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ABSTRACT 
 
In this study we investigated the distribution of brain plaques in patients with clinically definite Multiple Sclerosis 
diagnosis in Kerman city. So 126 patients with clinically definite Multiple Sclerosis diagnosis in Kerman city were 
enrolled in the study. The patients were those registered at the Iran Multiple Sclerosis Society, Kerman branch and 
the diagnosis was based on McDonald revised Criteria. All the patients subjected to T2W and FLAIR Brain MRI. 
The most common anatomic location of MS plaques was centrum semiovale and juxtacortical and subcortical white 
matter except the periventricular area (53.96%) and the rarest location was cerebellum (1.89%).No relationship 
was observed between the anatomical distribution of Multiple Sclerosis plaques and age and duration of disease but 
there was a relationship between sex and distribution of MS plaques in Brain MRI except the cerebellum and the 
pons. (p<0.05) 
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INTRODUCTION 

 
Multiple Sclerosis is a demyelinating disease of CNS. The disease usually begins between the ages of 15 and 50 and 
the most common age for developing MS is 30 years. 
 
 The ratio of the disease between female and male is considered as F: M ratio of 2-3:1 and there is also seen a 
special geographical distribution in this disease; in other words MS is more common in areas further away from the 
equator (1).  
 
Epidemiologically, the occurrence of MS in Kerman province is reached to about 31.5% per 100000 people and 
57.3% per 100000 people of Kerman City (2). Multiple sclerosis is inherited as a complex multifactorial disorder 
that results from the interaction of genetic and environmental factors. The risk of the disease between siblings is 
estimated as 3%-5%, increasing to 29.5% when one or two of parents have MS. (3).  
 
In a study (4) on 44 meta-analysis including 416 researches on the effective environmental factors in MS, it is 
specified that the environmental factors including vaccination, disabling diseases, trauma and infections can be very 
effective in the formation of MS specially In people with genetic susceptibility to MS. Since it seems that the 
genetic and environmental factors are very effective in the occurrence of MS (3) and they may also have effects on 
the plaques distribution; so, Evaluation of plaque distribution pattern in each geographic region is valuable.  
 
Diversity of MS clinical presentations are because of diversity in anatomical distribution and number of MS plaques 
over time and space. Generally, 4 clinical courses are described for MS (5-6): 
1. relapsing–remitting 
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o most common (70% of cases) 
o patients exhibit periodic symptoms with complete recovery (early on) 
2. secondary progressive 
o approximately 85% of patients with relapsing-remitting MS eventually enter a secondarily progressive phase 
3. primary progressive 
o uncommon (10% of cases) 
o patients do not have remissions, with neurological deterioration being relentless 
4. progressive with relapses 
 
As it mentioned, different forms of MS have overlaps with each other and it may be even changing to another form 
in a patient over the time. The symptoms may be sensory, motor or both of them resulting from involvement of 
different parts of CNS by MS plaques. Ovoid Shape MS Plaques are mostly seen in Periventricular areas (7). 
Radiologic diagnosis of MS is based on McDonald's revised criteria (8). The standard method for screening the 
brain plaques is MRI. The radiologic features of MS plaques in MRI are as following (9-10-11-12):  
 
• T1 
o lesions are typically iso- to hypointense (T1 black holes) 
o callososeptal interface may have multiple small hypointense lesions (Venus necklace) or the corpus callosum 
may merely appear thinned hyperintense lesions are associated with brain atrophy and advancing disease 
• T2: lesions are typically hyperintense 
• FLAIR 
o lesions are typically hyperintense 
o very early sign is called "ependymal dot-dash sign": alternating small foci of hyperintensity along the 
callososeptal interface 
o when these propagate centrifugally along the medullary venules and arranged perpendicular to lateral ventricles 
in triangular configuration (extending radially outward -best seen on parasagittal images), they are termed Dawson 
fingers 
o FLAIR is more sensitive than T2 in detection of juxtacortical and periventricular plaques while T2 is more 
sensitive in infratentorial lesions 
• T1 C+ (Gd) 
o active lesions show enhancement 
o enhancement is often incomplete around the periphery (open ring sign) 
• DWI/ADC: active plaques may demonstrate restricted diffusion 
• MR spectroscopy 
o NAA peaks may be reduced within plaques, which is the most common and remarkable finding 
o Cho and lactate are found to be increased in the acute pathologic phase 
 
