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ABSTRACT
Background: Neurosurgical intervention and endovascular manipulation of middle cerebral artery 
(MCA) needs more information about the anatomy of its different segments specially its proximal one. 
Aim of the work: Is to assess different morphological and morphometric measurements of the proximal 
segment (M1) of MCA in Egyptians. Also, is to evaluate clinical significance of such variations.
Material and Methods: This research was carried out retrospectively on three dimensional magnetic 
resonance angiography images of eighty healthy individuals without any cerebrovascular abnormalities. 
The morphological variations as well as measurements (the lengths and diameters) of M1 were evaluated. 
Side and sex differences as well as correlation between different parameters were also done. 
Results: There was only statistically significant sex difference regarding M1 length on right side. In 
addition, there was significant positive correlation between different measurements of M1 of MCA 
regarding side. M1 branches were mostly bipode and least quadripode on both sides. The division of M1 
was observed more frequent distal to genu and less frequent proximal to genu on both sides. At transverse 
plane, high percentage of concave posterior course of M1 was seen in 52.5% and 55% of cases on right 
and left sides, respectively. While concave anterior course of M1 was least noticed in 13.8% and 10% on 
right and left sides, respectively. Early cortical artery (ECA) was found in 65 % of studied cases.
Conclusion: The anatomical variations results of M1 of MCA as evaluated by 3D-MRA are very useful 
for neurosurgical approach.
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INTRODUCTION                                                                 

Middle cerebral artery (MCA) is the larger 
of the two terminal branches of internal carotid 
artery (ICA); MCA is also considered as the actual 
continuation of ICA[1,2].

Different cerebral lobes affects the 
embryological development of MCA, the latter 
arises from the arteries located on the superolateral 
surface of the cerebral hemisphere that forming 
the insula before infolding. During 8–12 weeks’ 
gestation, these cortical vessels originate from 
end segment of ICA. When insula develops, the 
arteries pierce the developed lateral fissure and 
during this gestational duration, they form MCA 
that its development progresses to birth[3]. 

Knowing the variations of the anatomical 
structure and measurements of MCA is essentially 
important for several studies[1,4,5]. Moreover, due 
to high frequency of vascular abnormalities 
of MCA, neurosurgical intervention and 
endovascular manipulation of the MCA needs 
more information about the anatomy of its 
different segments specially its proximal one[6,7]. 
Additionally, increasing the incidence of the 
intracranial aneurysms particularly of MCA 
which is considered the commonest site of 
aneurysm following the anterior communicating 
artery enhances the interest of the researches 
on the anatomical variations of the MCA[8,9]. 
Moreover, management of stroke by removal of 
the thrombus interventionally requires sufficient 
knowledge about the anatomical variations of 
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MCA as it is one of the most common sites of 
thrombi formation[7].  

Dissection of the human brains gave a chance 
to study the different anatomical features of MCA 
and its proximal segment (M1)[1]. However, 
magnetic resonance imaging added more to 
the field of description and evaluation of the 
anatomical variations of the arteries located inside 
the cranial cavity. In particular, three dimensional 
magnetic resonance angiography (3D-MRA) 
which is a highly sensitive, non-invasive 
technique that gives an easy way for In vivo 
visualization of the intracranial arteries[10]. As a 
result of high reliability of magnetic resonance 
angiography (MRA) outcomes, it is used for 
diagnostic and therapeutic studies of cerebral 
arteries[6]. Little literature discussed the variations 
in the anatomical structure and measurements of 
the proximal segment of middle cerebral artery in 
normal individuals using 3D-MRA.

The present work was performed to assess 
the anatomical morphological and morphometric 
variations of the proximal segment of middle 
cerebral artery by retrospective analysis of 
the three dimensional magnetic resonance 
angiographs. Side, sex differences and correlation 
between the different measurements, frequencies 
of the morphological parameters as well as 
comparison with other populations for evaluation 
of the racial anatomical variations were done. The 
findings were aimed to help the neurosurgical 
scientists with some guidelines important in their 
approach to middle cerebral artery.

