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Abstract: 

Sperm head morphology has been identified as a characteristic that can be used to predict a male’s semen quality. A large amount 

of  information necessary to reproduce data obtained with commercial systems is proprietary information not easily available, 

eventually limits the ability to conduct comparative evaluation and also its elevated cost has hindered

Wide spread adoption. Herein, we propose a system based upon open source, which should increase the availability and utility of 

this emerging technique. In the present study, we have developed a freely available sperm head morphology analyzer plug-in for 

open source software. Described the systems functionality and confirmed its validity with respect to the commercial software. 
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I. INTRODUCTION 

The general macroscopic examination of semen evaluation 
includes sperm density, concentration, motility and 

morphology. Among these characteristics the clinical 

significance of human sperm morphology has always been and 

still is an important aspect of the semen analysis for the male’s 

fertility potential. Normally, the percentage of morphologically 

normal sperm is widely regarded as the most accurate and 

precise diagnosis of fertility. The definition of a 

morphologically normal spermatozoon as proposed [1] is as 

follows:  

 The head requires a smooth oval configuration with a well-

defined Acrosome comprising about 40-70% of the sperm 

head. 

 The normal head length should be between 3 and 5 µm.   

 Normal width between 2 and 3µm. 

 

 

 

 

 
 

 

 

 

 

 

 

FIGURE. 1.1. Structure of the Human Sperm Head Used In an 

Objective Analysis of Morphology [42]. 

      Though  this criteria has been widely adopted by World 

Health Organization [2] for the Examination and Processing of 
Human Semen and recommended  for  human  semen  

morphology  assessment, this criteria is still of great scientific 

controversy, due to lack of accurate clinical validation. The 

sperm morphological analysis is through manual observe on at 

least 200 spermatozoa in a microscope. However, with the 

same criteria, we usually get divergent results due to the 

varying experience of evaluators. In order to get more accurate 

and consisted morphological evaluation results, better 

methodology is needed, which is more objective, precise. 

II. LITERATURE REVIEW   

IVF provides the best means of examining sperm - egg 
interaction and determining fertilization probability for 

diagnostic purposes, but, obviously, it cannot be used as a 

routine screening assay. Therefore, due to the cost, time and 

ethical constraints of IVF and functional assays, correct 

evaluation of basic semen analysis would be a useful diagnostic 

tool in male fertility. The basic semen parameters, e.g. motility 

concentration and morphology [10, 11, 12] have been 

correlated with IVF success. The problem with the different 

semen parameters is that in the literature there is not a 

consistent threshold indicating fertility and subfertility, 

especially when using motility and concentration.  

      There have, however, been attempts to establish thresholds 

for sperm morphology [12.13]. By means of a structured 

literature review of the IVF situation, the impact of sperm 

morphology on fertilization and pregnancy rates. A total of 216 

articles were identified by the initial search, of which only 49 

satisfied the selection criteria. The selection criteria were (i) 

statistical associations between sperm morphology and IVF 

and/or pregnancy, (ii) abnormal/normal sperm morphology 
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fertility thresholds, and (iii) whether descriptive data (per 

oocyte fertilization, per cycle/transfer pregnancy rates and 

pregnancy outcome) were presented. Odds ratio (OR) and 95% 

confidence interval (CI) analysis were performed on the 

number of oocytes fertilized and on the number of pregnancies 

within certain morphology thresholds [14].  

      The majority of the articles (36/43 = 81.4%) concluded in 

their closing remarks that normal sperm morphology, including 

acrosomal morphology, had a role to play in the diagnosis of 

male fertility potential. Statistical analysis, however, could only 

be performed on 18 studies due to a lack of adequate 

descriptive data. Using a 5% threshold (strict criteria), 10 

studies provided data that could be analysed for the prediction 

of fertilization and 11 studies for the prediction of pregnancy.  

      All the studies showed a positive predictive value for 

fertilization, with only one [15] not reaching significance. In 

the prediction of pregnancy (per cycle), nine studies obtained a 

positive predictive value with predictive value association. 