Since there has not been carried out any investigation on the distribution of MS plaques in Kerman Province and 
unfortunately, a large population suffer from this disease in this province (2) we aimed at evaluating the main 
pattern of anatomical distribution of MS plaques in the brain in this district because each plaque makes a clinical 
symptom in the brain (13-14). If significant differences exist between the anatomical distributions of plaques in 
different geographic areas with different genetic and environmental characteristics, such surveys would be a 
valuable assistance for the neurologists in each region for establishing long-term treatment plan of the patient.  
 
A review of articles: 
Today the application of MRI images in MS is one of the most common approaches. In the revised Criteria of 
McDonald as the latest diagnostic Criteria for MS disease, it is stated that MRI is the technique of choice for 
evaluation of dissemination of MS lesions in time and space, in other words, by this method the activity of MS can 
be evaluated. (15) Because, even when these lesions cause no clinical symptoms, MRI is able to identify them. The 
MS plaques are usually appeared as asymmetrical periventricular hyper intense lesions in MRI. Brain plaques, even 
a large number, are usually asymptomatic. Periventricular lesions are also seen in other diseases and elderly but 
these lesions are hypo intense. The most diagnostic feature in MS lesions are ovoid or linear demyelinated areas, 
vertical to the ventricles, along with periventricular white matter radial fibers. (16). Some MS cases have been 
reported with demyelinating processes mimicking a tumor of the central nervous system (17). 
 
First, Mr. Jung in 1981 spoke of the effectiveness of MRI in diagnosis of MS and suggested that the application of 
this method can be very useful in all therapeutically studies (18). Since then and particularly in the recent years most 
therapeutically trails of MS have been evaluated by MRI.  
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2. In a study on the role of MRI in the diagnosis and follow-up of MS, It was found that because of its unique 
sensitivity in the diagnosis of central nervous system demyelinating plaques, MRI is the method of choice in 
radiologic diagnosis and follow up of MS. (19) 
 3. In another  study over 145 patients with MS, it is concluded that Hyper intense MS plaques on T1-weighted MR 
images are common and associated with brain atrophy, disability, and advancing disease so that the Hyper-intense 
lesions may be considered as a clinical bio-marker in this regard (20).  
4. Other study (21) on the gray matter of brain of MS patients, it was specified that the brain gray matter lesions are 
mostly seen in: Hippocampus and Parahyppocampus (9.1%), insula (8.9%), cingulated cortex (8.3%), superior 
frontal gyrus (8.1%), and cerebellum (6.5%). 
 5. In a descriptive cross-sectional study (22), it was concluded that it is not possible to predict the severity of 
symptoms of MS just according to the MRI results, but study of both factors simultaneously is necessary in proper 
evaluation and diagnosis of the disease. 
 6. In a study (23), it is seen that the MS plaques could be seen in juxtacortical, infratentorial, periventricular, deep 
white matter, mixed white-gray matter areas.  
 

MATERIALS AND METHODS 
 

This is a cross-sectional study. The studied population were MS patients referred to Besaat clinic in Kerman city. 
T2W and FLAIR MRI images were obtained from all the patients. 
 
Patients with definite diagnosis of MS by neurologist were entered into the study. From these patients, who could 
not underwent MRI (patients with Cardiac Pace Maker, intracranial aneurysm clips and ...), were excluded from the 
study. 
Sex, age and duration of disease (since the time of definite diagnosis by neurologist) were collected from all the 
patients in the study. All the Brain MRIs have been performed by Siemens Avanto B15, 1.5T in Besaat Clinic. 
 
SPSS20 Software was applied for analyzing the data of the study. The distribution and relative distribution and 
mean central index are also applied as the descriptive statistics and K analytical test or Fischer test and T-
independent test are also applied for the analytical statistics.  

