


HISTOMORPHOMETRIC ANALYSIS OF SPERMATOZOA AMONGST INFERTILE MALES COMING INTO A MAJOR FERTILITY CLINIC IN PORT-HARCOURT AND ITS IMPLICATIONS

ABSTRACT
Background: Infertility is a global health concern, with male factor infertility accounting for half of cases. Increased awareness and access to reproductive health services in Nigeria prompt more male fertility evaluations, improving diagnostic accuracy and patient counselling.
Aims: Male infertility has been a cause for concern globally, and with this in mind, this study has investigated the histomorphometric characteristics of spermatozoa and their implications for male infertility. 
Methods: The cross-sectional descriptive study examined semen samples from 120 males with infertility issues attending a major fertility hospital in Port Harcourt. These samples were analysed following World Health Organization guidelines for sperm assessment for abnormalities and morphological defects. The metric dimensions of the head length, midpiece length and tail length of the sperm cells were measured via photomicrographs using Image J software. Data were analysed using SPSS version 27. Chi-square and Spearman Correlation tests were used to determine the relationship between sperm dimensions and categories of abnormalities at a significance level of 0.05. 
Results: Histomorphometric analysis revealed that the tail dimensions of spermatozoa, regardless of the abnormality type, averaged 35.57 micrometres. This is below the reported standard measurement of 45.00 micrometres for fertile males. Males with teratozoospermia had spermatozoa with a midpiece length of 3.09 micrometres; those with asthenoteratozoospermia exhibited a head length of 5.62 micrometres and a tail length of 36.49 micrometres. 
Conclusion:  The findings also indicated that teratozoospermia is the most common abnormality among infertile males, showing the highest prevalence of head, midpiece, and tail morphological defects. No significant (p>0.05) correlation was found between head, midpiece, and tail lengths and the types of sperm abnormalities. In conclusion, the study demonstrates that spermatozoa dimensions are not reliable for predicting the specific sperm abnormalities in infertile males.
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1.0	INTRODUCTION
Infertility has become a global concern, prompting extensive research across different regions to provide satisfactory explanations to experts and the public regarding potential causes of infertility [1,2]. It is a condition affecting the male and female reproductive systems, resulting in the inability to conceive after a year or more of regular unprotected sexual intercourse [3,4,5]. According to the World Health Organization [6], millions of people of reproductive age worldwide are affected by infertility, with an estimated 48 million couples (15% of all couples) and 186 million individuals living with the condition globally. In African societies, at least 1 in every 10 couples faces infertility issues. Vanders and Wyns [7] define infertility as the failure to establish a clinical pregnancy after 12 months of consistent, unprotected sexual activity.
Infertility has significant social and psychological implications for couples in Nigeria because one of the primary reasons couples marry is for procreation to continue family lineages [8,9]. When this goal is unmet, it becomes a major issue within the family and society at large. The causes of infertility could be due to structural or hormonal defects in either the male or female partner. Unfortunately, most of the blame for infertility is commonly placed on the female partner. This study aims to challenge that notion because the male factor plays a substantial role, contributing to about 30% of infertility cases. Advances in the study of sperm function and dysfunction have provided a better understanding of the role of male infertility [10,11,12]. In 2003, Ikechebulu et al., [13] observed that the male factor accounted for 42.4% of infertility cases (133 males), compared to 25.8% (85 females) among 314 couples evaluated. Investigations such as semen analysis have now been conducted to identify specific factors responsible for male infertility. The most common issues include abnormal sperm shape, absence or low sperm count, and reduced sperm motility.
Sperm morphology is critical in assessing male factor infertility, as any impairment in the shape of the sperm cell might affect its fertilising potential [14,15]. Sperm morphology refers to the size, shape and appearance of a man’s sperm, which, when abnormal, can decrease a man's fertility and make it more difficult to fertilise the woman’s egg [16]. The 2010 WHO manual defines a morphologically “normal” sperm as having a head (with acrosome), midpiece, and tail. Specifically, a “normal” head has an oval shape with smooth contours. The acrosome is visible, well-defined, exhibits a homogenous light-blue staining, and covers 30–60% of the anterior portion of the sperm head [17]. A “normal” midpiece lacks cytoplasmic residues and is axially attached to the head, without forming a definite angle to the head, ≤ 1 μm in width and approximately 1.5 times the head length [18]. The tail should also lack cytoplasmic residues, be apically inserted to the post-acrosomal end of the midpiece, have a length of approximately 45–50 μm, and lack any sharp bends [19]. This study aims to evaluate the histomorphometry of spermatozoa present in the different patterns of semen abnormalities among infertile Nigerian males.
2.0	MATERIALS AND METHODS
2.1 Study Design
This is a cross-sectional and descriptive study involving laboratory and anthropometric (histomorphometry) procedures. The study spanned from April to October 2023, and a total of 120 semen samples were used for this study. Male patterns of couples that present to the Bridge Clinic for problems relating to infertility were used for this study.
2.2 Selection Criteria 
Inclusion Criteria 
Only those patients between the age of 25-60 years were recruited for this study.
Exclusion Criteria 
Those below the age were omitted from the study.

