; Venkatesh et al., 2011). First, the TUNEL assay (Gorczyca et al., 72 

1993) uses a terminal TdT transferase to label the 3’ free ends of DNA, resulting in a 73 

higher labeling on spermatozoa with fragmented DNA.  For this methodology, different 74 

cut-off values have been reported to assess the fertility status of the male (Sergerie et 75 

al., 2005; Sharma et al., 2010). It has been demonstrated that sensitivity and specificity 76 

can be increased by analyzing the results with a cytometer instead of an epifluorescence 77 



microscope (Dominguez-Fandos et al., 2007), by decompaction of the DNA with DTT 78 

(Mitchell et al., 2011), or not including the apoptotic bodies on the final result 79 

(Marchiani et al., 2007). Second, the Comet assay (Singh et al., 1988), has the unique 80 

feature that it can distinguish between single and double stranded DNA breaks (ssSDF 81 

and dsSDF, respectively) when it is performed under alkaline or neutral conditions.  It is 82 

based on nuclear decompaction followed by electrophoresis and visualization of 83 

individual sperm. Clinical cut-off values for male infertilty, assessing Comet tail DNA, 84 

and percentage of fragmented spermatozoa have been published using the alkaline 85 

Comet assay for both total semen sample (Simon et al., 2011; Ribas-Maynou et al., 86 

2012a), and also differentiating swim-up sperm cells (Simon et al., 2011). Moreover, 87 

our group demonstrated a clinical association of dsSDF assessed by neutral Comet with 88 

recurrent miscarriage risk in couples without female factor (Ribas-Maynou et al., 89 

2012b), showing that differences in the DNA break type, ssSDF or dsSDF, has different 90 

implications for human reproduction.  91 

Other methods such as SCSA (Evenson et al., 1980) and the SCD test (Fernandez et al., 92 

2005) base their detection of SDF on the denaturing capacity of the sperm chromatin.  93 

The SCSA uses acridine orange staining to label the double stranded DNA with green 94 

and the single stranded DNA with red. The proportion of these two emissions, with a 95 

previous acid-denaturing step, has widely been demonstrated to determine the 96 

percentage of DNA fragmentation, and several reports for clinical usage have been 97 

published (Evenson and Jost, 2000; Evenson et al., 2002; Bungum et al., 2004; Virro et 98 

al., 2004; Nijs et al., 2009; Venkatesh et al., 2011). Moreover, SCSA provides also an 99 

additional parameter named High DNA Stainability (HDS). This parameter is a measure 100 

of the percentage of immature sperm within the semen sample, which can also be taken 101 

into account on the male infertility assessment (Evenson et al., 1999) 102 



Finally, the SCD test, assesses the capacity of the chromatin to form dispersion halos, 103 

and allows differentiating the non-fragmented sperm (with halo) from the fragmented 104 

sperm (without halo). Like the other methods, studies showing the infertility cut-off 105 

value for the SCD test have been performed (Fernandez et al., 2005; Velez de la calle et 106 

al., 2008; Nuñez-Calonge et al., 2012; Ribas-Maynou et al., 2012b).  107 

Although many studies reported different clinical values using these techniques, only a 108 

few studies have proved the correlation between TUNEL, SCSA and SCD (Chohan et 109 

al., 2006; Garcia-Peiró et al., 2011), however, these studies have not reported the 110 

sensitivity and specificity values for each technique.  111 

On the other hand, although a study found a relationship between SDF and embryo 112 

quality using the SCSA (Niu et al., 2011), some studies failed in finding a relationship 113 

between the SDF predictive value and assisted reproduction techniques (ART) such as 114 

in vitro fertilization (IVF) or intra-cytoplasmatic sperm injection (ICSI) (Simon et al., 115 

2013; Bungum et al., 2012; Esbert et al., 2012).  This lack of the predictive quality of 116 