MATERIAL AND METHODS                                       

A. Patients:

This work was done retrospectively on 
Magnetic Resonance Angiography (MRA) 
images of the cerebral vessels of eighty cases                            
(22 females, 58 males) with the range of age 
between 21-55 years old. MRA images were 
obtained from Nile scan Center, Cairo, Egypt. 
These MRA images were used to examine the 
anatomical morphological and morphometric 
variations of the proximal segment of middle 
cerebral artery.

Inclusion criteria: Individuals with healthy 
angiographic examination admitted to hospital 

with headache and vertigo were included in the 
current work. Consents were obtained from the 
patients to use their MRA images.

Exclusion criteria: Patients with stroke, 
vascular malformations, and aneurysm in 
one or more of the intracranial vessels or any 
cerebrovascular disease were excluded from the 
present study. 

B. Three Dimensional Magnetic Resonance 
Angiography (3D-MRA) technique:

Magnetic resonance investigation was 
done by using three dimensional time of 
flight magnetic resonance angiography                                                               
(3D-TOF MRA). The technique of MRA included 
non-contrast 3D-TOF transaxial acquisition that 
was done for assessment of all persons with TR/
TE/FA (30–40/6–10ms/20–25). Rectangular 
field of view (FOV) 150 x 200 mm, matrix size                        
192 x 256 with slice thickness of 0.8–1 mm and 96 
partitions with the total imaged volume (effective 
slab thickness) 72mm. The post-processing 
algorithm, maximum intensity projection (MIP) 
was used to produce angiographic-like images at 
15 increments generating 12 MIP projections. 

The images of MRA were evaluated 
independently by two anatomical scientists and 
one double qualified radiologist and anatomist 
to localize the major morphological anatomical 
characteristics of the proximal segment of MCA. 

C. Morphological and morphometric 
anatomical parameters of the proximal 
segment (M1) of middle cerebral artery 
(MCA)[11]: 

• Definition of M1 of MCA (Fig. I): it is the 
part of the middle cerebral artery (MCA) that is 
located between the internal carotid artery (ICA) 
bifurcation and the MCA genu at the site of MCA 
bending sharply upwards and backwards.

• The following morphological and 
morphometric parameters of M1 of MCA 
were evaluated:

1. The length of M1 of MCA (Fig. II): was 
measured by moving the cursor inside the artery 
and continue on the different curves to obtain the 
most reliable length.
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2. The caliber (diameter) of M1 of MCA 
(Fig. III): was measured by placing the cursor on 
the outer aspects of the middle part of the artery 
and the external caliber was assessed.

3. The number of divisions (branches) of 
MCA: were classified as monopode, bipode, 
tripode or quadripode. 

4. The site of division (branching pattern): 
was evaluated as; before the genu, at genu or after 
the genu. 

5. The determination of number of early 
cortical branch (ECB): is known as narrow 
arteries that always originate mostly at right angle 
from the proximal segment moving to the cerebral 
cortex.

D. Statistical analysis[12]:

The obtained data were statistically analyzed 
using IBM SPSS version 21 (SPSS Inc., Chicago, 
IL) for the following:

1. Numerical data (M1 length and diameter), 
was expressed as mean ± SD. To study the side 
and sex differences of the variable measurements, 
paired t test was done and statistical difference 
was significant when p ≤ 0.05.

2. Correlation using Pearson’s correlation test 
between the mean length and diameter. Level 
of significance at p value < 0.05 and highly 
significant with p value < 0.01.

3. Chi square test was applied to know the 
frequencies of the morphological parameters 
(division pattern of M1, site of M1 division and 
number of the present early cortical branch).

Fig. I: Magnetic resonance angiograph illustrating the proximal segment (M1) of middle cerebral artery which is the part 
located between the internal carotid artery bifurcation (ICA-b) and the middle cerebral artery genu (MCA-g).
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Fig. II: Magnetic resonance angiograph showing the way of measuring the length (red line) of the proximal segment 
(M1) of middle cerebral artery. Note the internal carotid artery (ICA) and anterior cerebral artery (ACA).

Fig. III: Magnetic resonance angiograph revealing the way of measuring the diameter (red line) of the proximal segment 
(M1) of middle cerebral artery. Note the internal carotid artery (ICA) and anterior cerebral artery (ACA).

RESULTS                                                                 

The age of the individuals ranged from 21 to 55 
years with mean age (±SD) was 43 (±9.03) years. 

