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75 ȷȱȾ 
 

ȿɎɌɒɌɑɘɧɕ ɔ ɐɚɜɚɏɚɕ Ƚɑɜɏɑɕ ȶɚəɝɞɌəɞɔəɚɎɔɣ! 
  

ȼɑɐɌɖɢɔɚəəɌɫ ɖɚɗɗɑɏɔɫ ȼɚɝɝɔɕɝɖɚɏɚ  
ɉɗɑɖɞɜɚəəɚɏɚ ȲɟɜəɌɗɌ ȷɟɣɑɎɚɕ ȰɔɌɏəɚɝɞɔɖɔ 
ɝɑɜɐɑɣəɚ ɛɚɓɐɜɌɎɗɫɑɞ ȮɌɝ ɝ Ɋɍɔɗɑɑɘ! 

 

Ȯɧ ɝɞɚɫɗɔ ɟ ɔɝɞɚɖɚɎ Ɏəɑɐɜɑəɔɫ ɔ ɜɌɓɎɔɞɔɫ əɚɎɚɏɚ 

əɌɛɜɌɎɗɑəɔɫ Ɏ ɗɟɣɑɎɚɕ ɐɔɌɏəɚɝɞɔɖɑ - ɜɑəɞɏɑəɚɎɝɖɚɕ ɖɚɘɛɨɪ-

ɞɑɜəɚɕ ɞɚɘɚɏɜɌɠɔɔ. ȭɑɓ ɝɛɑɢɔɌɗɨəɚɕ ɗɔɞɑɜɌɞɟɜɧ ɔ ɩɗɑɘɑə-

ɞɌɜəɧɡ ɝɎɑɐɑəɔɕ ɚ ɛɜɌɎɔɗɨəɚɘ ɜɌɝɛɚɗɚɒɑəɔɔ Ɏɝɑɡ ɖɚɘɛɚəɑə-

ɞɚɎ əɚɎɚɏɚ ɟɝɞɜɚɕɝɞɎɌ, Ȯɧ ɚɞɖɜɧɎɌɗɔ  ɛɑɜɎɚɑ ɐɔɌɏəɚɝɞɔɣɑɝɖɚɑ 

ɚɞɐɑɗɑəɔɑ Ɏ ɂȶȭ IV ȯɗɌɎəɚɏɚ ȿɛɜɌɎɗɑəɔɫ ɛɜɔ ȸɔəɓɐɜɌɎɑ 

ȽȽȽȼ.  Ⱥɞɐɑɗɑəɔɑ ɜɚɝɗɚ ɔ ɜɌɝɤɔɜɫɗɚɝɨ, ɍɗɌɏɚɐɌɜɫ ȮɌɤɔɘ ɓɌ-

ɐɌɞɖɌɘ ɞɌɗɌəɞɗɔɎɚɏɚ ɜɟɖɚɎɚɐɔɞɑɗɫ ɔ ɚɜɏɌəɔɓɌɞɚɜɌ. 

Ⱦɜɟɐəɚ ɛɑɜɑɚɢɑəɔɞɨ ɜɚɗɨ ɛɑɜɎɧɡ əɌɟɣəɧɡ ɔɝɝɗɑɐɚɎɌəɔɕ 

Ɏ ɠɚɜɘɔɜɚɎɌəɔɔ əɚɎɚɕ ɤɖɚɗɧ Ɏ ɝɚɎɜɑɘɑəəɚɕ ɜɑəɞɏɑəɚɗɚɏɔɔ. 

ȭɗɌɏɚɐɌɜɫ ɛɚɗɟɣɑəəɧɘ ɐɌəəɧɘ, ɛɜɔɘɑəɑəɔɑ ɜɑəɞɏɑəɚɎɝɖɚɕ 

ɖɚɘɛɨɪɞɑɜəɚɕ ɞɚɘɚɏɜɌɠɔɔ Ɏɝɑ ɤɔɜɑ Ɏəɑɐɜɫɗɚɝɨ Ɏɚ Ɏɝɑ ɚɞɐɑɗɧ 

ɖɗɔəɔɣɑɝɖɚɕ ɘɑɐɔɢɔəɧ. 

Ȯɧ ɍɧɗɔ ɚɐəɔɘ ɔɓ ɚɝəɚɎɚɛɚɗɚɒəɔɖɚɎ  ɛɜɚɏɜɌɘɘɧ ɛɚɐ-

ɏɚɞɚɎɖɔ ɝɚɎɜɑɘɑəəɧɡ ɎɜɌɣɑɕ-ɜɑəɞɑɏəɚɗɚɏɚɎ. ȮɌɤɔ ɘɚəɚɏɜɌ-

ɠɔɔ  ɫɎɗɫɪɞɝɫ əɌɝɞɚɗɨəɧɘɔ ɖəɔɏɌɘɔ ɝɛɑɢɔɌɗɔɝɞɚɎ Ɏ ɩɞɚɕ ɚɍ-

ɗɌɝɞɔ. ȮɌɤɔ ɘəɚɏɚɣɔɝɗɑəəɧɑ ɝɞɌɞɨɔ ɢɔɞɔɜɟɪɞɝɫ Ɏɑɐɟɥɔɘɔ 

ɟɣɑəɧɘɔ ȼɚɝɝɔɔ ɔ ɘɔɜɌ. Ƚ 1996 ɏɚɐɌ Ȯɧ ɎɚɓɏɗɌɎɗɫɑɞɑ ɖɌɠɑɐɜɟ 

ɗɟɣɑɎɚɕ ɐɔɌɏəɚɝɞɔɖɔ ɔ ɗɟɣɑɎɚɕ ɞɑɜɌɛɔɔ ȽɑɣɑəɚɎɝɖɚɏɚ ȿəɔɎɑɜ-

ɝɔɞɑɞɌ, ɔɓɎɑɝɞəɟɪ ɝɎɚɔɘɔ ɛɑɜɑɐɚɎɧɘɔ ɞɜɌɐɔɢɔɫɘɔ. ȭɗɌɏɚɐɌɜɫ 

ȮɌɤɑɘɟ ɞɌɗɌəɞɟ Ɏɔɐəɚɏɚ ɟɣɑəɚɏɚ ɔ ɚɞɗɔɣəɚɏɚ ɜɟɖɚɎɚɐɔɞɑɗɫ 

ɖɌɠɑɐɜɌ ɎɧɜɚɝɗɌ ɔ ɝɞɌɗɌ ɚɐəɚɕ ɔɓ Ɏɑɐɟɥɔɡ ɖɌɠɑɐɜ ȽɑɣɑəɚɎ-

ɝɖɚɏɚ ȿəɔɎɑɜɝɔɞɑɞɌ. 

ȾɜɔəɌɐɢɌɞɨ ɗɑɞ əɌɓɌɐ ɛɚ ȮɌɤɑɕ ɔəɔɢɔɌɞɔɎɑ ɍɧɗ ɝɚɓɐɌə 

əɌɤ ɒɟɜəɌɗ, ɖɚɞɚɜɧɕ ɛɟɍɗɔɖɟɑɞ ɝɌɘɧɑ ɌɖɞɟɌɗɨəɧɑ ɘɌɞɑɜɔɌɗɧ 

Ɏ ɚɍɗɌɝɞɔ ɗɟɣɑɎɚɕ ɐɔɌɏəɚɝɞɔɖɔ.  Ȯ əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ REJR Ɏɡɚ-

ɐɔɞ Ɏ ɘɔɜɚɎɧɑ ɜɑɕɞɔəɏɔ əɌɟɣəɧɡ ɔɓɐɌəɔɕ. Ƀɔɝɗɚ ɛɚɐɛɔɝɣɔɖɚɎ 

ɝɞɜɑɘɔɞɑɗɨəɚ ɜɌɝɞɑɞ! 

Ȯɝɑ, ɖɚɘɟ ɐɚɎɑɗɚɝɨ ɜɌɍɚɞɌɞɨ ɝ ȮɌɘɔ, ɚɞɘɑɣɌɪɞ Ɏɧɝɚ-

ɣɌɕɤɔɕ ɛɜɚɠɑɝɝɔɚəɌɗɔɓɘ, ɚɍɜɌɓɚɎɌəəɚɝɞɨ, ɚɞɎɑɞɝɞɎɑəəɚɝɞɨ ɔ 

ɎəɔɘɌɞɑɗɨəɚɝɞɨ ɖ ɗɪɍɧɘ ɘɑɗɚɣɌɘ. Ȯɧ ɫɎɗɫɑɞɑɝɨ ɐɚɍɜɧɘ 

əɌɝɞɌɎəɔɖɚɘ ɔ ɘɟɐɜɧɘ ɟɣɔɞɑɗɑɘ ɐɗɫ əɚɎɧɡ ɛɚɖɚɗɑəɔɕ ɝɛɑɢɔ-

ɌɗɔɝɞɚɎ. 

 

ȲɑɗɌɑɘ ȮɌɘ, ȮɌɤɑɕ ɍɚɗɨɤɚɕ ɝɑɘɨɑ ɔ ȮɌɤɔɘ 
ɍɗɔɓɖɔɘ Ɏɝɑɏɚ ɐɚɍɜɚɏɚ, ɖɜɑɛɖɚɏɚ ɓɐɚɜɚɎɨɫ ɔ  

ɐɚɗɏɔɡ ɗɑɞ ɒɔɓəɔ! 
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AUTOMATIC DETECTION OF MANDIBULAR FRACTURES ON PANORAMIC RADIOGRAPHS 

USING THE CONVOLUTIONAL NEURAL NETWORK 

 

Samira Asghari Moghaddam 1, Morteza Yadekar 2,  

Arman Saeedi V ahdat 1, Farzad Esmaeili 1 

 
1 - Postgraduate Student, Department of Oral and Maxillofacial Radiology, Faculty of Dentistry, Tabriz University of Medical Scie nces. 

2 - Department of Electronic Engineering, Tabriz Branch, Islamic Azad University. Tabriz, Iran.  

 

urpose.  Convolutional neural networks (CNNs) have extensive medical applications, such as 

the detection and diagnosis of diseases and clinical disorders. This study used CNN to de-

tect mandibular fractures (MFs) on panoramic radiographs.   

Methods.  This  study evaluates 275 panoramic radiographs retrieved from the archives of 

the Oral and Maxillofacial Radiology Department of Tabriz School of Dentistry. From all of the radio-

graphs, 124 have MFs, and 151 have no fractures. In our methodology, first, the lo cation of MFs was 

detected and marked on the radiographs by two oral and maxillofacial radiologists. Next, noise re-

duction was performed using the Chebyshev type II filter. To standardize the images, their primary 

resolution was modified and converted to 2 27 x 227. Next, the AlexNet CNN was used to train and 

classify images with and without MF. The images were randomly partitioned into training, validation, 

and test groups, where 60% were used for network training, 20% for validation, and 20% for final 

test ing. The precision, recall, and F1 score were measured to assess this algorithm's efficacy for de-

tecting MFs.  

Results.  The algorithm's precision, recall, and F1 score for detection of MFs are 0.968, 0.834, 

and 0.896, respectively.  

Discussions.  Mandibular f ractures can be detected by panoramic radiographs and using CNN 

increase the accuracy of diagnoses, reach more definite diagnosis, and accelerate the reading and 

interpretation of radiographs.  

Conclusion.  The suggested algorithm successfully detects MFs on  panoramic radiographs with 

high accuracy. Therefore, CNN -based models enhance the detection of MFs on panoramic radio-

graphs.  

 

Keywords:  convolution neural network, mandibular fracture, panoramic radiography, image 

processing, deep learning.   
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ȬȮȾȺȸȬȾȴɃȱȽȶȺȱ ȺȭȹȬȼȿȲȱȹȴȱ ȻȱȼȱȷȺȸȺȮ ȹȴȲȹȱȵ ɃȱȷɊȽȾȴ ȹȬ  

ȺȼȾȺȻȬȹȾȺȸȺȯȼȬȸȸȬɁ Ƚ ȴȽȻȺȷɈȳȺȮȬȹȴȱȸ ȽȮȱȼȾȺɃȹȺȵ ȹȱȵȼȺȹȹȺȵ ȽȱȾȴ 

 

ȽɌɘɔɜɌ ȬɝɏɌɜɔ ȸɚɏɌɐɐɌɘ1, ȸɚɜɞɑɓɌ ɋɐɑɖɌɜ2, 

ȬɜɘɌə ȽɌɔɐɔ ȮɌɡɐɌɞ1, ɀɌɜɓɌɐ ɉɝɘɌɔɗɔ1 

 
1 - Ⱥɞɐɑɗɑəɔɑ ɗɟɣɑɎɚɕ ɐɔɌɏəɚɝɞɔɖɔ Ɏ ɣɑɗɪɝɞəɚ-ɗɔɢɑɎɚɕ ɚɍɗɌɝɞɔ, ɝɞɚɘɌɞɚɗɚɏɔɣɑɝɖɔɕ ɠɌɖɟɗɨɞɑɞ, Ⱦɑɍɜɔɓɝɖɔɕ ɟəɔɎɑɜɝɔɞɑɞ ɘɑ-

ɐɔɢɔəɝɖɔɡ əɌɟɖ.  

