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Abstract 

Introduction: The Dag defect is one of the primary morphological defects in sperm correlating with reduced fertility. This 

defect is found in the spermatozoa of many livestock species. The aim of the study was to assess the morphometry of the heads of 

normal sperm and sperm with the Dag defect in the semen of Duroc breeding boars. Material and Methods: Sperm morphology 

was examined in ten ejaculates each from 12 Duroc boars. In total, 3,600 morphologically normal sperm and 838 sperm with the 

Dag defect were evaluated. The area, perimeter, length and width of the sperm head were measured and these basic morphometric 

parameters were used to calculate four additional shape indices characterising the sperm head, i.e. ellipticity, elongation, roughness 

and regularity. Results: Sperm with this defect had markedly smaller heads, 0.32 μm shorter and 0.19 μm narrower than the heads 

of sperm with normal morphological structure. The heads of sperm with the Dag defect also had a 1.1μm smaller perimeter and  

a 2.5 μm2 smaller surface area than the heads of morphologically normal sperm. Conclusions: The Dag defect is found in boar 

sperm irrespective of the age of the individual. It affects the morphology of the sperm head. 
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Introduction 

Abnormal sperm morphology has long been the 

subject of research by many authors, as in many cases it 

is a significant factor limiting male fertility. Abnormal 

morphology can not only reduce the fertilising capacity 

of sperm, but also affect the development and 

maintenance of pregnancy (21, 34). Some sperm 

anomalies that have already been classified may have  

a genetic basis. These include the Dag defect, first 

discovered in Jersey bulls. 

Sperm with the Dag defect have circular, coiled 

tails, which is caused by the loss of some of the axial 

fibres of the tail. The typical arrangement of the tail 

fibres is disturbed within the coil and is characterised by 

the lack of 3–5 of them, which are located outside the 

tail but still within the cell membrane. This defect, 

referred to in the literature as ‘tight coiling’, ‘tightly 

coiled Dag’ or a ‘Dag-like defect’, besides coiling 

present as pronounced folding and fracture of the distal 

part of the sperm midpiece, sometimes with a distal 

cytoplasmic droplet (7). Oettlé (30) indicated that sperm 

with the Dag defect may have a tail coiled to varying 

degrees without an intact plasma membrane. These coils 

can be very loose or very tight, or the tail can even 

surround the sperm head (30). Abnormal axonemes are 

also typical of this defect. They are recognised by the 

loss of fibrils and the presence of loose fibrils within the 

cytoplasmic material (30). The Dag defect is very 

common in the spermatozoa of bulls, with more than 

65% showing this defect in an Indian investigation (37). 

The authors of that research also found acrosome 

abnormalities in over 75% of sperm cells, which may 

confirm the genetic basis of both these types of 

abnormality. This defect is inherited due to an autosomal 

recessive factor and arises in the distal part of the 

epididymal caput (7). Ribeiro and Vale (33) suggest that 

inbreeding significantly determines the occurrence of 

this defect in buffalo sperm. 

As the Dag defect probably has a genetic basis, and 

there has as yet been relatively little research on this 

subject, it is worth considering whether sperm with this 

anomaly have normal head morphometry. Domestic pigs 

are a species in which artificial insemination is used 

intensively. When young breeders are diagnosed early, 

losses can be limited by replacing a boar with poor 
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reproductive performance and ascertained reduced 

sperm quality with another male, as boars with fertility 

problems in a nucleus herd can reduce litter sizes (29). 

Therefore, the aim of the study was to assess the 

morphometry of the heads of normal sperm and sperm 

with the Dag defect in the semen of Duroc breeding 

boars. 

Material and Methods 

The study was carried out in strict compliance with 

the recommendations in Directive 63/2010/EU on the 

protection of animals used for scientific or educational 

purposes and was approved by the Polish Second Local 

Ethics Committee in Warsaw (number 51/2015). The study 

was carried out on 12 Duroc boars used at an animal 

insemination station. The average age of the animals on 

the day of sample collection was 310.66 ± 29.94 days 

and the boars were in the age range of 7 to 26 months. 

For the first 1.5 years of use, an ejaculate sample was 

collected each month from each boar to examine sperm 

morphology. Ten ejaculates were obtained for analysis 

from each boar manually at about 6 a.m. The semen was 

kept at room temperature until examination of 

morphometry, for which it was prepared on slides within 

15–20 min of collection. The eosin and gentian violet 

staining method was used, and smears were prepared for 

it by carefully dragging a drop of fresh semen across  

a degreased microscope slide heated to 37°C (25). The 

slides were allowed to air dry for a minimum of 2 h, and 

were then preserved in a 96% ethanol solution for 5 min 

and then stained with a 10% aqueous solution of eosin 

for 20–60 s. The stained slides were washed in distilled 

water and stained with gentian violet for 3–5 min, after 

which they were gently rinsed with distilled water for  

2 min to remove debris and then dried. This ensured  

a clean background, and thus a good contrast against the 

stained spermatozoa. All reagents used were purchased 

from Sigma-Aldrich Chemie (Taufkirchen, Germany). 

