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The middle meningeal artery is the principal meningeal vascular system of the skull.  It 

usually arises from the maxillary branch of  the external  carotid  artery,  and enters the 

middle cranial fossa trough the forame spinosum. It  divides in two principal branch: an 

anterior division which supplies the temporal, parietal and part of the frontal dura, and a 

posterior division which runs posteriorly trough the temporal and occipital regions. From 

the posterior branch arises a petro-squamosal  branch directed posteriorly to reach the 

occipital and cerebellar regions of the dura. Because of the individual variability of this 

vascular structure, this classification of the meningeal branches is merely indicative and 

should  be  considered  with  attention.  Several  authors  observed  a  large  morphological 

variability  of  the middle meningeal  artery due to  variations in  origin  (Manjunat,  1996), 

vascular  anastomoses  with  the  extra-cranial  and  intra-cranial  vascular  system  and 

encephalic asymmetries. 

During growing, the skull development is driven by the enlargement of the brain, which 

press on the inner surface of the skull. During this process the peripheral structures of the 

brain remain impressed on the endo-cranial walls Because its position, it is possible to 

observe  the  meningeal  trace on  the inner  table  of  the  skull.  Thank to  this  correlation 

between the soft and bone tissues, the middle meningeal artery was widely studied in the 

fossil  specimen to  point  out  the  eventual  biological  role  in  encephalization.  In  archaic 

specimen,  has  been  observed  a  simple  organization  of  the  branches  of  the  middle 

meningeal  artery, with a posterior predominance, associated to a posterior development 

of  the encephalic  regions.  For  contrast  in  homo sapiens,  the middle meningeal  artery 

undergoes a large development of both the anterior and posterior division, with particular 

increased of complexity in the parietal region, that are the encephalic region that enlarge 

during encephalization process in modern humans. 

Actually the morphological variations of the middle meningeal artery in human, is analyzed 

by  using  both  the  endo-cranial  traces  and  the  angio-tomographic  reconstructions. 

Unfortunately a quantification of this variability is still unclear, because of the difficulty to 



quantify  the geometrical  look of  this  vascular  system.  Recently the introduction of  the 

fractal geometry permitted a preliminary quantification of the morphological variability of 

the  complex  biological  structures.  Introducing  the  concept  of  fractal  dimension  and 

Lacunarity. The former permits to quantify how much the arterial system fill the space. The 

latter, quantify the spatial distribution of the vascular branches. 

This study is aimed to understand the morphological variability and the functional role of 

the middle meningeal artery in modern human. Beside of the scientific knowledge, this 

work  is  important  also  considering  the  several  implication  in  epidemiological  and 

neurosurgical  applications. In the present study the middle meningeal  artery has been 

analysed in term of qualitative and quantitative variation, by using the angio-tomographic 

approach and the fractal geometry.

The sample includes 37 subjects, 20 males and 17 females with age spanning from 20 to 

86 years (mean and st. dev: 59 ± 17 ). Each subject, was CT scanned with iodium contrast 

and the virtual reconstruction of the skull and meningeal vascular system was analysed. 

The qualitative analysis consisted in the observation of the middle meningeal branches, 

and its correlation with the skull, brain and other intra-cranial and extra-cranial structures. 

The quantitative approach, considered the complexity and the spatial distribution of the 

middle meningeal artery by mean of the fractal dimension and the lacunarity, correlating 

this fractal variables with, sex, age and hemispheres. Furthermore a correlation between 

complexity  and  spatial  distribution  was  measured,  to  point  out  eventual  biological 

association.  Finally  the  fractal  variables  were  correlate  with  the  endo-cranial  principal 

diameters to investigate the presence of some biomechanical correlation with the bony 

structures.

The virtual reconstructions of the angio-tomographic scanning, showed that in the middle 

meningeal artery, there was scarce or absent blood flow. In all the subject only the initial 

part of the common trunk, was visible, whereas the anterior and posterior divisions were 

not visible. For contrast, several contact points, were observed between the intra-cranial 

and meningeal vascular branches, mostly related to the lateral ramification of the middle 

cerebral artery.

The fractal analysis, showed any significant differences between sex and hemispheres for 

the  complexity  and  spatial  distribution  of  the  meningeal  branches.  For  contrast  a  low 

correlation was observed between complexity and age, mostly associated to a reduction of 

fractal dimension for the left fractal dimension in elderly subjects.  Finally, any correlation 



were observed between fractal  dimension and lacunarity on the same hemisphere and 

between fractal variables and endo-cranial diameters.

The  present  results  suggested  that  reticulation  and  clustering  of  the  vessels  are  not 

correlated, that there are no clear sexual or hemispheric differences and that neurocranial 

proportion  do not  influence the  vessels  distribution.  Furthermore  the scarce  or  absent 

blood  flow,  exclude  the  possible  metabolic  function  of  the  middle  meningeal  artery. 

Therefore,  it  can  be  assumed  that  the  development  of  this  vascular  system  follow  a 

random pattern of variation, and that its functional role is not clear. 

Although these results should be carefully considered two alternative hypotheses can be 

formulated. First, the middle meningeal artery could be involved in the development of the 

meningeal  layer  in  the  first  years  of  life,  decreasing  its  metabolic  role  with  age.  For 

consequence, thee permanence of its non-perfused ramifications could be considered as 

structural support of the brain. In alternative, it could be considered as a complementary 

vascular  structure,  which  enable  only  in  critical  condition,  such  as  pressure  or  heat 

increasing  or  in  traumatic  and  pathological  condition  which  require  the  intervention  of 

collateral vascular structures. 

However, these result must be interpreted also considering the limitation of the method 

used. The angio-tomographic study, and the virtual reconstruction, could produce some 

bias in visualization of such small vascular system, and the fractal geometry could not fully 

measure the morphological variability of this complex structure. 


