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ABSTRACT 
 
The use of hollow glass microspheres (HGM) in composites is creating new opportunities in the composites industry. HGM consists of stiff 
glass hollow sphere filled with inert gas resulting in some specific properties like low weight, reduced dielectric constant, and reduced 
thermal conductivity. The typical wall thickness of HGMs is lying in between 0.5-2.0 μm and diameter 10-200 μm. On the basis of these 
properties, HGMs have been employed in the manufacturing of various composites for diverse applications. Therefore, the need of light-
weight and high-strength materials for modern engineering applications may fulfill by the HGM composites. HGMs not only amending the 
properties but also ensuring the stability of molded articles by reducing viscosity and shrinkage of the composites. In this work, a 
comprehensive review on the properties of hollow glass microsphere (HGM) reinforced epoxy composites is presented. The summary of the 
paper shows the appropriateness of HGM-epoxy composites as an encouraging material for aerospace, automotive and cryogenic 
applications. The main focus area of the present study is the mechanical and environmental performance of the HGM composites.  

 
INTRODUCTION 
  
Composites are the materials produced employing two or more materials with different properties which 
on joining having assorted properties of both the constituents. The composite materials possess the 
indispensable properties borrowed from the best features of the two joined constituents. This material has 
the high strength to weight ratio and firm, fragile and other privative attributes of one material are 
concealed by the other one. In recent times, polymer composites are rapidly substituting the standard 
materials in various designing and product development in the engineering sector. Traditional materials 
and their modifications have a limited set of properties with a minor chance of improvements. On the other 
hand, composite materials can provide better quality control and required assortment of characteristics as 
per the application requirement. A proper blend of materials properties like specific modulus, a certain 
quality, low thickness etc. is doable in composites. The applications of composite materials are not limited 
to some particular areas. It also marked its presence in the space industry besides other common 
engineering industries owing to its sturdiness and potentials [1,2]. A thin walled sphere filled with inert gas 
or vacuum inside and a hard glass at the periphery are termed as hollow glass microspheres (HGMs). It is 
also named as hollow glass bead or glass bubbles or microballoons [3,4]. Syntactic foam is an example of 
HGM filled polymer composites [5]. The hollow glass microspheres have properties like feathery light, high 
specific area, inexpensive, low dielectric constant, flexible and noncorrosive. Additionally, the fragile 
microbeads are chemically strong, inflammable, unyielded and have excellent water resistance. The 
microspheres can be used in coatings, putty, artificial stones, emulsion explosives etc. [6–10]. It can also 
be used in oil and gas extraction industries as drilling fluid owing to its low density. It is also used to make 
superior optical glasses for visual resonators. Presently, the HGM reinforced composites especially 
syntactic foam are used to fabricate the gadgets employed for marine applications, deep sea exploration, 
ship bodies, helicopter and jet engine parts, detector instruments, noise reduction materials, sports 
merchandises. In the recent time, there is an increasing demand for the materials with low density and a 
high Young's modulus for various engineering applications. Therefore, HGM reinforced ploymer composites 
are gaining attention day by day. Foam glass owed Young’s modulus and density of typically 1 GPa and 
130 kgm-3, respectively [11,12]. Moreover, it could be blown up to a full-size bubble of 2 mm diameter and 
frequently used to prepare HGM composite [12]. In the present article, the major focus of the study is the 
mechanical properties of the HGM reinforced composites reported in the various literatures. Additionally, 
the environmental and economic aspects of the same are also addressed in the article. 
 
MECHANICAL PROPERTIES OF HGM COMPOSITES 
 
In this paper, the mechanical properties of rarely reconnoitered HGM reinforced polymer composites are 
summarized. In the recent years, the structural properties of syntactic foams are studied by several 
researchers. 
 
Compressive strength 
 
The compressive strength of HGMs filled epoxy composites are decreased with increasing volume fractions 
of the reinforcements [Fig. 1]. Additionally, higher density HGMs stimulates higher compressive strength of 
the composites. It can be marked from the plots [Fig. 1] that a stress plateau/valley exists in the plastic 
deformation region. The valley indicated the presence of broken HGMs owing to the compressive loading.  
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The existence of stress plateau represents the high-energy absorbing capability of the composites. The 
main fracture mechanism of this type of composite is crushing and crumbling of HGMs. 
 

 
 
Fig. 1:  Compressive stress-strain curve of epoxy matrix containing HGMs of 220 kg/m3 in 60 and 30 vol% 
(Reconstructed from reference [13]). 
……………………………………………………………………………………………………………………………  

 
 
Fig. 2:  Variation in compressive strength and modulus regarding the HGM composite density (Reconstructed 
from reference [13]). 
…………………………………………………………………………………………………………………………… 

 
The compressive strength/modulus versus density plots of HGM filled composites are recreated from [13] 
and shown in [Fig. 2]. This Figure is showing an increase in compressive strength with increasing density of 
reinforcements in composites. Other researchers have also reported the similar general trend [14–17].  
Conversely, there is an insignificant change in compressive strength by changing the wall thickness and 
volume fraction of HGMs. Some papers depicted that broken HGM particles acted as solid fillers in the 
resin and improved the density of the composites.  There is no specific trend reported in compressive 
modulus concerning density, and it was strongly dependent on the wall thickness of fillers. Thick walled 
HGMs increased the modulus whereas, thin-walled decreased the same [18]. [Table 1] depicts the 
maximum compressive strength of the various types of HGM polymer composites. When the HGM 
concentrations in the composites were less than or equal to 10%, the maximum compressive strength was 
reported. Higher HGM concentration might assist in improving Young’s modulus in some composites. In 
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some cases, it was observed that the addition of HGMs in polymer have no significant improvement in 
compressive strength or Young's modulus. 

 
Table 1: The maximum compressive strengths of HGM based composites reported in literature 

  
Matrix Type and quantity of HGM Young's modulus (MPa) Compressive strength (MPa) Ref. 

Borosilicate glass K46 (10%) 1388 19.0 [19] 
Borosilicate glass S60HS (10%) 1613 23.5  
Borosilicate glass iM16K (10%) 1535 22.7  
Borosilicate glass iM30K (10%) 1655 25.0  
Borosilicate glass (383HS) FAC (10%) 1103 9.8 [20] 
Araldite GY257 - 1648 104 [16] 
Araldite GY257 K15 (10%) 1472 90.6  
Araldite GY257 S22 (10%) 1258 67.4  
Araldite GY257 S22 (20%) 1287 61.8  
Araldite GY257 K46 (10%) 1660 98.7  

 
Tensile strength 
 
[Fig. 3] exhibits a representative stress-strain curve of HGM reinforced polymer composites under tensile 
loading. The plots were reconstructed from the data reported in reference [21]. The chosen composites 
contained 30 and 60 vol% HGMs of density 220 kg/m3. The composites exhibited brittle type failure under 
tensile loading. Therefore, reduced tensile properties restricted the use of composite to the applications 
where loading conditions are the compressive type. It was reported that the strength might increase to 
some extent when HGMs-epoxy interfacial bonding is strong enough. The firm interfacial bonding assists in 
proper load sharing among the constituents. It can be examined from the [Fig. 4] that the tensile modulus 
of HGM composites improved with the incorporation of thick-walled HGMs. The high compressive strength 
of HGM composites is due to proper load distribution along with cracks closure ability during loaded 
conditions [22,23]. On the contrary, tensile load assisted in opening up the interfacial cracks resulted in 
poor strength. The tensile strength of the HGM composites is mainly dependent on polymer strength as 
well as fabrication defects. This problem might be solved by further reinforcing the HGM composites with 
glass fibers, carbon fibers, carbon nanotubes etc. [18, 24]. [Table 2] exhibits the maximum tensile 
strengths of HGM composites reported in the literature. It can be inferred from the table that low HGM 
concentration in the composites leads to better tensile strength. Apart from that untreated or medium size 
HGMs are exhibiting better strength than the other one. The yield strength of the composites did not follow 
any trend. In some cases, it was increased with the increment in HGM concentrations. On the other hand, 
the reverse is also true for some other instances. 
 

 
Fig. 3:  Tensile stress-strain curves of HGM composites containing HGMs of 220 kg/m3 density (Reconstructed 
from Reference [21]). 
…………………………………………………………………………………………………………………………… 
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Fig. 4:  Variation in tensile strength and modulus regarding the HGM composite density (Reconstructed from 
reference [21]). 
…………………………………………………………………………………………………………………………… 

 
Table 2: The maximum tensile strengths of various HGM based composites reported in literature 

 
Matrix Type and quantity of HGM Young's modulus (MPa) Tensile strength (MPa) Ref. 

Poly butylene succinate - 330 34.7 [25] 
Poly butylene succinate T60 (05%) 355 32.2  
Poly butylene succinate T60 (10%) 371 25.3  
Poly butylene succinate T60 (15%) 439 23.7  
Poly butylene succinate T60 (20%) 464 18.1  

Acrylonitrile Butadiene Styrene (ABS) - 41 29.6 [26] 
Acrylonitrile Butadiene Styrene (ABS) TK70 (05%) 42 30.2  
Acrylonitrile Butadiene Styrene (ABS) TK70 (10%) 41 30.7  
Acrylonitrile Butadiene Styrene (ABS) TK70 (15%) 40 32.2  
Acrylonitrile Butadiene Styrene (ABS) TK70 (20%) 38 32.3  

Polypropylene - 33 29.3 [27] 
Polypropylene A-Glass 3000 (05%) 30 25.5  
Polypropylene A-Glass 3000U (05%) 29 23.7  

Poly Vinyl Chloride (PVC) - 48 33.8 [28] 
Poly Vinyl Chloride (PVC) HGMs-15µm (05%) 47 42.0  
Poly Vinyl Chloride (PVC) HGMm-24µm (05%) 49 38.4  
Poly Vinyl Chloride (PVC) HGMb-96µm (05%) 48 36.9  

 
Flexural properties 
 
In flexural load-displacement curves, the load varies linearly with respect to displacement until failure 
occurs [29]. The flexural behavior of HGM filled composites were primarily determined by the tensile 
properties of the composites. The graphs of flexural strength/modulus versus density for thin and thick-
walled HGMs were recreated from reference [15] and exhibited in [Fig. 5] and [Fig. 6]. The lower values of 
flexural strength and premature failure of HGM containing composites were articulated by the existence of 
matrix porosity and surface defects. Additionally, it was observed that the flexural modulus was slightly 
increased with increasing volume fraction of thin-walled HGMs. Conversely, incorporation of the higher 
amount of thick-walled HGMs reduced the flexural modulus of the composites significantly as shown in 
[Fig. 6]. Therefore it can be expounded that the surface roughness and air voids in the matrix hampered 
the flexural strength of the composites in a great extent and leads to premature failure in the HGM filled 
composites [18].  
 
From [Table 3], it can be reiterated that in some instances when low-density HGM was present in relatively 
higher amount exhibited high flexural modulus and strength than its counterparts. Also, the improvement 
reported in the flexural strength is marginal in some composites, and there is deterioration in flexural 
strength than the matrix in some other composites. Therefore, the addition of HGMs imposed positive 
changes regarding mechanical properties in selective epoxies only. 
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Fig. 5: Variation in flexural strength and modulus regarding the HGM composite density containing HGMs of 
150 kg/m3 density (Reconstructed from Reference [15]). 
…………………………………………………………………………………………………………………………… 

 
Fig. 6:  Variation in flexural strength and modulus regarding the HGM composite density containing HGMs of 
460 kg/m3 density (Reconstructed from Reference [15]). 
…………………………………………………………………………………………………………………………… 

 
Table 3: The maximum flexural strengths of various HGM based composites reported in literature 

 
Matrix Type and quantity of HGM Flexural modulus (MPa) Flexural Strength Ref. 