They were distributed as 22 (27.5%) females and 
58 (72.5%) males as shown in (Tables 1 and 2).

Table 1: Distribution of sex (n=80)

 Frequency Percent (%)
Female 22 27.5%
Male 58 72.5%
Total 80 100%

n: number
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1. Side differences of the descriptive 
measurements of the length and diameter of the 
proximal segment (M1) of middle cerebral artery 
(MCA) in all studied cases and their statistical 
results (Table 3):

The mean (mm) ± SD of the length of M1 of 
MCA on the right and left sides was 22.69 mm 
± 5.36 and 22.09mm ± 5.69, respectively. The 
range of length was between 12.88-34.90 mm 
and 11.78-37.13mm on the right and left sides, 
respectively.

The mean (mm) ±SD of diameter of M1 of 
MCA on the right and left sides was 3.60±0.074 
and 3.60 ± 0.065, respectively. The range of 
diameter of M1 was between 2.39 - 4.88 mm and                                                                                                        
2.48 - 4.95mm on the right and left sides, 
respectively. There was statistically non-
significant (p > 0.05) side difference regarding 
M1 length and diameter.

2. Sex differences of the descriptive 
measurements of the length and diameter of the 

proximal segment (M1) of middle cerebral artery 
(MCA) on both sides and their statistical results 
(Tables 4, 5):

In male, the mean (mm) ± SD of the length 
of M1 of MCA on the right and left sides was 
23.89±5.20 and 22.26±5.26, respectively. While 
in female, the mean (mm) ± SD of the length 
of M1 of MCA on the right and left sides was 
19.53±4.50 and 21.65±6.81, respectively. There 
was statistically significant increase 

(p = 0.001) regarding the M1 segment length 
on the right side but there was no sex difference of 
M1 length on the left side.

In male, the mean (mm) ±SD of diameter 
of M1 of MCA on the right and left sides was 
3.66±.68 and 3.53±.69, respectively. In female, 
the mean (mm) ±SD of diameter of M1 of MCA 
on the right and left sides was 3.43±.59and 
3.62±.78. There was statistically non-significant 
(p > 0.05) sex difference regarding M1 diameter 
on both sides.

SD: Standard deviation; n: number

Minimum Maximum Mean age (years) ± SD
Age 21.00 55.00 42.78±9.04

Table 2: Minimum, maximum, mean (years) ± SD of the age of the studied cases (n=80)

Table 3: Descriptive statistics of the length and diameter measurements of proximal segment of middle cerebral artery on 
the right and left sides in all studied cases (n= 80)

Measurements Minimum Maximum Mean (mm) ± SD p value

RT M1 length 12.88 34.90 22.69±5.36 .378 (NS)

LT M1 length 11.78 37.13 22.09±5.69
RT M1 diameter 2.39 4.88 3.60±.66 .908 (NS)
LT M1 diameter 2.48 4.95 3.60±.58

SD: Standard deviation; RT M1: proximal segment of middle cerebral artery on right side; LT M1: proximal segment of 
middle cerebral artery on left side; n: number; NS: non-significant (p > 0.05)

Table 4: Descriptive statistics of the length measurements of proximal segment of middle cerebral artery on the right and 
left sides in both sexes (m= 58, f=22)

Measurements Mean (mm) ± SD p value
RT M1 length in male 23.89±5.20 0.001** 

RT M1 length in female 19.53±4.50
LT M1 length in male 22.26±5.26 .67 (NS)

LT M1 length in female 21.65±6.81
SD: Standard deviation; RT M1: proximal segment of middle cerebral artery on right side; LT M1: proximal segment 
of middle cerebral artery on left side; m: number in male; f: number in female; **: highly significant p≤ 0.001; NS: non-
significant (p > 0.05)
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Table 5: Descriptive statistics of the diameter measurements of proximal segment of middle cerebral artery on the right 
and left sides in both sexes (m= 58, f=22)

Measurements Mean (mm) ± SD p value
RT M1 diameter in male 3.66±.68 0.15 (NS)

RT M1 diameter in female 3.43±.59
LT M1 diameter in male 3.53±.69 .65 (NS)

LT M1 diameter in female 3.62±.78
SD: Standard deviation; RT M1: proximal segment of middle cerebral artery on right side; LT M1: proximal segment of 
middle cerebral artery on left side; m: number in male; f: number in female; NS: non-significant (p > 0.05)

3. Correlations between the mean length 
and diameter of M1 segment of MCA on 
both sides; right and left in all studied cases 
(Table 6):

There was statistically significant positive 
correlation (r= .410, p= .000) between mean 
length of M1 segment on both right and left sides. 