Morphometric assessment was performed for 30 well-

formed sperm per slide (Fig. 1A) showing no visible 

defects and all sperm diagnosed with the Dag defect 

(Fig. 1B). 

In total, 3,600 morphologically normal sperm and 

838 sperm with the Dag defect were evaluated. The area, 

perimeter, length and width of the sperm head were 

measured, and these basic morphometric parameters 

were used to calculate four additional shape indices 

characterising the sperm head, i.e. ellipticity, elongation, 

roughness and regularity using the formulae given  

in Table 1. 

These parameters more precisely characterise the 

shape of the sperm head. Evaluations of morphometric 

measurements of the sperm head were performed using 

the MultiScan image analysis system for information 

extraction from slide photographs (Computer Scanning 

Systems, Warsaw, Poland) connected to an Olympus BX50 

light microscope (Tokyo, Japan) at 1000 × magnification 

through a 100 × oil immersion objective and a Jenoptik 

ProgRes camera (Jena, Germany).  

The morphometric measurements of the spermatozoa 

were stored in a database and exported for further 

statistical analysis. Statistical differences between the 

samples were tested using Tukey’s test (Statistica 

version 10.0, StatSoft Inc., Tulsa, OK, USA) and the 

level of significance was set at P ≤ 0.05. 

 

 
Fig. 1. Sperm with normal structure (A) and sperm with the Dag 

defect (B) 

 

Table 1. Formulae used to calculate sperm head morphometric 
measurements 

Variable Formula 

Head length (µm) L 

Head width (µm) W 

Head perimeter (µm) P 

Head area (µm2) A 

Head ellipticity L/W 

Head elongation (L−W)/(L+W) 

Head roughness 4π(A/P2) 

Head regularity π(L×W/4×A) 

Results  

Fig. 2 shows the changes in the frequency of sperm 

with the Dag defect in the semen of the Duroc boars. The 

data indicate that defective sperm are found in the semen 

of boars irrespective of their age. In the semen of young 

males just beginning to be used for breeding, the 

incidence of sperm with the Dag defect did not exceed 

0.2%. An increase in the incidence of sperm with this 

defect was observed in the semen of older boars aged 

17–18 and 21–22 months. However, the percentage of 

sperm with the Dag defect did not exceed 0.42% at any 

age. 

Table 2 presents the morphometric dimensions of 

the heads of sperm with normal morphological structure 

and sperm with the Dag defect. Sperm with this defect 
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had markedly smaller heads. The heads of such sperm 

were 0.32 μm shorter and 0.19 μm narrower than the 

heads of sperm with normal tails (P ≤ 0.05). The heads 

of sperm with the Dag defect also had a 1.1μm smaller 

perimeter and a 2.5 μm2 smaller surface area than the 

heads of morphologically normal sperm (P ≤ 0.05). 

Table 3 presents indices that derive from the 

standard sperm head dimensions (length, width, 

perimeter and surface area) to which Tygerberg strict 

criteria were applied for a more precise analysis of the 

shape of the sperm head. The data indicate that the heads 

of sperm with normal structure had a lower ellipticity 

index than the heads of sperm with the Dag defect. 

Ellipticity indicates the degree to which the sperm heads 

are oval, narrow or conical. There were no differences in 

elongation, which indicates the roundness of the sperm 

head. Roughness, which specifies the regularity or 

amorphous shape of the sperm head, was higher for the 

heads of sperm with the Dag defect than for the heads of 

normal sperm (P ≤ 0.05). Regularity indicates the 

symmetry of the sperm head and the degree to which it 

is pyriform. The regularity index was 0.02 higher for the 

heads of sperm with the Dag defect than for the heads of 

normal sperm (P ≤ 0.05). 

Table 2. Morphometric parameters of boar sperm measured manually 
with MultiScan software 

Morphometric 

parameter 

Sperm with normal 

structure 

Sperm with Dag 

defect 

Head length (µm) 8.29a ± 0.33 7.97b ± 0.32 

Head width (µm) 4.26a ± 0.19 4.07b ± 0.18 

Head perimeter (µm) 23.39a ± 0.98 22.29b ± 0.64 

Head area (µm2) 27.79a ± 1.17 25.29b ± 0.95 

 

Different superscript letters designate significant differences between 

means within rows at P ≤ 0.05 
 

 

Table 3. Sperm head morphology according to Tygerberg strict criteria 
in boar sperm 

