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Abstract
Introduction: The middle meningeal artery (MMA) is clinically and 
surgically relevant, and knowledge regarding its angioarchitecture is 
essential in various procedures. However, literature lacks studies exploring 
its morphometric aspects. Objectives: This study aimed to analyze the 
MMA sulci morphometry using a digital approach. Method: Thirty-five skulls 
with a complete visualization of the MMA sulcus were selected. From this, 
the length of the main trunk and parietal and frontal branches, the inter-
branch angle, and the diameter of the foramen spinosum were measured 
bilaterally using the ImageJ® software. Results: Morphometric data showed 
no differences in the morphometry of the main trunk and parietal branch 
according to laterality. On the other hand, the length of the frontal branch 
was higher on the right side of the skulls. No differences were observed in 
the measurements of the foramen spinosum and the inter-branch angle. 
Conclusion: Digital methods for morphometric analysis of the MMA offer 
advantages in terms of precision and speed in obtaining data. Also, the MMA 
exhibits few bilateral morphometric variations that should be considered for 
planning surgical procedures and as a basis for future analyses.
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Resumo

INTRODUCTION

The middle meningeal artery (MMA) is the main human dural artery. Its origin and course 
may vary according to the embryological development of the stapedial system, internal carotid 
artery, ophthalmic artery, trigeminal artery, and inferolateral trunk1. In most cases, the MMA orig-
inates from the internal maxillary artery, enters the middle cranial fossa through the foramen spi-
nosum, laterally crosses the bone crest, and curves anteriorly above the greater sphenoid wing2.

The embryological origin and intimate relationship of the MMA with the cranial vault confer 
clinical and surgical relevance3. Studies regarding the morphological aspects reported its com-
plex development from the stapedial system, present in embryonic development, as the origin of 
a large number of anatomical variations1,4.

The MMA is vulnerable to head trauma and may lead to pseudoaneurysms and bleeding 
due to the unique anatomical characteristics and proximity to the temporal bone. In addition, this 
artery is likely involved in mechanisms regarding chronic headaches associated with arterial va-
sodilation or neurogenic inflammation5. Knowledge of the MMA angioarchitecture is also important 
in several procedures, such as devascularization of dura mater tumors and epidural hematomas, 
and in understanding clinical conditions (e.g., migraine)4,6. In this context, a morphometric analy-
sis may provide unique information regarding the size, location, and geometric characteristics of 
MMA that may help elucidate surgical and radiological approaches7,8.

Despite studies addressing the morphological and embryological aspects of the MMA, 

Angioarchitecture of the middle meningeal artery in human skulls

Introdução: A artéria meníngea média (AMM) possui grande relevância clínica e cirúrgica, e 
o conhecimento da sua angioarquitetura é importante em vários procedimentos, no entanto, é 
evidente a escassez de estudos sobre seus aspectos morfométricos. Objetivos: O presente 
estudo objetivou analisar a morfometria dos sulcos da AMM por meio de uma abordagem digital. 
Método: Foram selecionadas 35 cabeças ósseas por permitirem a visualização completa do 
sulco da AMM, das quais foram medidos os comprimentos do tronco principal, dos ramos parietal 
e frontal, o ângulo inter-ramos e o diâmetro do forame espinhoso bilateralmente com o auxílio 
do software ImageJ®. Resultados: Os dados morfométricos foram facilmente obtidos e não 
foram observadas diferenças na morfometria bilateral do tronco principal e do ramo parietal, 
no entanto, o comprimento do ramo frontal foi maior no antímero direito. Também não foram 
encontradas diferenças nas medidas do forame espinhoso e do ângulo inter-ramos. Conclusão: 
Métodos digitais de análise morfométrica da AMM são vantajosos em termos de precisão e 
rapidez na obtenção de dados. Por outro lado, a AMM apresenta poucas variações morfométricas 
bilateralmente, representando importantes achados que devem ser observados cuidadosamente 
no planejamento de procedimentos cirúrgicos e servir de base para futuras análises.

Palavras-chave: Anatomia; Artérias cerebrais; Relevância clínica.
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literature still lacks information regarding its morphometry4,6. Therefore, the present study aimed 
to provide new findings about the MMA by investigating its angioarchitecture in human cadaveric 
skulls using an innovative approach. We presented a morphometric analysis as a function of lat-
erality and the possible relationships of these aspects with clinical-surgical implications.