There was statistically significant positive 
correlation (r= .348, p= .002) between mean 
length of M1 segment on the right side and mean 
diameter of M1 segment on the right side. 

There was statistically significant positive 
correlation (r= .266, p= .017) between mean 

length of M1 segment on the right side and mean 
diameter of M1 segment on the left side. 

There was statistically significant positive 
correlation (r= .377, p= .002) between mean 
length of M1 segment on the left side and mean 
diameter of M1 segment on the right side. 

There was statistically significant positive 
correlation (r= .256, p= .022) between mean 
length of M1 segment on the left side and mean 
diameter of M1 segment on the left side. 

There was statistically significant positive 
correlation (r= .605, p= .000) between mean 
diameters of M1 segment on the right and left 
sides.

Table 6: Correlations between the mean length and diameter of M1 segment of middle cerebral artery (MCA) on both 
sides in all studied cases (n=80) 

RT M1 
length

LT M1 
length

RT M1 
diameter

LT M1 
diameter

RT M1 length Pearson Correlation 1 .410** .348** .266*

Sig. (2-tailed) .000 .002 .017
LT M1 length Pearson Correlation .410** 1 .337** .256*

Sig. (2-tailed) .000 .002 .022
RT M1 diameter Pearson Correlation .348** .337** 1 .605**

Sig. (2-tailed) .002 .002 .000
LT M1 diameter Pearson Correlation .266* .256* .605** 1

Sig. (2-tailed) .017 .022 .000
RT M1: proximal segment of MCA on right side; LT M1: proximal segment of MCA on left side; n: number
**. Correlation is highly significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed).

4. Number of divisions (branches) of 
proximal segment of MCA in all studied 
cases on both sides (Table 7 and Pie                          
chart 1):

On the right side, the branches of M1 segment 
of MCA was bipode (Figs. 1, 6, 7) in 53 (66.3%), 

monopode (Figs. 2, 3) in 19 (23.8%), tripode                    
(Fig. 4) in 5 (6.3%) and quadripode (Fig. 5) in 3 
(3.8%) of cases. While on the left side, the divisions 
of M1 segment of MCA was bipode (Figs. 1,3,7) 
in 60 (75%), tripode (Figs. 4, 5) in 15 (18.8%), 
monopode (Fig. 2) in 4 (5%) and quadripode                                                                           
(Fig. 6) in 1 (1.3%) of studied cases.
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Table 7: Frequency and percent of divisions of M1 segment of MCA in all studied cases on both sides (n=80)

Number of division of 
M1 segment

Right side Left side
Frequency (%) Cumulative Frequency (%) Cumulative 

Percent
Bipode 53 (66.3%) 66.3 60 (75%) 75.0

Monopode 19 (23.8%) 90.0 15 (18.8%) 93.8
Tripode 5 (6.3%) 96.3 4 (5%) 98.8

Quadripode 3 (3.8%) 100.0 1 (1.3%) 100.0
Total 80 (100%) 80 (100%)

M1: proximal segment of middle cerebral artery; MCA: middle cerebral artery; n: number

Pie chart (1):  Showing the frequency percent of divisions of the proximal segment of middle cerebral artery in all studied 
cases on the right (A) and left (B) sides.

Fig. 1: Magnetic resonance angiograph displaying bilateral bipode (arrows) division of the proximal segment (M1) of 
middle cerebral artery, distal to genu (g) on both sides. Note early cortical artery (ECA) on the right side.
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Fig. 2: Magnetic resonance angiograph revealing bilateral monopode (arrows) division of the proximal segment (M1) of 
middle cerebral artery, distal to genu (g) on both sides. Note early cortical artery (ECA) on the left side.