2 - Ⱥɞɐɑɗɑəɔɑ ɩɗɑɖɞɜɚəəɚɕ ɔəɒɑəɑɜɔɔ, Ⱦɑɍɜɔɓɝɖɔɕ ɠɔɗɔɌɗ ȴɝɗɌɘɝɖɚɏɚ ɟəɔɎɑɜɝɔɞɑɞɌ ȬɓɌɐ. Ⱦɑɍɜɔɓ, ȴɜɌə. 

 

Ɏɑɜɞɚɣəɧɑ əɑɕɜɚəəɧɑ ɝɑɞɔ (CNN) ɔɘɑɪɞ ɚɍɤɔɜəɚɑ ɘɑɐɔɢɔəɝɖɚɑ ɛɜɔɘɑəɑəɔɑ ɞɌɖɚɑ, 

ɖɌɖ ɚɍəɌɜɟɒɑəɔɑ ɔ ɐɔɌɏəɚɝɞɔɖɌ ɓɌɍɚɗɑɎɌəɔɕ ɔ ɖɗɔəɔɣɑɝɖɔɡ ɝɚɝɞɚɫəɔɕ. Ȯ ɩɞɚɘ ɔɝɝɗɑ-

ɐɚɎɌəɔɔ CNN ɔɝɛɚɗɨɓɚɎɌɗɌɝɨ ɐɗɫ ɚɍəɌɜɟɒɑəɔɫ ɛɑɜɑɗɚɘɚɎ əɔɒəɑɕ ɣɑɗɪɝɞɔ əɌ ɚɜɞɚ-

ɛɌəɞɚɘɚɏɜɌɘɘɌɡ.  

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. Ȯ ɔɝɝɗɑɐɚɎɌəɔɔ ɍɧɗɔ ɛɜɚɌəɌɗɔɓɔɜɚɎɌəɧ 275 ɚɜɞɚɛɌəɞɚɘɚɏɜɌɘɘ, 

ɛɚɗɟɣɑəəɧɡ ɔɓ ɌɜɡɔɎɚɎ ɚɞɐɑɗɑəɔɫ ɗɟɣɑɎɚɕ ɐɔɌɏəɚɝɞɔɖɔ Ɏ ɣɑɗɪɝɞəɚ-ɗɔɢɑɎɚɕ ɚɍɗɌɝɞɔ ȽɞɚɘɌɞɚɗɚ-

ɏɔɣɑɝɖɚɕ ɤɖɚɗɧ ȾɑɍɜɔɓɌ. ȴɓ Ɏɝɑɡ ɚɜɞɚɛɌəɞɚɘɚɏɜɌɘɘ əɌ 124 ɍɧɗɔ ɚɍəɌɜɟɒɑəɧ ɛɑɜɑɗɚɘɧ əɔɒ-

əɑɕ ɣɑɗɪɝɞɔ, Ɍ əɌ 151 ð əɑɞ. Ȯ əɌɤɑɕ ɘɑɞɚɐɔɖɑ ɐɎɌ ɎɜɌɣɌ-ɜɑəɞɏɑəɚɗɚɏɌ ɎɧɫɎɗɫɗɔ ɛɑɜɑɗɚɘɧ 

əɔɒəɑɕ ɣɑɗɪɝɞɔ. ȰɌɗɑɑ ɚɝɟɥɑɝɞɎɗɫɗɚɝɨ ɤɟɘɚɛɚɐɌɎɗɑəɔɑ ɝ ɛɚɘɚɥɨɪ ɠɔɗɨɞɜɌ ɃɑɍɧɤɑɎɌ II ɞɔɛɌ 

(Chebyshev type II filter). Ƀɞɚɍɧ ɝɞɌəɐɌɜɞɔɓɔɜɚɎɌɞɨ ɔɓɚɍɜɌɒɑəɔɫ, ɔɡ ɛɑɜɎɔɣəɚɑ ɜɌɓɜɑɤɑəɔɑ ɍɧɗɚ 

ɔɓɘɑəɑəɚ ɔ ɛɜɑɚɍɜɌɓɚɎɌəɚ Ɏ ɠɚɜɘɌɞ 227 x 227. ȳɌɞɑɘ AlexNet CNN ɔɝɛɚɗɨɓɚɎɌɗɝɫ ɐɗɫ ɚɍɟɣɑəɔɫ 

ɔ ɖɗɌɝɝɔɠɔɖɌɢɔɔ ɔɓɚɍɜɌɒɑəɔɕ ɝ ɛɑɜɑɗɚɘɌɘɔ əɔɒəɑɕ ɣɑɗɪɝɞɔ ɔ ɍɑɓ əɔɡ. ȴɓɚɍɜɌɒɑəɔɫ ɍɧɗɔ 

ɝɗɟɣɌɕəɧɘ ɚɍɜɌɓɚɘ ɜɌɓɐɑɗɑəɧ əɌ ɏɜɟɛɛɧ ɚɍɟɣɑəɔɫ, ɛɜɚɎɑɜɖɔ ɔ ɞɑɝɞɔɜɚɎɌəɔɫ, ɔɓ ɖɚɞɚɜɧɡ 60% 

ɔɝɛɚɗɨɓɚɎɌɗɔɝɨ ɐɗɫ ɚɍɟɣɑəɔɫ ɝɑɞɔ, 20% ð ɐɗɫ ɛɜɚɎɑɜɖɔ ɔ 20% ð ɐɗɫ ɚɖɚəɣɌɞɑɗɨəɚɏɚ ɞɑɝɞɔɜɚɎɌ-

əɔɫ. Ⱦɚɣəɚɝɞɨ, ɛɚɗəɚɞɌ ɔ ɚɢɑəɖɌ F1 ɍɧɗɔ ɔɓɘɑɜɑəɧ ɐɗɫ ɚɢɑəɖɔ ɩɠɠɑɖɞɔɎəɚɝɞɔ ɩɞɚɏɚ ɌɗɏɚɜɔɞɘɌ 

ɐɗɫ ɚɍəɌɜɟɒɑəɔɫ ɛɑɜɑɗɚɘɚɎ əɔɒəɑɕ ɣɑɗɪɝɞɔ.   

ȼɑɓɟɗɨɞɌɞɧ. Ⱦɚɣəɚɝɞɨ ɌɗɏɚɜɔɞɘɌ, ɛɚɗəɚɞɌ ɔ ɚɢɑəɖɌ F1 ɐɗɫ ɚɍəɌɜɟɒɑəɔɫ ɛɑɜɑɗɚɘɚɎ əɔɒ-

əɑɕ ɣɑɗɪɝɞɔ ɝɚɝɞɌɎɔɗɌ 0,968, 0,834 ɔ 0,896 ɝɚɚɞɎɑɞɝɞɎɑəəɚ.   

Ⱥɍɝɟɒɐɑəɔɑ. Ȼɑɜɑɗɚɘɧ əɔɒəɑɕ ɣɑɗɪɝɞɔ ɘɚɒəɚ ɚɍəɌɜɟɒɔɞɨ ɝ ɛɚɘɚɥɨɪ ɚɜɞɚɛɌəɞɚɘɚ-

ɏɜɌɘɘ, Ɍ ɔɝɛɚɗɨɓɚɎɌəɔɑ CNN ɛɚɎɧɤɌɑɞ ɞɚɣəɚɝɞɨ ɐɔɌɏəɚɝɞɔɖɔ, ɛɚɓɎɚɗɫɑɞ ɛɚɗɟɣɔɞɨ ɍɚɗɑɑ ɞɚɣəɧɕ 

ɐɔɌɏəɚɓ ɔ ɟɝɖɚɜɔɞɨ ɌəɌɗɔɓ ɔ ɔəɞɑɜɛɜɑɞɌɢɔɪ ɔɓɚɍɜɌɒɑəɔɕ.  

ȳɌɖɗɪɣɑəɔɑ. Ȼɜɑɐɗɚɒɑəəɧɕ Ɍɗɏɚɜɔɞɘ ɝ Ɏɧɝɚɖɚɕ ɞɚɣəɚɝɞɨɪ ɟɝɛɑɤəɚ ɚɍəɌɜɟɒɔɎɌɑɞ ɛɑɜɑ-

ɗɚɘɧ əɔɒəɑɕ ɣɑɗɪɝɞɔ əɌ ɚɜɞɚɛɌəɞɚɘɚɏɜɌɘɘɌɡ. ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɘɚɐɑɗɔ əɌ ɚɝəɚɎɑ CNN ɟɗɟɣɤɌ-

ɪɞ ɎɧɫɎɗɑəɔɑ ɛɑɜɑɗɚɘɚɎ əɔɒəɑɕ ɣɑɗɪɝɞɔ əɌ ɚɜɞɚɛɌəɞɚɘɚɏɜɌɘɘɌɡ. 
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andib ular fractures (MFs) are the 

most common (60% -70%) type of 

maxillofacial fractures that are fre-

quently encountered in emergency 

departments [1]. The mean age of 

patients with MF is 38 years in males and 40 

years in females. MFs are much more prevalent 

in m ales [2]. Motor vehicle accidents, street 

fights, and falls are the main causes of MF. 

Moreover, MFs occur more frequently in com-

munities with lower socioeconomic classes [1, 

2].  

Panoramic radiography is a conventional 

imaging modality for assessing and d etecting of 

MFs. However, panoramic radiography as two -

dimensional imaging comes with the draw-

backs such as patient positioning, anatomical 

noise, superimposition of structures, geomet-

rical distortion, and contrast problems, which 

can all complicate the ac curate detection of 

fracture location [3].  Artificial intelligence and 

deep learning methods are finding popularity in 

medical fields. Convolutional neural networks 

(CNNs) in particular, are one of the common 

methods of deep learning used in medicine due 

to their flexibility and high accuracy of predic-

tion. This has led to the development of various 

models for the automatic prediction of the risk 

of diseases, detection of disorders and patholo-

gies, disease diagnosis, and predic-

tion/assessment of disease pr ognosis.  

In the field of oral and maxillofacial radi-

ology, several studies have assessed the effica-

cy of deep learning for the detection of oral and 

maxillofacial disorders and diseases; these in-

clude identification of anatomical and cepha-

lometric landmar ks, screening and detection of 

osteoporosis on panoramic radiographs, detec-

tion of vertical root fracture on panoramic radi-

ographs, assessment and detection of maxillary 

sinus lesions/diseases on panoramic radio-

graphs, detection and classification of alveo lar 

bone defects on panoramic radiographs, detec-

tion and classification of unerupted supernu-

meraries on panoramic radiographs, and detec-

tion and counting of teeth on panoramic radio-

graphs [4 -14]. CNNs are powerful methods for 

the detection and classificati on of images; 

hence it makes CNNs a straightforward tool for 

radiology applications [15].    

In recent years, demand for radiographic 

services in emergency departments has greatly 

increased, which puts a considerable burden 

on the workforce [16]. As mentio ned earlier, 

MFs have a high prevalence, and panoramic 

radiography is currently the most common ra-

diographic modality requested for their detec-

tion. As a result, the emergence of the studied 

method can significantly reduce the burden.  

Thus, this study aim ed to assess the efficacy of 

a CNN for the automatic detection of MF loca-

tion on panoramic radiographs. The results of 

this study can greatly help radiologists in the 

detection of MF location on panoramic radio-

graphs and can also reassure them about the 

accuracy of their diagnosis.  

Materials and Methods.  

Collection of datasets . 

