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Abstract 

A temporal ontology is created to describe the calcification process in breast cancer. A 

terminological comparison of three ontological descriptions of the calcification process is 

carried out over three time periods (2003-2009, 2010-2015, 2016-2021) considering the 

emergence of new terms. Candidate terms for inclusion in the ontology were 

programmatically selected from a collection of documents and approved by experts for 

inclusion in the ontology, considering their contextual meanings. Three ontological 

representations for describing the process of calcification contain concepts related to the 

process of calcification in breast cancer, have a hierarchy of 103 concepts, and are 

accompanied by a set of definitions that define these concepts. For each period, an ontology 

is built for term-like phrases for each period, and the relationships between terms are clarified 

based on the medical literature. The temporal ontology of terms for the calcification process 

revealed the most actively developing ontology branches. 
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Biomedical Terminology Evolution, Knowledge Representation in Healthcare, Ontology-

Based Modeling 

 

I. Introduction 

In recent years, various biomedical ontologies have emerged, such as the National Cancer 

Institute (NCI) Thesaurus [Golbeck et al. 2003], Foundational Model of Anatomy (FMA) 

[Rosse et al. 2003], Systematized Nomenclature of Medicine – Clinical Terms (SNOMED 

CT) [Schulz et al. 2011] etc. These ontology resources are widely used in various fields such 

as the standardization of medical data formats [Cimino et al. 2006], representation and 

integration of medical or clinical knowledge [Isern et al. 2012], and medical decision making 

[De Potter et al. 2012]. 

Biomedical terminology is marked by ambiguity and complexity due to the ongoing 

expansion of biomedical data; this further complicates intelligent biomedical applications. 

Furthermore, emerging biomedical ontologies are constructed autonomously, resulting in 

disparate approaches to designating identical biomedical components and, consequently 

heterogeneous issues [Wang et al. 2021]. 

Harmonization of terminology helps researchers and practitioners better understand terms. 

This coordination is essential in promoting interdisciplinary relationships and exchanging 

concepts and knowledge [Richesson et al. 2011]. Knowledge of terminologies is a very 

important aspect in the medical field, where the knowledge base may be very dynamic and 

changes continuously due to the occurrence of new diseases, viruses, genes, etc.  

Objectives: 

• Assess and document the ontological depiction of the calcification process in breast cancer 

while considering the terminology's evolution over time.  

• Create an extensive ontology encompassing the conceptual organization and semantic 

connections between terms related to the calcification of breast cancer during three different 

periods (2003-2009, 2010-2015, 2016-2021). 

• provide a common, easily accessible, and dynamic ontological resource for describing and 

cataloging terms that include the term calcification as they emerge as research into the 

calcification process in breast cancer. 

• Provide opportunities for the exchange of medical information and scientific research. 

The paper is organized into six sections: Introduction, Literature Review, Proposed 

Methodology, Results & Discussion, Comparative study, and Conclusion.  
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II. Literature Review 

Sandun et al. proposed a mechanism to create a dynamic ontology for medical terms that 

keeps updating new relationships with the help of online and offline patient records [Sandun 

et al. 2017]. To extract domain-specific relationships, the approaches “Extracting gene-

disease relationships”, “Recognition of protein names using a reference book” [Tsuruoka et 

al. 2003], and “Recognition of biological objects based on a dictionary in the biomedical 

literature” [Yang et al. 2008] were used. There are ideas for biomedical object recognition 

systems that use machine learning and a web system [Sumathipala et al. 2015].  

Many dynamic medical ontologies have been developed in past years. Some of them are 

Infectious Disease Ontology (IDO) [Infectious Disease Ontology 2020], Human Phenotype 

Ontology (HPO) [The Human Phenotype Ontology 2024], Translational Medicine Ontology 

(TMO) [Translational Medicine Ontology 2016], etc.  

Drug knowledge for the presentation of entities & their relationship is presented [Yongjun et 

al. 2019]. The different knowledge bases represent the various activities: gene, drug, target, 

side effect, as well as connections: drug-gene, drug-drug, drug-disease, drug-target, drug-side 

effect [Tandon et al. 2020]. 