SCSA could be due to the presence of a female factor, such as differences between 117 

oocytes on their efficiency of DNA repair after fertilization (Payne et al., 2005; Evenson 118 

and Wixon, 2006).    119 

We have previously shown that extensive sperm ssSDF may prevent pregnancy, but that 120 

sperm with dsSDF can fertilize ooctyes achieving pregnancy but compromise the fetus 121 

viability within the first trimester (Ribas-Maynou et al., 2012b). Moreover, the lack of 122 

relationship of most SDF assays with IVF or ICSI found by other authors might also be 123 

related to the method used to assess the sperm DNA damage, or to differences of 124 

sensitivity and specificity in detecting the total SDF in the semen sample between 125 

methods maybe due to a lack of method standardization. However, these two facts have 126 

not been exhaustively studied among methods, although it seems to be important 127 



because there is still a limitation in the knowledge about the effects that DNA 128 

fragmentation could have on the embryo and the embryonic development.  129 

The objective of the present study is to compare the five most commonly used 130 

techniques to assess DNA damage, to establish the correlations between them, and 131 

finally, to compare their sensitivity, specificity and threshold values attending male 132 

infertility. 133 

  134 



MATERIAL AND METHODS 135 

Sample collection  136 

Semen samples from 240 human males were collected in collaboration with 137 

reproduction centers and hospitals from the Barcelona area. Samples from couples 138 

showing female factors have been excluded from the study. An informed consent was 139 

obtained from all donors and the appropriate ethics committee approved the study.  140 

Samples were divided into fertile donors, who achieved a clinical pregnancy, and 141 

infertile patients, obtaining a group size of 50 and 190, respectively. Semen samples 142 

were obtained with a minimum of three days and maximum of seven days of sexual 143 

abstinence, and were cryopreserved in test-yolk buffer (14% glycerol, 30% egg yolk, 144 

1.98% glucose, 1.72% sodium citrate) until the sperm DNA fragmentation analysis. The 145 

total sample size that was analysed for the different methods were: 183 for alkaline 146 

Comet, 183 for neutral Comet, 123 for SCD test, 93 for TUNEL assay, and 98 for 147 

SCSA. 148 

TUNEL assay 149 

The TUNEL assay was performed using the In Situ Cell Death Detection Kit from 150 

Roche (Roche Diagnostic Gmbh, Penzberg, Germany), following the protocol 151 

previously described (Barroso et al., 2000). The analysis of sperm DNA fragmentation 152 

was performed by flow cytometer analysis (FACSCalibur; Becton Dickinson, NJ, 153 

USA), and a total of 10.000 spermatozoa were analyzed at a flow rate of 200-300 154 

spermatozoa/sec taking into account a negative control without the TdT enzyme. Data 155 

were processed using cellquest analysis software (Becton Dickinson) after gating out 156 

cell debris. 157 

SCSA 158 



The SCSA methodology has been described elsewhere by Evenson et al., (1999). 159 

Briefly, each semen sample was diluted to reach a concentration of 2 x 106 160 

spermatozoa/mL in TNE buffer (10 mM Tris-HCl, 150 mM NaCl, 1mM EDTA, pH 7,5) 161 

in a total volume of 200 μL. Then, the sample was treated with an acid solution 162 

(150mM NaCl, 0.1% Triton X-100, pH 1.2) and after 30 sec. a staining was performed 163 

using acridine orange 6 μg/mL for 3 minutes. Finally, a total of 5000 sperm cells were 164 

analysed by flow cytometry (FACSCalibur; Becton Dickinson). The percentage of 165 

spermatozoa with DNA fragmentation show increased red fluorescence, unlike the non-166 

fragmented population, that show a normal level of red fluorescence. The percentage of 167 