 
RESULTS 

 

 
 

*: centrum semiovale and juxtacortical and subcortical white matter except the periventricular area 
 

Figure 1: anatomical distribution of MS plaques in Brain MRI 
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*: centrum semiovale and juxtacortical and subcortical white matter except the periventricular area 

 
Figure 2: anatomical distribution of brain plaques based on Sex 

 
Table 1: p-value of anatomical distribution of brain plaques based on Sex 

 
P-Value Sex Region of Brain 

.11 F 
Pons 

Brain Stem 
.27 M 
.000 F 

Midbrain 
.003 M 
.637 F 

Cerebellum 
.583 M 
.000 F 

Corpus Callosum 
.000 M 
.000 F 

Periventricular 
.000 M 
.000 F 

Other Parts* 
.000 M 

*: centrum semiovale and juxtacortical and subcortical white matter except the periventricular area 
 
 

Other parts*

58%

Cerebellum

7%

Corp. cal.

14%

Perivent.

10%

Brain Stem

11%

FEMALE

Other pars*

30%

Cerebellum

4%

Corp.Cal.

24%

Perivent.

18%

Brainstem

24%

MALE
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*: centrum semiovale and juxtacortical and subcortical white matter except the periventricular area 
 

Figure 3: anatomical distribution of brain plaques based on age 
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*: centrum semiovale and juxtacortical and subcortical white matter except the periventricular area 

 
Figure 4: anatomical distribution of brain plaques based on duration of disease since diagnosis by neurologist 

 
DISCUSSION AND CONCLUSION 

 
During 3 months, 126 patients were entered into the study that 90 ones were females (71%) and 36 ones were males 
(29%). The mean age of the patients was 35.88±10.02 years old and the average of duration of disease in the patients 
was 5.66 ± 6.43 years. 
 
During the T2W-MRI study of the patients’ brain, 683 plaques were identified.  The average number of the 
identified plaques in a single patient was 5.42±1.76. FLAIR imaging revealed 804 plaques in the study of patient’ 
brain, the average number of the identified plaques in a single patient was 6.38±1.80. According to the previous 
studies (2), it seems that the in patients with MS, FLAIR has the ability to identify more plaques.For this reason, we 
will refer to the data of FLAIR as the reference in this study. The distribution of plaques in the Brain MRI of MS 
patients is : 15.59% in corpus callosum, 12.82% in brainstem, 11.44% in periventricular, 6.16% in cerebellum and 
53.96%  in other parts of white matter except the periventricular areas (centrum semiovale + juxta-
cortical+subcortical) (Figure 1). In a study (24) carried out on 30 patients with MS, the most common area is 
periventricular (56%) and the distribution  of the plaques in other parts of the brain is: Corpus callosum 6.7%, 
cerebrum 1.7% and other parts of white matter except the periventricular areas(centrum semiovale + subcortical + 
juxta-cortical) 32%; in another study (25) carried out on 84 patients with MS, the distribution of plaques in the 
different parts of the brain is as following: The white matter of the brain except the periventricular areas: 47%, 
periventricular 9.86%, corpus callosum 13.43%, cerebrum 5.31% The results of our study are similar to the results 
of the last study . 
 
This study has been carried out in Shiraz City (next to Kerman province) and similarity of climatic conditions in 
both cities may has caused similar statistical results. But the results of the first study on Tabriz patients in northwest 
of Iran is completely different from ours because of two cities' complete climatic differences. Another reason is that 
in the first study, only 30 patients are evaluated and the little number of the samples may be subjected to the 
reduction of the statistical results accuracy.  
 
In our study, in female Brain MRI, the anatomical distribution of plaques is as following:  
Corpus callosum 14.22%, periventricular 10.08%, cerebellum 6.52%, brainstem 10.81% and other areas of the white 
matter except the periventricular area(centrum semiovale and subcortical and juxtacortical) 58.36%. 
 In the brain MRI of males, the anatomical distribution of the plaques is as following: Corpus callosum 23.35%, 
periventricular 18.19%, cerebellum 4.15%, brainstem 24.21% and other areas of the white matter except 
periventricular areas (centrum semiovale and  subcortical and juxtacortical) 29.22%. 
 