A total of 275 panoramic radiographs of 

96 females and 179 males were retrieved from 

the archives of the Oral and Maxillofacial Radi-

ology Department of School of Dentistry of Ta-

briz  University of Medical Sciences (PACS sys-

tem) from May 2020 to May 2022. Among the 

retrieved radiographs, 124 have MFs, and 151 

have no fractures. Panoramic images have been 

obtained by the RAYSCAN X -ray unit (Sam-

sung, South Korea) at the Oral and Maxillof a-

cial Radiology Department of School of Dentis-

try of Tabriz University of Medical Sciences 

with 1500 x 3000 resolution and automatic ex-

posure settings, which includes a 69 -90 kV 

voltage, 7 -17 mA amperage, and 14 -16 seconds 

irradiation time. The PACS softwa re conducts 

initial and final image reconstruction.  

Panoramic images are categorized into 

groups with (group A) and without (group B) 

MF by two oral and maxillofacial radiologists, 

and the fracture location is annotated in group 

A. On images with MF, bound ing boxes are 

drawn around each fracture line, and the re-

spective image is assigned to the MF group. 

Figure 1 shows panoramic radiographs with 

and without MF, identifying the fracture loca-

tion and its annotation.  

Radiographic noise reduction . 

Quantum mottle is one of the problems 

associated with radiographic images, which 

distorts the image and adversely affects image 

interpretation and diagnosis. Thus, the Ch eby-

shev type II filter is used in this study for noise 

reduction, which is suitable for this purpose 

[17, 18]. Figure 2 shows a panoramic image 

after using the Chebyshev type II filter for noise 

reduction.  

This study is conducted in two phases. 

The first p hase includes classifying images and 

differentiating those with MF from those with-

out MF in the CNN. The second phase includes 

detection of fracture location on images with 

MF in the CNN. MatlabR2021a software version 

8.6.0.267246 is used for image analysi s in a 

64 -bit system with a single CPU at Windows7.  

First phase: Classification of models in the 

CNN. 

The resolution of images with (group A) 

and without (group B) MF is resized in 227 x 

227 resolution before feeding to the  CNN  algo - 

M 
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Fig. 1 (ȼɔɝ. 1) 

Fig . 1.    Panoramic images.   

a ð patient with MF in right chin (black arrows) and both condylar necks (white arrows),  

b ð patient without MF  

c ð Identification and annotation of the fracture line (red boxes).  

ȼɔɝ. 1.  ȺɜɞɚɛɌəɞɚɘɚɏɜɌɘɘɧ.  

Ɍ ð ɛɌɢɔɑəɞ ɝ ɛɑɜɑɗɚɘɚɘ əɔɒəɑɕ ɣɑɗɪɝɞɔ Ɏ ɚɍɗɌɝɞɔ ɛɜɌɎɚɏɚ ɛɚɐɍɚɜɚɐɚɣəɚɏɚ ɎɧɝɞɟɛɌ (ɣɑɜəɧɑ ɝɞɜɑɗɖɔ) 

ɔ Ɏ ɚɍɗɌɝɞɔ ɤɑɕɖɔ ɘɧɥɑɗɖɚɎɚɏɚ ɚɞɜɚɝɞɖɌ ɝ ɚɍɑɔɡ ɝɞɚɜɚə (ɍɑɗɧɑ ɝɞɜɑɗɖɔ),  

b ð ɛɌɢɔɑəɞ ɍɑɓ ɛɑɜɑɗɚɘɌ əɔɒəɑɕ ɣɑɗɪɝɞɔ, 

c ð ɚɍɚɓəɌɣɑəɔɑ ɔ ɌəəɚɞɌɢɔɫ ɗɔəɔɔ ɛɑɜɑɗɚɘɌ (ɖɜɌɝəɧɑ ɛɜɫɘɚɟɏɚɗɨəɔɖɔ).   
 

 

Fig. 2 (ȼɔɝ. 2) 

Fig. 2.     A panoramic image after using the Chebyshev type II filter for noise reduction.   

White arrow shows the fracture line in the right angle of mandible.  

ȼɔɝ. 2.   ȻɌəɚɜɌɘəɚɑ ɔɓɚɍɜɌɒɑəɔɑ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɠɔɗɨɞɜɌ ɃɑɍɧɤɑɎɌ II ɞɔɛɌ (Chebyshev 

type II) ɐɗɫ ɤɟɘɚɛɚɐɌɎɗɑəɔɫ.   

ȭɑɗɚɕ ɝɞɜɑɗɖɚɕ ɛɚɖɌɓɌəɌ ɗɔəɔɫ ɛɑɜɑɗɚɘɌ ɟɏɗɌ əɔɒəɑɕ ɣɑɗɪɝɞɔ ɝɛɜɌɎɌ.   
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rithm. In the first phase of the CNN algorithm, 

AlexNet network is used for training and image 

classification. This network uses 32 layers for 

the training and classification of panoramic 

images. Among the images, 60% are randomly 

used for training, 20% for validation, and 20% 

for final testing. The epoch (maximum frequen-

cy of repetitions) is set to 100 for 0 -100 train-

ing. Moreover, va lidation and final testing are 

performed at each training step. Also, the accu-

racy of training is set to 0.0001 for each step. 

The block diagram of the CNN for differentia-

tion of images with and without MF is shown in 

Figure 3  

Second phase: Fracture detection by the 

CNN. 

In the second phase of the CNN algo-

rithm, the AlexNet network is used for the 

training and image classification. It uses 53 

layers for training  and classification of pano-

ramic images. Among the images with MF in 

the second phase, 60% are randomly used for 

training, 20% for validation, and 20% for final 

testing. Similar to the first phase, the epoch is 

set to 100 and the training accuracy is set a t 

0.00001 for each step. The block diagram of 

the CNN for detecting fracture location on im-

ages with MF is shown in Figure 4.  

Evaluation matrices . 

In this study, the precision, recall, and 

F1 score of the CNN are calculated using the 

following equations:  

Precision= TP/(TP+FP) = Detection/ de-

tection+ misdetection  

Recall=TP/(TP+FN) = Detection / detec-

tion + undetection  

F1 Score= 2Į (precision Į recall)/ (preci-

sion +recall)  

Where TP refers to true positive, FP refers 

to false positive, and FN refers to false negative. 

Detection is referred to correct detection of MF. 

Misdetection refers to mistaking MF with some 

other condition (detecting something else), and 

undetection refers to not detecting the MF (no 

detecting) [3].  

Results.  

In the first phase of the CNN  algorithm, 

the AlexNet model is used to detect and differ-

entiate panoramic images with MF from those 

without MF. In figure 5 the graph shows the 

training and validation of the CNN in the first 

phase, and our result shows that the precision, 

recall and F1 score are 0.999, 0.859, and 

0.924, respectively. Table 1 presents the preci-

sion and error values for three different epochs 

(frequency of training), validation, and final 

testing.  

In the second phase of the CNN algo-

rithm, AlexNet model is used for trainin g and 

detection of fracture location on panoramic im-

ages with MF. In figure 6 the Graph shows the 

training and validation of the CNN in the sec-

ond phase. The precision, recall, and F1 scores 

are 0.968, 0.834, and 0.896, respectively. Table 

2 presents the r esults, and figure 7 shows 

some representative images of MF detection   by  

 

Fig. 3 (ȼɔɝ. 3) 

Fig. 3.    The Block diagram of the CNN for the differentiation of images with and without MF.    

ȼɔɝ. 3.   ȭɗɚɖ-ɝɡɑɘɌ CNN ɐɗɫ ɐɔɠɠɑɜɑəɢɔɌɢɔɔ ɔɓɚɍɜɌɒɑəɔɕ ɝ ɛɑɜɑɗɚɘɌɘɔ əɔɒəɑɕ ɣɑɗɪɝɞɔ 

ɔ ɍɑɓ əɔɡ.   

 

Fig. 4 (ȼɔɝ. 4) 

Fig. 4.     Block diagram of the  second phase of the CNN.    

ȼɔɝ. 4.   ȭɗɚɖ-ɝɡɑɘɌ Ɏɞɚɜɚɕ ɠɌɓɧ CNN. 
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the CNN.  

Discussion.  

In the past decades, artificial intelligence 

and computer -aided detection (CAD) have been 

extensively studied in radiology. The main con-

cept of CAD in radiology is to present a com-

put er output as a second opinion to aid in in-

terpretations by the radiologists aiming to in-

crease the accuracy of diagnoses, reach a more 

definite diagnoses, and accelerate the reading 

and interpretation of radiographs. From the 

perspective of radiologists, t hey expect the CAD 

system to provide them with more precise in-

formation regarding the location of the prob-

lem/disorder; thus, they can save time and 

minimize misdiagnoses [19].  

Several studies have assessed the detec-

tion of diseases and disorders on panor amic 

radiographs by using CNN with different algo-

rithms or computed tomography scans [3, 8 -

12, 14, 20 -22]. The results of these studies 

demonstrate a high efficacy for the CAD and 

CNN models in the detection of disorders.  

In this study, we designed a CNN -based 

algorithm that is capable of differentiating im-

ages with MF from those without MF, and de-

tecting the location of MF. The results show 

that this method is capable of correctly detect-

ing the fracture location with no quantitative 

reduction and increasi ng the precision, recall, 

and F1 scores to 0.968, 0.834, and 0.896, re-

spectively. In other words, the image quality 

remains constant after detection, indicating 

that the use of the AlexNet  CNN  increases  the  

response precision, training, and classificat ion.   

Among related works, Son et al.   use  the  

Table  ʈ1.     Precision and Recall and F1 score of the CNN in the first phase.  

F1 Score Recall Precision Epoch 

0.823 0.729 0.945 1 

0.801 0.701 0.934 50 

0.924 0.859 0.999 100 
 

   
 

 

Fig. 5 (ȼɔɝ. 5) 
 

Fig. 5.      Graph.    

Trai ning and validation of the CNN in the first phase.   

ȼɔɝ. 5.    ȯɜɌɠɔɖ.    

Ⱥɍɟɣɑəɔɑ ɔ ɛɜɚɎɑɜɖɌ CNN əɌ ɛɑɜɎɚɘ ɩɞɌɛɑ.   
 

Table  ʈ1.     Precision and Recall and F1 score of the CNN in the first phase.  

F1 Score Recall Precision Epoch 

0.823 0.729 0.945 1 

0.801 0.701 0.934 50 

0.924 0.859 0.999 100 
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YOLO v4 for the automatic detection of MFs, 

and employ different preprocessing meth ods 

such as gamma modulation, multi -bounding, 

MLAT, and SLAT [3]. To assess the fractures, 

they use two classification types. The first clas-

sification is based on the anatomical location 

(six classes), while the second one is based on 

the fracture pattern (two classes). Their results 

indicate that the precision, recall, and F1 score 

values obtained in classification based on ana-

tomical site are higher than the corresponding 

values in classification based on the fracture 

patterns. In other words, the former classifica-

tion can detect a higher number of MFs com-

pared to the classification based on the frac-

ture pattern. In the study by Son et al., the 

precision, recall, and F1 score are 0.975, 0.794 

and 0.875, respectively, indicating higher pre-

cision but lower r ecall and F1 score compared 

to our results.  

Similar to our study, Warin et al. evalu-

ate the detection of MFs on panoramic radio-

graphs [21]. They assessed 1,710 panoramic 

images and two algorithms of Faster R -CNN 

and YOLO v5 to detect the location of fract ure. 

The results show that the precision, recall and 

F1 score are 0.879, 0.935, and 0.906, respec-

tively, for the Faster R -CNN algorithm, and 

0.861, 0.932, and 0.890, respectively, for the 

YOLO v5 algorithm. Compared to our study 

results, the reported preci sion value in their 

study was higher, and the recall and F1 score 

values were lower than the corresponding val-

ues in our study.  

Table  ʈ2.      Precision and recall and f1 score of CNN in the second phase.  

F1 Score Recall Precision Epoch 

0.624 0.553 0.716 1 

0.924 0.859 0.999 50 

0.896 0.834 0.968 100 
 

   
 

 

Fig. 6 (ȼɔɝ. 6) 
 

Fig. 6.      Graph.    

Training and validation of the CNN in the second phase.   

ȼɔɝ. 6.    ȯɜɌɠɔɖ.    