Large scale integration of knowledge base leads to many challenges: the main challenge 

involves mapping entities between two or more knowledge bases, another challenge relates to 

the integration of entity relationships. This challenge can be observed in existing drug 

knowledge bases, which demonstrate limited overlap [Ayvaz et al. 2015]. For example, some 

drug knowledge bases, such as PharmGKB [Whirl-Carrillo et al. 2012], primarily focus on 

drug-gene relationships, while others have other foci like SIDER drug side effects [Kuhn et 

al. 2016]. 

PubMed [NCBI Resource Coordinators 2018] is primarily utilized as the primary index for 

publications on biomedical research. for this purpose, curation requires a substantial amount 

of time and financial resources [Poux et al. 2014]; Curating a single protein can take up to a 

week and requires significant amount of human investment in both knowledge and effort 

[Poux et al. 2017]. 

Calcification is a pathological process marked by deposition of calcium. It is a regulated 

physiological process that occurs in bones and teeth. However, calcification is commonly 

found in soft tissues due to aging and various diseases [Proudfoot et al. 2019]. Calcifications 

may occur with benign changes. Yet significantly, they can be the initial signs of a malignant 

process in the mammary gland [Oksanchuk et al. 2016]. In some cases, calcifications stand 

out as the only symptom of breast cancer. 
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III. Proposed Methodology 

A Python and PHP-based intelligent information system was created to conduct the analysis 

of scientific papers. The search was conducted by using the search terms (calcification 

[Abstract] AND ("neoplasms"[MeSH Terms] OR "neoplasms"[All Fields] OR "cancer"[All 

Fields])) AND ("breast"[MeSH Terms] OR "breast"[All Fields]) AND 

("2003/01/01"[PubDate]: "2021/12/31"[PubDate]) in the PMC database, 833 articles were 

retrieved in which the term calcification appeared 2650 times. 

The array of articles was divided into three collections - for 2003-2009, 2010-2015, 2016-

2021. 57 articles (189 entries) were included from the collection for 2003-2009, the 

collection for 2010-2015 included 225 articles (700 entries) and the collection for 2016-2021 

included 551 articles (1761 entries). 

Based on the queries with specific keywords and the timeframe during which segments of 

scientific publications were retrieved from PubMed, information such as article titles, 

authors, abstracts, keywords, publication years, and article corpora were generated. 

Additionally, term-like expressions containing the term "calcification" were identified and 

emphasized. Terms and term-like phrases were highlighted programmatically in these 

collections. 

A database is formed with the following fields: document title, author, abstract, year of 

publication, etc. Further, because of the automated processing of titles and abstracts of 

downloaded documents, terms and their contexts were identified, excluding stop words. Their 

expert verification was performed after the automatic selection of terms/term-like phrases. 

The system automatically compares the selected term-like phrases with a list of traditional 

terms compiled by experts and based on electronic medical linguistic resources (MeSH, 

SNOMED CT, UMLS). This focuses on the possible new terms. To approve a potentially 

new term as a traditional one, an expert can view not only a list of potentially new terms, but 

also their contextual environments (neighborhoods). The extent by which one can exert 

control to more accurately define the term and its possibly new contextual meanings. In a 

similar way, an expert can work with a list of selected traditional terms to find their new 

meanings. 

Phrases that were similar to the term "calcification" were found in each collection. Note that 

not every instance is a phrase that resembles a term. The number of term-like phrases is 

indicated further in the results section. For each time period, an ontology for term-like 

phrases was built using the expert method, and the relationships between entities were 

clarified on the basis of medical literature. 
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IV. Results & discussion 

4.1 Ontology for the period from 2003 to 2009 

Key terms and term-like phrases were identified (further in the text - "terms") from the 

collection of articles from 2003 to 2009. The set of terms obtained from this collection was 

divided by experts into 9 thematic clusters (Figure 1). To make topics clearer, the clusters 

were presented on different levels.  

 

 

 

 

Figure 1. Clusters of terms identified from a collection of articles for the period from 

2003 to 2009. 

