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Abstract  

Medial artery calcification (MAC) has emerged as a significant predictor of cardiovascular 

morbidity and mortality, particularly in populations with chronic conditions such as diabetes and 

chronic kidney disease (CKD). This review examines the potential of dental radiographs as a 

non-invasive tool for the early detection of MAC, facilitating timely intervention in at-risk 

populations. By synthesizing current literature, we aim to elucidate the clinical implications of 

MAC detection in dental practice and its association with systemic cardiovascular risk factors. 

1. Introduction  

Medial artery calcification (MAC) is characterized by the deposition of calcium in the medial 

layer of the arterial wall, which is distinct from intimal calcification associated with 

atherosclerosis. Historically, MAC has been linked to various systemic diseases, including CKD 

and diabetes mellitus, where it serves as a marker for increased cardiovascular risk (1)(2). The 

recognition of MAC in dental radiographs presents a unique opportunity for early cardiovascular 

risk assessment, as dental imaging is routinely performed in clinical practice (3) 

2. Background 

The pathophysiology of MAC involves complex mechanisms, including vascular smooth muscle 

cell (VSMC) transdifferentiation into an osteoblastic phenotype, leading to calcification (4). 

Recent studies have shown that MAC is not merely a consequence of aging but an active process 

influenced by metabolic disorders and vascular inflammation (5,6). Understanding the 

implications of MAC is crucial, as it has been associated with adverse cardiovascular outcomes, 

including increased mortality rates in diabetic patients (7,8).  

3. Methodology 

This review adheres to the PRISMA 2020 guidelines, systematically evaluating literature 

published from 2019 to 2023. We included studies that investigated the detection of MAC in 

dental radiographs and its correlation with cardiovascular risk factors. Exclusion criteria 

encompassed studies not directly related to dental imaging or those lacking robust 

methodological frameworks. 
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4. Dental Radiographs and Their Role in Detecting MAC  

Dental radiographs, particularly panoramic radiographs, have emerged as a valuable tool in the 

detection of carotid artery calcifications (CAC), which are significant indicators of 

cardiovascular disease. Recent studies have demonstrated that these radiographs can effectively 

identify calcifications that may otherwise remain undetected during routine examinations. For 

instance, (Brar, 2024)(9) found a significant correlation between CAC detected on panoramic 

radiographs and the prevalence of cerebrovascular accidents and coronary artery disease, 

highlighting the potential of dental imaging in cardiovascular risk assessment (9). This 

underscores the importance of integrating dental radiographic evaluations into broader health 

screenings. 

The radiographic appearance of CAC typically presents as radiopaque lesions adjacent to the 

carotid arteries, which can be identified during routine dental examinations. This characteristic 

has been supported by various studies, including those by Janiszewska-Olszowska et al. 

(2022)(10), who reported excellent specificity and good sensitivity of panoramic radiographs in 

detecting CAC compared to color Doppler ultrasonography (Janiszewska‐Olszowska et al., 

2022)(10). Furthermore, noted that the prevalence of CAC detected through different dental 

imaging techniques correlates with cardiovascular risk factors, age, and gender, reinforcing the 

relevance of dental imaging in identifying at-risk populations (Möst, 2023)(11). 

Moreover, the role of cone-beam computed tomography (CBCT) in detecting intracranial and 

extracranial calcifications has been explored. Polat & Orhan (2022)(12)highlighted that while 

CBCT is effective in visualizing calcifications, it may not detect all atherosclerotic lesions, as 

some may remain non-calcified (Polat & Orhan, 2022)(12). This limitation suggests that while 

dental imaging is beneficial, it should be part of a comprehensive diagnostic approach that may 

include other imaging modalities such as magnetic resonance angiography and duplex ultrasound 

for a more thorough evaluation of cardiovascular health (Ahmed et al., 2021)(13). 

The integration of dental radiographs into routine health assessments not only aids in the early 

detection of CAC but also aligns with the growing understanding of the interrelation between 

oral health and systemic conditions. Ibraheem (2023)(14) emphasized the importance of 

recognizing CAC in panoramic radiographs as a routine practice, as it can provide critical 

insights into a patient's overall health status (Ibraheem, 2023)(14). This perspective is 

increasingly supported by research that links periodontal health with cardiovascular conditions, 

suggesting that dental professionals play a crucial role in identifying systemic health risks 

through routine imaging (15). 