Ⱥɍɟɣɑəɔɑ ɔ ɛɜɚɎɑɜɖɌ CNN əɌ Ɏɞɚɜɚɘ ɩɞɌɛɑ.   
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In contrast to our study, Nishiyama et al., 

only assess the mandibular condyle fractures 

but similarly use the AlexNet algorithm to de-

tect condylar fractures [20]. Nishiyama et al. 

use data collected from two different hospitals, 

although the same model of panoramic X -ray 

unit is used for image acquisition [20]. They 

assess the precision, sensitivity, and specificity 

of this algorithm in each hospital. They report-

ed a precision of 84.5%, which is lower than 

the  value obtained in our model (97%).   

This study has some limitations, such as 

a small sample size. A CNN requires hundreds, 

thousands, or even millions of samples to ob-

tain the best results and maximize its efficacy 

and reliability [20]. Thus, future stud ies are 

required on a higher sample to get more accu-

rate results. Moreover, the present study uses 

panoramic images taken with specific exposure 

settings. More accurate and comprehensive 

models and algorithms can be obtained in the 

case of using different panoramic devices and 

assessing algorithms and network training by 

using different images captured by different 

panoramic units.  

Conclusion.   

After noise reduction, the properties ex-

tracted from the CNN algorithm with AlexNet 

model in the first phase ena ble MF detection. 

Next, the CNN with AlexNet model enables the 

detection of MF location on panoramic images 

in the second phase. The present results show 

that the proposed CNN model increases the 

precision, recall, and F1 score and successfully 

reveals MFs  with high accuracy.  
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ȴȳȿɃȱȹȴȱ ȽȾȼȿȶȾȿȼȹȺȵ ȼȱȺȼȯȬȹȴȳȬɂȴȴ ȯȺȷȺȮȹȺȯȺ ȸȺȳȯȬ Ȯ ȼȬȹȹȱȸ 

ȻȺȽȾȴȹȽȿȷɈȾȹȺȸ ȻȱȼȴȺȰȱ ȸȱȾȺȰȬȸȴ ȹȬ ȺȽȹȺȮȱ ȰȴɀɀȿȳȴȺȹȹȺȵ ȸȼȾ 

 

ȶɌɜɌɍɌəɚɎ ȴ.Ƚ.1,2, ȻɚɛɚɎ Ȯ.Ȯ.1,2, ȭɚɏɚɘɫɖɚɎɌ Ⱥ.ȭ.1,2,3,  

ȽɞɌəɖɑɎɔɣ Ɋ.Ȭ.1,2, ȾɟɗɟɛɚɎ Ȭ.Ȭ.1,2,3 
 

1 ð ɀȯȭȿȹ ȴəɝɞɔɞɟɞ çȸɑɒɐɟəɌɜɚɐəɧɕ ɞɚɘɚɏɜɌɠɔɣɑɝɖɔɕ ɢɑəɞɜè Ƚɔɍɔɜɝɖɚɏɚ ɚɞɐɑɗɑəɔɫ ȼɚɝɝɔɕɝɖɚɕ ɌɖɌɐɑɘɔɔ əɌɟɖ.  

ɏ. ȹɚɎɚɝɔɍɔɜɝɖ, ȼɚɝɝɔɫ. 

2 ð ɀȯȬȺȿ ȮȺ çȹɚɎɚɝɔɍɔɜɝɖɔɕ əɌɢɔɚəɌɗɨəɧɕ ɔɝɝɗɑɐɚɎɌɞɑɗɨɝɖɔɕ ɏɚɝɟɐɌɜɝɞɎɑəəɧɕ ɟəɔɎɑɜɝɔɞɑɞè. ɏ. ȹɚɎɚɝɔɍɔɜɝɖ, ȼɚɝɝɔɫ. 

3 ð ɀȯȭȿȹ ȴəɝɞɔɞɟɞ ɏɔɐɜɚɐɔəɌɘɔɖɔ ɔɘ. ȸ.Ȭ. ȷɌɎɜɑəɞɨɑɎɌ Ƚɔɍɔɜɝɖɚɏɚ ɚɞɐɑɗɑəɔɫ ȼɚɝɝɔɕɝɖɚɕ ɌɖɌɐɑɘɔɔ əɌɟɖ.  

ɏ. ȹɚɎɚɝɔɍɔɜɝɖ, ȼɚɝɝɔɫ. 

 

ɑɗɨ ɔɝɝɗɑɐɚɎɌəɔɫ. ȴɓɟɣɔɞɨ ɝɞɜɟɖɞɟɜəɟɪ ɜɑɚɜɏɌəɔɓɌɢɔɪ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ Ɏ ɜɌəəɑɘ 

ɛɚɝɞɔəɝɟɗɨɞəɚɘ ɛɑɜɔɚɐɑ ɘɑɞɚɐɌɘɔ əɌ ɚɝəɚɎɑ ɐɔɠɠɟɓɔɚəəɚɕ ȸȼȾ. 

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. ȴɝɝɗɑɐɚɎɌəɔɑ ɛɜɚɎɚɐɔɗɚɝɨ əɌ ȸȼȾ 3 Ⱦɗ: ɝɞɌəɐɌɜɞəɧɕ ɛɜɚɞɚɖɚɗ 

ɝɖɌəɔɜɚɎɌəɔɫ ɍɧɗ ɐɚɛɚɗəɑə ɐɔɠɠɟɓɔɚəəɚɕ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɨɪ ɝ ɘɑɞɚɐɌɘɔ ɛɚɝɞɚ-

ɍɜɌɍɚɞɖɔ DTI (ɐɔɠɠɟɓɔɚəəɚ-ɞɑəɓɚɜəɌɫ ɎɔɓɟɌɗɔɓɌɢɔɫ) ɔ GQI (ɚɍɚɍɥɑəəɌɫ ɎɔɓɟɌɗɔɓɌ-

ɢɔɫ q-Ɏɧɍɚɜɖɔ). ȴɓɟɣɌɗɔɝɨ ɝɞɜɟɖɞɟɜɧ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ Ɏ ɞɜɑɡɖɜɌɞəɚɘ ɔɝɝɗɑɐɚɎɌəɔɔ ɛɚɝɗɑ ɐɑɍɪ-

ɞɌ ɔɤɑɘɔɣɑɝɖɚɏɚ ɔəɝɟɗɨɞɌ: əɌ 1-3 ɝɟɞɖɔ, ɣɑɜɑɓ 7-10 ɐəɑɕ ɔ ɝɛɟɝɞɫ 3-4 ɘɑɝɫɢɌ. ȬəɌɗɔɓɔɜɚɎɌɗɔɝɨ 

ɚɍɗɌɝɞɔ ɔəɝɟɗɨɞɌ ɔ ɔɐɑəɞɔɣəɧɑ ɚɍɗɌɝɞɔ ɌəɌɗɚɏɔɣəɚɕ ɗɚɖɌɗɔɓɌɢɔɔ ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɏɚ ɛɚɗɟɤɌ-

ɜɔɫ. ȮɧɍɚɜɖɌ ɝɚɝɞɚɫɗɌ ɔɓ 10 ɛɌɢɔɑəɞɚɎ, ɛɜɚɤɑɐɤɔɡ Ɏɝɑ 3 ɔɝɝɗɑɐɚɎɌəɔɫ. 

ȼɑɓɟɗɨɞɌɞɧ. ɁɌɜɌɖɞɑɜɔɝɞɔɖɔ ɛɗɚɞəɚɝɞɔ əɑɜɎəɧɡ ɛɟɣɖɚɎ, ɖɚɗɔɣɑɝɞɎɑəəɚɕ Ɍəɔɓɚɞɜɚɛɔɔ, 

ɠɜɌɖɢɔɚəəɚɕ Ɍəɔɓɚɞɜɚɛɔɔ, ɌɖɝɔɌɗɨəɚɕ, ɝɜɑɐəɑɕ, ɜɌɐɔɌɗɨəɚɕ, ɔɓɚɞɜɚɛəɚɕ ɔ ɚɏɜɌəɔɣɑəəɚɕ 

ɐɔɠɠɟɓɔɔ Ɏ ɐɔəɌɘɔɖɑ ɐɚɝɞɚɎɑɜəɚ (p<0,05) ɔɓɘɑəɫɗɔɝɨ (4,3 - 53,9%) ɔ ɛɜɚɫɎɗɫɗɔ ɝɔɗɨəɟɪ (0,76 - 

0,99 r ɛɚ ɖɚɜɜɑɗɫɢɔɔ ȽɛɔɜɘɑəɌ) ɖɚɜɜɑɗɫɢɔɚəəɟɪ ɝɎɫɓɨ, ɣɞɚ ɡɌɜɌɖɞɑɜɔɓɟɑɞ ɔɡ ɖɌɖ ɖɗɪɣɑɎɧɑ 

ɖɚɗɔɣɑɝɞɎɑəəɧɑ ɘɑɞɜɔɖɔ DTI/GQI ɌəɌɗɔɓɌ, ɚɞɜɌɒɌɪɥɔɑ ɝɞɜɟɖɞɟɜəɟɪ ɜɑɚɜɏɌəɔɓɌɢɔɪ ɏɚɗɚɎəɚɏɚ 

ɘɚɓɏɌ Ɏ ɜɌəəɑɘ ɛɚɝɞɔəɝɟɗɨɞəɚɘ ɛɑɜɔɚɐɑ. 

Ⱥɍɝɟɒɐɑəɔɑ. ȺɛɞɔɘɔɓɔɜɚɎɌə ɛɚɝɞɛɜɚɢɑɝɝɔəɏ ɐɌəəɧɡ ɐɔɠɠɟɓɔɚəəɚɕ ȸȼȾ ɐɗɫ ɟɣɑɞɌ 

ɚɝɚɍɑəəɚɝɞɑɕ ɐɔəɌɘɔɣɑɝɖɚɕ ɚɢɑəɖɔ ɝɞɜɟɖɞɟɜəɚɕ ɜɑɚɜɏɌəɔɓɌɢɔɔ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ əɌ ɚɝəɚɎɑ DTI 

ɔ GQI ɌəɌɗɔɓɌ: əɚɜɘɌɗɔɓɌɢɔɫ ɔɓɚɍɜɌɒɑəɔɕ, ɛɚɐɍɚɜ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɔ ɖ ɜɌɓəɚəɌɛɜɌɎɗɑəəɚɝɞɔ 

ɡɚɐɌ Ɏɚɗɚɖɚə (çdiffusion sampling length ratioè = 2,00), ɜɑɏɔɝɞɜɌɢɔɫ ɝɗɚɒəɚɕ ɛɜɚɝɞɜɌəɝɞɎɑəəɚɕ 

Ɍɜɡɔɞɑɖɞɟɜɧ ɔəɝɟɗɨɞɌ ɔ ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɕ ɚɍɗɌɝɞɔ, ɛɚɐɍɚɜ ɏɜɌəɔɣəɧɡ ɟɝɗɚɎɔɕ ɛɚɝɞɜɚɑəɔɫ 

ɞɜɌɖɞɚɏɜɌɠɔɔ.  

ȳɌɖɗɪɣɑəɔɑ. ȰɔəɌɘɔɖɌ ɖɗɪɣɑɎɧɡ ɖɚɗɔɣɑɝɞɎɑəəɧɡ ɐɔɠɠɟɓɔɚəəɧɡ ɛɌɜɌɘɑɞɜɚɎ ɔ ɞɜɌɖ-

ɞɚɏɜɌɠɔɔ Ɏ ɜɌəəɑɘ ɛɚɝɞɔəɝɟɗɨɞəɚɘ ɛɑɜɔɚɐɑ ɝɎɔɐɑɞɑɗɨɝɞɎɟɪɞ ɚ ɜɫɐɑ ɐɑɏɑəɑɜɌɞɔɎəɧɡ ɛɜɚɢɑɝɝɚɎ 

ɖɌɖ Ɏ ɚɍɗɌɝɞɔ ɔəɝɟɗɨɞɌ (ɚɞɑɖ ð ɝɜɑɐəɫɫ ɔ ɔɓɚɞɜɚɛəɌɫ ɐɔɠɠɟɓɔɫ; əɑɖɜɚɓ ð ɝɜɑɐəɫɫ ɐɔɠɠɟɓɔɫ; 

ɟɘɑəɨɤɑəɔɑ ɌɖɝɚəɌɗɨəɚɕ ɛɗɚɞəɚɝɞɔ ð ɖɚɗɔɣɑɝɞɎɑəəɌɫ Ɍəɔɓɚɞɜɚɛɔɫ, ɌɖɝɔɌɗɨəɌɫ ɐɔɠɠɟɓɔɫ; ɛɚ-

ɞɑɜɫ ɌɖɝɚəɚɎ ð ɖɚɗɔɣɑɝɞɎɑəəɌɫ ɔ ɠɜɌɖɢɔɚəəɌɫ Ɍəɔɓɚɞɜɚɛɔɫ), ɞɌɖ ɔ Ɏ ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɘ ɛɚɗɟ-

ɤɌɜɔɔ ɝ ɞɑəɐɑəɢɔɑɕ ɖ ɎɚɝɝɞɌəɚɎɗɑəɔɪ ɓəɌɣɑəɔɕ ɘɑɞɜɔɖ, ɛɜɑɐɛɚɗɚɒɔɞɑɗɨəɚ, ɓɌ ɝɣɑɞ ɜɑɐɟɖɢɔɔ 

ɚɞɑɖɌ (ɝɜɑɐəɫɫ ɔ ɔɓɚɞɜɚɛəɌɫ ɐɔɠɠɟɓɔɫ) ɔ ɛɜɚɢɑɝɝɚɎ əɑɕɜɚɏɑəɑɓɌ (ɛɗɚɞəɚɝɞɨ əɑɜɎəɧɡ ɛɟɣɖɚɎ).. 