METHOD

This cross-sectional study evaluated 100 human skulls from the anatomical collection of 
the Department of Anatomy at a higher education institution. The 35 selected heads were ana-
lyzed using millimeter scales to standardize measurements and calibrate the software. Then, the 
images were obtained using a Finepix S4800 digital camera (Fujifilm Corp., Tokyo, Japan) and 
transferred to a microcomputer for analysis using the ImageJ® software (version 1.46r 2012). 
From this, calculations determined the length of the main trunk, frontal branch, and parietal 
branch, the angle between the frontal and parietal branches (inter-branches), and the diameter of 
the foramen spinosum (Figure 1).

Figure 1. Internal view of the skull base showing the five measurements taken 
bilaterally: (A) diameter of the spinous foramen, (B) length of the main trunk, (C) 

angle between the frontal and parietal branches (inter-branches), (D) length of the 
parietal branch, and (E) length of the frontal branch.

Statistical analysis was performed using the SPSS® software (IBM Corp, Chicago, USA). 
Normality was verified using the Kolmogorov-Smirnov test, while data were compared using the 
Wilcoxon test. Measures of central tendency (mean, minimum, and maximum) and dispersion 
(standard deviation) were used to present non-normal data. All tests used p < 0.05 as significance 
level.
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RESULTS

The present study used a pioneering digital approach to evaluate the MMA sulcus of 100 
skulls. The morphometric evaluation was performed in the right (RA) and left (LA) antimeres of 35 
skulls, as presented in Table 1. The remaining samples were considered losses due to damages 
or the inability to visualize the artery sulci bilaterally.

Table 1. Morphometric data of the middle meningeal artery 
in humans measured on the right and left antimeres.

Variables RA LA p-value

Main trunk (mm) 14.58 ± 9.52 
(3.1 - 53.5)

16.01 ± 12.18 
(4,9 - 59,3) 0.87

Parietal branch (mm) 28.98 ± 17.89 
(8.3 - 80.4)

30.38 ± 17.24 
(11.8 - 67.7) 0.74

Frontal branch (mm) 26.83 ± 16.67 
(9.60 - 87.40)

29.89 ± 12.77 
(10.5 - 68.7) 0.01**

Inter-branch angle (°) 89.66 ± 16.83 
(91.0 - 122.0)

85.91 ± 24.64 
(22.0 - 126.0) 0.70

Foramen spinosum (mm) 2.14 ± 0.40 
(1.50 - 3.10)

2.15 ± 0.44 
(1.10 - 3.0) 0.77

Values represent mean ± standard deviations; median (minimum-maximum). 
Wilcoxon test: p ≤ 0.05 (*), p ≤ 0.01 (**); RA: Right antimere; LA: Left antimere. 

No differences were observed in the length of the main trunk (RA: 14.58 ± 9.52 mm and 
LA: 16.01 ± 12.18 mm, p = 0.870) and parietal branch (RA: 28.98 ± 17.89 mm and LA: 30.38 ± 
17.24 mm, p = 0.743). However, the length of the left frontal branch was significantly greater than 
the right frontal branch (29.89 ± 12.77 mm and 26.83 ± 16.67 mm, respectively, p = 0.011). Last, 
no differences were found in the diameter of the foramen spinosum (RA: 2.14 ± 0.40 mm and LA: 
2.15 ± 0.44 mm, p = 0 .771) and the angle between the frontal and parietal branches (RA: 89.66 
± 16.83º and LA: 85.91 ± 24.64º, p = 0 .700). 

DISCUSSION

Aragón-Sánchez et al.9 discussed the use of the ImageJ® software as a morphometric 
study tool, highlighted its efficiency and ease of use for measuring structures, and demonstrated 
excellent reliability by using an inter-rater model and 95% confidence intervals.

From this perspective, Tobin et al.10 studied the implementation of a new automated mor-
phometric analysis to study peripheral nerves based on the ImageJ® software. They did not ob-
serve a statistically significant difference (p > 0.05) between manual measurements and the new 
method using the software and concluded that the new approach had advantages, such as great-
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er convenience, time efficiency, precision, and lower operator error or bias10. In our study, this tool 
promoted an efficient and reliable measurement of structures consistent with literature9,10.

The MMA sulcus was present bilaterally in all skulls evaluated, consistent with conven-
tional descriptions in textbooks11. Using an innovative approach, the observations in this study 
revealed that the MMA did not present variations in the length of the main trunk, parietal branch, 
and diameter of the foramen spinosum or inter-branch angle between sides.