Fig. 3: Magnetic resonance angiograph demonstrating right-sided monopode (arrow) and left-sided bipode (arrows), at 
the genu (g) of proximal segment (M1) of middle cerebral artery. Note early cortical artery (ECA) on the right side.
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Fig. 4: Magnetic resonance angiography image showing bilateral tripode (arrows) division of the proximal segment (M1) 
of middle cerebral artery, distal to genu (g).

Fig. 5: Magnetic resonance angiography image revealing right-sided quadripode (arrows) division of the proximal 
segment (M1) of middle cerebral artery, distal to genu (g) and left-sided tripode (arrows) division at the genu (g). Note 
early cortical artery (ECA) on the right side.
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Fig. 6: Magnetic resonance angiography image showing left-sided quadripode (arrows) division of the proximal segment 
(M1) of middle cerebral artery, distal to genu (g). Right-sided bipode (arrows) division of the proximal segment (M1) of 
middle cerebral artery is also seen, at genu (g). Note early cortical artery (ECA) on the left side.

Fig. 7: Magnetic resonance angiography image demonstrating right-sided bipode (arrows) division of the proximal 
segment (M1) of middle cerebral artery, at genu (g) and left-sided bipode division proximal to genu (g). Note early 
cortical artery (ECA) on the right side.
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5. Site of division of M1 segment in relation 
to the genu (Table 8 and bar chart 1):

The division of M1 segment was observed 
distal to the genu in 34 (42.5%) of cases on both 
the right (Figs. 1, 2, 5) and left (Figs. 1, 2, 4, 6) 
sides. While the division occurred at the level of 
genu on the right side (Fig. 6, 7) in 22 (27.5%) and 

on the left side (Figs. 3, 5) in 29 (36.3%) Division 
proximal to the genu was recorded in 5 (6.3%) 
and 13 (16.3%) of cases on the right and left 
(Fig. 7) sides, respectively. There was no division 
(monopode) of M1 segment in 19 (23.8%) and 
4 (5%) of cases on the right (Figs. 2, 3) and left 
sides (Fig. 3), respectively.

 Table 8: Frequency and percent of site of division in relation to genu of M1 segment of MCA on both sides

Level of division Right side Left side
Frequency (%) Cumulative Percent Frequency (%) Cumulative Percent

Distal to genu 34 (42.5%) 70.0% 34 (42.5%) 78.8%
At genu 22 (27.5%) 27.5% 29 (36.3%) 36.3%
No division 19 (23.8%) 93.8% 4 (5%) 83.8%
Proximal to genu 5 (6.3%) 100.0% 13 (16.3%) 100%
Total 80 (100%) 80 (100%)

M1: proximal segment of middle cerebral artery; MCA: Middle cerebral artery

Bar chart (1): Showing the frequency percent of division of proximal segment of middle cerebral artery in relation to 
genu, on both sides. 

6. Course of M1 segment (Tables 9, 10 
and pie chart 2):

At a transverse plane, M1 segment was seen 
most frequently concave posteriorly in 42(52.5%) 
and 44 (55%) of cases on the right and left sides, 
respectively. The course of M1 segment was 
observed straight in 27 (33.8%) and 28(35%) 
of cases on the right and left sides respectively. 

While the concave anteriorly course of M1 was 
the least noticed in 11(13.8%) and 8(10%) on the 
right and left sides, respectively.

The course of M1 segment of MCA was 
bilaterally concave anteriorly in 4 of the studied 
cases and bilaterally concave posteriorly in 35 of 
the studied cases. In addition, bilateral straight 
course was found in 15 of the studied cases. 



380

VARIATIONS OF MIDDLE CEREBRAL ARTERY USING THREE DIMENSIONAL MAGNETIC RESONANCE ANGIOGRAPHY 

Table 9: Frequency and percent of the course of M1 segment of middle cerebral artery on the right and left side of all 
studied cases (n=80)

Course of M1 
segment

Right side Left side
Frequency 
(%)

Cumulative 
Percent

Frequency 
(%)

Cumulative 
Percent

Concave 
posteriorly

42 (52.5) 66.3 44 (55) 65

Straight 27 (33.8) 100.0 28 (35) 100
Concave 

anteriorly
11 (13.8) 13.8 8 (10) 10

Total 80 (100) 80 (100)
M1: proximal segment of middle cerebral artery; n: number