Vinyl ester - 3229 103.5 [30] 
Vinyl ester HGM220 (50%) 3523 58.0  
Vinyl ester HGM220 (60%) 3634 54.1  
Vinyl ester HGM320 (30%) 2864 46.2  
Vinyl ester HGM320 (60%) 3571 34.3  
Vinyl ester HGM460 (30%) 2371 24.4  
Vinyl ester HGM460 (60%) 3753 25.2  

Acrylonitrile Butadiene Styrene (ABS) - 41 35.5 [26] 
Acrylonitrile Butadiene Styrene (ABS) TK70 (05%) 42 36.9  
Acrylonitrile Butadiene Styrene (ABS) TK70 (20%) 38 39.0  

 
BRIEF OVERVIEW ON MECHANICAL PROPERTIES OF HGM COMPOSITES 
 
Fu et al. [31] reiterated that the particle size, bonding capability and load are the deciding factors for 
stiffness, strength and toughness in particulate composites. Stiffness basically depends on load bearing 
capability of reinforcement rather than bonding whereas, toughness depends on bonding strength. Kinloch 
et al. [32] found that the mechanical and physical properties of thermosets or thermoplastic resins were 
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significantly improved using HGMs as reinforcement. As per the investigation of Sahu and Broutman [33] 
the material with low melting viscosity or isotropy can be produced by associating glass beads into 
polyester and epoxy resins. They studied the mechanical behaviour along with fracture analysis of the 
same too. Mallick and Broutman [34] investigated the strength and fracture behavior of HGM filled epoxy 
composites. They did not observed better strength in HGM composite since critical crack size is not 
affected by the interparticle distance. Swetha and Kumar [16] prepared HGM composites of various 
densities using stir casting process and studied their mechanical properties. They found that the strength 
of the composite is high when the density of the HGM is high in the composite. Additionally, energy 
absorption capacity of the composite is increased till the addition of 40% HGM. The mechanical properties 
of HGM composites consisting HGMs of different diameter are investigated by d’Almeida [35]. He 
represented rupture of the microspheres as a single damage parameter. This investigation concluded that 
the ratio of wall thickness and mean diameter of the microspheres is the useful fabrication parameter. 
Yung et al. [36] studied the dielectric properties of HGM (0-51.3 vol.%) filled epoxy composites. They 
observed that the dielectric constant and dielectric losses decreased with increased HGM content. Apart 
from that the coefficient of thermal expansion (CTE) and the glass transition temperature (Tg) of the 
composites are enhanced significantly. Similar results were also observed by Park et al. [37] in HGM (0-2 
wt.%) filled diglycidyl ether of bisphenol A (DGEBA) composites. They also found that the mechanical and 
interfacial properties of the HGM filled DGEBA are considerably higher than the neat DGEBA. Kim and 
Khamis [38] studied the fracture and impact behaviours of HGM (0-0.65 vol.%) filled epoxy resin 
composites. The addition slightly reduced the impact force and marginally increased the specific flexural 
modulus at the expense of specific fracture toughness and specific flexural strength. Hu et al. [39] studied 
the influence of broken HGMs on density, mechanical property and thermal conductivity in HGM filled 
silicon rubber composites. They found that these properties are enhanced even after the HGMs are broken 
inside the composites. Li et al. [25] investigated the morphology, melting/crystallization behavior, 
mechanical properties and thermal stability of HGM filled  poly(butylene succinate) (PBS) composites. They 
observed that the crystallization rate and thermal stability of the composites were increased without 
hampering the crystalline nature. Additionally, the storage modulus of the composite is increased too. 
Huang and Li [40] developed a model for randomly distributed glass microspheres in epoxy using finite 
element modelling (FEM). They studied the elastic behavior and failure mechanism of different volume 
fractions of HGM filled composites. In this investigation they found that adjoining of adjacent microcracks 
along with voids due to broken HGMs are forming macro-cracks and propagating in a particular direction in 
the composite. Wang et al. [41] fabricated HGM-bisphenol A dicyanate ester (BADCy) composite using 
mechanical mixing followed by a stepped curing process. They found improved mechanical properties such 
as impact strength, flexural strength, flexural modulus and storage modulus without compromising its 
thermal properties. Im et al. [42] found that the HGM filled thermoplastic polyurethane composite have 
superior mechanical properties and a lesser amount of water adsorption properties for sonar 
encapsulating materials. Li et al. [43] studied the strain rates sensitivity of HGM containing epoxy syntactic 
foams in finite element stress analysis. As per the study, failures occurred in the composite due to 
crushing of glass microspheres and shear cracking of the epoxy matrix. Higher strain rate leads to the 
higher microsphere cracking and higher matrix debonding. Liang [26] studied the tensile and flexural 
properties of HGM filled ABS copolymer at room temperature. Increase in Young’s modulus was observed 
till 5% volume fraction of HGMs. Till 15 vol.% HGM, ultimate tensile strength increased and remain 
constant afterwards. The tensile and impact strength of the HGM filled PVC composites were investigated 
by Liang [28]. He reported slightly lower yield strength with increasing HGM volume fraction in the PVC. On 
the other hand, somewhat better UTS of the composites was observed when volume fraction of HGMs lying 
in between 0–20%. Ferreira et al. [44] studied the mechanical behavior of hybrid composites prepared by 
HGMs and short fibre reinforcements. In terms of specific values, both flexural and compressive stiffness 
and impact absorbed energy increase with microsphere content. 

 
ENVIRONMENTAL IMPACT OF HGM COMPOSITES 
 
The composites fabricated using natural fibers are attracting attention among scientific and industrial 
communities owing to growing environmental concerns and more stringent norms [45]. These composites 
have several advantages over synthetic fiber composites such as low abrasion in processing, lower 
environmental impact, low cost, excellent specific properties and reasonable mechanical properties 
[46,47]. These fibers are generally employed in thermosets (e.g. polyester etc.) and thermoplastics (e.g. 
polypropylene, polyethylene etc.) composites. Among several thermoplastic polymers, Polypropylene (PP) is 
one of the commonly used semicrystalline thermoplastic.  It has a set of attractive properties like high 
melting/service temperature, good chemical strength, higher stiffness, excellent durability, lightweight, 
easy to process and cost-effective [48,49]. The applications of neat PP are limited despite having many 
attractive properties [50]. The drawbacks might be subdued if vegetal, inorganic or mineral reinforcements 
are employed in PP. Likewise, other plastics whether it is thermoset or thermoplastic possess excellent 
properties but barely used in the unadulterated form for any structural applications. The reinforcement is 
always required to make it suitable for such type of applications. The composite development revolves 
around the natural or recyclable fillers are always encouraged for the betterment of human civilization. 
Hollow glass microspheres (HGM) are inorganic and spherical mineral fillers [39]. They are finely 
dispersed, free-flowing thin-walled powder particles with good thermal properties and low density [4]. As 
discussed in the previous section, the mechanical properties especially compressive strength of HGM 
containing composites are comparatively better than the neat epoxies in some instances. Additionally, 
HGMs are inorganic, recyclable and did not harm the environment. Therefore, HGM containing composites 
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are considered as environmental friendly material, and regular attempts are going on for improving its 
properties worldwide.  
 
CONCLUSION 
 
HGM composites are having lower densities than the neat epoxies owing to the presence of hollow glass 
microbeads. The density of the composite will further go down if the thin-walled microbeads concentration 
is increased in it. The concentration of the filler contents is the deciding factors for the various properties 
of the composites, especially the mechanical one. The inferences drawn from the review indicates that 
lower concentration of the microspheres in most of the epoxy composites exhibited improved compressive 
strength, unlike yield strength. A similar trend was also reported for the tensile strength of HGM 
composites. However, the values of yield strength are more or less scattered and not following any specific 
pattern. It has a strong dependency on the epoxies as well as types of HGMs used. A relatively higher HGM 
concentration in the composites exhibited better flexural strength and modulus than its counterparts. But 
the improvement in the flexural strength is insignificant. In some instances, the mechanical properties are 
even weaker than the virgin matrix. Therefore, the choice of polymer and type of HGM should be as per the 
focused application area. The glass beads could be prepared from waste materials or as a byproduct of 
some critical industrial processes along with very high recyclability potential. Therefore, the use of glass 
microbead composite material is not imposing any potential harm to the ecosystem. It could be considered 
as a green material as per grown environmental concerns. It has a potential to replace many metals or 
composites in various industries. For this, extensive research efforts in multiple aspects are needed to 
scale the gap between HGM composites and conventional materials.  
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ABSTRACT  
 
A study was conducted using the mandibular canine index to evaluate its significance in gender determination. 1000 casts 
were measured and the index calculated in the Maharashtrian population aged 18-25 years. The study showed to have 
40.6% accuracy in males and 70.2% accuracy in females.  Therefore proving that MCI can be used as a supplemental tool in 
forensic odontology and should not be relied on solely for gender determination. 
 

INTRODUCTION  
  
Forensic dentistry is an important field in dentistry, especially in aiding post mortem reports to determine 
cause of death by studying the bite marks etc. Along with it, forensic odontology can also be used in 
gender determination using cranium remains. This study is done to see the usefulness of using the 
mandibular canine index to find the gender of the individual.  
 
Enamel being the hardest substance of the human body make teeth a very invaluable material to be used 

for genetic, forensic and other purposes. Especially in the case of forensic odontology when the body has 
undergone decomposition, the enamel being the most durable and stable tissue in the body will present as 
a key to investigation [1, 2]. 
 
Canines are considered to be the longest permanent teeth in the mouth. They are also called ‘corner 
stone’ in the dentition. The mean age of eruption of mandibular canines is 10.87 years [3]. Canines are 
used in forensic studies due to (i) its durability in the mouth, (ii) they are the last teeth to be extracted with 
respect to age (iii)it is the tooth which is least affected by calculus or caries, thus won’t be subject to gross 
deformity or periodontal diseases (iv)They are very durable to various natural calamities [4]. 
 
Although DNA tests provide the most accurate information in regard to gender identification, the purpose 
of this study is to check the reliability using the mandibular canine index to determine the gender and to 
provide additional information on the sex identification. 
 

MATERIALS AND METHODS  
 
One thousand mandibular casts were recorded for this study, out of which five hundred casts were of 
females and five hundred of male individuals from a majority of Maharashtrian population, within the age 
group of 18-25 years. Patients were informed about using their casts for study purposes and written 
consent was  taken. Ethical approval was taken from respective authorities. The inclusion criteria of the 
casts used in this study were fully erupted, non carious and non-worn out mandibular permanent canines 
in the lower arch, permanent dentition with normal occlusion. The exclusion criteria involved casts with 
congenitally missing canines, presence of prosthesis, patients with history of orthodontic treatment and 
malformed canines or canines with developmental defects. 
 
Each parameter of this study was measured separately and independently by two investigators and later 
values compared to avoid any error. All measurements of the teeth were taken using vernier callipers. The 
measurements taken were [1] the greatest mesio-distal crown width: - this was measured between the 
contact points of the tooth on either side of the jaw. Most of the cases showed a bilateral symmetry with 
this parameter [2], the mandibular canine arch width: this was measured between the tips of both canines 
in the lower jaw’ [4]. There is no statistically significant difference between the right and left mandibular 
canines amongst males or females so the maximum crown width was considered. Observer error was 
minimal. In any case if the values differed, a fresh reading was taken by the investigators to ensure 
accuracy. 
 