HDS sperm had not been included in this SDF comparative study.  168 

SCD test 169 

The SCD test was performed using the Halosperm kit (Halotech DNA; Madrid, Spain) 170 

following the manufacturer’s instructions. Samples were stained with propidium iodide 171 

and 250 spermatozoa were assessed and classified as fragmented or non-fragmented 172 

sperm, using a fluorescence microscope (Olympus AX70).  173 

Comet assay 174 

The alkaline and neutral Comet assay was performed simultaneously in two different 175 

slides to assess single and double stranded DNA fragmentation, respectively. The assay 176 

has been performed following the protocol reported before (Ribas-Maynou et al., 2012a 177 

and 2012b). Briefly, samples were washed and sperm concentration was adjusted to 10 178 

x 106 spermatozoa/ml. Then incubations with two lysis solutions were performed and 179 

the samples were electrophoresed, using alkaline or neutral buffer depending on the 180 

assay, with a previous denaturation on alkaline Comet slide. Finally, both slides were 181 

submerged on a neutralization solution, and were dehydrated in ethanol series of 70%, 182 

90% and 100%. Samples were stained with DAPI SlowFade® Gold antifade 183 



(Invitrogen; Eugene, OR, USA) and 400 spermatozoa were classified according 184 

fragmented and non-fragmented following the criteria reported before (Figure 1 at 185 

Ribas-Maynou et al., 2012a). 186 

Statistical analysis 187 

Statistical analysis was performed using the Statistics Package for the Social Sciences 188 

software, version 20 (SPSS Inc.; Chicago, IL). Comparisons of SDF between different 189 

groups were assessed using the Mann-Whitney U test. Correlations between techniques 190 

were assessed using the Spearman test, and the ROC analysis was performed in order to 191 

obtain the sensitivity, specificity and the cut-off value for each test. All statistical tests 192 

were performed taking into account the 95% of the confidence interval. 193 

 194 

195 



RESULTS 196 

Sperm DNA fragmentation regarding male infertility  197 

For each assay, the percentage of sperm in the sample that was positive for the test was 198 

calculated. The average percentage of sperm DNA fragmentation for fertile and infertile 199 

patients using the five different techniques is shown in Table I, and a histogram for the 200 

same results is shown in Figure 1 in order to show their distribution. 201 

Statistical differences were found between fertile and infertile patients through TUNEL 202 

assay, SCSA, SCD test and alkaline Comet (p< 0.001), however, no differences were 203 

found when comparing fertile donors and infertile patients through neutral Comet 204 

(p=0.862).  205 

Correlation between techniques 206 

Correlation between all techniques was assessed using the Spearman test. High 207 

correlations were found between the SCD test and SCSA (r=0.71; p<0.001), between 208 

SCD and TUNEL assay (r=0.70; p<0.001), and between SCSA and the TUNEL assay 209 

(r=0.79; p<0.001), the latter being the highest correlation. . 210 

Moderate correlations was found between the alkaline Comet assay and the SCD test 211 

(r=0.61; p<0.001), between the alkaline Comet and SCSA (r=0.59; p<0.001), and 212 

between the alkaline Comet and TUNEL assay (r=0.72; p<0.001). 213 

Finally, no correlation was found between the neutral Comet assay and the other four 214 

methodologies. 215 

ROC analysis, sensitivity, specificity, cut-off values  216 

The sensitivity, specificity, the cut-off values for male factor infertility, and the area 217 

below the curve obtained by the ROC analysis are shown in Table II, and a graphic 218 

representation of ROC curves for all techniques is shown on Figure 2. The alkaline 219 

Comet showed the highest area below the curve (0.937 cm2), and a cut-off value of 220 



45.37% of SDF with a sensitivity and specificity of 0.850 and 0.920, respectively. 221 

TUNEL assay showed an area below the curve of 0.903 cm2, and a cut-off value of 222 

20.05% of SDF with a sensitivity and specificity of 0.764 and 0.952, respectively. The 223 