Reached significance [16, 11, 12]. Using a 14% threshold 

(strict criteria), five studies provided data that could be 

analysed for the prediction of fertilization and eight studies for 

the prediction of pregnancy. Similarly, all the studies analysed 

showed positive and significant predictive value with regard to 

fertilization. In the prediction of pregnancy, two studies [17, 

15] did not obtain a positive predictive value, while the studies 
of [16, 18] were both positive and significant. When studying 

all the data in the 5% (strict criteria) threshold analysis, the no-

transfer rate was 24.0% (86/359) in the 34% group compared to 

7.4% (80/1088) in the >4% group Of the three studies using 

‘other’ [19].  

      World Health Organization [20] normal sperm morphology 

classification criteria, three were positive with regard to 

fertilization and two with regard to pregnancy. Two of the 
studies reached significance in the prediction of fertilization 

[21, 17] while none reached significance in the prediction of 

pregnancy. When looking at all the studies available, 92% of 

the articles evaluated showed a positive association between 

sperm morphology and IVF success. The association was not 

restricted to any one particular classification system and/or 

evaluation procedure. Some of these studies also showed that 

this association was independent of any of the other semen 

parameters [21, 10, 16, 22, 12]. It is of utmost importance to 

obtain good quality control in a laboratory evaluating sperm 

morphology.  

      Adherence to these principles has helped to establish the 

strict criteria as a dependable diagnostic tool. While the strict 

morphology classification system has been refined with time [P 

(poor prognosis) pattern 34%, G (good prognosis) pattern 5-

14% and N (normal) pattern >14%] [13], the physiologically 

based criteria [23] and clinically based threshold [10] have 

remained constant since 1986. This classification system has 

now been adopted and used successfully by authors worldwide. 
The majority of the studies [16, 24, 25, 26] have confirmed the 

predictive value of normal sperm morphology within the 

established thresholds. In comparison, the WHO [27, 28] 

guidelines, another of the major classification systems in use 

worldwide, have changed dramatically since 1980, becoming 

stricter with each revision.  

      The result has been a high level of subjectivity and a lack of 

consensus, especially with regard to the clinical value and 

corresponding fertility thresholds of this classification [14]. 

      Recently, new publications [29, 30] dealing with strict 

morphology criteria and IVF outcome supported the 

conclusions of [14].  However, others did not get such clear 

thresholds and clinical help using this approach. The 

advancement of infertility treatment with the introduction of the 

intracytoplasmic sperm injection (ICSI) procedure has made 

the correct classification of male fertility paramount, to ensure 
the best cost-benefit ratio. This is especially true in cases of 

severe male infertility.  

      The ICSI procedure has been shown to consistently produce 

fertilization rates of between 50 and 70% in severe male factor 

cases. This underlines the importance of being able to identify 

these severe cases so that they can be given the option of ICSI, 

or at least a diagnostic cycle (a cycle in which half the oocytes 
are fertilized by ICSI and the other half inseminated). The 

importance of standard semen analysis, especially with 

reference to sperm morphology, is highlighted in the review 

[14]. If laboratories adhere to the basic principles, do sperm 

morphology carefully, and if they are consistent in their 

evaluations, this parameter will be of use in the clinical arena 

on a day to day basis. 

      The lack of objectivity in evaluating human sperm 
morphology, the difficulty of standardizing, implementing and 

controlling manual methods, and the high degree of variation 

within and between laboratories and technicians have provided 

the incentives for the development of instruments for 

automated sperm morphology analysis [31]. Although the 

instruments available are able to supply quantitative data 

rapidly, objectively and repetitively, their clinical value still 

remains unproven [32]. 