The Mandibular Canine Index (MCI) is derived as a ratio between two parameters of permanent 
mandibular canine teeth, namely the maximum crown width and canine arch width (measured in mm1 and 
is calculated as follows: 
 
MCI = Mesiodistal crown width of mandibular canine 
                     Mandibular canine arch width 
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RESULTS  
 
The MCI for each subject was calculated as per the formula given above. 
The MCI for males have a mean value of 0.284 and for females it is 0.279. Based on these values method 
of sex predictation from standard value of MCI was derived as follows : 
 
Formula : (Mean Male MCI – SD) + (Mean Female MCI + SD) 
                                                        2 
                      = (0.284 – 0.023) + (0.279 + 0.022)   =0.281 
                                                   2 
Standard MCI value obtained : 0.281 
 
This standard value was used and reporting of sex was. All Mandibular Canine Index values up to the limit 
of the Standard MCI value (0.281) were reported as female. Those values above this limit were reported 
as male. 
 
The standard value was a base line on which the results were crosschecked and seen if the study proved 
to be true to determine gender based on the readings. 
 
The accuracy of the method was counter-checked in the graph plotted. The values obtained are presented 
graphically. A graph was plotted sensitivity vs. specificity and the following reading was obtained. 
Sensitivity is a reflection of the population number with the expected result and specificity is the measure 
of the false positive rate.  
 
Variable : MCI Calculated 
 
Disease prevalence unknown. 
 
Area under the ROC curve = 0.556 
Standard error           = 0.018 
95% Confidence interval  = 0.525 to 0.587 
 

Table 1: Summarizes the result of sensitivity and specificity obtained from the ROC curve graphically 
 

Criterion Sens 95% C.I Spec 95% C.I +L.R -L.R 
.288 40.6 

(36.3-45.0) 
70.2 

(66.0 – 74.2) 
1.36 0.85 

 

Key : Sens   = Sensitivity : Sensitivity is the probability that a test will indicate 'disease' among those with 
the disease(5) 
         Spec   = Specificity: Specificity is the fraction of those without disease who will have a negative test 
result(5) 
         +LR     = Positive likelihood ratio 
         -LR     = Negative likelihood ratio 
 

MCI_Calculated
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Fig. 1: The data from the table above has been summed in the line graph of specificity vs sensitivity. 
……………………………………………………………………………………………………… 
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Percentage accuracy was then recorded. The percentages were 40.6% in males and 70.2% in females. 
This proves that males exhibited low accuracy in gender determination using the MCI when compared to 
females. A wide variation in the percentage was seen between males and females making this index only 
applicable in females, through this study. 

 
DISCUSSION  
 
Various studies state that the mandibular canine index is an useful and accurate tool in determining the 
sex of an individual [4-8]. According to a study by Kaushal et al [6], whenever the width of either canine 
was more than 7 mm, the probability of sex being male was 100. It was seen that with standard MCI, it 
was possible to detect sex in a North Indian population to as high as 75%. Reddy et al [7] studied the 
percentage accuracy of sex determination in western Uttar Pradesh and found that males could be 
predicted correctly in 78% of cases and in females, the accuracy was 66%, so total percentage accuracy 
was 72%. 
 
However in contradiction few studies state that the mandibular canine index is not an accurate tool for 
gender determination. The poor ability of the MCI in sex assessment is attributed to it being a relative 
value–it is obtained as the ratio of two absolute measurements (MD dimension of canines and inter-
canine arch width) and does not reflect sex differences that exist in the absolute measurements per say 
[9,10].  
 

This study done further proves that the MCI is not a reliable source since the values obtained, using the 
formula and graphically, shows a huge variance and thus cannot be used in the effective determination of 
sex. Different individuals have different genetic makeup, some females tend to have a larger frame than 
the others. The same applies with males. Therefore generalizing the overall population and drawing 
conclusions based on just the width of the canine may not prove to be that accurate a study. 
 
Although, gender determination can be easily done in cases where the cranium is intact. The notable 
difference between canine in determining sex was noted to be due to the influence of the Y chromosome 
which was not uniform in all teeth. On the other hand the X-linked genetic influence on tooth width was 
rather uniform for all teeth [7].  
 
As humans keep on evolving with time, environmental factors play an important role in this evolution. 
Constantly changing lifestyle, different patterns in diet and early occurrences of growth spurts the results 
may vary now [10]. Kaushal et al [6] conducted a study back in 1988, stating that the MCI is an important 
tool for gender determination. But as time progresses, humans evolve, and so does their growth and 
development. Based on current statistics and casts used for study, we prove that the MCI was more 
accurate in females who exhibited 70.2%, than males who only exhibited 40.6% accuracy.  
 
Although this method is simple, inexpensive and can be carried out easily, in accordance to our 
observation, the ability to determine sex is 70.2% in females and 40.6% in males. By comparing the MCI 
with the standard MCI value will be a profound result found in fragmented female human remains. This 
method is more accurate and reliable in females due to the percentage of accuracy, when in comparison 
to males; it did not exhibit even 50% accuracy. But such a method of sex determination has its limitations 
due to variations of this parameter with geographic distribution. This implies that it is necessary to make 
up a random sample of the population from this geographical area to calculate the corresponding 
standard MCI.[11]  It can be used just as a supplemental tool in determining the gender of an individual. 

 
CONCLUSION  
 
As it currently stands, MCI does not carry much predictability in the male population as compared to the 
female. Therefore it may be used as a supplemental tool but it does not carry much relevance to 
determine the gender. Gender of an individual cannot be estimated if the fragment of the mandible is from 
the different geographical area unless random sampling of the population of that area has been done to 
calculate the corresponding MCIs [11]. However, it is not a confirmatory test and is done as an adjunct 
with other tests for gender identification. Alternative methods should be adopted for gender determination.  
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ABSTRACT 
 
Manure from animal farms contains significant amounts of antibiotics, and fertilizers prepared from this manures may contain residuals of 
antibiotics which are able to suppress soil microbiota and consequently reduce plant growth. Composting is an effective way to reduce the 
negative impact of antibiotics in manure on the growth of crops. In this paper, we have evaluated the effect of composting on the 
phytotoxicity of cow manure spiked with various concentrations of OTC (oxytetracycline) (50 mg kg –1, 150 mg kg –1 and 300 mg kg –1). 
Assessment of phytotoxicity was carried out using oat plants (Avena sativa L.), by contact method on the 1st, 30th, 60th and 90th days of 
composting. Composts were mixed with soil in a ratio of 1:1, 2:1 and 3:1. It was found that during the first 30 days, all composts had 
significant toxicity (the germination index did not exceed 10% for any mixtures). Afterwards, phytotoxicity decreased in all the mixtures. On 
the 60th day, the GI (germination index) ranged from 16.7% to 40.9%, with different OTC concentrations causing significantly differing 
effects. On the 90th day, the GI (germination index) ranged from 29.3% to 106.6%, with no significant difference observable in the samples 
with various initial concentrations of OTC. This may be due to decomposition of the antibiotic in the soil. 

 
INTRODUCTION 
  
The use of animal manures after composting to restore the fertility of agricultural soils is a common 
practice for farmers around the world [1]. Composting provides an environmentally friendly approach for 
the transformation of livestock waste into an effective non–toxic and non–pathogenic organic fertilizer. In 
the process of composting, the presence of a wide range of complex organic compounds promotes the 
development of a diversity of microbial communities in the soil which, as a result, stimulate various soil 
functions [2].  
  
However, the widespread use of antibacterial drugs for the treatment and disease prevention of animals 
can make the use of manure dangerous due to the risk of spreading antibiotics into soil ecosystems [3,4]. 
It has been found that up to 90% of the prescribed dose of antibiotics consumed is excreted from the 
animal's body due to weak absorption in the gastrointestinal tract. Recent studies have shown that 
manure from livestock farms contains high antibiotic residues at levels from several mg kg –1 or up to 
several hundreds of mg kg –1 [5]. The most common antibiotics for the treatment of animals are 
antibiotics of the tetracycline group [5]. Often, untreated animal waste from livestock farms is used to 
fertilize soils as a raw material [6].   This can create an increasing potential risk for human health, as well 
as for ecosystems [4]. The use of manure can depress the activity of soil microorganisms and inhibit the 
natural processes of soil enzyme production [7]. In addition, residues of antibiotics in the composition of 
manure can pass from the soil into the crops, thereby increasing the risk to human health [8,9]. Such 
information on the effects of composts contaminated with antibiotics on agricultural plants is, however, 
scarce. Thus, it is necessary to treat and neutralize this kind of animal waste before using it for soil 
fertilization [10]. 
 
Recently, many studies have shown that composting is an effective method that significantly reduces 
antibiotics in animal wastes. For instance, Dolliver with coauthors observed the degradation of monensin 
and tylosin during manure composting and found that the monensin and tylosin was reduced by 54–76%  
[11].  Rama swamy with coauthors (2010) found that the content of salinomycin decreased by 99.8% over 
38 days of composting [10]. According to Arican with coauthors, (2007) the initial level of oxytetracycline 
decreased significantly by 95% during the first 6 days of composting of cow manure [12]. Such a 
significant reduction in the content of antibiotics in the manure is most likely facilitated by certain 
conditions found during composting such as temperature, humidity and various antibiotic biodegradation 
processes [11,13]. In addition, a decrease in the content of soluble forms of antibiotics may be due to 
their adsorption on organic components contained in composts. The addition of organic structural agents 
such as straw and sawdust to manure in compost production can also affect the reduction of antibiotics 
[6]. 
 
The objectives of this paper were as follows: i) to assess the change in phytotoxicity of cow manure 
containing oxytetracycilne in the process of composting, and ii) to reveal the influence of initial 
oxytetracycline concentration in the manure of the phytotoxicity dynamics. 
 

METHODS 
 
The object of the study was the manure of cows which had not been treated with antibiotics, selected on a 
private farm in the Laishevsky District (Republic of Tatarstan). Straw was added to the manure as a 
structural agent in a ratio 20:6.5 (w/w). Oxytetracycline (OTC) was chosen for the model experiment, since 
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this drug is widely used on livestock in Russia. Three composting mixtures containing 50 mg kg –1, 150 
mg kg –1 and 300 mg kg –1 OTC were prepared. As a compost control, a compost mixture without the 
antibiotic was used. Composts were incubated at room temperature (20–25°C). 
 
The phytotoxicity of the composts was determined on the 1st, 30th, 60th and 90th days of composting by 
the contact method using oats (Avena sativa L.) as a test object [14]. To do this, composts was mixed with 
the soil to achieve a 1:1, 2:1 and 3:1 compost–soil ratio. As a soil control, soil without the compost was 
used. The compost–soil mixtures were moistened up to 60% moisture capacity and maintained at this 
level throughout the incubation period. Incubation was carried out at room temperature (20-25°C) for 14 
days. The germination index (GI,%) was calculated by the formula: 
 
GI (%) = ((Seed germination inn treatment×Root length in treatment))/((Seed germination in control×Root 
length inn control) )×100 
 

RESULTS  
 
Phytotoxicity of composts is one of the often measured parameters characterizing the maturity of 
composts, and therefore their suitability for safe soil fertilization. This method is based on the evaluation 
of the effect of compost applied to the soil on the intensity of germination of seeds and the early stages of 
growth of a number of plants [15]. In this paper, the phytotoxicity of composts contaminated with OTC was 
investigated using oat (Avena sativa L.) seeds.  
 