 

The first level identified clusters are: i) “Types of calcification (pathological and normal)” (3 

terms); 2) “Morphology of calcifications” (4 terms); 3) “Calcifications detected by methods” 

(2 terms); 4) “Dimensions, patterns of calcifications” (1 term); 5) “Number of calcifications” 

(2 terms). 

Clusters of the second level were identified for the “Types of calcification” cluster, based on 

the answer to the question “Where?” – These clusters are- “Soft tissue calcification” (2 terms) 

and “Cardiovascular calcification” (7 terms). 

At the third level, additional classification was carried out in the "Soft tissue calcification" 

cluster, emphasizing the question "What are the characteristics of breast calcifications?" This 
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led to the emergence of two sub-clusters: "Size of breast calcifications" (one term) and 

"Chemical composition and structure of breast calcifications" (one term). 

 

4.2 Ontology for the period from 2010 to 2015 

Figure 2 shows the clusters from the collection of articles for the period 2010 to 2015. The 

terms were highlighted from this period and these new terms were added in the previously 

obtained 9 clusters for enrichment. New clusters of all levels were then identified. 

 

 

 

Figure 2. Clusters of terms identified from a collection of articles for the period from 

2010 to 2015. 

 

New terms appeared in the previously identified clusters of the first level are: 1) “Types of 

calcification (pathological and normal)” (3 terms) ; 2) “Morphology of calcifications” ( 1 

term) ; 3) “Calcifications detected by methods” (4 terms); 4) “Dimensions, patterns of 

calcifications” (1 term). In the “Number of calcifications” cluster, the number of terms were 

not changed. 
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New first-level clusters were discovered by experts, including "Status, stage, calcification 

indicators" (1 term), "Localization of calcifications in cells" (1 term), and "Distribution of 

calcifications in tissues" (1 term).  

Two new phrases, "Soft tissue calcification" (5 terms) and "Cardiovascular calcification" (7 

terms), appeared in the previously established second-level clusters. The response to the 

query "How?" led to the identification of a new second-level cluster for the "Types of 

calcification" cluster, which is known as the "Mechanism of Calcification" cluster (4 words).  

In the previously identified clusters of the third level, new terms appeared: “Chemical 

composition and structure of breast calcifications” (1 term) and “Size of breast calcifications” 

(1 term). For the “Soft tissue calcification” cluster, a new third level cluster was identified 

based on the answer to the question “Where is the location in the chest?” – This led to the 

identification of the cluster “Localization of calcifications in the mammary glands” (1 term). 

 

4.3 Ontology for the period from 2016 to 2022 

Figure 3 shows the clusters from the published articles from 2016 to 2022, the terms were 

highlighted. During this period, the previously obtained 14 clusters were enriched with new 

terms.  

In the previously identified clusters of the first level, new terms appeared: 1) “Types of 

calcification (pathological and normal)” (1 term); 2) “Morphology of calcifications” ( 5 

terms); 3) “Calcifications detected by methods” (5 terms); 4) “Dimensions, patterns of 

calcifications” (3 terms); 5) “Distribution of calcifications in tissues” (1 term); 6) 

“Localization of calcifications in cells” (3 terms); 7) “Status, stage, calcification indicators” 

(2 terms). In the “Number of calcifications” cluster, the number of terms were not changed. 

 

Experts identified a new first-level cluster “Induced calcification.” The “Uncertain Cluster” 

includes 6 terms that are difficult to attribute to the identified clusters. New terms appeared in 

the previously identified second-level clusters are: “Soft tissue calcification” (2 terms); 

“Cardiovascular calcification” (2 terms); “Mechanism of calcification” (1 term). In the 

previously identified clusters of the third level, new terms appeared: “Chemical composition 

and structure of breast calcifications” (5 terms): “Size of breast calcifications” (1 term); 

“Localization of calcifications in the mammary glands” (1 term). 
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Figure 3. Clusters of terms identified from a collection of articles for the period from 2016 to 

2022. 