      Conventional pattern recognition image analysis systems 

[33]. To obtain more detailed information regarding the 

differences between the Cell Form Human instrument and the 

integrated visual optic system (IVOS; dimension system) from 

Hamilton Thorn Research, we refer the reader to the following 

two articles [33] and [34]. Both systems take measurement of 

length and width of spermatozoa into consideration. A clear 

difference between the two systems is the evaluation of 

acrosomal size and shape of spermatozoa by the IVOS 

(dimension system), which was shown in previous studies to be 

of importance in clinical practice [12, 13]. Automated sperm 
morphology analysis instruments these work much like current 

versions of instruments for computer aided sperm analyses for 

motion, except that no movement information is required[35, 

36, 33, 37, 38, 39].   
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      The system consists of a microscope, a video camera, a 

computer frame grabber and morphology software. The video 

camera delivers the image to the computer’s frame grabber 

which stores it for analysis [34, 35, 37]. The image is evaluated 

by the morphology software to determine whether spermatozoa 

are present. Sperm recognition is based on software 
specifications for size, shape, color intensity and other 

characteristics.  

      These measurements are the basis for the sperm 

morphological classification. The accuracy and precision of 

automated sperm morphology analysis instruments depend on 

(i) the microscope optics, magnification and focusing 

capabilities; (ii) video camera quality; (iii) array size of the 

frame grabber; (iv) image processing techniques; (v) definitions 
of metric measurements [33, 35, 37] (vi) staining methods used 

[37, 40, 41]. 

      There is no single semen test that will assist the clinician 

totally in his ability to predict the potential of a given couple to 

achieve success in in-vitro fertilization (IVF) or in an assisted 

reproduction programme. Clinicians and scientists are still 

confronted with the question of whether a given laboratory tests 
can predict the outcome in assisted reproduction. No simple 

solution to these problems is available. 

III. MATERIALS AND METHODS 

 Image Collection: 
Papanicolaou stained [42] sperm sample where imaged on 

to OLYMPUS BX41 [43] microscope attached with digital 

microscope camera ProgRes® CT3 [44] under 40x 

magnifications in bright field mode 

 Image Analysis: 

Images were analyzed with ImageJ open source software 

[45] using custom macros to implement the procedure 

described below. 

1. If the image is in RGB form, it is transformed to a 

gray scale image.  

2. Then filtered using un sharp  mask filter to  increase 

the intensity of the sperm cells 

3. Thresholding is done on the image such that shape of 

the all sperm cells will be appeared. 

4. Heads of the sperm cells will be extracted using head 

extraction algorithm which is the part of the custom 

macro. 

5. Image is calibrated to measure the various parameters 

on sperm head. 

 

 

 

IV. RESULTS AND ANALYSIS 

FIGURE.4.1. 
IMAGE OF SPERM SAMPLE WITH SIZE 2048X1536 

PIXELS 

 

 

              

 

 

 

 

 

 

 
 

           

 

FIGURE 4.2 

OUTPUT OF HEAD EXTRACTION FILTER 

 

FIGURE.4.3 

THRESHOLDED  IMAGE 
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FIGURE 4.4 

SPERM HEAD WITH MASK AND LABEL 

      The above figures show analysis on sperm sample which is 

taken from system microscope first RGB image is converted to 

8 bit gray scale. Then head extraction filter is applied on the 

gray image after that thresholding is made on the image to 
differentiate sperm cells with respect to background. Next 

particle analysis is achieved to remove the noise and produce a 

mask on all sperm cells available in the image. Finally using 

ROI manager labeling and measurement is carried out on each 

sperm cell.  Morphometric measurements of human sperm head 

done 

       Using ImageJ. Difference in Mean values of length (+ 

0.33µm), width (- 0.75µm), area (+ 0.44µm) and roundness (+ 

0.06µm) of 28 sperm cells found in the sample, when compared 

with commercial software MedeaLAB CASA [46]. 

V. CONCLUSIONS AND FUTURE WORK 

In the present study, we have developed a freely available 
sperm head morphology analyzer plug-in for open source 

software. Described the systems functionality and confirmed its 

validity with respect to the commercial softwares such as 

Sperm-Class Analyzer [47], Sperm Morphometry Module of 

ISAS [48], and the Metrix Oval Head Morphology software 

component of the Hamilton-Thorne CEROS system [49]. Out 

of nine morphological indices four are automatically measured 

in the present study (Length, Width, Area and Roundness) [50]. 

Remaining five morphological indices to be measured 

automatically in the future work. 
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