Morphometric 
parameter 

Sperm with normal 
structure 

Sperm with Dag 
defect 

Ellipticity 1.95a ± 0.13 1.96a ± 0.14 

Elongation 0.32a ± 0.02 0.32a ± 0.03 

Roughness 0.63a ± 0.04 0.64b ± 0.02 

Regularity 0.99a ± 0.02 1.01b ± 0.03 

 

Different superscript letters designate significant differences between 

means within rows at P ≤ 0.05 
 

 
Fig. 2. Frequency of sperm with the Dag defect in Duroc boars by age  
 

Discussion  

According to Barth and Oko (5), Dag defect 

frequency of up to 4% may indicate testicular and 

epididymal dysfunction. When the percentage of this 

defect exceeds 50%, it can have serious consequences 

involving reduced fertility (5). Research conducted on 

human material has shown a tendency for coiling sperm 

to occur in the semen of infertile men (43). However, 

according to the authors, sperm coiling was not 

dependent on sperm quantity or hormonal status, but 

may have been associated with qualitative semen 

characteristics, a hostile endogenous milieu, and  

an unknown suboptimal epididymal environment. While 

certain morphological defects occurring in greater 

quantities in sperm, such as distal cytoplasmic droplets, 

do not result in reduced fertility, other abnormalities 

(e.g. decapitated spermatozoa, the knobbed acrosome 

defect, nuclear vacuoles, short tails, the Dag defect, or 

corkscrewed midpieces) are considered serious defects 

that can impede fertilisation and cause infertility (35). 

Prochowska et al. (31) suggested that the Dag defect is 

not hereditary but caused by changes in osmotic 

pressure. Observations by Villaverde et al. (40) conducted 

using an electron microscope on the sperm of domestic 

cats indicate the presence of sperm defects similar to 
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those described in other species as the Dag defect. The 

authors describe the sperm defects in detail as heavily 

coiled sperm tails containing several axonemal units 

enclosed in a common cell membrane, aberrations in the 

axonemal main structure, and swollen and unevenly 

distributed mitochondria in the midpiece. The authors 

also noted abnormalities of the mitochondrial sheath in 

spermatozoa from the testicles and epididymis of cats 

following castration (40). The sperm tail may also 

become bent or coiled due to abnormal epididymal 

secretion (42). According to Molnar et al. (28), 

structural changes take place in the epididymis and result 

in multiple fractures of the axonemal fibres and 

disruption of the mitochondrial sheath. 

The Dag defect is associated with elevated zinc 

levels, disturbance in the testicles and/or epididymis, 

and fever (8). Boar sperm defects involving coiled tails 

were found to be caused during the passage of sperm 

from the distal caput to the proximal corpus epididymis, 

and there was a correlation between the onset of tail-

bending and the migration of the cytoplasmic droplet 

(20). Research by Zheng et al. (44) showed that proper 

cytoplasm removal is a genetically regulated process 

requiring the participation of the Spem1 gene. The lack 

of this gene impedes cytoplasm removal from the head 

and neck during the formation of the tail. Retention of  

a cytoplasmic droplet may impede the development of 

normal sperm and contribute to bending of the neck and 

wrapping of the midpiece and tail around the head, as 

observed in mice (29). Cytoplasmic droplet retention 

may result in bending of the tail, while the loss of the 

droplet allows the tail to remain straight, which 

facilitates the migration of sperm through the female 

reproductive tract (10). The presence of a cytoplasmic 

droplet on the midpiece can cause the tail to swell and 

fold (10), which prevents normal motility and reduces 

fertility (32). The presence of protoplasmic droplets  

may also indicate aberrations in the structure of the 

midpiece (36). 

Thus far, studies on semen have shown that the 

morphology of sperm within one ejaculate is highly 

heterogeneous. Sperm differ in size and shape, while 

exhibiting normal morphological structure (2, 4, 12). 

Research by Mandawala et al. (27) showed differences 

between the dimensions of sperm heads of fertile boars 

and those with limited fertility. The sperm heads of 

fertile boars have a larger area than in boars with lower 

fertility. Contrastingly, according to Hirai et al. (19) the 

sperm heads of highly fertile boars were less elongated 

and significantly smaller than those of less fertile boars. 

Mandawala et al. (27), who identified three categories of 

morphological sperm head in boars, suggested that  

a certain type may be predominant in semen from sub-

fertile boars. Curry (11) also indicated that certain subtle 

differences in the shape of the sperm head may affect the 

fertility potential of the sperm. In contrast to the standard 

assessment, Tygerberg strict criteria define sperm head 

aberrations more rigorously (9). Particular findings for 

sperm morphology when additionally assessed 

according to Tygerberg strict criteria are a good 

biomarker of sufficient sperm dysfunction to result in 

infertility (38). This was confirmed by research by  

El-Ghobashy and West (13), which showed a positive 

correlation between human fertilisation rates and the 

percentage of sperm with normally shaped heads. 