 

The complete ontology is shown in Figure 4. For 2003-2009, total 30 terms were included in 

the ontology, for 2010-2015 - 58 terms, for 2016-2021 - 94 terms were included. The total 94 

terms were included. Based on medical literature, experts generated significance for the terms 

on the list. Database updates regarding definitions have been created. 

4.4 Discussion 

The most actively developed clusters are “Sizes, patterns of calcifications”, “Morphology of 

calcifications”, “Chemical composition and structure of breast calcifications”. 

4.4.1 Cluster “Morphology of calcifications” 

In ontology for 2003-2009, let’s consider the cluster “Morphology of calcifications” (Figure 

5) that Includes 4 terms - calcification morphology, amorphous calcifications, Benign 

Calcifications, suspicious calcifications. In 2010-2015 the term popcorn-like calcification 

was added. In 2016-2022 this cluster included 5 more terms - pleomorphic calcifications, 

Coarse Heterogeneous microcalcifications, eggshell calcification, punctate calcification, 
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cancer-related calcifications (10 in total). From 2010 to 2015, the phrases "amorphous 

calcifications" and "beneign calcifications" were not used; they reappeared from 2016 to 

2022. 

.

 

Figure 4. Breast cancer calcification ontology from 2003 to 2021. 

 

The form of calcifications serves as the most significant factor in the distinction between 

benign and malignant calcifications, and that is the reason why calcification morphology is a 

generic term (1st order branch). Benign calcifications and suspicious calcifications, 

respectively, refer to second-order branch calcifications that are benign and cause for 

concern. The term "cancer-related calcifications" was introduced to the second level in 2016–

2022. This was followed by third-order terms denoting varieties of both benign and 

suspicious classifications. Varieties of benign calcifications are eggshell calcification, 

popcorn-like calcification, and punctate calcification [Breastcancer.org 2024]. Amorphous 

calcifications were classified as types of suspicious calcifications [Radiopaedia 2024]. Most 

amorphous calcifications are assessed as BI-RADS 4B - suspicious, requiring biopsy [Dev et 

al. 2022]. Pleomorphic calcifications can sometimes signal the presence of ductal carcinoma 

in situ (DCIS), with or without an invasive breast cancer present as well. Amorphous, coarse 
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heterogeneous, fine linear or fine-linear branching, and fine pleomorphic calcifications are 

the four types of calcifications with suspicious morphology that fall under the category of 

pleomorphic calcifications. Together with amorphous microcalcifications, coarse 

heterogeneous microcalcifications are considered as being of intermediate statistical 

significance [Radiology Assistant 2024]. 

 

  

A. B. 

 

C. 

Figure 5 (A, B, C). Evolution of the Calcification Morphology cluster of the Breast 

Cancer Calcification Ontology from 2003 to 2021. 

 

4.4.2 Cluster “Chemical composition and structure of breast calcifications” 

In the cluster “Chemical composition and structure of breast calcifications” in 2003-2009 one 

term Psammomatous calcifications was assigned (was not found in 2010-2015 and 

reappeared in 2016-2021). In 2010-2015 the terms Capsular calcification and hydroxyapatite 

calcification appeared. Cluster for 2016-2022 shown in Figure 6. 
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Figure 6. Cluster “Chemical composition and structure of breast calcifications” for the 

period from 2016 to 2021. 

Hydroxyapatite calcification emerged between 2010 and 2015, while oxalate calcification 

gained recognition from 2016 to 2021. Other terms were categorized based on their 

composition. Colloid calcification consists of calcium oxalate [Guerlain et al. 2019]. The 

calcification microstructure, specifically hydroxyapatite microcalcification, encompasses 

calcification crystallites [Gosling et al. 2019]. Capsular calcification is characterized by the 

presence of calcium phosphate [Guerlain et al. 2019]. Psammomatous calcifications refer to 

deposits of hydroxyapatite crystals with a layered psammomatous appearance [Suresh et al. 

2013]. 

 

4.4.3 Cluster “Cardiovascular calcification” 

The Cardiovascular calcification cluster experienced significant development between 2010 

and 2015. During the initial time, experts categorized 7 terms into this cluster. This number 

increased to 14 in the subsequent period, and in the third period, it further increased to 16 

(Figure 7). 