5. Clinical Significance of Detecting MAC in Dental Practice 

The detection of medial arterial calcification (MAC) in dental radiographs holds significant 

clinical implications for dental practitioners. By identifying these calcifications, dentists can 

serve as critical intervention points, facilitating referrals for further cardiovascular evaluations. 

This proactive approach is essential as it can lead to the early diagnosis and management of 

underlying cardiovascular conditions, ultimately improving patient outcomes (14). Recent 
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studies have highlighted the importance of dental professionals in recognizing systemic health 

issues, aligning with the growing emphasis on integrated healthcare (16) 

Recent literature underscores the prevalence of carotid artery calcifications (CAC) detected 

through dental imaging, particularly panoramic radiographs. Ibraheem (14) noted that the 

identification of CAC in dental practice is crucial, as it can indicate a heightened risk for severe 

cardiovascular events such as strokes and myocardial infarctions. Furthermore, Darwin et al. 

((16)) emphasized that significant calcifications can lead to the narrowing of the arterial lumen, 

which is a critical risk factor for ischemic symptoms. These findings reinforce the necessity for 

dental practitioners to be vigilant in examining radiographs for signs of MAC, as early detection 

can prompt timely interventions. The integration of advanced imaging techniques, such as cone-

beam computed tomography (CBCT), has further enhanced the ability to detect MAC and other 

calcifications in the maxillofacial region. Missias et al. (17) highlighted that atheromas, which 

are often visible in dental imaging, serve as important indicators for more severe cardiovascular 

conditions. The ability to detect these calcifications non-invasively allows dental professionals to 

play a pivotal role in the multidisciplinary management of patients at risk for cardiovascular 

diseases. 

Moreover, the advent of artificial intelligence (AI) in dental radiography has shown promise in 

improving the detection rates of CAC. Amitay et al. (18) reported that AI algorithms could 

enhance the sensitivity and specificity of detecting carotid calcifications in panoramic 

radiographs, thus supporting dentists in making informed clinical decisions. This technological 

advancement not only aids in the identification of MAC but also streamlines the referral process 

for further cardiovascular evaluation. 

6. Correlation Between MAC and Cardiovascular Risk Factors 

Numerous studies have established a strong correlation between MAC and cardiovascular risk 

factors, including hypertension, diabetes, and chronic kidney disease (7). For instance, research 

indicates that patients exhibiting MAC are at a significantly higher risk of cardiovascular events, 

with a notable increase in mortality rates. (table 1) provides evidence of the correlation between 

MAC and risk factors thereby proving MAC is an important predictive marker in clinical 

settings, particularly in populations with established risk factors. 

7. Limitations of Current Research 

Despite the promising findings regarding the detection of medial artery calcification (MAC) in 

dental radiographs, several limitations persist in the current literature that warrant attention. One 

significant limitation is the variability in radiographic interpretation among practitioners, which 

can lead to misdiagnosis or underdiagnosis of MAC. This variability is particularly concerning 

given the reliance on subjective assessments in many studies, which may not consistently align 

with standardized diagnostic criteria. 

Moreover, the majority of existing studies focus on specific populations, which limits the 

generalizability of findings across diverse demographic groups. Research often concentrates on 

older adults or specific ethnic groups, resulting in a lack of comprehensive data applicable to 
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broader populations This limitation is critical as the prevalence and implications of MAC may 

differ significantly across various demographic segments, including age, sex, and underlying 

health conditions (22). 

Additionally, there is a pressing need for further research to standardize diagnostic criteria for 

MAC detection in dental practice. The current lack of consensus on what constitutes significant 

MAC in radiographic images complicates clinical decision-making and may hinder effective 

patient management. Establishing clear guidelines and standardized protocols could enhance the 

reliability of MAC detection and improve patient outcomes. 

Therefore, while the detection of MAC in dental radiographs presents a promising avenue for 

identifying cardiovascular risk, the limitations related to interpretation variability, population 

specificity, and the need for standardized diagnostic criteria must be addressed to enhance the 

clinical utility of this approach. (24) 

8. Future Directions 

Future research on medial arterial calcification (MAC) in dental radiographs should focus on 

developing standardized protocols that utilize advanced imaging technologies, particularly cone-

beam computed tomography (CBCT). CBCT offers high-resolution three-dimensional imaging, 

enhancing the detection of vascular calcifications compared to traditional two-dimensional 

radiographs (7). The incorporation of artificial intelligence (AI) in analyzing these images can 

further improve diagnostic accuracy by automating the detection of calcifications (25). Recent 

studies indicate that AI algorithms can effectively identify both intimal and medial calcifications, 

facilitating early intervention strategies (26). 