 In both genders, the most common location of MS plaques in the Brain is the white matter except periventricular 
area and the rarest area is cerebellum. In our study, there was seen a significant relationship (p-value < 0.05) 
between the sex and anatomical distribution of MS plaques in the Brain. But, the cerebellum and the pons are 
exceptions and there is not seen any relationship between the plaque distribution and the sex in the cerebellum and 
the pons (Figure 3 and table 1). In a study (25) carried out over 84 patients with MS, 60 females and 24 males have 
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been evaluated regarding to the distribution of CNS plaques that the obtained results of the study showed that the 
relationship between the sex and the distribution of MS plaques in Brain MRI Images is significant. Also, it should 
be noted that the obtained results of our study showed that the percent of the plaques’ occurrence in the Brainstem in 
males is two times higher than females. Also, in this study, the age is considered 50 years old to investigate the 
anatomical distribution of plaques. Among 126 patients entered into the study, 8 people are older than 50 years old 
and 118 ones are 50 years old or younger than 50 years. Due to the results of the statistical analysis, there is not 
observed a significant relationship between the age and anatomical distribution of MS plaques (Figure 3). In 2013 a 
study led by Bove et al (26) and published in BMC Neurology Magazine, There was no interaction between age and 
sex suggestive of an effect of reproductive aging on clinical or radiologic progression. It should be mentioned that in 
the related study the cerebral atrophy is evaluated as the radiological variance and the plaques distribution of MS in 
Brain MRI has not been evaluated between both groups .Also in this study, it is said that more studies is required in 
this field. In this study, duration of disease since the definite diagnosis of MS by neurologist is considered 10 years 
that among these 126 patients with MS, 16 people had duration of disease of higher than 10 years and 110 ones had 
10 or less years of duration of MS. Due to the statistical analysis on the obtained data, there is not observed any 
significant relationship between the anatomical distribution of MS plaques and the duration of disease (Figure 4) but 
as in this study, no contrast is applied, active plaques are not evaluated and maybe there is a difference between the 
distribution of active MS plaques in patients with different duration of disease .so, this can be a subject for a new 
study. Also, in a cross sectional study (27), different patterns of phase change were identified in patients with 
different duration of disease. Hence, there are some differences regarding to the behavioral features of MS plaques 
in patients with different duration of disease but based on the results of our study, there is not observed any 
difference between the anatomical distributions of MS plaques in Brain MRI in patients with different duration of 
disease.  
        