 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɔɤɑɘɔɣɑɝɖɔɕ ɔəɝɟɗɨɞ, ɘɌɏəɔɞəɚ-ɜɑɓɚəɌəɝəɌɫ ɞɚɘɚɏɜɌɠɔɫ, ɐɔɠɠɟɓɔɚə-

əɚ-ɞɑəɓɚɜəɌɫ ɎɔɓɟɌɗɔɓɌɢɔɫ, ɚɍɚɍɥɑəəɌɫ ɎɔɓɟɌɗɔɓɌɢɔɫ q-Ɏɧɍɚɜɖɔ. 
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STUDY OF THE STRUCTURAL REORGANIZATION OF THE BRAIN IN THE EARLY POST-STROKE 

PERIOD USING METHODS BASED ON DIFFUSION MRI 

 

Karabanov I.S. 1,2, Popov V.V. 1,2, Bogomyakova O.B. 1,2,3,  

Stankevich Y.A. 1,2, Tulupov A.A. 1,2,3 

 
1 - The Institute Inte rnational Tomography Center of the Russian Academy of Sciences.  

2 - Novosibirsk State University.  

3 - Lavrentyev Institute of Hydrodynamics. Novosibirsk, Russia.  

 

urpose.  To study the structural reorganization of the brain in the early post -stroke peri od 

using methods based on diffusion MRI.  

Materials and methods.  3 T MRI examination was used: standard scan plus diffusion se-

quence with DTI (diffusion tensor imaging) and GQI (generalized q -sampling imaging) post -

processing. Brain structures were studied  after ischemic stroke: after 1 -3, after 7 -10 days, after 3 -4 

months. Areas of stroke and identical areas of similar localization in the contralateral hemisphere 

were analyzed. The sample consisted of 10 patients who completed all 3 studies.  

Results.  Chara cteristics of the density of tracts, quantitative anisotropy, fractional anisotropy, 

axial, mean, radial, isotropic and restricted diffusion in dynamics significantly (p<0,05) changed (4,3 -

53,9%) and showed a strong (0,76 -0.99 r) Spearman correlation, whic h characterizes them as key 

quantitative metrics of DTI/GQI analysis.  

Discussion.  DTI and GQI post -processing have been optimized: image normalization, selection 

of sensitivity to the multidirectionality of the fiber path, registration of the complex spati al architec-

ture of stroke and contralateral areas, selection of boundary conditions for constructing tractog-

raphy.  

Conclusions.  The dynamics of key quantitative diffusion parameters and tractography in the 

early post -stroke period indicate a number of dege nerative processes in the area of stroke (edema ð 

mean and isotropic diffusion; necrosis ð mean diffusion; decrease in axonal density ð quantitative 

anisotropy, axial diffusion; loss of axons ð quantitative and fractional anisotropy), and in the contra-

late ral hemisphere with a tendency to restore the values of the metrics, presumably due to the re-

duction of edema (mean and isotropic diffusion) and neurogenesis processes (density of tracts).  

 

 

Keywords: ischemic stroke, magnetic resonance imaging, diffusion tensor imaging, generalized 

q-sampling imaging.  
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əɝɟɗɨɞɧ ɤɔɜɚɖɚ ɜɌɝɛɜɚɝɞɜɌəɑəɧ Ɏ 

ɣɑɗɚɎɑɣɑɝɖɚɕ ɛɚɛɟɗɫɢɔɔ. Ȼɚ ɐɌə-

əɧɘ ɘɌɝɤɞɌɍəɚɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ, 

ɛɜɚɎɑɐɑəəɚɏɚ Ɏ ɛɑɜɔɚɐ ɝ 1990 ɛɚ 

2019 ɏ. Ɏ 204 ɞɑɜɜɔɞɚɜɔɫɡ ɔ ɝɞɜɌ-

əɌɡ ɘɔɜɌ, ɜɌɝɛɜɚɝɞɜɌəɑəəɚɝɞɨ ɔəɝɟɗɨɞɚɎ Ɏ 

ɘɔɜɑ ɓɌ ɩɞɚɞ ɛɑɜɔɚɐ ɝɚɝɞɌɎɗɫɑɞ 101 ɘɔɗɗɔɚə 

ɝɗɟɣɌɑɎ. Ȼɜɔɣɑɘ Ɏ 2019 ɏɚɐɟ ɓɌɠɔɖɝɔɜɚɎɌɗɔ 

12,2 ɘɔɗɗɔɚəɌ ɔəɝɟɗɨɞɚɎ, ɔɓ ɖɚɞɚɜɧɡ 6,55 

ɘɔɗɗɔɚəɌ ɓɌɖɚəɣɔɗɔɝɨ ɗɑɞɌɗɨəɧɘ ɔɝɡɚɐɚɘ ð 

ɩɞɚ ɎɞɚɜɌɫ ɛɜɔɣɔəɌ ɝɘɑɜɞɔ əɌ ɞɚɞ ɘɚɘɑəɞ 

ɛɚɝɗɑ ȴȭȽ (11,6% ɝɗɟɣɌɑɎ ɝɘɑɜɞɔ ɚɞ ɚɍɥɑɏɚ 

ɣɔɝɗɌ ɛɜɚɞɔɎ 16,2% ɝɚɚɞɎɑɞɝɞɎɑəəɚ). ȾɌɖɔɘ 

ɚɍɜɌɓɚɘ, ɓɌ ɛɚɝɗɑɐəɔɑ 29 ɗɑɞ ɣɔɝɗɚ ɔəɝɟɗɨɞɚɎ 

Ɏ ɘɔɜɑ Ɏɧɜɚɝɗɚ əɌ 70%, ɝɘɑɜɞəɚɝɞɨ ɟɎɑɗɔɣɔ-

ɗɌɝɨ əɌ 43%, Ɍ ɜɌɝɛɜɚɝɞɜɌəɑəəɚɝɞɨ ɛɚɖɌɓɌɗɌ 

85% ɛɜɔɜɚɝɞ [1]. Ȯ ȼɚɝɝɔɕɝɖɚɕ ɀɑɐɑɜɌɢɔɔ 

ɓɌɍɚɗɑɎɌɑɘɚɝɞɨ ɔəɝɟɗɨɞɚɘ ɖ 2014 ɏɚɐɟ ɝɚɝɞɌ-

ɎɔɗɌ 285 ɝɗɟɣɌɑɎ əɌ 100 ɞɧɝɫɣ əɌɝɑɗɑəɔɫ, Ɍ 

ɝɘɑɜɞəɚɝɞɨ ð 40 ɝɗɟɣɌɑɎ əɌ 100 ɞɧɝɫɣ əɌɝɑ-

ɗɑəɔɫ [2, 3] . ȹɌɢɔɚəɌɗɨəɧɕ ɜɑɏɔɝɞɜ ɔəɝɟɗɨɞɌ 

ɞɌɖɒɑ ɛɜɔɎɚɐɔɞ ɐɌəəɧɑ ɚ ɞɚɘ, ɣɞɚ 31% ɗɪ-

ɐɑɕ ɛɚɝɗɑ ɔəɝɟɗɨɞɌ əɑɚɍɡɚɐɔɘɌ ɛɚɝɞɚɜɚəəɫɫ 

ɛɚɘɚɥɨ Ɏ ɟɡɚɐɑ ɓɌ ɝɚɍɚɕ, ɞɚɏɐɌ ɖɌɖ 20% ɗɪ-

ɐɑɕ əɑ ɘɚɒɑɞ ɛɑɜɑɐɎɔɏɌɞɨɝɫ ɍɑɓ ɛɚɝɞɚɜɚəəɑɕ 

ɛɚɐɐɑɜɒɖɔ ɔ/ɔɗɔ ɎɝɛɚɘɚɏɌɞɑɗɨəɧɡ ɝɜɑɐɝɞɎ. 

Ȼɜɔ ɩɞɚɘ ɞɚɗɨɖɚ 8% ɗɪɐɑɕ, ɛɑɜɑəɑɝɤɔɡ ɔə-

ɝɟɗɨɞ, ɝɛɚɝɚɍəɚ Ɏɑɜəɟɞɨɝɫ ɖ ɛɜɑɒəɔɘ ɞɜɟɐɚ-

Ɏɧɘ ɚɍɫɓɌəəɚɝɞɫɘ [4].   

ȹɌɔɍɚɗɑɑ ɣɌɝɞɌɫ ɜɌɓəɚɎɔɐəɚɝɞɨ ɔəɝɟɗɨ-

ɞɌ ð ɔɤɑɘɔɣɑɝɖɔɕ, əɌ ɑɏɚ ɐɚɗɪ ɛɜɔɡɚɐɔɞɝɫ 

ɛɜɔɘɑɜəɚ 80% ɚɞ Ɏɝɑɡ ɝɗɟɣɌɑɎ ɔəɝɟɗɨɞɌ [5]. 

ȾɚɏɐɌ ɖɌɖ ɝɜɑɐɔ ɛɚɎɞɚɜəɧɡ ɝɗɟɣɌɑɎ ɔəɝɟɗɨɞɌ 

ɔɤɑɘɔɣɑɝɖɔɕ ɔəɝɟɗɨɞ Ɏ ȼɀ ɝɚɝɞɌɎɗɫɑɞ ɟɒɑ 

87,5%  [2].  Ȯ ɢɑɗɚɘ, əɌ ɘɚɘɑəɞ 2016 - 2017 

ɏɏ. Ɏ ȼɀ əɌɍɗɪɐɌɗɚɝɨ 213,6 - 221,8 ɝɗɟɣɌɑɎ 

ɔɤɑɘɔɣɑɝɖɚɏɚ ɔəɝɟɗɨɞɌ əɌ 100 ɞɧɝɫɣ əɌɝɑ-

ɗɑəɔɫ [6]. ȴɤɑɘɔɣɑɝɖɔɕ ɔəɝɟɗɨɞ ɞɌɖɒɑ Ɏɡɚ-

ɐɔɞ Ɏ ɝɛɔɝɚɖ ɗɔɐɔɜɟɪɥɔɡ ɛɜɔɣɔə ɔəɎɌɗɔɐɔ-

ɓɌɢɔɔ əɌɝɑɗɑəɔɫ ð ɚɖɚɗɚ 3,2 ɝɗɟɣɌɑɎ əɌ 1000 

əɌɝɑɗɑəɔɫ [1]. 