Correct classification and quantification of a specific 

sperm structure defect may therefore provide valuable 

information on the potential fertility of the male and may 

help to make a diagnosis and prognosis of fertility 

problems (6). 

The present study also attempts to analyse the 

occurrence of sperm with the Dag defect in boar semen 

by the age of the donor animal, because semen 

morphology and sperm shape and dimensions change 

through the reproductive life of the boar (1, 25, 39). 

Studies by many authors indicate better reproductive 

results in older boars aged 19–30 months (14, 24) or  

30–36 months (22). The present authors (1) showed that 

as boars age, the percentage of sperm with abnormal 

morphological structure decreases. Semen collected 

from the youngest breeders (up to about nine months 

old) may contain many more sperm with morphological 

anomalies than the semen of more mature boars over the 

age of one year. Furthermore, in the semen of young 

Duroc boars under the age of nine months, the authors 

found that more than 5% of sperm had heads with major 

morphological defects, and that their frequency was 

determined by the high proportion of sperm with 

proximal protoplasmic droplets on the midpiece. There 

are studies indicating that the presence of cytoplasmic 

droplets on the sperm midpiece may be linked to 

chromatin instability (41) and abnormal sperm head 

dimensions (15), because the head, neck, midpiece and 

tail develop simultaneously during spermiogenesis (16). 

Banaszewska et al. (1) showed that in the semen of 

males from 9 months to 12 months of age, the share of 

sperm with primary defects gradually decreased, never 

exceeding 2.4%. However, the authors observed that  

the semen of Duroc boars in this age range often 

contained sperm with secondary morphological defects 

(2.78–15.65%), occurring at various rates in boars of 

different ages. The present study confirms that the 

semen of Duroc boars may have an elevated percentage 

of sperm with certain morphological defects including 

the Dag defect, which was found in the semen of boars 

of various ages. Research by Gloria et al. (17) shows that 

the Dag defect was less common (0.9%) in the semen of 

boars 17–24 months of age than in that of mature bulls 

aged 4 to 7 years (1.4%). Research by Tsakmakidis et al. (39) 

found a higher percentage of sperm with morphological 

defects, a higher percentage of sperm with chromatin 

instability, and sperm with longer heads in the ejaculates 

of young boars aged 7–10 months compared to boars 

described as mature at 18–33 months. Boars of the 

Duroc breed, which were the subject of observation in 

this research, do not achieve 96% of sperm with normal 

morphology until the age of approximately 21 or 22 

months (1). They also differ from boars of other breeds 
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often used for artificial insemination in their relatively 

small ejaculate volume with a high sperm concentration 

(3), and all these distinctive features may be reflected in 

the quality, morphology and morphometry of the semen. 

Research by Iwanina and Kondracki (23) and Kondracki et al. 

(26) indicates that the incidence of sperm with the Dag 

defect in boar semen depends on both the sperm 

concentration in the ejaculate and the percentage of 

spermatozoa with progressive motility. Górski et al. (18) 

showed that the shape of the sperm head in boars of this 

breed correlates with the ejaculate volume, with more 

elongated sperm heads shown in ejaculates with  

a greater volume. Our research found differences in the 

head sizes of morphologically normal sperm and those 

with the Dag defect, the latter having smaller heads and 

a slightly different shape. This is well illustrated in  

Fig. 1, where even without analysing morphometric 

measurements the shapes of the post-acrosomal part of 

the head can be seen to be unalike, the shape being 

somewhat narrower in the case of sperm with the Dag 

defect. These are interesting observations worthy of 

further research, especially since other authors (15) have 

also confirmed differences in the head shapes and sizes 

of normal sperm and sperm with cytoplasmic droplets in 

boar semen, and since the relationship between 

morphometric dimensions and fertility which has been 

shown in many cases is still a subject of research. 

Varying percentages of sperm with the Dag defect 

are found in the semen of Duroc boars. Given the origins 

of this defect and its likely genetic basis, as well as its 

fairly high frequency in the semen of males of various 

species, more in-depth analysis seems justified. 

Moreover, because differences in the head shapes of 

normal sperm and those with the Dag defect indicate the 

likelihood of changes not only where the defect was 

identified, i.e. the midpiece and tail, but also perhaps in 

the ultrastructure of the head and organisation of 

chromatin structure (condensation), these potential 

relationships should also be investigated in further 

research. In the case of boars intended for breeding, it is 

important to determine the reproductive performance of 

males before they join the breeding herd. Ascertainment 

of a boar’s performance is important because although 

semen quality improves with the age of the boar, some 

individuals may have a predisposition to produce sperm 

with defects, which may result in a long-term reduction 

in fertilisation capacity or in the death of the embryo  

at earlier stages of development. 
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