Interdisciplinary collaboration between dental and medical professionals is crucial for 

comprehensive patient care, especially in managing cardiovascular risks associated with MAC. 

Recognizing MAC as a potential marker for cardiovascular disease necessitates a 

multidisciplinary approach that includes cardiologists and dental practitioners (27). Such 

collaboration can ensure that dental findings related to MAC are integrated into broader 

cardiovascular risk assessments, enhancing patient management strategies (28). Longitudinal 

studies are needed to evaluate the prognostic value of MAC detection over time. Early detection 

of MAC has been linked to adverse cardiovascular outcomes, underscoring the importance of 

ongoing monitoring (29). By following patients longitudinally, researchers can assess the impact 

of dental interventions on MAC progression and its associated cardiovascular risks (1). 

All in all Future directions in MAC research should emphasize standardized protocols using 

CBCT, interdisciplinary collaboration, and longitudinal studies to improve patient outcomes in 

both dental and cardiovascular health. 

Risk Factor           evidence of correlation  References 

Diabetes 

Mellitus 

The presence of MAC is linked to diabetes 

mellitus, with research indicating that patients 

(19- 22) 
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with MAC have a higher prevalence of type 2 

diabetes. This association is critical as diabetes 

exacerbates cardiovascular risk.  | 

Chronic Kidney 

Disease                               

Chronic kidney disease (CKD) is another 

significant risk factor associated with MAC. The 

calcification process in MAC is often 

exacerbated by renal insufficiency, leading to 

increased cardiovascular morbidity and 

mortality.                          

(20-21) 

Metabolic 

Syndrome 

MAC is frequently observed in patients with 

metabolic syndrome, which encompasses a 

cluster of conditions including obesity, 

hypertension, and dyslipidemia. This 

convergence of risk factors further amplifies 

cardiovascular risk.                                         

(23) 

Aging and Sex 

Differences                         

Aging is a well-established risk factor for MAC, 

with studies indicating that the prevalence of 

MAC increases with age. Additionally, sex 

differences have been noted, with women 

showing distinct patterns of MAC development. 

(22) 

9. Conclusion 

The detection of medial artery calcification through dental radiographs presents a significant 

opportunity for the early identification of cardiovascular risk factors. As dental practitioners 

increasingly recognize the implications of MAC, there is potential for improved patient 

outcomes through timely referrals and interventions. Continued research and education in this 

area are essential to fully realize the benefits of integrating cardiovascular risk assessment into 

routine dental practice. 

References 

1. Mirzaie M. , Kusnirova J. , Addicks J. , & Fatehpur S.. Matrix-gla-protein and vascular 

calcification: can diet influence the consequences of matrix gla protein inactivation? a 

review. International Journal of Innovative Research in Medical Science 2021;6(10):678-

686. https://doi.org/10.23958/ijirms/vol06-i10/1235 

2. Hassan N. , D'Orsi E. , D'Orsi C. , & O'Neill W.. The risk for medial arterial calcification 

in ckd. Clinical Journal of the American Society of Nephrology 2012;7(2):275-279. 

https://doi.org/10.2215/cjn.06490711 

https://doi.org/10.23958/ijirms/vol06-i10/1235
https://doi.org/10.2215/cjn.06490711


Journal of Cardiovascular Disease Research 

ISSN: 0975-3583,0976-2833 VOL15, ISSUE 09, 2024 

 
 

1025 

 

 

3. Ağaçayak K. , GÜLER R. , & Karatas P.. &lt;p&gt;relation between the incidence of 

carotid artery calcification and systemic diseases&lt;/p&gt;. Clinical Interventions in 

Aging 2020;Volume 15:821-826. https://doi.org/10.2147/cia.s256588 

4. Abrão S. , Campos C. , Cavalcante R. , Eggermont J. , Lemos P. , Lederman A. et al.. 

Percutaneous endovascular delivery of calcium chloride to the intact porcine carotid 

artery: a novel animal model of arterial calcification. Catheterization and Cardiovascular 

Interventions 2020;96(4). https://doi.org/10.1002/ccd.29070 

5. Vos A. , Hecke W. , Spliet W. , Goldschmeding R. , Išgum I. , Kockelkoren R. et al.. 

Predominance of nonatherosclerotic internal elastic lamina calcification in the 

intracranial internal carotid artery. Stroke 2016;47(1):221-223. 

https://doi.org/10.1161/strokeaha.115.011196 

6. O'Neill W. and Adams A.. Breast arterial calcification in chronic kidney disease: absence 

of smooth muscle apoptosis and osteogenic transdifferentiation. Kidney International 