ȮɎɔɐɟ Ɏɧɤɑɛɑɜɑɣɔɝɗɑəəɧɡ ɐɌəəɧɡ, 

ɔɓɟɣɑəɔɑ ɔɤɑɘɔɣɑɝɖɚɏɚ ɔəɝɟɗɨɞɌ ɝɚɎɜɑɘɑə-

əɧɘɔ ɘɑɞɚɐɌɘɔ əɑɕɜɚɎɔɓɟɌɗɔɓɌɢɔɔ əɌ ɚɝəɚ-

Ɏɑ ɐɔɠɠɟɓɔɚəəɚɕ ȸȼ-ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ 

ɌɖɞɟɌɗɨəɚ əɑ ɞɚɗɨɖɚ ɎɎɔɐɟ ɓəɌɣɔɞɑɗɨəɚɕ 

ɜɌɝɛɜɚɝɞɜɌəɑəəɚɝɞɔ ɓɌɍɚɗɑɎɌəɔɫ ɔ ɎɧɓɧɎɌ-

ɑɘɚɕ ɔɘ ɝɘɑɜɞəɚɝɞɔ ɔ ɔəɎɌɗɔɐɔɓɌɢɔɔ, əɚ ɔ 

Ɏɧɝɚɖɚɕ ɘɑɐɔɖɚ-ɝɚɢɔɌɗɨəɚɕ ɓəɌɣɔɘɚɝɞɔ Ɏ 

ɖɚəɞɑɖɝɞɑ ɛɚɝɗɑɐɟɪɥɑɕ ɜɑɌɍɔɗɔɞɌɢɔɔ.  ȸɑ-

ɞɚɐɧ DTI (Diffusion Tensor Imaging, ɐɔɠɠɟɓɔ-

ɚəəɚ-ɞɑəɓɚɜəɌɫ ɎɔɓɟɌɗɔɓɌɢɔɫ) ɔ GQI 

(Generalized Q -sampling Imaging, ɚɍɚɍɥɑəəɌɫ 

ɎɔɓɟɌɗɔɓɌɢɔɫ q-Ɏɧɍɚɜɖɔ) ɛɚɓɎɚɗɫɪɞ ɛɚɗɟ-

ɣɔɞɨ ɟəɔɖɌɗɨəɧɑ ɐɌəəɧɑ ɚ ɞɑɣɑəɔɔ ɔɤɑɘɔɔ 

ɔ ɑɑ Ɏɚɓɘɚɒəɧɡ ɔɝɡɚɐɌɡ, ɣɞɚ Ɏ ɍɟɐɟɥɑɘ ɛɚ-

ɘɚɒɑɞ əɑ ɞɚɗɨɖɚ ɐɚɝɖɚəɌɗɨəɚ ɚɢɑəɔɞɨ ɝɚɝɞɚ-

ɫəɔɑ ɛɌɢɔɑəɞɌ ɛɚɝɗɑ ɔəɝɟɗɨɞɌ, əɚ ɔ ɚɝɟɥɑ-

ɝɞɎɔɞɨ ɛɜɌɎɔɗɨəɟɪ ɘɌɜɤɜɟɞɔɓɌɢɔɪ, Ɍ ɞɌɖɒɑ 

ɜɌɓɜɌɍɚɞɌɞɨ ɚɛɞɔɘɌɗɨəɟɪ ɞɌɖɞɔɖɟ Ɏɑɐɑəɔɫ ɔ 

ɗɑɣɑəɔɫ [7, 8]. 

 ȹɌɟɣəɌɫ ɛɜɚɍɗɑɘɌ ɝɚɝɞɚɔɞ Ɏ ɞɚɘ, ɣɞɚ 

ɐɚ ɝɔɡ ɛɚɜ əɑ ɎɧɫɎɗɑəɧ Ɏɝɑ ɖɗɪɣɑɎɧɑ ɔɓɘɑ-

əɑəɔɫ ɛɚɖɌɓɌɞɑɗɑɕ ɝɚɎɜɑɘɑəəɧɡ ɘɑɞɚɐɚɎ 

əɑɕɜɚɎɔɓɟɌɗɔɓɌɢɔɔ əɌ ɚɝəɚɎɑ ɐɔɠɠɟɓɔɚəəɚɕ 

ȸȼ-ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ (DTI ɔ GQI), ɖɚɞɚɜɧɑ 

əɑɚɍɡɚɐɔɘɧ ɐɗɫ ɚɢɑəɖɔ ɝɞɜɟɖɞɟɜəɚɕ ɜɑɚɜɏɌ-

əɔɓɌɢɔɔ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ Ɏ ɜɌəəɑɘ ɛɚɝɞɔə-

ɝɟɗɨɞəɚɘ ɛɑɜɔɚɐɑ, Ɍ ɞɌɖɒɑ əɑɫɝəɌ ɓəɌɣɔ-

ɘɚɝɞɨ ɩɞɔɡ ɛɚɖɌɓɌɞɑɗɑɕ, ɔɡ ɛɜɚɏəɚɝɞɔɣɑɝɖɌɫ 

ɢɑəəɚɝɞɨ ɔ ɎɓɌɔɘɚɝɎɫɓɨ ɝ ɖɗɔəɔɣɑɝɖɚɕ ɖɌɜ-

ɞɔəɚɕ [7, 8]. 

ɂɑɗɨ ɔɝɝɗɑɐɚɎɌəɔɫ. 

ȴɓɟɣɔɞɨ ɝɞɜɟɖɞɟɜəɟɪ ɜɑɚɜɏɌəɔɓɌɢɔɪ 

ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ Ɏ ɜɌəəɑɘ ɛɚɝɞɔəɝɟɗɨɞəɚɘ 

ɛɑɜɔɚɐɑ ɘɑɞɚɐɌɘɔ əɌ ɚɝəɚɎɑ ɐɔɠɠɟɓɔɚəəɚɕ 

ȸȼȾ. 

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. 

Ƚɟɍɦɑɖɞɧ ɔɝɝɗɑɐɚɎɌəɔɫ ð ɛɌɢɔɑəɞɧ ɝ 

ɛɚɐɚɓɜɑəɔɑɘ əɌ ɔɤɑɘɔɣɑɝɖɔɕ ɔəɝɟɗɨɞ, ɖɚɞɚ-

ɜɧɑ ɍɧɗɔ ɏɚɝɛɔɞɌɗɔɓɔɜɚɎɌəɧ Ɏ ɚɞɐɑɗɑəɔɑ 

əɑɎɜɚɗɚɏɔɔ ȭɑɜɐɝɖɚɕ ɂɑəɞɜɌɗɨəɚɕ ȯɚɜɚɐ-

ɝɖɚɕ ȭɚɗɨəɔɢɧ ɔ Ɏ ɐɌɗɨəɑɕɤɑɘ ɛɜɔɎɑɓɑəɧ 

əɌ ɔɝɝɗɑɐɚɎɌəɔɑ Ɏ ȸȾɂ ȽȺ ȼȬȹ Ɏ ɝɚɛɜɚɎɚɒ-

ɐɑəɔɔ ɍɜɔɏɌɐɧ ȽȸȻ. Ⱥɍɦɑɖɞɧ ɔɝɝɗɑɐɚɎɌəɔɫ 

ð ɍɑɗɚɑ ɎɑɥɑɝɞɎɚ ɝɞɜɟɖɞɟɜ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ. 

ȻɑɜɎɚɑ ɚɍɝɗɑɐɚɎɌəɔɑ ɛɜɚɤɗɔ 129 ɛɌ-

ɢɔɑəɞɚɎ ɝ ɛɚɐɚɓɜɑəɔɑɘ əɌ ɔɤɑɘɔɣɑɝɖɔɕ ɔə-

ɝɟɗɨɞ, ɛɜɔɣɑɘ ɐɔɌɏəɚɝɞɔɖɌ ɛɜɚɔɝɡɚɐɔɗɌ Ɏ 

ɚɝɞɜɑɕɤɔɕ ɛɑɜɔɚɐ ɛɜɑɐɛɚɗɌɏɌɑɘɚɏɚ ɔəɝɟɗɨ-

ɞɌ, ɞɚ ɑɝɞɨ ɣɑɜɑɓ 1-3 ɐəɫ. ȱɝɗɔ Ɏ ɜɑɓɟɗɨɞɌɞɑ 

ɚɍɝɗɑɐɚɎɌəɔɫ ɛɚ ɐɌəəɧɘ ȸȼȾ ɐɔɌɏəɚɝɞɔɖɔ 

ɐɔɌɏəɚɓ ɛɚɐɞɎɑɜɒɐɌɗɝɫ, ɞɚ ɛɌɢɔɑəɞɧ ɛɜɚɡɚ-

ɐɔɗɔ 2-ɑ ɔɝɝɗɑɐɚɎɌəɔɑ Ɏ ɛɚɐɚɝɞɜɧɕ ɛɑɜɔɚɐ 

ɣɑɜɑɓ 7-10 ɐəɑɕ, Ɍ ɓɌɞɑɘ ɔ 3-ɑ ɔɝɝɗɑɐɚɎɌəɔɑ 

Ɏ ɡɜɚəɔɣɑɝɖɔɕ ɛɑɜɔɚɐ ɣɑɜɑɓ 3-4 ɘɑɝɫɢɌ. ȱɝ-

ɗɔ ɐɔɌɏəɚɓ əɑ ɛɚɐɞɎɑɜɒɐɌɗɝɫ Ɏɚ Ɏɜɑɘɫ ɛɑɜ-

Ɏɚɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ, ɞɚ ɛɚɝɗɑɐɟɪɥɔɑ ɔɝɝɗɑɐɚ-

ɎɌəɔɫ əɑ ɛɜɚɎɚɐɔɗɔɝɨ. Ȯ ɞɚɘ ɝɗɟɣɌɑ, ɖɚɏɐɌ 

ɛɌɢɔɑəɞ ɛɜɚɤɑɗ Ɏɝɑ ɞɜɔ ɔɝɝɗɑɐɚɎɌəɔɫ ɔ ɛɚɐ-

ɡɚɐɔɗ ɛɚɐ əɌɟɣəɧɑ ɓɌɐɌɣɔ, ɚə ɎɖɗɪɣɌɗɝɫ Ɏ 

Ɏɧɍɚɜɖɟ ɔ ɐɌɗɨəɑɕɤɔɕ ɌəɌɗɔɓ ɐɌəəɧɡ. ȶɜɔ-

ɞɑɜɔɔ, ɖɚɞɚɜɧɑ ɚɛɜɑɐɑɗɫɗɔ, ɣɞɚ ɛɌɢɔɑəɞ 

ɛɚɐɡɚɐɔɞ ɛɚɐ əɌɟɣəɧɑ ɓɌɐɌɣɔ: ɚɞɝɟɞɝɞɎɔɑ 

əɚɎɧɡ ɔəɝɟɗɨɞɚɎ ɗɪɍɚɕ ɗɚɖɌɗɔɓɌɢɔɔ Ɏɚ Ɏɜɑ-

ɘɫ ɛɚɎɞɚɜəɧɡ ɔɝɝɗɑɐɚɎɌəɔɕ; ɔəɝɟɗɨɞ ɍɧɗ 

ɎɑɜɔɠɔɢɔɜɚɎɌə ɞɚɗɨɖɚ Ɏ ɚɐəɚɘ ɛɚɗɟɤɌɜɔɔ; 

ɚɍɗɌɝɞɨ ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɏɚ ɛɚɗɟɤɌɜɔɫ, ɖɚɞɚ-

ɜɌɫ ɛɚ ɗɚɖɌɗɔɓɌɢɔɔ ɍɧɗɌ ɓɑɜɖɌɗɨəɚ ɌəɌɗɚ-

ɏɔɣəɌ ɚɍɗɌɝɞɔ ɔəɝɟɗɨɞɌ ɛɚɜɌɒɑəəɚɏɚ ɛɚɗɟ-

ɤɌɜɔɫ, ɐɚɗɒəɌ ɍɧɞɨ ɔəɞɌɖɞəɚɕ, ɞɚ ɑɝɞɨ əɑ 

ɔɘɑɞɨ əɔ ɚɝɞɜɧɡ, əɔ ɡɜɚəɔɣɑɝɖɔɡ ɛɌɞɚɗɚɏɔɕ. 

ȱɝɗɔ ɡɚɞɫ ɍɧ ɚɐɔə ɖɜɔɞɑɜɔɕ əɌɜɟɤɌɗɝɫ, ɛɌ-

ɢɔɑəɞ ɔɝɖɗɪɣɌɗɝɫ ɔɓ Ɏɧɍɚɜɖɔ. ȾɌɖɔɘ ɚɍɜɌ-

ɓɚɘ, ɍɧɗɌ ɝɚɝɞɌɎɗɑəɌ ɎɧɍɚɜɖɌ ɔɓ 10 ɛɌɢɔɑə-

ɞɚɎ, ɛɜɚɤɑɐɤɔɡ Ɏɝɑ 3 ɔɝɝɗɑɐɚɎɌəɔɫ. 