SCD test showed an area below the curve of 0.869 cm2, and a cut-off value of 22.75% 224 

of SDF with a sensitivity and specificity of 0.730 and 0.918, respectively. The SCSA 225 

showed lower association with male infertility, with an area below the curve of 0.792 226 

cm2, and a cut-off value of 18.90% of SDF with a sensitivity of 0.595 and a specificity 227 

of 0.875. Finally, the neutral Comet assay showed no association with male infertility, 228 

with the lowest area below the curve (0.516 cm2), a cut-off value of 34.37% of SDF 229 

with a sensitivity and specificity of 0.970 and 0.320, respectively.  230 

 231 

  232 



DISCUSSION 233 

Although the use of different methodologies to assess sperm DNA damage has been 234 

widely discussed, a few reports have compared the clinical utility and the correlation 235 

between the most common methods in a comprehensive manner (Erenpreiss et al., 236 

2004; Chohan et al., 2006, Garcia-Peiró et al., 2011).  Therefore, we performed this 237 

comparative analysis to test their correlation and to determine the different clinical cut-238 

off values among the most used techniques.  239 

The analysis of SDF showed statistical differences between fertile and infertile patients 240 

in the TUNEL assay, SCSA, the SCD test and the alkaline Comet assay, as different 241 

reports have previously found (Irvine et al., 2000; Gandini et al., 2000; Zini et al., 2001; 242 

Saleh et al., 2002; Chohan et al., 2006; Garcia-Peiró et al., 2012; Ribas-Maynou et al., 243 

2012a). However, no differences were found between fertile donors and infertile 244 

patients with the neutral Comet assay. This was also found in a previous study from our 245 

group, demonstrating that neutral Comet is related to the miscarriage risk and it is not 246 

involved in the fertility status.  Moreover, a bimodal distribution has also been found in 247 

fertile donors, showing the presence of two subgroups of fertile donors, as it has 248 

previously been described (Ribas-Maynou et al., 2012b). On the other hand, the neutral 249 

Comet assay showed a normal distribution on infertile samples, presenting mostly high 250 

values of dsSDF (Figure 1 and Table I).  In fact, the distribution of infertile patients in 251 

the neutral Comet assay mirrored that of the alkaline Comet assay, suggesting that for 252 

infertile patients, at least, these two assays identify similar populations of patients.    253 

When comparing the SDF and the SDF ranges among different methodologies, 254 

differences were found in fertile donors between the alkaline Comet assay and the SCD 255 

test, SCSA or TUNEL assay. These differences between the alkaline Comet assay and 256 

the other techniques might be due to the electrophoresis step, which could be increasing 257 



the sensitivity of the detection of the DNA breaks in respect to other methodologies. 258 

Regarding infertile patients, values of SDF obtained by the alkaline Comet assay were 259 

statistically higher than SCD, SCSA and TUNEL methodologies, showing that Comet 260 

assay seems to have higher sensitivity on detecting the sperm DNA breaks since Comet 261 

assay show values up to 100% of SDF in some infertile patients, and the other 262 

methodologies do not reach this value (Figure 1). SCSA showed statistically lower 263 

values than SCD and TUNEL assay, which do not show statistical differences between 264 

their values. These data suggest that different methodologies might be detecting 265 

different aspects of the sperm DNA fragmentation, since SCD and SCSA might be 266 

detecting some aspects related to chromatin fragmentation, and Comet and TUNEL 267 

assays could be detecting DNA breaks, directly (The Practice Committee of American 268 

Society for Reproductive Medicine, 2008; Henkel et al., 2010). 269 

Regarding to the correlations between the methods, the best correlation was found 270 

between the cytometric assays (TUNEL and SCSA), as has been previously reported 271 

(Chohan et al., 2006; Garcia-Peiró et al., 2011; Villani et al., 2010).  This is interesting 272 

given that the two assays are thought to be measuring different aspects of SDF (Henkel 273 

et al., 2010).  It also seems to be necessary to standardize the TUNEL methodology, 274 

since it is known that it shows variations on SDF detected depending on minor 275 

variations in the procedure (Domínguez-Fandós et al., 2007; Muratori et al., 2008; 276 