In the first stage, the phytotoxicity of compost–soil mixtures, prepared with manure from cows not 
containing antibiotics, was analyzed. The results of the estimation of the germination index of the oat 
seeds (Avena sativa L.) are shown on the [Fig. 1]. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Change in phytotoxicity in the process of composting of manure not contaminated with antibiotics. 
…………………………………………………………………………………………………………………………… 

 
As can be seen from the [Fig. 1], in the first 30rd days of the composting process, all mixtures of soil and 
compost from manure that did not contain antibiotics had high toxicity. The germination index in this case 
did not exceed 10%. A correlation was found between the degree of phytotoxicity and the amount of 
compost mixed with the soil: the higher the compost content, the stronger the inhibitory effect on oat 
growth. On the 60th day of the composting, the germination index increased to 40.9%, 35.9% and 25.6% 
in the compost–soil mixtures 1:1, 2:1 and 3:1, respectively. On the 90th day in 1:1 ratio mixture of 
compost and soil, the germination index was 106.6%, which is 2.6 times higher than that on the 60th day. 
In mixtures with compost–soil ratios of 2:1 and 3:1, phytotoxicity remained almost unchanged from its 
level on the 60th day of composting. In general, a trend was observed indicating the reduction of 
phytotoxicity in compost with the passage of time. 
 
In the second stage of the study, the phytotoxicity of mixtures from soil and compost contaminated with 
various concentrations of OTC was assessed. The results are shown in [Fig. 2]. 
  
 
 
 
 



 REGULAR ISSUE  

www.iioab.org    | Danilova et al. 2018 | IIOABJ | Vol. 9 | 5 | 13-17 | 
 
 

15 EC
O

LO
G

Y 
A

N
D

 E
N

V
IR

O
N

M
EN

T 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Change in phytotoxicity in the process of composting of manure containing different concentrations of 
OTC. 
…………………………………………………………………………………………………………………………… 

 
As can be seen from the [Fig. 2], there were similar dynamics in the change in toxicity in the process of 
composting of manures contaminated with OTC. During the first 30 days of the composting process all the 
compost–soil mixtures were characterized by a high level of toxicity.  
 
On the 30th day in the mixture 1:1 there were significant differences in the GI between different 
concentrations of OTC. On the 60th day there was a decrease in the level of phytotoxicity for all composts. 
However, significant differences were found between the toxic effects of composts with different initial 
antibiotic content. The germination index decreased with increasing dose of OTC in the manure. The 
difference of GI from the control compost without OTC was on average 76.8%.  
 
On the 90th day it was found that all the composts from the contaminated manure had equally low toxicity 
levels as the control compost. The change of GI from the control compost without OTC was on average 
94.7%. Interestingly different concentrations of oxytetracycline added to manure before composting did 
not cause significant differences to the level of phytotoxicity.  
 

DISCUSSION 
 
Animal wastes from farms in raw form contain many toxic compounds that are harmful for plants [1]. 
Therefore, in the early stages of composting, compost is not commonly suitable for healthy plant growth 
[16]. The current study has showed results that are in close agreement with previous studies investigating 
the phytotoxicity of compost. Thus, in the initial stages (first 30 days) of composting of cow manure not 
containing antibiotics, high toxicity was observed, and toxicity was higher in the mixtures with a greater 
proportion of compost. By further observation of the composting process, the trend towards a reduction in 
the toxicity of the compost was revealed. It is known that in the process of composting, the original 
manures loses its harmful components, which is demonstrated by the fact that, when used as a fertilizer, 
such composts are able to create favorable conditions for plant growth [1]. In our study, toxicity continued 
to reduce up to the 90th day in the 1:1 mixture of compost and soil. 
 
 Manure from livestock contains a large quantity of antibiotics and there is a risk of their spread in the 
terrestrial and aquatic environments [4]. Composting is an effective way to reduce residues of antibiotics 
in animal waste from farms [17]. Many studies have demonstrated that manure loses its pathogenic 
properties, the many poisonous substances for plants, in the composting process and, consequently, it is 
effective in reducing the toxic effect on plant growth [6,10]. During the initial stages of composting, 
manure contaminated with OTC had the same high toxicity as those in the non–contaminated samples. 
However, the absence of additional OTC effect may be due to high toxicity of the compost mixtures 
themselves. On the 30th day of the composting process, there were significant differences in the level of 
toxicity between samples containing different concentrations of OTC. The association between increased 
toxicity and increased concentration of OTC in manure was noted. Therefore, the presence of antibiotics in 
the manure can affect the compost in a way which has increased the toxicity for plants. On 60th day the 
composts continued to have a toxic effect on oat plants. In addition, significant differences in the level of 
toxicity in composts containing different initial concentrations of OTC were found. It appears that, for this 
composting period (60 days), residual OTC concentrations can have a direct toxic effect on the growth and 
development of oat plants. Many studies also confirm the fact that when present in the composting 
process, antibiotics contained in the initial manure have a direct toxic effect on plants [18–20]. In 
addition, the presence of OTC in the manure could inhibit the microbial communities within the compost 
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that drive the composting process. Thus, inhibition of microbial communities could inhibit the composting 
process itself, and, consequently, create a natural decrease in phytotoxicity [17]. Many studies also 
provide conclusions explaining the indirect effect of antibiotics on the toxicity of composts due to the 
deceleration of the composting process caused by the inhibition of the functioning of microbial 
communities [1,9,17]. 
 
On the 90th day of the composting process, composts had low toxicity towards oat plants. At this stage of 
the composting process, there was no difference in the level of the toxicity of composts with different 
amounts of antibiotic. It is likely that the decrease in the toxicity at the end of the composting process is 
due to the gradual decomposition of OTC in composting mixtures. Our previous study found that the 
destruction of OTC when added to the soil occurs at a level of 98% after a 35 days incubation period [21]. 
Other works also indicate the gradual destruction of antibiotics in soil and manure [10,11,22].  
 

SUMMARY 
 
In this work, an assessment of the change in phytotoxicity in the composting of manure, both pure and 
containing antibiotics was conducted. It showed a regular decrease in the toxicity of compost, from 
manure that does not contain antibiotics over the composting period. On the 60th day of composting, the 
germination index increased to 40.9%, 35.9% and 25.6% in the 1:1, 2:1 and 3:1 compost and soil 
mixtures, respectively. On the 90th day in the 1:1 mixture of compost and soil, the germination index was 
106.6%, which is 2.6 times higher than in the same mixture the 60th day. By the end of composting (90 
days), composting mixtures containing manure contaminated with oxytetracycline, also showed a 
reduction in toxicity. The lowest levels of phytotoxicity at the end of composting were found in soil and 
compost mixtures in a 1:1 ratio regardless of the presence of the antibiotic in the original manure.  
 

CONCLUSION 
 
The results of this study showed that in the early stages of composting, composts, from both pure manure 
and from those contaminated with antibiotic had a significant level of phytotoxicity. The most rapid 
decrease in phytotoxicity occurred in compost prepared with pure manure. At the end of composting, the 
different initial concentrations of oxytetracycline in the manure did not cause significant differences in the 
level of phytotoxicity. However, in the process of composting (day 60), initial antibiotic concentration did 
play a role in the compost toxicity. 
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ABSTRACT 
 
The article presents the results of a study to determine the genetic risk of pre-eclampsia in primiparous women. We have 
examined 165 primiparous women: 75 pregnant women with different degrees of severity of preeclampsia; 40 ones from the 
high-risk group, 50 - practically healthy primiparous women. The examination has shown that the determination of genetic 
defects, the level of folic acid, angiotensin-converting enzyme, renin, angiotensin, intravascular coagulation markers is 
prognostically significant in the diagnosis of severe preeclampsia, premature detachment of the normally located placenta, 
placental insufficiency, syndrome of retarded fetal development and congenital malformations of fetus in primiparous women. 

 
INTRODUCTION 
  
Gestosis (preeclampsia) is one of the topical problems of modern obstetrics and remains the most severe 
complication of pregnancy. The frequency of preeclampsia does not tend to decrease and fluctuates in 
Russia from 7% to 29% [1, 2], largely determining the indicators of maternal mortality and infant morbidity 
rate [3, 4]. According to recent studies, the genetic predisposition to the development of preeclampsia may 
be up to 50% of all risk factors [5, 6, 7]. The genetic factors with which preeclampsia may be associated 
include: metabolic genes (GSTM1, GSTT1, GSTP1, ЕРНХ, CYP1A1); the main histocompatibility complex 
(HLA-G, DQA1, DQB1, DRB1); blood coagulation systems (FV, FII, MTHFR, FGB, ITGB3, F7); endocrine system 
(ESRI, ESRII, INHA); lipid metabolism (LPL, АРОЕ, PPARG, ADRB3); cytokines and growth factors (TNFA, IGFI, 
IL1Q, ILIA, IL1B, IL1RN, CTLA4); endothelium (NOS3, EDNI, GNB3, VEGF); vascular system (АСЕ, AGT, REN, 
AGTR1, AGTR2, РАI 1). The products of the genes of the renin-angiotensin system are among the most 
important regulators of blood pressure and the homeostatic function of the kidney, ensuring the 
maintenance of vital processes in the body.  
 
In recent years, the existence of variants of the gene of the angiotensin-converting enzyme (ACE) has been 
discovered. The ACE gene is mapped on chromosome 17q23. When cloning the ACE gene, it has been 
revealed that either Insertion (I) is comprehended or Deletion (D) Alu repeat, consisting of 287 base pairs is 
absent in Intion 16 [8, 9]. The level of ACE in serum in the patients who are homozygous for D alleles 
exceeded almost twice the level of the enzyme in homozygous for I alleles and has an average value in 
heterozygous - I/D genotype [9, 10]. The angiotensinogen gene (AGT) is located on the long arm of the 1st 
chromosome at the locus Iq42-q43. The plasmatic level of angiotensinogen reflects its level of expression. 
The most studied are the M235T and T174M variants of the AGT gene. The association of the T-allele and 
the T/T genotype with high blood pressure is for the M235T variant (replacement of methionine by 
threonine) [9, 11]. Polymorphism of the gene for angiotensin converting enzyme (ACE) and angiotensinogen 
(AGT) is poorly related to the frequency and course of chronic arterial hypertension (CAH) without pregnancy, 
but may be a risk factor for the development of hypertension in pregnant women.  
 
The main endothelial factor of relaxation is nitric oxide (NO). It is involved in maintaining the tone of the 
vascular wall, thrombo genesis, neurotransmission, immune system reaction, etc. [8,10]. Currently, three 
isoforms of NOS have been identified: NOS1 - neuronal (nNOS) or brain (bNOS); NOS2 - inducible (iNOS) or 
macrophage (mNOS); NOS3 - endothelial (eNOS) [12]. Each of them has features in the mechanisms of 
action, localization, in the biological significance for the organism. In the endothelium, thrombocytes, 
arterioles, mesangial cells, etc. eNOS is localized in large quantities [8]. The allelic variants of this gene lead 
to decrease of the level of expression of NO-synthetase and, as a result, diminution of the organism’s 
resistance to hypertensive states from the external and internal environment.  
 