ȴɝɝɗɑɐɚɎɌəɔɑ ɛɜɚɎɚɐɔɗɚɝɨ əɌ ȸȼ-

ɞɚɘɚɏɜɌɠɑ   çIngeniaè   ɠɔɜɘɧ    çPhilipsè      ɝ  

ȴ 
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əɌɛɜɫɒɑəəɚɝɞɨɪ ɘɌɏəɔɞəɚɏɚ ɛɚɗɫ 3 Ⱦɗ. 

ȽɞɌəɐɌɜɞəɧɕ ɛɜɚɞɚɖɚɗ ɔɝɝɗɑɐɚɎɌəɔɫ ɏɚɗɚɎ-

əɚɏɚ ɘɚɓɏɌ [DWI-EPI (axi), FLAIR -SPIR (3D), 

T2-WI (axi), T1W -TFE (3D)] ɍɧɗ ɐɚɛɚɗəɑə 

ɐɔɠɠɟɓɔɚəəɚ-ɎɓɎɑɤɑəəɚɕ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚ-

ɝɞɨɪ DTI_3b ɝɚ ɝɗɑɐɟɪɥɔɘɔ ɡɌɜɌɖɞɑɜɔɝɞɔ-

ɖɌɘɔ: TE ð 73 ɘɝ, TR ð 10500 ɘɝ, 3 b-ɠɌɖɞɚɜɌ 

(0, 1500 ɔ 2500 ɝ/ɘɘ2), 32 əɌɛɜɌɎɗɑəɔɫ, 25 

ɝɜɑɓɚɎ ɞɚɗɥɔəɚɕ 2,33 ɘɘ, ɜɌɓɘɑɜ Ɏɚɖɝɑɗɫ 

2.33 Į 2.33 Į 2.33 ɘɘ, ɘɌɞɜɔɢɌ 96 Į 94 Į 25 

ɝɜɑɓɚɎ. 

Ȱɗɫ ɝɞɌɞɔɝɞɔɣɑɝɖɚɕ ɚɍɜɌɍɚɞɖɔ ɔɝɛɚɗɨ-

ɓɚɎɌɗɔɝɨ əɑɛɌɜɌɘɑɞɜɔɣɑɝɖɔɑ ɝɞɌɞɔɝɞɔɣɑɝɖɔɑ 

ɘɑɞɚɐɧ, ɛɚɝɖɚɗɨɖɟ ɎɧɍɚɜɖɌ ɛɌɢɔɑəɞɚɎ ɍɧɗɌ 

ɓɌɎɔɝɔɘɚɕ ɔ ɔɘɑɗɌ əɑəɚɜɘɌɗɨəɚɑ ɜɌɝɛɜɑɐɑ-

ɗɑəɔɑ ɓəɌɣɑəɔɕ ɔɝɝɗɑɐɟɑɘɧɡ ɘɑɞɜɔɖ: ɖɜɔɞɑ-

ɜɔɕ ȿɔɗɖɚɖɝɚəɌ, ɚɛɔɝɌɞɑɗɨəɌɫ ɝɞɌɞɔɝɞɔɖɌ 

(ɘɑɐɔɌəɌ, ɖɎɌɜɞɔɗɔ, ɖɎɌɜɞɔɗɨəɧɕ ɜɌɓɘɌɡ ɔ 

ɜɌɓɘɌɡ), ɖɚɩɠɠɔɢɔɑəɞ ɜɌəɏɚɎɚɕ ɖɚɜɜɑɗɫɢɔɔ 

ȽɛɔɜɘɑəɌ, ɏɜɌɠɔɖɔ ɞɔɛɌ çbox plotè. 

ȻɜɚɏɜɌɘɘəɌɫ ɚɍɜɌɍɚɞɖɌ ɚɝɟɥɑɝɞɎɗɫ-

ɗɌɝɨ Ɏ ɛɜɚɏɜɌɘɘəɚɘ ɚɍɑɝɛɑɣɑəɔɔ (ȻȺ) çDSI 

Studioè (ɛɚɗɟɣɑəɔɑ ɐɌəəɧɡ ɔ ɞɜɌɖɞɚɏɜɌɠɔɫ 

əɌ ɚɝəɚɎɑ ɘɑɞɚɐɚɎ DTI/GQI) ɔ ȻȺ çStatisticaè 

(ɝɞɌɞɔɝɞɔɣɑɝɖɌɫ ɚɍɜɌɍɚɞɖɌ). 

ȼɑɓɟɗɨɞɌɞɧ.  

Ȯ ɡɚɐɑ ɜɌɍɚɞɧ ɍɧɗ ɝɚɓɐɌə Ɍɗɏɚɜɔɞɘ ɛɚ-

ɝɞɜɚɕɖɔ DTI/GQI ɖɌɜɞ, 3D ROI (3D-Region Of 

Interest, 3D -ɚɍɗɌɝɞɨ ɔəɞɑɜɑɝɌ) ɔ ɛɜɚɎɑɐɑəɔɫ 

ɞɜɌɖɞɚɏɜɌɠɔɔ Ɏ ȻȺ çDSI Studioè: 

1. Ȯ ȻȺ RadiAnt DICOM Viewer ɛɜɚɔɓ-

ɎɚɐɔɗɌɝɨ ɓɌɏɜɟɓɖɌ çɝɧɜɧɡè ɐɌəəɧɡ ɠɚɜɘɌɞɌ 

DICOM ɔɓ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ DTI_3b. 

2. ɀɌɕɗɧ DICOM ɓɌɏɜɟɒɌɗɔɝɨ Ɏ ȻȺ DSI 

Studio ɔ ɖɚəɎɑɜɞɔɜɚɎɌɗɔɝɨ Ɏ ɠɚɜɘɌɞ SRC. 

3. Ȼɜɔ ɖɚəɎɑɜɞɌɢɔɔ ɠɌɕɗɚɎ SRC Ɏ 

ɠɚɜɘɌɞ FIB ɛɜɚɔɓɎɚɐɔɗɌɝɨ əɚɜɘɌɗɔɓɌɢɔɫ 

ɐɌəəɧɡ ɛɚɝɜɑɐɝɞɎɚɘ ɛɚɎɚɜɚɞɌ ɔɓɚɍɜɌɒɑəɔɕ 

ɐɗɫ ɟɝɞɜɌəɑəɔɫ əɌɖɗɚəɌ, ɛɜɚɎɑɜɖɌ ɘɌɝɖɔ 

ɔɓɚɍɜɌɒɑəɔɫ ɔ ɑɑ ɖɚɜɜɑɖɞɔɜɚɎɖɌ Ɏ ɝɗɟɣɌɑ, 

ɑɝɗɔ ɚəɌ ɛɚɗəɚɝɞɨɪ əɑ ɓɌɡɎɌɞɧɎɌɑɞ ɔɝɝɗɑɐɟ-

ɑɘɟɪ ɚɍɗɌɝɞɨ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ, ɖɚəɞɜɚɗɨ 

ɐɎɔɒɑəɔɕ ɏɚɗɚɎɧ ɛɌɢɔɑəɞɌ ɔ ɟɝɞɜɌəɑəɔɑ Ɍɜ-

ɞɑɠɌɖɞɚɎ, ɝɎɫɓɌəəɧɡ ɝ ɔɓɗɔɤəɑɕ ɛɚɐɎɔɒəɚ-

ɝɞɨɪ ɏɚɗɚɎɧ Ɏɚ Ɏɜɑɘɫ ɔɝɝɗɑɐɚɎɌəɔɫ, ɟɝɞɌ-

əɚɎɗɑəɔɑ ɛɌɜɌɘɑɞɜɌ çdiffusion sampling 

length ratioè əɌ ɓəɌɣɑəɔɑ 2,0. 

4. Ȼɚɗɟɣɑəəɧɕ ɠɌɕɗ ɠɚɜɘɌɞɌ FIB ɝɚ-

ɐɑɜɒɔɞ ɖɌɜɞɧ ɝɖɌɗɫɜɚɎ DTI (FA, MD, AD, RD) 

ɔ GQI (QA, ISO, RDI), ɚɐəɌɖɚ ɛɚɝɞɜɚɑəɔɑ 3D 

ROI (3D Region Of Interest) ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ 

ɛɜɑɔɘɟɥɑɝɞɎɑəəɚ əɌ rdi-ɖɌɜɞɑ ɎɎɔɐɟ ɑɑ Ɏɧ-

ɝɚɖɚɕ ɔəɠɚɜɘɌɞɔɎəɚɝɞɔ ɐɗɫ ɚɢɑəɖɔ ɚɣɌɏɌ 

ɔɤɑɘɔɣɑɝɖɚɏɚ ɔəɝɟɗɨɞɌ. 

5. ȻɜɚɔɓɎɚɐɔɞɝɫ ɛɚɝɞɜɚɑəɔɑ 3D ROI ɚɍ-

ɗɌɝɞɔ ɔəɝɟɗɨɞɌ ɔ ɔɐɑəɞɔɣəɚɕ 3D ROI ɔə-

ɞɌɖɞəɚɕ ɚɍɗɌɝɞɔ ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɏɚ ɛɚɗɟɤɌ-

ɜɔɫ ɌəɌɗɚɏɔɣəɚɕ ɗɚɖɌɗɔɓɌɢɔɔ. 

6. ȺɝɟɥɑɝɞɎɗɫɑɞɝɫ ɞɜɌɖɞɚɏɜɌɠɔɫ ɝ ɓɌ-

ɜɌəɑɑ ɛɚɐɚɍɜɌəəɧɘɔ ɛɌɜɌɘɑɞɜɌɘɔ. 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɛɜɔ Ɏɧɛɚɗəɑəɔɔ ɛɚɗəɚ-

ɏɚ ɢɔɖɗɌ ɜɌɓɜɌɍɚɞɌəəɚɏɚ ɌɗɏɚɜɔɞɘɌ ɛɚɗɟɣɌ-

ɪɞɝɫ ɣɔɝɗɚɎɧɑ ɐɌəəɧɑ ɝɖɌɗɫɜɚɎ ɔɝɝɗɑɐɟɑɘɚɕ 

ɚɍɗɌɝɞɔ: 

1) DTI - FA, MD, AD, RD;  

2) GQI - QA, ISO, RDI;  

3) ȾɜɌɖɞɚɏɜɌɠɔɫ ð number of tracts 

(ɣɔɝɗɚ ɛɟɣɖɚɎ), mean length ( ɝɜɑɐəɫɫ ɐɗɔəɌ, 

ɘɘ), span (Ɍɍɝɚɗɪɞəɚɑ ɜɌɝɝɞɚɫəɔɑ ɘɑɒɐɟ 

ɐɎɟɘɫ ɖɚəɢɌɘɔ ɛɟɣɖɌ, ɘɘ), curl ( ɔɓɎɔɞɚɝɞɨ), 

elongation ( ɛɜɚɞɫɒɑəəɚɝɞɨ ɛɟɣɖɌ), diameter 

(ɐɔɌɘɑɞɜ,  ɘɘ),  volume   (ɚɍɦɑɘ,  ɘɘ3),   trunk  

 

ȼɔɝ. 1 (Fig. 1) 

ȼɔɝ. 1.   ȽɡɑɘɌɞɔɣɑɝɖɚɑ ɔɓɚɍɜɌɒɑəɔɑ ɘɑɞɚɐɌ ɚɞɍɚɜɌ ɏɜɟɛɛɧ ɛɌɢɔɑəɞɚɎ.  