The course of M1 segment on left side Total
Concave 

anteriorly
Concave 

posteriorly
Straight

The course 
of M1 segment 

on right side

Concave 
anteriorly

4 3 4 11

Concave 
posteriorly

1 35 6        42

Straight 3 6 18        27
Total 8 44 28 80

M1: proximal segment of middle cerebral artery; MCA: middle cerebral artery; n: number

Table 10: Cross tabulation of the course of M1 segment of MCA on both sides (n=80)

Pie chart (2): Showing the frequency percent of the course of the proximal segment of middle cerebral artery in all 
studied cases on the right (A) and left (B) sides.

7. Number of early cortical artery (ECA) 
(Table 11 and bar chart 3):

Early cortical artery was absent in 35% and 
found in 65% of all studied cases (Figs. 1-3, 
5-7); one ECA was observed in 36 (45%) and 
38 (47.5 %) of cases on the right and left sides, 

respectively. Two ECA was encountered in 
14(17.5%) and 8(10%) of cases on the right and 
left sides, respectively. Three ECA was found in 
2 (2.5%) and 4 (5%) of cases on the right and left 
sides, respectively.
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Number of ECA Right side Left side
Frequency (%) Cumulative Percent Frequency (%) Cumulative Percent

No ECA 28 (35) 35.0 30 (37.5) 37.5
One ECA 36 (45) 80.0 38 (47.5) 85.0
Two ECA 14 (17.5) 97.5 8 (10) 95.0
Three ECA 2 (2.5) 100.0 4 (5) 100.0
Total 80 (100) 80 (100)

Table 11: Frequency of the number of early cortical artery on both sides

Bar chart (3): Showing frequency percent of the number of early cortical artery (ECA) on the right and left sides.

DISCUSSION                                                              

There are several morphological variations 
in the anatomy of middle cerebral artery (MCA), 
so researches were carried out to evaluate such 
differences. In the present work, we used 3D 
magnetic resonance angiography images to study 
the major anatomical variations of the proximal 
segment of middle cerebral artery.

The proximal part of the middle cerebral 
artery is commonly called the M1 segment that 
is defined by Gibo et al.[13]. This segment has 
also other names like the horizontal as mentioned 
earlier by Herman et al.[14] or sphenoidal segment 
as stated by Gibo et al.[13]. The later author 
has described the M1 segment in relation to 
the surrounding cerebral structures, from its 
beginning to its termination. Accordingly, the 
course of M1 segment has been illustrated on 

angiographic base as it begins laterally near to 
the optic chiasm, at the level of the medial end of 
the lateral fissure and passes towards the insula 
laterally with its location behind the anterior 
perforated substance[15].

In the present study, the mean length of M1 
segment of MCA was 22.69 mm ± 5.36 and 22.09 
mm ± 5.69, on the right and left sides, respectively. 
These measurements nearly similar to those found 
by Vuillier et al.[11] who reported that the mean 
length of M1 of MCA was 23.0 mm on both sides. 
In the present work, the mean length of M1 of 
MCA on the right and left sides was 23.89 and 
22.26, respectively. While in female, the mean 
length of M1 of MCA on the right and left sides 
was 19.53 and 21.65, respectively. There was 
statistically significant increase regarding the M1 
segment length on the right side. Earlier, Grellier 
et al.[16] ranged the length of the proximal segment 
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of MCA into short length (3-12 mm), medium                                                                                        
(13-22 mm) or long (23-40 mm). Moreover, Zurada                                                                                            
et al.[17] added that the shorter length of M1 
of MCA would have an important role in the 
production of the vascular aneurysms