From the genes of the blood coagulation system, the most extensively studied is the polymorphism of the 
gene of methylenetetrahydrofolate reductase MTHFR. Two variants of the gene have been described, the 
most significant of which is the mutation of C677T. The individuals being homozygous for this mutation have 
the thermo ability of MTHFR and the reduced enzyme activity to about 35% of the mean value. This mutation 
is accompanied by an increase of the level of homocysteine, which is a risk of pre-eclampsia in pregnant 
women. Over frequency of the 677T allele was observed not only with preeclampsia, but also with other 
complications of pregnancy (placental abruption, fetal growth retardation, antenatal death of fetus, fetal 
neural tube defects). Another important aspect of the MTHFR-C677T mutation is folate-deficiency anemia, 
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which further aggravates hypoxia, the course of disseminated intravascular coagulation and, thereby, 
contributes to the progression of microcirculatory disorders and the aggravation of preeclampsia [13, 14]. 
 
Obviously, preeclampsia has a number of genes of predisposition, so identifying candidate genes for the 
development of preeclampsia can help in defining a risk group and conducting effective prevention of this 
severe pathology. Especially unpredictable pre-eclampsia is in primiparous women and its relationship with 
genetic factors is extremely interesting. 
 
In connection with this, we conducted a study which aimed to determine the polymorphism of a number of 
genes of the vascular system, endothelial dysfunction and the system of blood coagulation and their role in 
the development of preeclampsia in primiparous women. 
 
MATERIALS AND METHODS 
 
We have examined 165 primiparous women in the 27-38 weeks of their pregnancy at the age of 25,4 ± 
5,43 years: 75 pregnant women with different severity of preeclampsia (50 - with moderate degree, 25 - 
severe), 40 women without a pre-eclampsia clinic, but from the group of high risk (with obesity - 10, with 
hypertension before pregnancy - 10, with kidney disease - 20) and 50 practically healthy pregnant women. 
Written informed consent was taken from all the participants and the study was approved by the Institute 
ethical committee, Commission of the Department of the Obstetrics.  
 
All the patients have had, in addition to general clinical checkup with assessment of the hemostasiogram 
(platelet aggregation: spontaneous and induced, fibrinogen, APTT, INR, XIIa dependent fibrinolysis, AT III, 
FMSC, PDP, plasminogen, protein C and S), the blood tested by the method of PCR in real-time on detection 
of the polymorphism of the genes AGT-M235T (angiotensinogen), ACE I / D (angiotensin converting enzyme), 
MTHFR-C677T (methylenetetrahydrofolate reductase), E298D polymorphism by restriction analysis and 4a / 
4b polymorphism in the NOS3 gene. The gene NOS3-E298D, 4a / 4b is responsible for the synthesis of the 
enzyme – endothelial NO synthase (eNOS), which participates in the synthesis of nitric oxide by endothelium 
and, consequently, in the regulation of vascular tone, blood flow and blood pressure. The studied genes 
were assessed with all variants of their mutations (AGT-T235T, ACE D / D, MTHFR-T677T, NOS3-D298D, 4a 
/ 4a). The level of folic acid (FA), angiotensin-converting enzyme (ACE) and renin-angiotensin (RA) was 
determined by the method of immune chemiluminescent analysis (ICA).  
 
The standard method χ² was used for statistical analysis. In the case of a small quantity or absence of any 
genotypes (alleles), the exact two-sided Fisher test recommended for such situations was used to verify the 
reliability of the differences obtained. The relative risk (odds ratio - OR) of disease development in a 
particular genotype was calculated according to the standard formula OR = ad/bc, where a and b are the 
number of patients with and without a mutant genotype, respectively, and c d are the number of women in 
the control group also having and not having a mutant genotype. OR is indicated with a 95% confidence 
interval. To calculate the comparison of the average values of digital data, as well as to verify the reliability 
of the results obtained, we used the methods of estimating the difference between parts, analysis of 
average trends (t – Student’s test), correlation analysis. The level of p <0,05 was taken for the reliability of 
the differences. 
 

RESULTS  
 
As shown by the studies, among healthy primiparous women, normal variants of the studied genes are 
determined in 98% of cases [Table 1]. In 2% of pregnant women, single mutant variants of the genes AGT-
T235T, ACE D / D, NOS3-D298D, 4a / 4a were established, which were not realized in obstetric pathology. 
The measures of RA, ACE in this group were within the norm (1,7 ± 0,3, 3,3 ± 1,2 and 38,89 ± 25,34, 
respectively). The level of FA was reduced by 15% in 16 pregnant women and averaged 8,45 ± 4,51 ng / ml 
[Table 2].  
 
Practically all obese pregnant women are in the risk group, 8 out of 10 have a mutant version of MTHFR-
T677T with a slight decrease in FA and an increase in ACE. One of them had, at the same time, a small 
malformation of the fetus (non-closure of palate – cleft palate). A mutant variant of MTHFR-T677T was also 
detected in 7 out of 10 women with hypertensive syndrome, one of them - in combination with a mutant 
variant of the ACE D / D gene and a slight increase in the level of CR. -A mutant variant of the ACE D/D gene 
and polymorphism of the NOS3-E298D, 4a/4b gene, where the alleles D and 4a raise the risk of 
preeclampsia, placental insufficiency, FGRS, with potentiating factors was disclosed in 10 women with 
pyelonephritis. Such factors could be a two-fold elevation of renin and angiotensin with a simultaneous 
decrease in FA by 1,8 times, which were found in these women. On average, a significant decrease in folic 
acid with increased renin, angiotensin and ACE was found in at-risk pregnant women with developing pre-
eclampsia in comparison with healthy pregnant women [Table 2]. Attention was drawn to the absence of 
changes in haemocoagulative parameters.  
 
During the assessment of pregnant women with moderately expressed pre-eclampsia, mutant genes of 
MTHFR-T677T in 38% of cases (19 women) and ACE D / D in 46% (23) were revealed, a combination of 
these mutant variants was found in two patients. The heterozygous variant of MTHFR-C677T was 
determined in a third of the primiparae of this group, which was clinically realized in placental insufficiency 
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and in the Syndrome of fetal growth retardation of I-II intensity in 7 pregnant women.   Nine women with a 
mutant variant MTHFR-T677T had also FGRS of II intensity, long-lasting intrauterine hypoxia, 
oligohydramnios, at the same time, one of them had a partial detachment of the normally located placenta 
at 37 weeks pregnancy. The normal variant of the MTHFR-C677C gene was detected in 32% (16 pregnant 
women). The mutant gene for the D-NOS3-D298D, 4b / 4b allele was found in 30% (15 patients), all of them 
had clinical FGRS hypamnion. In the haemostasiogram of women with mild pre-eclampsia having mutant 
genes, an increase in D-dimer, fibrinogen, plasminogen, decrease in AT-III were revealed, i.e. manifestations 
of the syndrome of DIC. 
 

Тable 1: The results of the study the Allele frequencies of the polymorphic variants studied 
 

 
Note: n – the number of individuals in a group, *- accuracy of allele frequencies by comparing the subjected groups 
with a control group (p<0,05)  

 
Таble 2: The level of Folic Acid, Angiotensin-Converting Enzyme, Renin-Angiotensin in the studied groups 

 
 
 
 
 
 
 
 
 
 
 
 
 
Note: n – the number of individuals in a group, *- accuracy of allele frequencies by comparing the subjected groups 
with a control group (p<0,05) 
 
 
The majority of pregnant women with severe preeclampsia – 73,2% (18) had a combination of mutant gene 
variants: 56% of them had ACE D/D and MTHFR-T677T (14). In 9 of them, a mutant variant of the AGT-
T235T gene was also disclosed [Table 1]. In one woman, mutation of MTHFR-T677T was clinically realized in 
premature detachment of the normally situated placenta at pregnancy of 27 weeks. In this group, there was 
also a significant increase in ACE (89,99 ± 24,01), a triple increase in D-dimer values, hyperfibrinogenemia, 
expressed  thrombocyte hyper-aggregation, decrease in AT-III, which corresponded to the active DIC 
syndrome. 
 
Women with severe preeclampsia in 65% [16] had a mutant variant of the gene for allele 4a –NOS3-4a/4a. 
This was accompanied by early edema, proteinuria, as well as an active course of DIC syndrome. In 36% [9], 
the homozygous form of D298D polymorphism of the NOS3 gene was established [Table 1]. In this case, the 
FVRS of II - III with the progressive increase in the severity of preeclampsia was clinically defined.  
 

Subjected 
groups 

Evaluated polymorphism  

MTHFR-C677T ACE-I/D AGT-M235T eNOS-E298D eNOS-4a/4b 

CC CT TT II ID DD MM MT TT EE ED DD bb ab aa 

Healthy pregnant 
women (n=50) 

0,6* 0,33
* 

0 0,35
* 

0,54 0,11
* 

0,73
* 

0,27
* 

0 0,86* 0,24* 0 0,7 0,3* 0 

Pregnant women 
at risk  of   
preeclampsia   
(n=40) of them: 

0,2* 0,18
* 

0,54
* 

0,6* 0,23
* 

0,17
* 

0,62
* 

0,38
* 

0 0,46 0,54* 0 0,6* 0,4* 0 

With obesity 
(n=10) 

0,1* 0,1* 0,8* 0,7 0,3* 0 0,6* 0,4 0 0,5* 0,5 0 0,7* 0,3* 0 

With hypertensive 
syndrome  (n=10) 

0,2* 0,1* 0,7* 0,8* 0,2* 0 0,9 0,1* 0 0,4* 0,6* 0 0,6* 0,4 0 

With renal 
diseases (n=20) 

0,5* 0,45
* 

0 0,3* 0,2 0,5* 0,35
* 

0,65
* 

0 0,5 0,5* 0 0,5 0,5* 0 

The group with   
moderate 
preeclampsia 
(n=50) 

0,2* 0,34
* 

0,38
* 

0,3* 0,24
* 

0,46 0,34
* 

0,48 0,66
* 

0,5 0,2* 0,3* 0,44* 0,54* 0,02
* 

The group with   
severe 
preeclampsia  
(n=25) 

0,08
* 

0,12
* 

0,8* 0,32
* 

0,24
* 

0,56 0,4* 0,32
* 

0,28 0,28* 0,4* 0,32* 0,12* 0,24* 0,64
* 

Subjected groups 
FA, ng/ml ACE, U/I 

Renin, 
ng/ml/h 

Angiotensin, 
ng/ml 

Healthy pregnant women 
(n=50) 8,45±4,51* 38,89±25,34*  1,7±0,3* 3,3±1,2* 
Pregnant women at risk of 
preeclamsia (n=40)  6,15±2,51* 55,46±18,14 2,54±1,27* 5,01±2,75* 
Pregnant women with  
moderate preeclamsia 
(n=50) 3,08±1,64* 71,01±21,04* 4,54±2,27* 8,03±2,79* 
Pregnant women with 
severe preeclamsia  (n=25) 

2,37±1,12** 89,99±24,01* 6,21±2,8* 10,64±3,66* 
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Statistical analysis confirmed that NOS3-D298D and NOS3 4a/4a genotypes are significantly more frequent 
in women with preeclampsia than in patients at risk (χ² = 5.81, p <0,05 and χ² = 6,03, p <0,05, 
respectively).  
 