Mitchell et al., 2011) or on its analysis (Marchiani et al., 2007).  Nevertheless, Despite 277 

the differences between the TUNEL assay and SCSA and the need for standardization 278 

of the former, both assays had very similar values for SDF.  Moreover, they also present 279 

a good correlation with the SCD test, which is based on the capacity of the chromatin to 280 

form different dispersion halos depending on its SDF (Fernandez et al., 2005). The 281 

correlation between SCD and the two cytometric assays have been tested before, with 282 



similar results to the present work (Chohan et al., 2006; Villani et al., 2010; Garcia-283 

Peiró, et al., 2011). 284 

Similarly, the alkaline Comet assay showed a moderate correlation with the SCD test, 285 

the TUNEL assay and SCSA, as has been described before by different laboratories 286 

(Donnelly et al., 2000; Villani et al., 2010). This correlation was not as strong as the 287 

correlations found among the latter three techniques, which might be due to a possible 288 

higher sensitivity of the alkaline Comet assay in respect to the other methodologies. 289 

In contrast, the neutral Comet assay does not show any correlation with the other four 290 

methodologies to assess sperm DNA fragmentation. As has been proposed before, the 291 

neutral Comet assay is related to the risk of having a miscarriage, since the dsDNA 292 

breaks could be a non-extensive type of DNA damage located only in a few points 293 

along the genome (Kaneko et al., 2012), preferently in the matrix attachment regions, 294 

between toroids (Ribas-Maynou et al., 2012b) and might be occur by an acute or 295 

fractionated exposition to radiation, as it has been demonstrated in tumor cells 296 

(Jayakumar et al., 2012). Although it is known that techniques such as the TUNEL 297 

assay and SCSA are detecting both single and double stranded DNA damage (Practice 298 

Committee of American Society for Reproductive Medicine, 2008; Villani et al., 2010), 299 

our data show a correlation between both TUNEL or SCSA and the alkaline Comet 300 

assay, which would be detecting mainly ssSDF, however, they do not show a 301 

correlation with the neutral Comet assay, which has been demonstrated to assess 302 

dsDNA breaks (Van Kooij et al., 2004; Ribas-Maynou et al., 2012a). Moreover, the 303 

neutral and alkaline Comet assays showed a tendency to a moderate correlation in 304 

infertile patients, a fact that could be related to the possibility that the presence of many 305 

single stranded DNA breaks could lead to double stranded DNA breaks. 306 



To test the clinical utility of the different DNA damage tests on predicting male 307 

infertility, an analysis using ROC curves was performed. The higher area below the 308 

curve has been shown by alkaline Comet assay, followed by the TUNEL assay, the 309 

SCD test, SCSA and the neutral Comet assay (Table II and Figure 2).  310 

First, the alkaline Comet assay showed a threshold value in predicting infertility of 311 

45.37% of DNA fragmentation with an area below the curve of 0.937. This cut-off 312 

value shows a very high sensitivity and specificity, and is consistent with previous 313 

results from our group (Ribas-Maynou et al., 2012b). However, it is not comparable 314 

with previous studies, where the percentage of damaged DNA and not the percentage of 315 

fragmented sperm cells have been assessed (Simon et al., 2011). 316 

The TUNEL assay showed a threshold value for male infertility of 20.05% of SDF, with 317 

very high values of area below the curve and specificity (0.903 and 0.952, respectively), 318 

however, a lower value of sensitivity in respect to alkaline Comet was obtained (0.764). 319 

These results were comparable to those obtained by Sharma et al., 2010, who obtained a 320 

cut-off value of 19.25%, with an area below the curve, sensitivity and a specificity of 321 

0.890, 0.649 and 1.000, respectively. However, sensitivity found in this work slightly 322 

differs from those obtained by Sergerie et al., 2005, who obtained a higher value of 323 

0.896. 324 

The cut-off, sensitivity and specificity results obtained by the SCD test in the present 325 

study (Table II) do not differ from previously published works (Fernandez et al., 2005; 326 