2014;85(3):668-676. https://doi.org/10.1038/ki.2013.351 

7. Vos A. , Vink A. , Kockelkoren R. , Takx R. , Celeng C. , Mali W. et al.. Radiography 

and computed tomography detection of intimal and medial calcifications in leg arteries in 

comparison to histology. Journal of Personalized Medicine 2022;12(5):711. 

https://doi.org/10.3390/jpm12050711 

8. Han K. and O'Neill W.. Increased peripheral arterial calcification in patients receiving 

warfarin. Journal of the American Heart Association 2016;5(1). 

https://doi.org/10.1161/jaha.115.002665 

9. Brar A. , DeColibus K. , Rasner D. , Haynes A. , Pancratz F. , Oladiran O. et al.. Carotid 

artery calcification detected on panoramic radiography is significantly related to 

cerebrovascular accident, coronary artery disease, and poor oral health: a retrospective 

cross-sectional study. Dentistry Journal 2024;12(4):99. 

https://doi.org/10.3390/dj12040099 

10. Janiszewska‐Olszowska J. , Jakubowska A. , Gieruszczak E. , Jakubowski K. , 

Wawrzyniak P. , & Grocholewicz K.. Carotid artery calcifications on panoramic 

radiographs. International Journal of Environmental Research and Public Health 

2022;19(21):14056. https://doi.org/10.3390/ijerph192114056 

11. Möst T. , Winter L. , Ballheimer Y. , Kappler C. , Schmid M. , Adler W. et al.. 

Prevalence of carotid artery calcification detected by different dental imaging techniques 

and their relationship with cardiovascular risk factors, age and gender. BMC Oral Health 

2023;23(1). https://doi.org/10.1186/s12903-023-03564-0 

12. Polat E. and Orhan K.. Examination of incidental intra-cranial and extra-cranial head and 

neck calcifications using cone-beam computed tomography. Journal of Stomatology 

2022;75(4):222-230. https://doi.org/10.5114/jos.2022.122108 

13. Ahmed M. , McPherson R. , Abruzzo A. , Thomas S. , & Gorantla V.. Carotid artery 

calcification: what we know so far. Cureus 2021. https://doi.org/10.7759/cureus.18938 

14. Ibraheem W. , Bhati A. , Alhomood M. , Allayl O. , Qsadi A. , Mohammed T. et al.. 

Relationship between carotid artery calcification and periodontitis in the saudi 

population: a retrospective study. Applied Sciences 2023;13(22):12370. 

https://doi.org/10.3390/app132212370 

15. Çetin M. , Sezgin Y. , Yilmaz M. , & Seçgin C.. Assessment of carotid artery 

calcifications on digital panoramic radiographs and their relationship with periodontal 

https://doi.org/10.2147/cia.s256588
https://doi.org/10.1002/ccd.29070
https://doi.org/10.1161/strokeaha.115.011196
https://doi.org/10.1038/ki.2013.351
https://doi.org/10.3390/jpm12050711
https://doi.org/10.1161/jaha.115.002665
https://doi.org/10.3390/dj12040099
https://doi.org/10.3390/ijerph192114056
https://doi.org/10.1186/s12903-023-03564-0
https://doi.org/10.5114/jos.2022.122108
https://doi.org/10.7759/cureus.18938
https://doi.org/10.3390/app132212370


Journal of Cardiovascular Disease Research 

ISSN: 0975-3583,0976-2833 VOL15, ISSUE 09, 2024 

 
 

1026 

 

 

condition and cardiovascular risk factors. International Dental Journal 2021;71(2):160-

166. https://doi.org/10.1111/idj.12618 

16. Darwin D. , Castelino R. , Babu S. , & Asan M.. Prevalence of soft tissue calcifications in 

the maxillofacial region. Brazilian Journal of Oral Sciences 2023;22:e237798. 

https://doi.org/10.20396/bjos.v22i00.8667798 

17. Missias E. , Nascimento E. , Pontual M. , Pontual A. , Freitas D. , Perez D. et al.. 

Prevalence of soft tissue calcifications in the maxillofacial region detected by cone beam 

ct. Oral Diseases 2018;24(4):628-637. https://doi.org/10.1111/odi.12815 

18. Amitay M. , Barnett-Itzhaki Z. , Sudri S. , Drori C. , Wase T. , Abu-El-Naaj I. et al.. Deep 

convolution neural network for screening carotid calcification in dental panoramic 

radiographs. PLOS Digital Health 2023;2(4):e0000081. 