The terms of the following level are as follows: vascular calcification is also known as vessel 

calcification, and valvular calcification is also referred to as valve calcification. These terms 

specify the specific location of calcifications in major blood vessels (Arterial calcification, 

aortic calcification, and Aortic Valve Calcification). 
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Figure 7. Cardiovascular calcification cluster. (Yellow color – terms assigned to the 

cluster for the period 2003-2009, green – 2010-2015, blue – 2016-2022). 

 

 Arterial calcification is classified into two categories based on the location of the 

calcifications: intimal calcification, which occurs in the inner membrane, and medial 

calcification, which occurs in the middle membrane. Another division of the ontology 

pertains to the localization of calcification in the intima (Atherosclerotic Calcification) and 

media (Arteriosclerotic Calcification, medial calcification). The words breast arterial 

calcification, coronary artery calcification, coronary calcification, and arterial media(l) 

calcification are all classified forms of arterial calcification by experts [Suh et al. 2018]. 

The phrase "atherogenic calcification" refers to a distinct branch. Atherogenic variables are 

factors that, when they affect the body, lead to the development of atherosclerosis. There are 

specific phases of calcium deposition that may have a greater probability of encouraging the 

development of atherosclerosis [Shi et al. 2020]. Also, a separate branch is formed by the 

term Visceral Calcification. Visceral calcification can be observed in various organs, 

including heart valves, myocardium, kidneys, lungs, and brain. 

 

4.4.4 Cluster “Calcifications detected by methods” 

The cluster of calcifications is recognized using actively developed procedures across all time 

periods. In the beginning, experts categorized 2 terms into the cluster. In the second period, 

the number increased to 6, and in the third period, it further increased to 11. (Figure 8). 
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Figure 8. Cluster Calcifications detected by methods. (Yellow color – terms assigned to the 

cluster for the period 2003-2009, green – 2010-2015, blue – 2016-2022). 

 

The initial set of words pertains to calcifications identified using various techniques, 

including detectable (micro) calcifications, microcalcifications verified by biopsy, and 

histological calcification. All terms were present during the years 2010 to 2015. 

The second category refers to the identification of calcifications using mammography, 

sometimes known as mammographic calcifications. Mammographic microcalcifications are 

regarded as initial indicators of breast cancer (BC). Various synonyms are employed in this 

context: mammographically-identified calcifications (2010-2015), mammographically 

detected calcifications (2016-2022), and Mammography - detected calcifications (2016-

2022). The term "screen-detected calcifications" was utilized throughout the period of 2003-

2009. The presence of casting-type calcification is strongly associated with axillary node 

metastases, absence of estrogen receptor expression, and overexpression of HER2. Therefore, 

casting-type calcification is considered an autonomous prognostic determinant for patients 

with breast cancer [Li et al. 2019]. 

The words "focal calcifications" and "multiple microcalcifications" emerged between 2016 

and 2022. The identification of these types was accomplished by making use of 

ultrasonography. It was hypothesized that the word "ultrasonographic calcification" should be 

positioned at the highest level within the cluster. 
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4.4.5 Cluster “Types of calcification (pathological and normal)” 

The cluster of Calcification Types (pathological and normal) experienced substantial 

expansion from 2010 and 2015. In the beginning, experts categorized 3 terms into the cluster. 

Futher the number increased to 6, and in the third period, it further increased to 7 (Figure 9). 

 

 

Figure 9. Cluster Types of calcification (pathological and normal). (Yellow color terms 

assigned to the cluster for the period 2003-2009, green color terms assigned to the cluster for 

the period 2010-2015, and blue color terms assigned to the cluster for the period 2016-2022). 

 

Between 2003 and 2009, the phrases pathological calcification (refers to improper deposition 

of calcium in soft tissues), physiologic calcifications, and ectopic calcifications (describe 

incorrect biomineralization in soft tissues) were introduced [Giachelli  et al. 1999]. The term 

Heterotopic calcification was included in this level of definition from 2010 and 2015. There 

were introductions of criteria for pathological calcification, including malignant calcifications 

and tumor calcification. During the period from 2016 to 2022, the phrase abnormal 

calcification was employed interchangeably with pathological calcification. 