The results of our studies have shown that the presence of the mutant variant of the gene for the allele 4a – 
NOS3-4a/4a is always accompanied by earlier edema, proteinuria and, as a rule, the formation of FGRS of 
severity II-III.  The highest level of basal NO corresponds to genotype 4b/4b, whereas the level of NO was 2 
times lower in women with genotype 4a / 4a. Heterozygous mutation forms occupy an intermediate position 
in terms of NO. Association 4a/4a of the genotype of the NOS3 gene with the development of preeclampsia 
made it possible to estimate the relative risk of this complication in pregnant women as significant – 1,74 
(CI-95%: 1,06-2,97). 
 
A comparative analysis of the polymorphism of the ACE I/D gene has shown that the DD genotype in women 
with preeclampsia is found 6,1 times more often (48,8%) than in healthy women (8%). In severe cases, the 
genotype of DD is found in 36% of pregnant women (χ² = 4,82, p <0,05). In the ACE I/D polymorphism, the 
presence of D allele is associated with the development of preeclampsia (OR 2,15 and CI 95%: 0,77-5,27) 
and should be considered as a risk factor of the development of preeclampsia, whereas in the analysis of 
frequencies of genotypes and alleles of AGT -M235T in all groups, significant differences are not revealed.  
 
According to the indication of genetic diversity - PIC (informational content of polymorphism), which gives an 
idea of how informative the selected marker is, all the studied genetic parameters (I/D, M235T, E298D, 
4a/4b, C677T) turned out to be moderately informative (0,319; 0,331; 0,366; 0, 316, respectively), which 
proves their role in the development of pre-eclampsia in primiparous women. 
 
DISCUSSION  
 
The reasons for the development of preeclampsia in women during pregnancy remain unclear and much 
attention to the development of the genetic mechanisms of this complication of pregnancy is 
understandable.  
 
It is quite obvious that pre-eclampsia is a polygenic pathology. A lot of data on the expression of various 
genes, encoding ACE, angiotensin, endothelin, synthycin 1 and 2, involved in stimulating the cytotrophoblast 
cells migration and placenta development, endothelial vascular growth factor, methylenetetrahydrofolate 
reductase, etc. There are data on changes in HLA antigen alleles as the cause of pre-eclampsia 
development [3, 10]. Of particular interest are primiparous women who do not have a severe obstetrical 
anamnesis, and that is why they are related to an unpredictable category of patients, as well as at-risk 
women - with obesity, hypertension, renal diseases.  
 
The results of our studies have shown that both primiparous women with preeclampsia and a group of high-
risk development have common genetic changes. A mutant variant of the MTHFR-T677T gene was found in 
pregnant women with obesity and hypertensive syndrome (80%). The patients with pyelonephritis had the 
mutant variant ACE D/D dominated, which gives the most severe course of preeclampsia. The rest had 
heterozygous variants of AGT-M235T, NOS3-E298D, 4a/4b and single variants of their mutations. 
  
Preeclampsia of moderate severity was accompanied by a mutant MTHFR-T677T gene in 38% of cases and 
ACE D/D in 46%, a heterozygous variant was found in every third pregnant woman, in combination with 
placental insufficiency and FGRS. The mutant variant of the gene of the D –NOS3 D298D allele leads to 
similar complications.  
 
Most women with severe preeclampsia have a combination of mutant ACE D/D genes, MTHFR-T677T, and a 
mutant variant of the AGT-T235T gene is revealed in 50%. In addition, in severe form, as a rule, a mutant 
variant of the gene of the allele 4a–NOS3 4a/4a with an early onset and progressive increase in severity is 
identified.  It should be noted that the changes in the genetic portrait of women with preeclampsia were 
probably defined by other equally severe obstetric complications - FGRS in 46%, chronic fetoplacental 
insufficiency with fetal hypoxia in 33%. Also, the mutation in the MTHFR gene in two cases was clinically 
accompanied by a partial detachment of the normally situated placenta at pregnancy of 27 and 37 weeks.  
It is important to emphasize that the mutation of the studied genes in pregnant women with preeclampsia 
has always been combined with an abrupt decrease in the level of FA (by 60-80% of the norm) and a 
significant increase in RA [Table 2].  
 
As it turned out, the decrease in values of FA with the normal variant of the MTHFR-C677C gene during 
pregnancy does not lead to the development of hypertensive syndrome, but is realized by a greater 
frequency of placental insufficiency and FGRS.  
 
A low level of FA with an increase in RA against the background of the expression of mutant genes is 
accompanied by a disruption in the system of hemostasis and hypertensive syndrome of varying severity. 
The initial signs of DIC syndrome were observed with moderate severity of preeclampsia, progressive DIC 
syndrome - with severe course.  
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However, assessment of changes in the parameters of folic acid, ACE, renin and angiotensin requires 
special attention. A significant correlation between the level of FA, ACE, renin, angiotensin and the severity 
of preeclampsia (r = -65; r = 0,57; r = 72; r = 0,68, respectively; p <0,05) was found. 
 
The data obtained have shown that the decrease in FA with increasing ACE, renin, angiotensin is observed in 
women at risk and with the increase in the severity of preeclampsia, the values of FA progressively decrease 
by 60-80% of the norm, while the values of ACE, renin, and angiotensin increase 1,6; 2,5 and 2 times, 
respectively, compared with women at risk [Table 2].  
 
Probably the mutant MTHFR genes found in women at risk and in those ones with preeclampsia lead to an 
imbalance of folate metabolism and even the prescription of synthetic folic acid is unable to change the 
situation with folate deficiency and the formation of endotheliopathy. The mutant genes of renin, 
angiotensin, nitrous oxide increase endothelial dysfunction with the development of vascular complications 
and severe obstetric syndromes.  
 
Thus, the detection of genetic defects, the levels of folic acid, ACE, renin, angiotensin, and intravascular 
coagulation markers can be prognostically significant in the diagnosis of severe pre-eclampsia, premature 
detachment of the normally located placenta, placental insufficiency, FGRS and fetal malformations in 
primiparous women, who do not have a burdened obstetrical anamnesis. 

 
CONCLUSION 
 
The development of pre-eclampsia in primiparous women is genetically determined. Polymorphism of the 
genes of nitrogen oxide – NOS3-E298D, 4a/4b, mutation in gene of angiotensin converting enzyme – ACE 
D/D with pyelonephritis, mutation in gene of methylene tetra hydro folate reductase – MTHFR-T677T with 
chronic hypertensive states and obesity form a risk group of women with a high potential for realization in 
preeclampsia. The development of mild pre-eclampsia is determined by the mutation of one of the genes: 
MTHFR-T677T, ACE D/D, or NOS3-D298D, 4a/4a, combined with a 60% decrease in folate levels and a 2-
fold elevation of the ACE in blood in pregnant women. A severe form of pre-eclampsia occurs with a 
combined mutation of MTHFR-T677T and ACE D/D or the presence of the NOS3-D298D, 4a/4a genes with 
reduced folate content by 80% compared to healthy primiparae and an increase in ACE by more than 2 
times. 
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ABSTRACT 
 
Background: Breast cancer is the type of cancer that develops from cells in the breast tissue. The breast cancer is leading cancer in women. 
One in every eight to nine women has breast cancer at some point during their lifetime. Computer-Aided Diagnosis (CAD) Technology is 
getting more important to assist radiologists not only to detect breast cancer tumor but also to interpret lesioned regions. The CAD, as a 
second reader in the clinic, improves the classification of malignant and benign lesions. On the other hand, Magnetic Resonance Imaging 
(MRI) is a highly recommended test for detecting and monitoring breast cancer tumors and interpreting lesioned regions since it has an 
excellent capability for soft tissue imaging. In MRI image analysis, the segmentation images are important objective because accurate 
measurement of the delineation of the regions of interest (ROI) is critical for the breast cancer diagnosis and treatment. Herein, by using MRI 
scans, we propose a semi-automated CAD system prototype to assist radiologists in detecting breast cancer tumors and interpreting 
lesioned regions. The prototype, first, pre-processes the raw selected suspicious region to reduce the noises and to reveal the structure. 
Later, using Expectation Maximization (EM), the prototype segments the pre-processed region. After that, we use the Discrete Wavelet 
Transform (DWT) for providing efficient multi-resolution sub and decomposition of signals. Then Random Forest Algorithm is used for feature 
selection. Finally, Naive Bayes, Linear Discriminant Analysis and C4.5 Decision Tree Algorithms are used to classify the features of the ROI in 
the diagnosis analysis. We tested the prototype CAD on 105 patients, among them, 53 are benign and 52 malign. 80% of the images are 
allocated for training and 20% of images reserved for testing. The CAD classified 20 patients correctly in case of 5 fold cross-validation. Only 
one patient is misclassified. The computer-aided diagnosis system with the C4.5 has accuracy 95.24%. Furthermore, C4.5 classifies the 
breast cancer tumors better than Naive Bayes and Linear Discriminant Analysis. We tested the prototype CAD on 105 patients, among them, 
53 are benign and 52 malign. The computer-aided diagnosis system with the C4.5 has accuracy 95.24%. Furthermore, C4.5 classifies the 
breast cancer tumors better than Naive Bayes and Linear Discriminant Analysis. 

 
INTRODUCTION 
  
Breast cancer is the most common cancer among women, comprising 23% of all female cancers all over 
the world [1]. In Western countries, one in every eight to nine women has breast cancer at some point 
during their lifetime [2].  
 
Early detection of a breast cancer tumor is crucial in the treatment process. Mammography is a valuable 
tool because it can identify breast cancer at an early stage, before physical symptoms develop, as a 
footnote, screening mammography is the only test to date proven to reduce deaths due to breast cancer 
[3, 4, 5, 6]. To reduce false-negative diagnosis in mammography, a biopsy is recommended for lesions with 
greater than a 2% chance of having suspected malignant tumors [7] and, among them, less than 30 
percent are found to have malignancy [8, 9]. To reduce unnecessary biopsies, recently, Magnetic 
Resonance Imaging (MRI) has also been used for the diagnosis of breast cancer [10, 11] since it has an 
excellent capability for soft tissue imaging and the most sensitive technique in detecting breast diseases, 
besides, it does not contain potentially dangerous radiation [12]. But interpreting MRI images is both time-
consuming and requires reader experience. In recent years, automated systems developed with computer-
assisted programs have been improved to noninvasively detect abnormal lesions and determine tissue 
characterization in medical images. In this context, the extraction of additional features from various 
imaging modalities by tissue analysis has been investigated intensively. In addition, with the increasing 
use of medical imaging for diagnosis, treatment planning and clinical experiments, it has become almost 
imperative to use computers to assist radiologists in clinical diagnosis and treatment planning. Thus, 
Computer Aided Diagnosis (CAD) is becoming a compulsory tool in assisting radiologists not only in 
detecting breast cancer tumors but also in interpreting lessoned regions [13, 14]. The CAD, as a second 
reader in the clinic, improves classification of malignant and benign lesions [15], so it needs to be 
explored further. The CAD is composed of two main stages: (1) the analysis stage (2) the diagnosis stage. 
In the analysis stage, after the images are preprocessed, the anatomical structures of the images and 
their features are extracted. So, reliable methods are required for both the delineation of the regions of 
interest (ROI) and obtaining their features. The analysis stage consists of series of procedures such that 
pre-processing, segmentation and feature extraction. In the diagnosis stage, diagnosis rules are 
determined according to the features obtained in the analysis stage. This stage consists of classification 
procedure. As a result, in the CAD, there are four crucial modules: preprocessing, segmentation, feature 
extraction and selection, and classification. 
 