REFERENCES 
 

[1] Ebers GC. Environmental factors and multiplesclerosis. Lancet Neural. 2008; 7:268-77. 
[2] Ebrahimi HA, Sedighi B. Prevalence of multiple sclerosis and environmental factors in Kerman province, Iran. 
Neurology Asia.2013:18(4):385-389 
[3] Stüve O, Oksenberg J. Multiple sclerosis overview. Gene Reviews Seattle (WA): University of Washington, 
Seattle; 1993-2006 Jan 10. 
[4] Belbasis L, Bellou V, Evangelou E, Ioannidis JP, TzoulakiI.Lancet Neurol. 2015 Mar; 14(3):263-73 
[5] Kornienko VN, Pronin IN. Diagnostic Neuroradiology. Springer Verlag. (2008) ISBN: 3540756523 
[6] Brust JC. Current diagnosis & treatment in neurology. McGraw-Hill Medical. (2006) ISBN: 0071423664. 
[7] 7.Brownell B, Hughes T. The distribution of plaques in the cerebrum in multiple sclerosis. J Neural Neurosurg 
Pscychiat.1962; 25:315. 
[8] Polman C. H., Reingold S. C., Banwell B., Clanet M., Cohen J. A., Filippi M., et al. . (2011). Diagnostic criteria 
for multiple sclerosis: 2010 revisions to the McDonald criteria. Ann. Neurol.69, 292–302. 
[9] Stosic M, Ambrus J, Garg N et-al. MRI characteristics of patients with antiphospholipid syndrome and multiple 
sclerosis. J. Neurol. 2010; 257 (1): 63-71. 
[10] Wattjes MP, Lutterbey GG, Gieseke J et-al. Double inversion recovery brain imaging at 3T: diagnostic value in 
the detection of multiple sclerosis lesions. AJNR Am J Neuroradiol. 2007; 28 (1): 54-9. 
[11] Garaci FG, Marziali S, Meschini A. Brain hemodynamic changes associated with chronic cerebrospinal venous 
insufficiency are not specific to multiple sclerosis and do not increase its severity. Radiology. 2012; 265 (1): 233-9. 
doi:10.1148/radiol.12112245 
[12] Lisanti CJ, Asbach P, Bradley WG. The ependymal "Dot-Dash" sign: an MR imaging finding of early multiple 
sclerosis. AJNR Am J Neuroradiol. 2005;26 (8): 2033-6. 
[13] Kornienko VN, Pronin IN. Diagnostic Neuroradiology. Springer Verlag. (2008) ISBN: 3540756523. 
[14] Brust JC. Current diagnosis & treatment in neurology. McGraw-Hill Medical. (2006) ISBN: 0071423664 
[15] Davoudi Y,Foroughipour M,Torabi R,Layegh P,Matin N, Shoeibi A:  Diffusion Weighted Imaging in Acute 
Attacks of Multiple Sclerosis. Iran J Radiol. 2016 April; 13(2): e21740. 
[16] Okuda DT, Mowry EM, Beheshtian A et-al. Incidental MRI anomalies suggestive of multiple sclerosis: the 
radiologically isolated syndrome. Neurology. 2009;72 (9): 800-5. 
[17] Chebel S,Rekik OBoughammoura-Bouatay A, Frih-Ayed M: Pseudotumoral presentation of multiple sclerosis. 
Neurochirurgie. 2007 Nov; 53(5):379-82. Epub 2007 Aug 21. 
[18] Young IR, Hall AS, Pallis CA, Legg NJ, Bydder GM, Steiner RE: Nuclear magnetic resonance imaging of the 
brain in multiple sclerosis. Lancet. 1981 Nov 14; 2 (8255): 1063-6. 
[19] A lex Rovira , Adelaida Leon: MR in the diagnosis and monitoring of multiple sclerosis. European Journal of 
Radiology 67 (2008) 409–414 
[20] Janardhan V, Suri S, Bakshi R. Multiple sclerosis: hyperintense lesions in the brain on nonenhanced T1-
weighted MR images evidenced as areas of T1 shortening. Radiology. 2007; 244 (3): 823-31. 



Seyed Abbas Nabipour Ashrafi et al Int J Med Res Health Sci. 2016, 5(4):216-223   
______________________________________________________________________________ 

223 

 

[21] Calabrese M, Reynolds R, Magliozzi R,Castellaro  M, Morra A, Scalfari A, et al. (2015) Regional Distribution 
and Evolution of Gray Matter Damage in Different Populations of Multiple Sclerosis Patients. PLoS ONE 10(8): 
e0135428. 
[22] Rezaie A A, Panahi M S. Descriptive Cross Sectional Study of Clinical Manifestation and MRI Finding in 60 
Multiple Sclerosis Patients. Sci J Hamadan Univ Med Sci. 2005; 12 (3):53-56 
[23] KincsesZT, RopeleS .Lesion probability mapping to explain clinical deficits and cognitive performance in 
multiple sclerosis. Mult Scler 2010 Dec, 0(00) 1–9. 
[24] Miabi Z, Midia M, Midia R, Moghinan D. Anatomical distribution of central nervous system plaques in 
multiple sclerosis: an Iranian experience. Pak J Biol Sci. 2010; 13(24):1195-201. 
[25] Shima Rafiee, Fariba Zarifi, Marzieh Belal, Faeze Sabouhi, Parinaz Ashkani, Sedigheh Ebrahimi et al. 
Distribution of Multiple Sclerosis Plaques in Magnetic Resonance Imaging of Patients in Shiraz, Southwest Iran: Is 
There any Change.GMJ. 2013; 2(1):37-38 . 
[26] Riley Bove, Alexander Musallam, Brian C Healy, Maria Houtchens, Bonnie I Glanz, Samia Khoury et al. No 
sex-specific difference in disease trajectory in multiple sclerosis patients before and after age 50. BMC Neurol. 
2013; 13: 73. 
[27] Ivan Bozin,  Yulin Ge, Joseph Kuchling, Petr Dusek, Sanjeev Chawla, Lutz Harms et al. Magnetic Resonance 
Phase Alterations in Multiple Sclerosis Patients with Short and Long Disease Duration            

 