Few studies addressed the morphometric aspects of the MMA and the correlations be-
tween its vascular anatomy and intrinsic and anthropometric factors of the individuals12. The mid-
dle fossa and its variations may offer a suitable surgical route to deal with injuries at the anterior 
and posterior cranial fossae junction. Thus, understanding anatomical landmarks and their vari-
ations is fundamental for effectively managing these injuries and avoiding disabling complica-
tions13. Also, this information is essential to predict the arterial involvement in fractures on the 
affected side of the skull.

The length of the main trunk of the MMA did not vary according to laterality, corroborating 
with previous studies4,6. On the other hand, Silva et al.6 and Honnegowda et al.4 observed bilat-
eral variations in the length of the parietal branch, which were not observed in the present study, 
possibly due to differences in the sample, population, or method used between studies. Further-
more, we identified a bilateral difference in the length of the frontal branch, supporting the findings 
observed by Silva et al.6. Although other factors may also be involved, the complex embryological 
origin is the central thesis explaining these anatomical variations14.

The MMA is phylogenetically the most recent intracranial artery, with evolution and devel-
opment closely related to the development of the cerebral lobes15. Its emergence is also closely 
related to the stapedial system, which is present in the first weeks of fetal development and de-
generates around the tenth week1,16. Therefore, this artery is susceptible to anatomical variations 
and anastomoses and has great relevance for pathologies1, 17.

Some differences found in cranial irrigation may elucidate the variations in the frontal 
branch identified in the present study. According to Eisová et al.18, the macroscopic patterns of 
meningeal vessels with brachycephalic and mesocephalic neurocranial proportions are not influ-
enced bilaterally by the sex or shape of the skull in modern European adult populations. However, 
the MMA is more dominant in the anterior endocranial regions18, which suggests greater angio-
genic activities and may lead to variations in the length of the frontal branch. More studies are 
needed to clarify these characteristics.

Although a pioneering study suggested that MMA was more developed in the right antim-
ere, the authors did not provide a quantitative assessment to support these conclusions19. Asym-
metries in the path of these vessels are subtle and may be associated with cerebral asymmetries, 
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causing different distributions in intracranial pressure18. Nevertheless, the study reported a lack of 
experimental research supporting or contradicting this hypothesis19.

This study did not observe morphometric differences in the diameter of the spinosum fo-
ramen according to the laterality. This foramen is an important anatomical landmark for cranial 
fossa surgeries due to its neurovascular structures and may present significant differences ac-
cording to laterality14, 20. Biloria e Silva et al.12 observed a mean foramen diameter between 1.8 
and 2.8 mm, according to the laterality and sex of the individual, similar to the value found in the 
present study (2.0 mm). 

The evaluation of the angle formed by the frontal and parietal branches of the MMA did 
not present morphometric differences bilaterally, corroborating the observations of previous stud-
ies4,6,20. In these cases, blood flow is inversely proportional to the angle formed by the vessels, 
increasing the possibility of dilation of the arterial wall and, consequently, the risk of aneurysm 
formation21.Despite this clinical importance, literature lacks morphometric studies regarding the 
angle formed by the MMA branches.

From this perspective, Ye et al.21 observed positive relationships between vessel angles 
and the formation and rupture of aneurysms. The vessel angles may also be a predictive factor for 
these conditions. Another example is the reduction in the angle formed by the MMA and internal 
maxillary artery, which may increase the complexity of endovascular procedures and hamper the 
use of the guidewire and catheter22. Therefore, studying the angles formed by cerebral vessels is 
relevant for pathologies and during procedures, such as embolization21,22.

Last, the bilateral morphometric study of the MMA sulci in 35 skulls represents a great 
innovation and contribution. In this sense, more studies with larger sample sizes are needed to 
expand the knowledge about the MMA morphometric characteristics, confirm findings, and im-
prove the understanding of variations in the development of the MMA branches in healthy adults. 

CONCLUSION

The values obtained in the measurements were efficient. Also, imaging processing using 
software was essential for studying cranial osteology and establishing specific morphometric pat-
terns of the MMA. The main trunk, the parietal branch, the diameter of the foramen spinosum, and 
the inter-branch angle of the MMA did not vary bilaterally. However, the frontal branch exhibited 
variations in length according to antimerism. Last, neurosurgeons must be aware of this variation 
during surgical procedures in the middle cranial fossa.
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