2.3 Method of Data Collection 
 Following a three to five-day abstinence interval, semen samples were obtained by masturbating into a sterile wide-mouthed calibrated container. These samples were allowed to liquefy and then analysed following World Health Organization guidelines to assess the sperm parameters. (Volume, sperm count, motility, morphology, colour, etc.). A 10-microliter aliquot was placed onto a glass slide, and a coverslip was placed over it. Using the Olympus CX41 phase contrast microscope, motility was scored for, and a Neubauer counting chamber was used to score for density/concentration.
After that, a photomicrograph of the semen sample was taken on the Nikon Eclipse ti2 inverted microscope and then input into IMAGE J software, where the type of morphological defects was assessed for and the metric dimensions of the head, midpiece and tail of the sperm cells were measured. Sperm cells without much clustering around them were selected for easy and adequate measurement. The head length was measured by drawing a straight line from the proximal to the distal part of the head, and the head width was measured by drawing a straight line from the left part of the head to the right part of the head. The length of the midpiece was measured by drawing a straight line from the proximal part of the midpiece to its distal part, and finally, the tail measurement was taken by using a segmented line to measure the tail from the distal part of the midpiece to the distal part of the tail. The average measurements of each part of the selected sperm cells were recorded and labelled
3.0	RESULTS
Fig. 1 shows the sperm abnormalities among participants of this study. 59.2% of the 120 participants had teratozoospermia making it the highest occurring sperm abnormality, followed by oligoteratozoospermia with a percentage of 17.5. Oligoasthenoteratozoospermia and asthenoteratozoospermia had a percentage of 11.7 and 5.0 respectively while 6.7% of the participants had no sperm abnormalities.
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Fig. 1. Frequency of sperm abnormalities.






	Table 1 Descriptive Statistics

	Dependent Variable:   Head, Midpiece and Tail.

	
	
	
	
	

	SPERM ABNORMALITY
	Head (um)
	Midpiece (um)
	Tail (um)
	N

	Normal morphometric values (None)
	4.00 to 5.50 um
	6.00
	45.00
	_

	Oligoasthenoteratozoospermia
	5.61
	3.04
	31.87
	14.00

	Teratozoospermia
	5.33
	3.09
	36.12
	71.00

	Oligoteratozoospermia
	5.43
	2.97
	34.83
	21.00

	Asthenoteratozoospermia
	5.62
	2.97
	36.49
	6.00

	Total
	5.39
	3.05
	35.57
	120.00
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Fig 2 Photomicrograph of morphologically normal sperm cells and their morphometric measurements. X40
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Fig 3 Photomicrograph of sperm cells with small(micro) heads and their morphometric measurements. X40
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Fig 4 Photomicrograph of sperm cells with small(micro) heads with Excess cytoplasmic residue and their morphometric measurements. X40
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Fig 5 Photomicrograph of sperm cells with tapered head defects and their morphometric measurements. X40
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Fig 6 Photomicrograph of sperm cells with tapered & amorphous head defects and short tail defects and their morphometric measurements. X40