In the literature, nevertheless, when compared to mammography and ultrasound, relatively few CAD 
systems have been developed for breast MRIs [16, 17]. If the CAD systems in the literature are examined, 
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one can observe that K nearest neighbors (KNN) and support vector machines (SVM) are mostly used as 
classifiers. In addition to these, Yassin et al. in their extensive literature review study on breast cancer [18] 
state that there are 2 studies using Linear Discriminant Analysis (LDA) and a study using Naive Bayes, 
while there are no studies using decision trees as Classification Algorithm with MRI images. We detail 
existing researches and compare with our study in the Discussion section.  
 
On the other hand, the segmentation module should include either breast segmentation or mass 
segmentation or both. Vast number of studies on mass segmentation exist in the literature, but studies on 
breast segmentation are limited. For more on improvements on CADs for breast cancer, see [15]. 
 
In this study, we present an alternative set of computational tools to segment and detect breast cancer 
tumor using MRI images. We employed the Expectation Maximization (EM) [19] to segment the ROI. Then, 
total of nine features are extracted, five of which are first order intensity-based statistical features [20] and 
four are GLCM based texture features introduced by Haralick et al. [21] in 1973. Later Random Forest 
Algorithm is used for feature selection and three different classification procedures (i.e. Naive Bayes, LDA, 
C4.5 Decision Tree Algorithm) are used. Numerical results obtained show that C4.5 Decision Tree 
Algorithm classifies the ROIs better than Naive Bayes, LDA. 
 
The rest of the paper organized as follows. Sect. 2 presents the necessary materials and methods 
throughout the paper such that image acquisition, pre-processing, segmentation, pre-processing 
segmented image, feature extraction, feature selection and classification. In Sect. 3 we present some 
simulation results. Section 4 compares our study with the literature and presents conclusion 
 
MATERIALS AND METHODS 
 
The proposed CAD System is divided into five phases (i) image acquisition, (ii) ROI and segmentation of 
tumor region, (iii) image preprocessing, (iv) feature extraction and feature selection, (v) classification and 
evaluation. We tested the Proposed CAD on the dataset containing 105 patients MRI images with a 
dimension of 512x512 and all images are in DICOM format. Proposed CAD is implemented in the Python 
environment. 
 
Image acquisition  
 
The dataset is composed of breast MR images of patients. Breast MRI was performed at 1.5 Tesla 
(Achieva, Philips, The Netherlands) with the patients in a prone position using dedicated eight-channel 
breast coils. Non-fat suppressed T1 weighted scans in the axial plane (TR: 550 ms TE: 10 ms THK: 3 mm, 
FOV: 300 mm NSA: 2 T: 1.55 min), T2-weighted spoiled gradient echo (GRE) scans with fat-suppression 
were acquired in the axial plane (TR: 4000 ms TE: 125 ms FOV 300 mm NSA: 2 T: 1.40 min). Dynamic 
contrast-enhanced imaging was performed by means of a high-resolution T1-weighted gradient echo 
sequence with automated intravenous bolus application. Subtraction images were obtained for each 
contrast-enhanced series via subtraction of the non-enhanced series from the enhanced series. After 
performing of MRI, images were taken from MR device’s workstation as DICOM images having slice 
thickness less than 2.0mm. As a result of image acquisition, a series of 512x512 unit16 images with 
65536 different gray levels (0-65535) was obtained. 
 
Dataset 
 
The MRI images in the raw dataset were taken from Haseki Training and Research Hospital in. Istanbul, 
Turkey. The dataset consists of breast MRI images of 105 patients among them, 53 are benign and 52 
malignant. Breast biopsy was performed in diagnosing tumorous regions. [Table 1] presents the 
characteristic of the dataset. 
 

Table 1: Dataset characteristics 
  

Cases 105 
Benign 53 
Malign 52 

Image Resolution 512x512 
Image Format Dicom 

Sequence STIR 
Slice Thickness <3.00mm 

 
Later, the dataset was randomly split into a training set and a test set. [Table 2] shows the splitting. 
 

Table 2: Testing and training 
  

Cases Testing Training 
Benign 40 13 
Malign 44 8 
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Pre-processing 
 
Using the median filter, the noise at the intersection of the MRI image is reduced. After that, the filtered 
image is smoothed by Gauss filter. Then, the structural characters of the filtered image are revealed using 
top hat and bottom hat methods. Recall that the top hat transformation corresponds to the difference 
between the image and the state in which the opening operation is performed, and mathematically, 
defined as  
   top hat( , ) ( )f b f f b      (1) 
 
where ( )f b is an opening process according to the structure b  of the image f . top hat sharpens the 
peak values (bright areas in the image) in the image. On the other hand, bottom-hat is defined as the 
residual of a closing compared to the original image, mathematically, 
 
   bottom hat( , ) ( )f b f b f     (2) 
 
Thanks to the transformation, the lower gray levels, that is, dark areas are detected. The pit areas become 
clear. Due to these features, top hat and bottom hat transformations help to separate the anomalies from 
other areas on the image [22]. 
 
Briefly, to improve contrast in the preprocessed morphotype process, the filtered image is added to the top 
hat filtered image and then subtracted from the bottom hat filtered image.  
 
Segmentation of tumor using expectation maximization algorithm 
 
Image segmentation is one of the essential steps in multi-dimensional signal processing. The purpose of 
the segmentation process is to cluster the intersection of the MR image pixels into salient image regions. 
Here, we use the Expectation Maximization (EM) method for segmenting the ROI in order to account for the 
spatial dependencies among pixels.  
 
The EM algorithm [19] is an efficient iterative procedure to compute the maximum likelihood estimate in 
the presence of missing or unobserved latent data. The EM is perhaps most often used algorithm for 
unsupervised clustering. 
 
Each iteration of the EM algorithm consists of two processes: the expectation (E-step) and the maximum 
likelihood (M-step). In the E-step, the missing data are estimated given the observed data and the current 
estimate of the model parameters. This is achieved using the conditional expectation, explaining the 
choice of terminology. In the M-step, the likelihood function is maximized under the assumption that the 
missing data are known. The estimate of the missing data from the E-step is used instead of the actual 
missing data. Convergence is assured since the algorithm is guaranteed to increase the likelihood at each 
iteration. 
 
Processing the segmented tumor image based on 2D discrete wavelet transform 
 
The input image represents the sum of the useful image and the noise image. Because these two random 
signals are not correlated, the correlation of the wavelet coefficients of the input image is the sum of the 
correlations of the wavelet coefficients of the useful image and of the noise image. Thus, wavelets let us 
analyze multi-resolution of images in detail, namely, it allows the signal to be described from the coarse 
level to the finest level [23, 24]. It is also useful for removing noise.  
 
Wavelet transform plays an important role in image processing because wavelets allow both time and 
frequency analysis. The continuous wavelet transform of the signal ( )f x is defined as  

  ,( , ) ( ) ( )sW s f x x dx  




       (3) 

with 

  ,
1( ) ( )s

xx
ss
  

      (4) 

 
where   is mother wavelet, s is scaling, is translation. Note that Equation 3 transforms a continuous 
function of one variable into a continuous function of two variables. 
 
On the other hand, in digital signal processing, a signal is represented by a discrete sequence. Thus, the 
discrete wavelet transform can be utilized to process it. Namely, a discrete signal ( ), 0,1,2, ,f n n m can 
be represented as a weighted sum of wavelets ( )n  and coarse approximation ( )n , mathematically, 
 

    
0

0

0 , ,
1 1( ) ( , ) ( ) ( , ) ( )j k j k

k j j k
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     (5) 
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where 0j is an arbitrary starting scale. In Equation 5  

  ,
0

1( , ) ( ) ( )
m

j k
n

W j k f n n
m 



        (6) 

with 

 /2
, ( ) 2 (2 )j j
j k n n k    and     

00 ,
0

1( , ) ( ) ( )
m

j k
n

W j k f n n
m 



       (7) 

 
See [23] for more details and applications of wavelet transform. 
 
Feature extraction 
 
Feature selection is the final processing step where feature descriptors are used to quantify 
characteristics of the ROI. Here we use two sets of feature families: intensity-based statistical and texture 
matrix-based features.  
 
Intensity-based statistical features: The intensity-based statistical features describe how grey levels within 
the ROI are distributed. [Table 3] presents some intensity-based statistical features mentioned in [20]. At 
the table, X represents the set of pN  voxels included in the ROI and ( )iP , the first order histogram with 

gN   discrete intensity levels.  Moreover, ( )ip  represents the normalized first order histogram. The average 

grey level intensity within the ROI is represented by X .  
 

Table 3: Intensity based statistical features  
 

Statistics Formula 
Entropy 

16
(i) 2 (i)

1
log (p ), 2.2 10

gN

i
p x  



    

Mean Deviation 
( )

1

1 | |
pN

i
ip

X X
N 

  

Standard Deviation 
2

( )
1

1 ( )
pN

i
ip

X X
N 

  

Skewness 
3

( )
1

2 3
( )

1

1 ( )

1( ( ) )

p

p

N

i
ip

N

i
ip

X X
N

X X
N












 

Kurtosis 
4

( )
1

2 2
( )

1

1 ( )

1( ( ) )

p

p

N

i
ip
N

i
ip

X X
N

X X
N












 

 
Gray level co-occurrence matrix (GLCM) based features: A statistical approach of examining texture that 
considers the spatial relationship of pixels (i.e. regular repetition of an element, pattern on an image) is 
the gray-level co-occurrence matrix (GLCM). The GLCM functions characterize the texture of an image by 
calculating how often pairs of pixel with specific values and in a specified spatial relationship occur in an 
image, creating a GLCM, and then extracting statistical measures from this matrix. The process is known 
as GLCM based texture analysis and gives information on the disposition of the structures and their 
relations with the environment [20, 25].  
 
For a GLCM matrix of size g gN N , let ( , )i jP  be the co-occurrence matrix. Also, let ( , )i jp  be the normalized 
co-occurrence matrix. [Table 4] shows some texture features and their explanations [20]. 
 

Table 4: Texture based statistical features  
 

Statistics Formula 
Energy 

2
( , )

g gN N

i j
i j

p  

Contrast 
2

( , )( )
g gN N

i j
i j

i j p  

Homogeneity 
( , )( )( )g gN N

i j i j

i j i j

i j p 
 

 
  

Correlation 
( , )

1 | |

g gN N
i j

i j

p
i j   
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Feature selection using the random forest algorithm 
 
Random Forests (RFs) are an elegant method for feature ranking due to their relatively good accuracy, 
robustness and ease of use. RF consists of a number of decision trees. Every node in the decision trees is 
a condition on a single feature. Here, the Gini feature importance of the RF is employed that allows for an 
explicit feature elimination [26]. In other words, at each node within the decision trees of the random 
forest, the optimal split is sought using the Gini impurity measuring how well a potential split is separating 
the samples of the two classes in this particular node. With correlated features, strong features can end 
up with low scores and the method can be biased towards variables with many categories. For the 
mathematical formulation of the model and its analysis, we refer readers to see [27]. 
 
Classification algorithms 
 
Image classification is based on the assumption that the image pixels depict one or more features and 
that each of these features belongs to one of the several distinct and exclusive classes.  
 
We used the features described in [Tables 3 and 4]. Here we employed three different classification 
methods (Naive Bayes, linear discriminant analysis, C4.5 decision tree algorithm) to classify the ROI and 
compared their performance. 
 