 

4.4.6 Cluster “Calcification of soft tissues” 

The Soft tissue calcification cluster experienced significant development between 2010 

to 2015. In the beginning, experts categorized 2 terms into the cluster. In the second period, 

the number increased to 6, and in the third period, it further increased to 9 (Figure 10). 

The phrase "tissue calcification" originated between 2010 to 2015, along with the more 

specific term "soft-tissue calcification." The localization of calcification allowed for the 

distinction of the following categories: breast microcalcifications and Breast Cancer 

microcalcification (2003-2009); Cutaneous Calcification and Subcutaneous calcification 

(2010-2015); pericardial calcification and periarticular calcification (2016-2022); Costal 



15 

 

Cartilage Calcification (2016-2022). The terms breast benign calcification, neurovascular 

calcification, and fascial calcification were anticipated. 

 

 

Figure 10. Soft tissue calcification cluster. (Yellow color – terms assigned to the cluster 

for the period 2003-2009, green – 2010-2015, blue – 2016-2022). 

 

4.4.7 Small clusters identified in the period from 2003 to 2009. 

A cluster of calcifications developed between the years 2003 to 2009. The presence of 

individual and multiple calcifications has remained unchanged.  The breast calcification size 

cluster emerged between 2003 to 2009. The two terms are microcalcification and 

macrocalcification. The term "mixed calcification" was introduced in the years 2016-2022 to 

describe a pattern of calcifications that includes both microcalcifications and 

macrocalcifications [Bianchi et al. 2019].  

The cluster "Dimensions, patterns of calcifications" in 2003-2009 encompassed a single 

phrase, specifically "Patterns of calcification." The term "Sand-like calcification" was 

introduced between 2010 and 2015. From 2016 to 2021, this cluster encompassed 5 terms: 

granular calcification, residual calcifications, and polymorphic calcification. During the 

period from 2016 to 2022, the term "sand-like calcification" was not used. 

Small clusters identified in the period from 2010 to 2015. 

The mechanism of calcification cluster appeared in 2010-2015 (4 terms). In 2016-2022 a new 

cluster term appeared (Figure 11). There are two processes by which pathologic calcification 

occurs: metastatic and dystrophic [Yu et al. 2017]. Dystrophic calcification refers to the 
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accumulation of calcium salts in deteriorated tissues, without any disruption in the overall 

mineral balance of the body.  

 

 

Figure 11. Calcification mechanism cluster. (Green color – terms assigned to the cluster for 

the period 2010-2015, blue – 2016-2022. Red font is a potential term). 

 

Metastatic calcification refers to the accumulation of calcium salts in tissue that is otherwise 

healthy. Metastatic calcification with hypercalcemia refers to the deposition of calcium in 

tissues that were previously healthy, while dystrophic calcification occurs in tissues that were 

previously injured [Senba et al. 2011].  

The term "soft-tissue calcifications" is classified into four categories based on the process of 

formation: dystrophic, iatrogenic, metastatic, and idiopathic. These categories are determined 

by considering the clinical and biochemical association [Faria et al. 2019]. The phrase 

idiopathic calcification was introduced during the years 2016 to 2022. The phrase iatrogenic 

calcification was included as a possible contender. 

Intratumoral calcification is a type of pathologic calcification usually considered to be 

dystrophic calcification caused by degenerative changes of the tissue, such as necrosis or 

hemorrhage, except for a few bone-forming tumors [Dellamonica et al. 1977]. Parasitic 

calcifications are heterotopic dystrophic calcifications, their late apparition in the evolution of 
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the parasitic disease is not subordinate to any metabolic dysfunction [Radiology assistant 

2023]. 