Velez de la Calle et al., 2008; Nuñez-Calonge et al., 2012, Ribas-Maynou et al., 2012b), 327 

showing a good capacity of this technique to assess male infertility. 328 

Reported values for SCSA threshold vary from 20% to 30% (Boe-Hansen et al., 2006; 329 

Larson-Cook et al., 2003; Payne et al., 2005; Evenson and Jost, 2000; Evenson et al., 330 

2002; Evenson et al., 2013; Ventakesh et al, 2011; Bungum et al., 2004). Our results 331 



show a threshold value of 18.9% of SDF, which is at the low end of the published 332 

range. Despite of being the lowest, it does not differ from studies that find threshold 333 

values about 20%. Moreover, it is very well known that SCSA is the most standardized 334 

technique between different laboratories (Evenson, 2013). 335 

Finally, the neutral Comet assay showed a very weak association with male infertility, 336 

since fertile donors can show low or high values of dsDNA fragmentation analyzed with 337 

this method. However, infertile patients always show high values. Because of that, the 338 

threshold value established was 34.37% of SDF with a high sensitivity, but a very low 339 

specificity, since a bimodal distribution in fertile donors overlaps the infertile values, as 340 

it has also been shown before. This would mean that male infertility could be 341 

predictable, but always taking into account that high values are associated with the risk 342 

of suffering a miscarriage due to a male factor (Ribas-Maynou et al., 2012b). 343 

To further assessment, as different techniques may measure different aspects of 344 

chromatin integrity, a double analysis using more than one SDF technique, would allow 345 

to confirm the diagnosis. 346 

Conclusion 347 

This work provides data from the five most used methodologies to assess the sperm 348 

DNA fragmentation on the same patient population. With this data, it can be concluded 349 

that the alkaline Comet assay, the SCD test, SCSA and the TUNEL assay are useful to 350 

distinguish fertile and infertile patients, with the alkaline Comet assay being the best 351 

predictor of male infertility. However, the neutral Comet shows no capacity on 352 

differentiating fertile donors and infertile patients. Moreover, threshold values have 353 

been compared in a comprehensive work to assess infertility. Finally, this work 354 

provides a comprehensive comparison in fertile donors and infertile patients, which 355 

could be useful to technique standardization.  356 
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TABLES 550 

Table I.  Sperm DNA fragmentation (%SDF) values for fertile donors and infertile 551 

patients in each assay 552 

Technique n  Fertile donors Range n Infertile patients Range 

TUNEL assay 21 13.67±5.79 [6.6 - 29.3] 72 28.75±12.56 * [7.1 - 74.1] 

SCSA 24 13.01±5.64 [5.0 - 27.3] 74 23.58±13.17 * [7.7 - 74.5] 

SCD test 49 15.32±6.25 [4.1 - 31.5]  74 31.26±14.41 * [6.5 - 78.0] 

Alkaline Comet 50 28.64±13.40 [9.3 - 70.0] 133 60.48±16.03 * [17.4 - 99.0] 

Neutral Comet 50 60.09±30.57 [12.2 - 99.0] 133 64.74±16.90 [26.8 - 100.0] 
 553 
* Statistical differences with fertile donors (p< 0.001). 554 

 555 

 556 

Table II. Cut-off values with sensitivity and specificity obtained for each technique 557 

Technique n Area* Cut-off value Sensitivity Specificity 

Alkaline Comet 183 0.937 45.37% 0.850 0.920 

Neutral Comet 183 0.516 34.37% 0.970 0.320 

SCD test 123 0.869 22.75% 0.730 0.918 

SCSA 98 0.792 18.90% 0.595 0.875 

TUNEL 93 0.903 20.05% 0.764 0.952 

* Area below the ROC curve 558 

559 



FIGURE LEGENDS 560 

 561 

Figure 1. Fertile and infertile sperm DNA fragmentation distribution in the five different 562 

techniques. Curves show the approximation to a normal distribution. 563 

 564 

Figure 2. ROC curve comparing the five SDF techniques to assess male infertility. 565 
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