Bayesian classifiers are among the statistical classification techniques They can predict class membership 
probabilities, such as the probability that a given sample belongs to a particular class. 
 
Bayesian classifier is based on Bayes theorem, which says, for a set of classes 1 2{ , , , }m     , 
 

    
( | ) ( )

( | )
( )
j j

j

P d P
P d

P d
 

       (8) 

 
where ( | )jP d   is probability of instance d being in class j  , called posterior probability, ( | )jP d     is 

probability of generating instance d  given class j  , called conditional probability},  ( )jP   is probability 

of occurrence of class j , and ( )P d is probability of instance d  occurring. In fact, Equation 8 is 
considered as Bayes classification when there is one attribute. We consider that there are more than one 
attributes, say n  attributes. To simply task we assume that instances are independent and identically 
distributed. Then, given an n dimensional attribute vector 1 2( , , , )nx x x x , the class conditional 
probability is computed as: 
 
    1 2( | ) ( | ) ( | ) ( | )j j j n jP x P x P x P x       (9) 
 
and the generalization of Equation 8 is 
 

    
( | ) ( )

( | )
( )
j j

j

P x P
P x

P x
 

       (10) 

 
Naive bayes classification is the most likely or maximum posterior class that solves the optimization 
problem: 
 
    arg max ( | x)P       (11) 
 
Note that, in solving the optimization problem, we disregard the denominator ( )P x  in Equation 10. 
 
Naive Bayesian classifier assumes that the features in a dataset are mutually independent. In practice, the 
independence assumption is often violated, but naive Bayes classifiers still tend to perform very well under 
this unrealistic assumption [28]. 
 
Linear Discriminant Analysis (LDA), developed in 1936 by R. A. Fisher [29], searches for a linear 
combination of variables that best separates two or more classes. Suppose that the class set 1 2{ , }    
has two classes and we need to discriminate between them. Then, we classify d  d dimensional sample 

1 2{ , , , }dx x x   , let 
 
  1 1 2 2 d dZ x x x             (12) 
 
where 1 2, , , d   are unknowns and called predictors. The main objective of LDA is to find a linear 
combination of variables, as in Equation 12, that gives the maximum class separability. To reach this, 
Fisher defined the following score function 
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      (13) 

 
where 1 2( , , , )d      is the linear model coefficients vector, 1   and  2  are the mean vectors of the 
classes 1  and  2 , respectively, and C  is the pooled within group covariance matrix. In this method, we 
need to estimate the linear coefficients that maximize the score function to maximize the score function to 
maximize the discrimination between two considered classes. One can compute   and C  as  
 
    1

1 2( )C          (14) 
 

     1 1 2 2
1 2

1 ( cov( ) cov( ))C d d
d d

  


   (15) 

 
where cov( )i is covariance matrix for the class i  and id is the number of observations in the class. 
 
C4.5 is arguably the most popular algorithm used to generate DTs. C4.5 owes its popularity to solving 
various problems, such as continuous attributes and missing attribute values [30]. It is more robust in the 
presence of noise. 
 
C4.5 uses gain ratio, evaluated by entropy, as an attribute selection measure to build a decision tree. Let 
S be the set of samples with n  classes. Then the entropy of S  is defines as  
 

    
1

( ) log
n

i i
i

E S p p


       (16) 

 
where ip  is the proportion of samples in S  that belong to the i th class. When an attribute A  splits the 
set S  into subsets iS , the average entropy (a.k.a information) is defined as 
 

    | |( , ) ( )
| |
i

i
i

SI S A E S
S

      (17) 

 
and information gain for the attribute A  as  
 
    ( , ) ( ) ( , )Gain S A E S I S A       (18) 
 
Moreover, intrinsic information of the split A  is  
 

   | | | |( , ) log( )
| | | |
i i

i

S SInstI S A
S S

      (19) 

 
and gain ratio  
 

    ( , )( , )
( , )

Gain S AGA S A
InstI S A

      (20) 

 
At each node in the DT, the attribute with the highest information gain ratio is chosen. 
 
RESULTS AND DISCUSSION 
 
The CAD is implemented in the Python environment. We tested the CAD on the dataset containing 105 
patients MRI images, among them, 53 are benign and 52 malign, These MRI images are obtained from 
local hospital in Turkey. 
 
Data exploring 
 
Intersection of MRI image at [Fig. 1(a)] is pre-processed to obtain [Fig. 1(b)]. During the pre-processing 
procedure, the original image is applied to median filter for reducing the noise, and then gaussian filter for 
smoothing the image. After that, top hat and bottom hat operations are performed to the resulting image. 
Then, ROI, ellipse region in [Fig. 1(b)], is selected. Later, the ROI is pre-processed to obtain [Fig. 2(a)] then, 
segmented via EM clustering technique to obtain [Fig. 2(b)]. The segmented images, then, is applied to 2D-
discrete wavelet transform before texture analysis. [Fig. 3] presents the texture analysis results. 
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Fig. 1:  Original image (a) is processed to obtain (b) and the ROI is selected. 
…………………………………………………………………………………………………… 

  
Fig. 2:  Pre-processed ROI (a) is segmented to obtain (b). 
…………………………………………………………………………………………………… 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3:  Wavelet texture of segmented ROI by EM. 
……………………………………………………………………………………………………… 

 
[Table 5] presents quantitative values of the features described in [Tables 3 and 4] in the dataset. 
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Table 5: Statistic of features in the dataset 
  

 Contrast Correlation Energy Homogeneity Mean Std_Dev Entropy Kurtosis Skewness 
mean 1.090130 0.111163 0.540387 0.844589 0.014990 0.156886 3.732237 6.300306 0.856687 
std 0.304420 0.076212 0.086720 0.033901 0.007165 0.012822 0.341759 1.938972 0.299210 
min 0.579670 -0.052528 0.342828 0.756250 -0.006134 0.132644 2.986560 3.483746 0.255409 
max 1.772321 0.269580 0.683801 0.892634 0.031909 0.176936 4.237545 12.198865 1.605046 

 
[Fig. 4] shows violin plot that is used to visualize the distribution of the data and the probability density. 
According to the figure, the median of contrast, homogeneity, energy and standard deviation might give 
good results in the classification. However, the median value of the correlation and mean properties may 
not give good results in classification. 
 
 

 
 

 
 

 
 

 
 

 
 
 

 
 
 

 
 
 

 
 

 
 
 

Fig. 4:  Violin Plot for data visualization. 
………………………………………………………………………………………………………… 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5:  Correlation matrix. 
…………………………………………………………………………………………………………. 
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[Fig. 5] shows heat map for correlation. Correlation is a bivariate analysis that measures the strength of 
association between two variables and the direction of the relationship. In terms of the strength of 
relationship, the value of the correlation coefficient varies between +1 and -1. A value of ±1 indicates a 
perfect degree of association between the two variables. As the correlation coefficient value goes towards 
0, the relationship between the two variables will be weaker. The direction of the relationship is indicated 
by the sign of the coefficient; a + sign indicates a positive relationship and a – sign indicates a negative 
relationship. According to the figure, Contrast, Standard Deviation, Energy, Homogeneity, Kurtosis, 
Skewness data are correlated. These features may be useful in classification 
 
In random forest classification method there is a feature importance’s attributes. [Fig. 6] shows feature 
importance’s. The green bars are the feature importance’s of the forest, along with their inter-trees 
variability. The plot shows that 4 features are more informative and the rest are less informative. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6:  Feature Importance’s. 
…………………………………………………………………………………………… 

 
Classification Performance 
 
A model that would just repeat the labels of the samples that it has just seen would have a perfect score 
but would fail to predict anything useful on yet. To avoid it, 84 patients' images are allocated for training 
and 21 patients' images reserved for testing. Three different classification algorithms (Naive Bayes, the 
LDA and C4.5) are fed separately with these features. [Fig. 7] shows confusion matrix. According to the 
figure, C4.5 Decision Tree Algorithm classified 20 patients correctly with a success rate of 95.24%. Only 
one patient is misclassified. Naive Bayes Algorithm classified 19 patients correctly with a success rate of 
90.48%. LDA Algorithm classified 18 patients correctly with a success rate of 85.71%. 

 
  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7:  Confusion Matrix. 
………………………………………………………………………………………………………… 

 
The features selected in the random forest feature selection are used to train the C4.5 Decision Tree, 
Naive Bayes and LDA classifiers by 5-fold cross validation method. Using some metrics such that precision, 
recall and F-beta score, we compare the performance of the three algorithms. These metrics of the 
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classifiers are tabulated in [Table 6]. Observe that C4.5 Decision Tree Algorithm has better classification 
accuracy than the others. 
 

Table 6: Classification Report  
  

 C 4.5 Decision Tree Naive Bayes LDA 
Precision 1.000 0.889 0.800 

Recall 0.889 0.889 0.889 
F1 Score 0.941 0.829 0.842 
Mean Auc 0.800 0.790 0.600 
Accuracy 0.9524 0.9048 0.8571 

 
As we mentioned above, in the CAD, there are four crucial modules: preprocessing, segmentation, feature 
extraction and selection, and classification. The preprocessing module prepares the images for the 
subsequent stages and responsible for cleaning the medical image and removing noise from it through a 
set of image preprocessing operations. The segmentation module, in fact, is a procedure of dividing the 
input image into several regions according to the visual characteristics. In the features extraction and 
selection module, features are extracted from the cleaned images, then the most discriminative features 
are selected. The selected features are capable of differentiating between normal and cancerous regions 
in order to minimize the classification error. Despite the large effort, there is still no agreement on the 
features that are most suitable for the target task. Many kinds of features such as dynamic features, 
textural features, and morphological features have been traditionally used in tumor classification. Along 
with the segmentation, the classification module is regarded as the heart of the CAD. 
 
Karaçavuş et al. [31] used otsu segmentation and the KNN classifier in the TNM staging system they 
developed and achieved a result of 84% accuracy. In their study, they extracted ten textual features and 
among them they used five features in classification of tumor stage. Waugh et al. [32] achieved 74.7% 
accuracy using KNN classification. On the other side, Cai et al. [33] analyzed the effects of 28 features in 
four different classes to the dataset collected under different imaging protocols, in result, they obtained 
that instead of using all features only five features with the highest diagnostic affect rates have the highest 
classification accuracy of 82.8% using SVM. They incorporated fuzzy c-means clustering and a gradient 
vector flow snake algorithm to segment the ROI. 
 
The first time in the literature in breast MRI, we used the EM method to segment ROI which is the crutial 
step in the CAD. Later, carefully selected total nine features, among them five from intensity-based 
statistical and four from texture matrix-based features, fed to a classifier, in particular, C4.5 decision tree 
classification. 
 
CONCLUSION 
 
In this paper, we presented a novel user-independent time-saving CAD to diagnose breast cancer tumor 
using MRI images. The CAD is composed of two main stages: (1) the analysis stage (2) the diagnosis stage. 
On the other side, the analysis stage consists of series of procedures such that pre-processing, 
segmentation and feature extraction. The CAD uses the EM for segmenting the ROI. Later, some intensity-
based statistical and texture matrix-based features are obtained. Finally, using three different methods 
such that C4.5 Decision Tree, Naive Bayes and LDA, the ROI is classified. 
 
Experimental results indicate that the EM segmentation and C4.5 classifications, having accuracy 95.24%, 
successfully distinguish the tumor's region from the other regions. 
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