The phenomenon of calcifications clustering in the mammary glands was observed between 

2010 to 2015. The phrase "capsular calcification" refers to the calcification that occurs 

around an implant. The phrase "breast calcification" refers to the presence of calcium 

deposits in the breast tissue. A new cluster term, stromal calcification, based on breast tissue, 

was introduced between 2016 to 2022. The potential possibilities for the cluster include 

lobular calcifications and intraductal calcifications, which are determined based on their 

location in the breast tissue. 

The cluster's status, stage, and calcification signs emerged between 2010 to 2015. The phrase 

"Calcification score" refers to a numerical value that quantifies the amount of calcification 

present. During the period of 2016-2022, two additional terms were introduced, namely 

"calcification status" and "calcification stage".  The phenomenon of Calcifications in Cells 

cluster was observed during the years 2010 to 2015 (1 term: Matrix calcification). Between 

2016 to 2022, three additional terminologies were introduced: extracellular calcification, 

intracellular calcification, and multi-cellular calcification.  

The occurrence of calcifications in tissues exhibited a clustering pattern between the years 

2010 to 2015 (Calcification that is grouped together). Between 2016 to 2022, an additional 

term, segmental (segmented) calcification, was included. 

The BI-RADS atlas provides the following descriptions for the distribution of calcifications 

(1): Clustered: There are at least 5 calcifications that are concentrated in a small area of 

tissue. (Linear: The calcifications are arranged in a straight line, indicating that they may be 

deposits in a duct.) Segmental: Calcium deposits found specifically in the ducts and branches 

of a segment or lobe [Egshatyan et al. 2017]. The words Diffuse or dispersed calcification 

and regional calcification, as defined in the BI-RADS atlas, were suggested as potential 

options for the cluster. 

 

4.4.8 Small clusters identified in the period from 2016 to 2022. 

The occurrence of the Induced calcification cluster was seen during the years 2016 to 2022. 

The study encompassed two distinct words, namely glucose-induced calcification and 

oxidative stress-induced calcification.  

The cluster had the following 6 terms: luminal calcification, parenchymal calcification, 

intranodular calcification, endoluminal calcification, peripheral calcification, and intraluminal 

calcification due to the absence of relevance soft tissue or the circulatory system.  
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V. Comparative Study  

5.1 Comparison of the ontology with existing ontologies. 

The term calcification has been studied in existing ontologies. The simplified Russian-

language nomenclature of calcification, derived from Lanzer (Figure 12). The taxonomy 

consisted of 17 terms organized in a hierarchical structure: categories - biological 

calcification, physiological calcification, ectopic calcification; tissues - bones, soft 

tissues/cartilage, cardiovascular; localization - valves, vessels, intimal, medial; risk factors 

and so on. 

 

Figure 12. Simplified nomenclature for calcification (translated into English). Adapted from 

R. Lanzer [Lanzer et al. 2014]. 

 

The Rat Genome Database [Ontology browser 2024] provides a comprehensive analysis of 

the Ontology for calcification, which defines calcification as a disorder of calcium 

metabolism caused by the accumulation of calcium deposits in soft tissues. The ontology 

comprises a total of 7 terms. Illness Calcinosis is a type of acquired metabolic disease that 



19 

 

falls under the category of nutritional and metabolic diseases. It specifically affects calcium 

metabolism and can be classified as a mineral metabolic disease.  

This resource uses data from 19 ontologies. Data are accessed through NCBI PubMed. Data 

can be retrieved from the database using the link search page or links on the object page. An 

ontology for pathological calcification in SNOMED CT is reviewed [3]. The ontology 

includes 11 terms: body structure, morphologically altered structure, morphologically 

abnormal structure, lesion, degenerative abnormality, heterotopia, deposition, lesion of 

degenerative abnormality, pathologic mineralization, acquired heterotopic structure, 

pathologic calcification. These ontologies are not appropriate for our terms in terms of their 

content. 

SNOMED CT provides extensive data analytics. The disadvantages of SNOMED CT include 

the rather complex organization for accessing data, but it allows to extract and add a wide 

variety of data from/to the system. An example of visualization of the hierarchical 

environment of a term is shown in Figure 13: 

 

 

Figure 13. Visualization of a “pathologic calcification” term's partial environment. 