In the present work, the mean (mm) ±SD of 
diameter of M1 segment of MCA on the right 
and left sides was 3.60 ± 0.66 and 3.60 ± 0.58, 
respectively. This meets the finding that observed 
by Pai et al.[2] and Vuillier et al.[11], but differs 
from the result of Tarasów et al.[18] who found 
that MCA diameter was 2.23±0.41 mm. Tanriover                               
et al.[1] reported that the diameter of M1 segment 
differs according to the location of measurement; 
at its beginning, the diameter was 5mm, with an 
average of 4mm. Additionally, Vuillier et al.[11]

found that the diameter of M1 segment decreased 
at its middle (3mm) and this confirmed the mild 
decrease in M1 diameter towards its termination. 
These findings of the intraluminal diameter of M1 
segment have been technically applied for grading 
the severity of its narrowing using conventional 
arteriography, angio CT scan, magnetic resonance 
angiography (MRA), or when doing percutaneous 
angioplasty or putting in place an intraluminal 
stent[19]. Moreover, Zurada et al.[17] added that 
variations in the width may refer to specific 
diseases

In the current work, there was statistically 
non-significant difference regarding the length 
and diameter of M1 of MCA on both right and 
left sides of all studied cases. Similar result was 
observed by Tarasów et al.[18] who stated that 
no variations were noticed between the lengths 
of the different segments of MCA on both 
sides of cerebrum. Also, the authors reported 
longer segments of MCA with increase age, but 
statistically non-significant. 

In the present research, there was a positive 
correlation between the mean length and diameter 
of MCA on both sides. However, no corresponding 
finding was described by previous studies.

In the present study, the division of M1 segment 
was frequently bipode on the right and left sides by 
66.3% and 75%, respectively. However, the least 
division was quadripode on the right and left sides 
by 3.8% and 1.3% of cases, respectively. Earlier in 
Nigerian cases, Idowu et al.[20] demonstrated M1 
segment termination in a bipode manner (81%), 
tripode (13 %) and monopode (6 %). In Croatian 

cases, Kulenovic et al.[21] demonstrated bipode and 
tripode termination of MCA in 70% of and 30% 
of cases, respectively. In American individuals, 
Tanriover et al.[1] described termination of M1 
segment of MCA as bipode in 88% and tripode 
in 12% of studied cases. et al.[2] found a bipode 
bifuraction of M1 segment in 80% and tripode 
termination of M1 in 20% of cases. Later on, 
Vuillier et al.[11] reported bipode division of M1 
segment in 73%, tripode in 9% and monopode in 
18% of French cases. In Kenyan persons, modes 
of M1 termination were bifurcation (82.3%), 
trifurcation (10.8%), primary trunks (6.2%), and 
quadrifurcation (0.7%)[22]. More recent, the study 
on middle cerebral artery revealed bifurcation 
pattern of division in 73% and trifurcation in 27% 
of the studied Indian cases[23]. Variable percentage 
of termination of M1 segment could be attributed 
to variations in the methods of examination and 
different geographical races. 

Quadripode termination of M1 segments 
were only described in the present study and in 
Kenyan cases as reported by Ogeng’o et al.[22] 
and this could be attributed to the similar African 
races. However, Hosoda et al.[24] and Iwamoto                             
et al.[25] pointed out that bifurcated or trifurcated 
M1 segment has a higher incidence of aneurysm 
formation which was claimed by Ingebrigtsen 
et al.[26] that blood turbulence stress is present 
at the site of division of the artery. Futrell                                
et al.[27] reported tripode manner termination of 
M1 segment and found this is a common site of 
blood emboli and explained this by the sudden 
narrowing of the originating arteries. Description 
of different pattern of termination of M1 segment 
of MCA has a great value in surgical repair of 
aneurysm and diagnosis of cerebral stroke.  

The division of M1 segment was observed 
most frequently distal to the genu in 42.5% of the 
cases of the present study on both the right and 
left sides. While the division occurred at the level 
of genu in 27.5% and 36.3% on the right and left 
sides, respectively. Vuillier et al.[11] reported vast 
majority of division of M1 segment at genu by 
75% of studied cases. Division proximal to the 
genu was recorded in 6.3% and 16.3% of cases 
on the right and left sides, respectively. Teal                                                                                                 
et al.[28] and Anderhuber et al.[29] declared that 
early division (proximal to genu) of M1 segment 
of MCA occurred in 5.2% of cases and indicated 
that in those cases a higher possibility of aneurysm 
formation is expected. More recent, Brzegowy                                                                                  



383

Sayed et al.

et al.[30] demonstrated division of MCA proximal 
to genu in 78.4%, at genu in 19.2% and distal to 
genu in 2.4% of the studied images.