https://doi.org/10.1371/journal.pdig.0000081 

19. Ramanathan K. , Moreno P. , Turnbull I. , Purushothaman M. , Zafar U. , Tarricone A. et 

al.. Incremental effects of diabetes mellitus and chronic kidney disease in medial arterial 

calcification: synergistic pathways for peripheral artery disease progression. Vascular 

Medicine 2019;24(5):383-394. https://doi.org/10.1177/1358863x19842276 

20. Lanzer P. , Boehm M. , Sorribas V. , Thiriet M. , Janzen J. , Zeller T. et al.. Medial 

vascular calcification revisited: review and perspectives. European Heart Journal 

2014;35(23):1515-1525. https://doi.org/10.1093/eurheartj/ehu163 

21. Nikolajević J. and Šabovič M.. Inflammatory, metabolic, and coagulation effects on 

medial arterial calcification in patients with peripheral arterial disease. International 

Journal of Molecular Sciences 2023;24(4):3132. https://doi.org/10.3390/ijms24043132 

22. Seo J. , Jeong H. , Cho I. , Hong G. , Ha J. , & Shim C.. Sex differences in mitral annular 

calcification and the clinical implications. Frontiers in Cardiovascular Medicine 2021;8. 

https://doi.org/10.3389/fcvm.2021.736040 

23. Adamska A. , Ulychnyi V. , Siewko K. , Popławska-Kita A. , Szelachowska M. , 

Adamski M. et al.. Cardiovascular risk factors in mild adrenal autonomous cortisol 

secretion in a caucasian population. Endocrine Connections 2022;11(9). 

https://doi.org/10.1530/ec-22-0074 

24. Skolnik J, Weiss R, Meyr AJ, Dhanisetty R, Choi ET, Cunningham-Hill M, Rubin D, 

Oresanya L. Evaluating the impact of medial arterial calcification on outcomes of 

infrageniculate endovascular interventions for treatment of diabetic foot ulcers. Vasc 

Endovasc Surg. 2021 May;55(4):382-388. doi: 10.1177/1538574421993314. Epub 2021 

Feb 12. PMID: 33576308. 

25. Arbustini E. , Bozzani A. , & Prati F.. Medial artery calcification. JACC: Advances 

2023;2(9):100652. https://doi.org/10.1016/j.jacadv.2023.100652 

26. Lau A.. Arteriosclerosis in dental radiographs: two case reports. International Journal of 

Dental Medicine 2019;5(1):14. https://doi.org/10.11648/j.ijdm.20190501.13 

27. Erlandsson H. , Qureshi A. , Ripsweden J. , Löfman I. , Söderberg M. , Wennberg L. et 

al.. Scoring of medial arterial calcification predicts cardiovascular events and mortality 

after kidney transplantation. Journal of Internal Medicine 2022;291(6):813-823. 

https://doi.org/10.1111/joim.13459 

28. Zwakenberg S. , Jong P. , Hendriks E. , Westerink J. , Spiering W. , Borst G. et al.. 

Intimal and medial calcification in relation to cardiovascular risk factors. Plos One 

2020;15(7):e0235228. https://doi.org/10.1371/journal.pone.0235228 

https://doi.org/10.1111/idj.12618
https://doi.org/10.20396/bjos.v22i00.8667798
https://doi.org/10.1111/odi.12815
https://doi.org/10.1371/journal.pdig.0000081
https://doi.org/10.1177/1358863x19842276
https://doi.org/10.1093/eurheartj/ehu163
https://doi.org/10.3390/ijms24043132
https://doi.org/10.3389/fcvm.2021.736040
https://doi.org/10.1530/ec-22-0074
https://doi.org/10.1016/j.jacadv.2023.100652
https://doi.org/10.11648/j.ijdm.20190501.13
https://doi.org/10.1111/joim.13459
https://doi.org/10.1371/journal.pone.0235228


Journal of Cardiovascular Disease Research 

ISSN: 0975-3583,0976-2833 VOL15, ISSUE 09, 2024 

 
 

1027 

 

 

29. .Wang X. , Chen X. , Chen Z. , & Zhang M.. Arterial calcification and its association 

with stroke: implication of risk, prognosis, treatment response, and prevention. Frontiers 

in Cellular Neuroscience 2022;16. https://doi.org/10.3389/fncel.2022.845215 

 

 

https://doi.org/10.3389/fncel.2022.845215