 

RGD and SNOMED CT resources have a complex structure and use different sources, 

ontologies, and visualization methods. Both resources provide very comprehensive methods 

for accessing data. 
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The resources described above represent extensive structures and methods for accessing data, 

but this work does not address the issue of building a competing ontology, but rather the 

development of a mechanism using modern ontologies to search for new terms in medicine, 

which is not typical for any of the resources described above.  

Our system is a superstructure over other systems and solves specific problems of new 

terminological knowledge construction based on known resources. In addition to highlighting 

new medical terms, the system allows to build trends in new terminology changes depending 

on time, which makes it possible to determine both increasing and decreasing trends. 

 

5.2 Comparison of ontology terms with medical resources 

The search used the titles and abstracts of papers. Following an automated search for 

instances of the term "calcification" (yielding a total of 2,658 occurrences, although not all of 

them constituted term-like phrases) experts conducted a semantic analysis of the surrounding 

contexts to identify term-like sentences that incorporated the term "calcification". Experts 

discovered 94 term-like phrases during a semantic study of 2658 occurrences spanning from 

2003 to 2022. 

The MeSH thesaurus [National library of medicine 2023] was used to check the dictionary 

status of 94 term-like phrases found by experts in the articles. In MeSH, 4 terms with 

definitions were found: Calcification, Physiologic (Year introduced: 1965), Vascular 

Calcification (2012). Among the Supplementary Concept the following terms were found: 

Arterial calcification of infancy (2010), Aortic Valve, Calcification of (2012). These terms 

are included in our ontology. As a result of the check, only 4 out of 94 term-like phrases 

coincided with MeSH thesaurus terms that are they have dictionary status. 

The SNOMED CT thesaurus was used in the following step to determine if 94 term-like 

phrases from the ontology were included in dictionaries [Bioportal SNOMED CT 2023]. In 

SNOMED CT, 16 words were identified: Arterial calcification, Punctate calcification, 

valvular calcification, vascular calcification, individual calcification, metastatic calcification, 

myocardial calcification, periarticular calcification, pericardial calcification, dystrophic 

calcification, ectopic calcification, idiopathic calcification, and cardiovascular calcification. 

Following the check, only 15 of the 94 term-like sentences in the ontology had dictionary 

status—that is, they coincided with terms found in the SNOMED CT thesaurus. 

52 terms were located in UMLS: "Popcorn" calcification; calcification of the abdominal 

aorta; amorphous calcification; calcification of the aortic arch and valve; calcification of the 

arteries; calcification of the arteries; calcification of the breast; benign and widespread breast 
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calcification; cluster of calcification; The conditions that can cause calcification of cartilage, 

coronary artery calcification, pulmonary valve calcification, cardiac valve calcification, 

heterogeneous calcification, idiopathic basal ganglia calcification, individual calcification, 

intra-abdominal calcification, intracranial arterial calcification, diffuse intracranial 

calcifications, dystrophic calcification, ectopic calcification, eggshell radiographic 

calcification, and extracranial calcifications include focal lung calcification, heart valve 

calcification, pulmonary valve calcification, and cardiac valve calcification. Intraluminal 

calcification on plain abdominal radiographs or prenatal ultrasound; Mammographic 

calcification and others. Only 28 of the 94 term-like phrases in the ontology that were found 

to have dictionary status because of the check coincided with terms found in the UMLS 

thesaurus. 

 

VI. Conclusion  

The proposed research presented the importance of ontological modeling and temporal 

analysis in understanding the calcification process in breast cancer. A robust ontological 

framework through careful selection of candidate terms and expert validation has been 

created. The framework not only captures the breadth of knowledge surrounding breast 

cancer calcification but also accounts for its evolution over time. By conducting a temporal 

analysis across three distinct time periods, the dynamic nature of medical terminology is also 

being analyzed. The proposed framework provides valuable insights into the emergent trends 

and developments within the field and will serve as a valuable resource for researchers, 

clinicians, and policymakers alike, facilitating deeper understanding, more precise 

communication, and, ultimately, more effective interventions in the fight against breast 

cancer. 
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