In the present work, at a transverse plane, 
M1 segment was seen most frequently concave 
posteriorly in 52.5% and 55% of Egyptian cases 
on the right and left sides, respectively. The 
course of M1 segment was observed straight in 
33.8% and 35% of cases on the right and left sides 
respectively. While the concave anterior course 
of M1 was the least noticed in 13.8% and 10% 
on the right and left sides, respectively. However, 
Vuillier et al.[11] demonstrated straight course of 
M1 segment in the majority of studied cases and 
the concave anterior course of M1 segment in the 
least number of studied cases.

In the present study, early cortical artery 
was found in 65%; one ECA was observed most 
frequently in 45 % and 47.5 % of Egyptian cases 
on the right and left sides, respectively. Three 
ECA was found least frequent in 2.5 % and 5 % 
of cases on the right and left sides, respectively. 
Early cortical branches were found in 46% of a 
French population by Vuillier et al.[11] and 47% 
of an African population by Ogeng’o et al.[22]. 
Presence of more number of early cortical was 
associated with increased incidence of aneurysm 
formation[31].

Using 3D magnetic resonance angiography 
in the present work gives more knowledge about 
the anatomical morphological and morphometric 
variations of the proximal segment of middle 
cerebral artery. These results are useful for the 
clinicians and neurosurgeons and gave them some 
guidelines important in their approach to middle 
cerebral artery specially its proximal segment. 
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الاختلافات التشريحية للجزء القريب من الشريان الدماغي الأوسط 
وأهميتها الأكلينيكية: دراسة ثلاثية الأبعاد لصورالرنين المغناطيسي 

للأوعية في المصريين

 ملخص البحث
الخلفية: يحتاج التدخل الجراحي العصبي والتعامل مع الأوعية الدموية للشريان الدماغي الأوسط الي معرفة المزيد من المعلومات عن التركيب 

التشريحي لأجزاءه المختلفة خاصة الجزء القريب.

الهدف من البحث: تقييم التغيرات الشكلية والشكلية القياسية المختلفة للجزء القريب للشريان الدماغي الأوسط في المصريين. بالاضافة ٳلى 
تقييم الأهمية الاكلينيكية لمثل هذه التغيرات.

المرضي وطرق البحث: تم ٳجراء هذا البحث بأثر رجعي علي صور ثلاثية الأبعاد للرنين المغناطيسي للأوعية الدموية لعدد 80 من الأشخاص 
المخي  للشريان  القريب  للجزء  قياسات الأطوال والأقطار  الشكلية وكذلك  تقييم الاختلافات  تم  المخية.  بالأوعية  الأصحاء دون أي أمراض 

الوسط. كما تم تقييم اختلافات القياسات علي الجانبين الأيمن والأيسر وكذلك بين الجنسين.

النتائج: لقد وجد فرق مهم احصائيا بين الجنسين فيما يتعلق بطول الجزء القريب من الشريان المخي الأوسط علي الجانب الأيمن. بالاضافة 
الي وجود ارتباط ايجابي علي الجانبين الأيمن والأيسر بين القياسات المختلفة للجزء القريب. وكانت فروع الجزء القريب للشريان الدماغي 
الأوسط معظمهم ثنائي التفرع والأقل رباعي التفرع علي كلا الجانبين. وقد لوحظ تقسيم الجزء القريب للشريان الدماغي الأوسط بنسبة كبيرة 
بعيدا عن اتجاهه لأعلي وللخلف 52.5% و 52% علي الجانبين الأيمن والأيسربالتتابع. والاقل نسبه تقسيم الجزء القريب قبل اتجاهه الي الخلف 

ولاعلي بنسبع 13.8% و10% علي الجانبين الأيمن والأيسر بالتتابع.

لقد وجد الشريان الدماغي المبكر في 65% من الحالات.

بالرنين  الأبعاد  الثلاثي  التصوير  بواسطة  تقييمها  تم  كما  الأوسط  الدماغي  للشريان  القريب  للجزء  التشريحية  الاختلافات  نتائج  الاستنتاج: 
المغناطيسي للأوعية مفيدة جدا لتدخلات جراجة المخ والاعصاب.