4.0	DISCUSSION
There is limited data on using histomorphometric measurements of abnormal spermatozoa to identify sperm abnormalities. However, this study analysed the histomorphometric parameters of the head, midpiece, and tail of sperm cells with various abnormalities. The average head measurement was 5.39 micrometres in length and 3.55 micrometres in width, similar to the figures reported by Katz et al.[20], but slightly higher than those reported by Bellastella et al.[21]. This difference may be due to their use of the CASMA system for measuring sperm dimensions in fertile subjects. The findings suggest a high occurrence of tapered head defects among our subjects with different sperm abnormalities. The midpiece and tail measurements were approximately 3.05 micrometres and 35.57 micrometres, respectively. These are lower than the values reported by Durairajanayagam et al.[22], who measured a tail length of 45 micrometres, likely because their data was collected from a population of fertile men with normal sperm. Due to limited data on these parameters in infertile populations—most studies focus solely on head morphometry—our findings on midpiece and tail measurements cannot be directly compared. Hence, further research on midpiece and tail morphometry is recommended. Regarding sperm abnormalities, Table 1 shows the mean head measurement in sperm classified as oligoasthenozoospermia at 5.61 micrometres, possibly associated with tapered head defects, which tend to increase head size. Sperm in teratozoospermia have a head measurement of 5.33 micrometres; in oligoteratozoospermia, 5.42 micrometres; and in asthenoteratozoospermia, 5.61 micrometres. All these are related to the presence of tapered head defects, common in these conditions. Notably, head measurements are higher in asthenoteratozoospermia and oligoteratozoospermia, which may explain why sperm in these groups struggle to penetrate the oocyte’s cumulus, affecting fertilisation as noted by Roger et al.[23]. This could be caused by errors in spermiogenesis, such as improper chromatin condensation in the sperm head nucleus, according to Singh[24]. However, head measurements did not significantly predict these abnormalities. Similarly, the relationship between head defects and their measurements shows no significant predictive value for the occurrence of head morphological defects, despite these measurements being marginally above the standard of 5.50 micrometres. The midpiece measurement in oligoasthenozoospermia is about 3.04 micrometres; in teratozoospermia, 3.09 micrometres; in oligoteratozoospermia, 2.98 micrometres; and in asthenoteratozoospermia, 2.97 micrometres. These abnormal groups display higher frequencies of large and bent midpiece defects, which impair sperm motility, since the midpiece contains mitochondria vital for energy production, as noted by Singh[24]. Reduced motility impacts male fertility. Midpiece measurements tend to be higher in teratozoospermia, indicating a link between this condition and increased morphological defects. Yet, similar to head measurements, midpiece size did not significantly predict these abnormalities. The relationship between midpiece defects and their measurements shows no significant predictive value. The same pattern applies to tail measurements: in asthenoteratozoospermia, the average tail length was approximately 36.49 micrometres, shorter than the standard 45 micrometres. The main defect involves a short tail, which affects motility. The tail consists of the principal piece and end piece, with axial filaments responsible for movement. Disruption during spermiogenesis may hinder the elongation of these filaments, leading to shorter, less motile sperm that cannot reach the oocyte during ovulation, thus causing infertility, as reported by Singh[24]. Despite this, tail measurements did not significantly predict these abnormalities. Additionally, the overall mean tail length of 35.57 micrometres is well below the standard length, possibly indicating common spermatogenic disorders among residents of Port Harcourt.
5.0	CONCLUSION
Our findings have shown that teratozoospermia had higher midpiece measurement, and asthenoteratozoospermia has higher head and tail measurements, but generally the tail length measurement of the spermatozoa of males in Port Harcourt for all the abnormalities were lower than the standard measurement, however, the histomorphometric measurement of the spermatozoa in the different patterns of sperm abnormalities did not significantly predict whether the patient will have these sperm abnormalities. In conclusion, the study shows that spermatozoa dimensions cannot be used to indicate the type of sperm abnormalities in infertile males.
ETHICAL APPROVAL 
Ethical approval was granted by the University of Port Harcourt's Research Ethics Committee in Port Harcourt, Nigeria. Each participant was thoroughly informed about the study's protocol before providing written consent.
CONSENT 
A written agreement form explaining the study's objectives was given to each participant, and only those who provided their consent were allowed to participate. Consent was received and saved by the authors.
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