Fig. 1.   Schematic repr esentation of the method for selecting groups of patients . 

http://www.rejr.ru/


 

 

   RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY  

| www.rejr.ru | REJR. 2023; 13 (3):14-29       DOI: 10.21569/2222-7415-2023-13-3-14-29                     18 
 

 

volume ( ɚɍɦɑɘ ɘɌɏɔɝɞɜɌɗɨəɚɏɚ ɟɣɌɝɞɖɌ ɛɟɣɖɌ, 

ɘɘ3), branch volume ( ɚɍɦɑɘ ɎɑɞɎɔ ɛɟɣɖɌ, 

ɘɘ3), total surface area ( ɌɍɝɚɗɪɞəɌɫ ɛɗɚɥɌɐɨ 

ɛɚɎɑɜɡəɚɝɞɔ ɛɟɣɖɌ, ɘɘ2), total radiu s of end 

regions (ɝɟɘɘɌɜəɧɕ ɜɌɐɔɟɝ ɖɚəɑɣəɧɡ ɚɍɗɌ-

ɝɞɑɕ ɛɟɣɖɌ, ɘɘ), total area of end regions ( ɚɍ-

ɥɌɫ ɛɗɚɥɌɐɨ ɛɚɎɑɜɡəɚɝɞɑɕ ɖɚəɑɣəɧɡ ɚɍɗɌ-

ɝɞɑɕ, ɘɘ2), irregularity ( əɑɜɌɎəɚɘɑɜəɚɝɞɨ 

ɛɟɣɖɌ), area of end region 1 ( ɛɗɚɥɌɐɨ ɛɚɎɑɜɡ-

əɚɝɞɔ ɛɑɜɎɚɕ ɖɚəɑɣəɚɕ ɚɍɗɌɝɞɔ, ɘɘ2), r adius 

of end region 1 ( ɜɌɐɔɟɝ ɛɑɜɎɚɕ ɖɚəɑɣəɚɕ ɚɍ-

ɗɌɝɞɔ, ɘɘ), irregularity of end region 1 ( əɑɜɌɎ-

əɚɘɑɜəɚɝɞɨ ɛɑɜɎɚɕ ɖɚəɑɣəɚɕ ɚɍɗɌɝɞɔ), area 

of end region 2 ( ɛɗɚɥɌɐɨ ɛɚɎɑɜɡəɚɝɞɔ Ɏɞɚɜɚɕ 

ɖɚəɑɣəɚɕ ɚɍɗɌɝɞɔ, ɘɘ2), radius of end region 

2 (ɜɌɐɔɟɝ Ɏɞɚɜɚɕ ɖɚəɑɣəɚɕ ɚɍɗɌɝɞɔ, ɘɘ), ir-

regularity of end region 2 ( əɑɜɌɎəɚɘɑɜəɚɝɞɨ 

Ɏɞɚɜɚɕ ɖɚəɑɣəɚɕ ɚɍɗɌɝɞɔ). 

ȭɧɗɚ əɌɕɐɑəɚ ɚɛɞɔɘɌɗɨəɚɑ ɓəɌɣɑəɔɑ 

çdiffusion sampling length ratioè = 2,00.  ɉɞɚɞ 

ɛɌɜɌɘɑɞɜ ɖɚəɞɜɚɗɔɜɟɑɞ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨ 

GQI, ɛɚɩɞɚɘɟ ɖɜɌɕəɑ ɎɌɒəɚ ɛɜɚɎɑɝɞɔ ɑɏɚ 

ɖɚɜɜɑɖɞəɟɪ əɌɝɞɜɚɕɖɟ ɛɑɜɑɐ Ɏɝɑɘɔ ɐɌɗɨ-

əɑɕɤɔɘɔ ɤɌɏɌɘɔ [9].  

ȳəɌɣɑəɔɑ çdiffusion sampling length 

ratioè əɌɡɚɐɔɞɝɫ ɔəɐɔɎɔɐɟɌɗɨəɚ ɐɗɫ ɖɌɒɐɚɏɚ 

ɔɝɝɗɑɐɚɎɌəɔɫ ɔ ɓɌɎɔɝɔɞ ɚɞ ɘəɚɏɔɡ ɠɌɖɞɚɜɚɎ. 

Ȼɜɔəɢɔɛ əɌɝɞɜɚɕɖɔ ɩɞɚɏɚ ɛɌɜɌɘɑɞɜɌ ɓɌɖɗɪ-

ɣɌɑɞɝɫ Ɏ ɞɚɘ, ɣɞɚ əɑɚɍɡɚɐɔɘɚ əɌ ɖɚɜɚəɌɗɨ-

əɚɘ ɝɜɑɓɑ ɩɘɛɔɜɔɣɑɝɖɔ ɎɧɍɜɌɞɨ ɝɌɘɟɪ Ɏɧ-

ɝɚɖɟɪ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨ, ɖɚɞɚɜɌɫ ɐɌɑɞ ɘɔəɔ-

ɘɌɗɨəɚɑ ɖɚɗɔɣɑɝɞɎɚ ɗɚɒəɧɡ Ɏɚɗɚɖɚə, ɞɚ ɑɝɞɨ 

ɞɌɖɔɡ Ɏɚɗɚɖɚə, ɖɚɞɚɜɧɑ ɚɍəɌɜɟɒɔɎɌɪɞɝɫ Ɏ 

əɑɞɔɛɔɣəɚɕ ɐɗɫ əɔɡ ɗɚɖɌɗɔɓɌɢɔɔ (əɌɛɜɔɘɑɜ, 

Ɏ ɚɍɗɌɝɞɔ ɒɑɗɟɐɚɣɖɚɎ) ɔɗɔ ɝɚɓɐɌɪɞ ɛɑɜɑɖɜɑ-

ɝɞɧ ɞɌɘ, ɏɐɑ  ɔɡ əɑ  ɐɚɗɒəɚ  ɍɧɞɨ  (əɌɛɜɔɘɑɜ,  

 

ȼɔɝ. 2 (Fig. 2) 

ȼɔɝ. 2.    ȽɡɑɘɌɞɔɣɑɝɖɚɑ ɔɓɚɍɜɌɒɑəɔɑ ɌɗɏɚɜɔɞɘɌ ɛɚɗɟɣɑəɔɫ ɜɑɓɟɗɨɞɌɞɚɎ.  

Fig. 2.    Schematic representation of the algorithm for obtaining results.  

 

ȼɔɝ. 3 (Fig. 3) 

ȼɔɝ. 3. ȶɚɜɚəɌɗɨəɧɕ ɝɜɑɓ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ, ɛɚɖɌɓɌəɚ ɍɑɗɚɑ ɎɑɥɑɝɞɎɚ ɔ əɌɛɜɌɎɗɑəɔɑ ɡɚɐɌ 

Ɏɚɗɚɖɚə.  

Fig. 3.  Coronal section of the brain showing the white matter and the direction of the fibers.  
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ɛɑɜɑɖɜɑɝɞɧ Ɏ ɚɍɗɌɝɞɔ ɝɑɜɑɐɔəɧ ɘɚɓɚɗɔɝɞɚɏɚ 

ɞɑɗɌ) [10]. 

Ȼɚɝɞɜɚɑəɔɑ 3D ROI ɚɝɟɥɑɝɞɎɗɫɑɞɝɫ ɖɌɖ 

Ɏ ɚɍɗɌɝɞɔ ɔəɝɟɗɨɞɌ, ɞɌɖ ɔ Ɏ ɔɐɑəɞɔɣəɚɕ ɔə-

ɞɌɖɞəɚɕ ɚɍɗɌɝɞɔ ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɏɚ ɛɚɗɟɤɌ-

ɜɔɫ ɌəɌɗɚɏɔɣəɚɕ ɗɚɖɌɗɔɓɌɢɔɔ. ȽɚɓɐɌəɔɑ 3D 

ROI ɛɜɚɔɝɡɚɐɔɞ Ɏ ɛɚɗɟɌɎɞɚɘɌɞɔɣɑɝɖɚɘ ɜɑ-

ɒɔɘɑ ɝ Ɏɧɐɑɗɑəɔɑɘ ɚɍɤɔɜəɚɕ ɘɟɗɨɞɔɝɜɑɓɚ-

Ɏɚɕ ɚɍɗɌɝɞɔ ɔəɝɟɗɨɞɌ ɔ ɐɌɗɨəɑɕɤɑɕ ɞɚɣəɚɕ 

ɛɚɐɏɚəɖɚɕ ɚɍɦɑɘəɚɕ ɘɔɖɜɚɌɜɡɔɞɑɖɞɟɜɧ ɔə-

ɝɟɗɨɞɌ ɛɚɝɜɑɐɝɞɎɚɘ ɛɜɔɘɑəɑəɔɫ ɛɌɜɌɘɑɞɜɌ 

threshold = 0,8 -1,3, ɣɞɚ ɛɚɓɎɚɗɫɑɞ ɞɚɣəɚ 

ɐɔɠɠɑɜɑəɢɔɜɚɎɌɞɨ Ɏɚɖɝɑɗɧ ɝ ɔəɞɌɖɞəɚɕ 

ɘɚɓɏɚɎɚɕ ɞɖɌəɨɪ ɔ ɛɚɜɌɒɑəəɚɕ. Ȯ ɛɑɜɎɟɪ 

ɚɣɑɜɑɐɨ, ɛɜɚɔɓɎɚɐɔɞɝɫ Ɏɧɐɑɗɑəɔɑ ɘɔɖɜɚɌɜ-

ɡɔɞɑɖɞɟɜɧ ɚɣɌɏɌ Ɏ ɛɚɜɌɒɑəəɚɘ ɛɚɗɟɤɌɜɔɔ, Ɍ 

ɓɌɞɑɘ ɩɞɚɞ 3D ROI ɖɚɛɔɜɟɑɞɝɫ, ɓɑɜɖɌɗɨəɚ ɚɞ-

ɜɌɒɌɑɞɝɫ ɔ ɛɚɘɑɥɌɑɞɝɫ Ɏ ɌəɌɗɚɏɔɣəɟɪ ɗɚɖɌ-

ɗɔɓɌɢɔɪ ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɏɚ ɔəɞɌɖɞəɚɏɚ ɛɚ-

ɗɟɤɌɜɔɫ ɐɗɫ ɐɌɗɨəɑɕɤɑɏɚ ɝɜɌɎəɑəɔɫ. 

ȭɧɗɔ ɩɘɛɔɜɔɣɑɝɖɔ ɛɚɐɚɍɜɌəɧ ɏɜɌəɔɣ-

əɧɑ ɟɝɗɚɎɔɫ ɛɚɝɞɜɚɑəɔɫ ɞɜɌɖɞɚɏɜɌɠɔɔ, ɖɚ-

ɞɚɜɧɑ ɛɚɓɎɚɗɔɗɔ ɛɚɗɟɣɔɞɨ ɔəɠɚɜɘɌɞɔɎəɟɪ 

ɎɔɓɟɌɗɔɓɌɢɔɪ ɞɜɌɖɞɚɎ ɍɑɗɚɏɚ ɎɑɥɑɝɞɎɌ ɝ Ɏɧ-

ɝɚɖɚɕ ɞɚɣəɚɝɞɨɪ ɔ ɍɑɓ ɗɔɤəɔɡ ɌɜɞɑɠɌɖɞɚɎ 

(ɜɔɝ. 6). 

ȴɝɛɚɗɨɓɚɎɌɗɔɝɨ ɝɗɑɐɟɪɥɔɑ ɛɌɜɌɘɑɞɜɧ: 

Å tracking threshold (ɛɚɜɚɏ ɚɞɝɗɑɒɔɎɌ-

əɔɫ) ð ɩɞɚɞ ɛɌɜɌɘɑɞɜ ɚɛɜɑɐɑɗɫɑɞ ɛɚɜɚɏ ɐɗɫ 

ɛɜɑɖɜɌɥɑəɔɫ ɚɞɝɗɑɒɔɎɌəɔɫ Ɏɚɗɚɖɚə. Ⱥɍɥɔɕ 

ɛɜɔəɢɔɛ ɎɧɍɚɜɌ ɛɚɜɚɏɌ ɓɌɖɗɪɣɌɑɞɝɫ Ɏ Ɏɧ-

ɍɚɜɑ əɌɔɘɑəɨɤɑɏɚ ɓəɌɣɑəɔɫ, ɖɚɞɚɜɚɑ ɐɌɑɞ 

ɖɚɜɜɑɖɞəɧɑ ɜɑɓɟɗɨɞɌɞɧ ɝ ɘɔəɔɘɌɗɨəɧɘ ɖɚ-

ɗɔɣɑɝɞɎɚɘ ɗɚɒəɧɡ Ɏɚɗɚɖɚə; 

Å angular Threshold (ɟɏɗɚɎɚɕ ɛɚɜɚɏ) ð ɩɞɚ 

ɛɚɜɚɏ (Ɏ ɏɜɌɐɟɝɌɡ), ɖɚɞɚɜɧɕ ɝɗɟɒɔɞ ɖɜɔɞɑɜɔ-

ɑɘ ɓɌɎɑɜɤɑəɔɫ ɚɞɝɗɑɒɔɎɌəɔɫ Ɏɚɗɚɖɚə. ȱɝɗɔ 

ɐɎɌ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɧɡ əɌɛɜɌɎɗɑəɔɫ ɐɎɔɒɑ-

əɔɫ Ɏɚɗɚɖɚə ɔɘɑɪɞ ɟɏɚɗ ɛɑɜɑɝɑɣɑəɔɫ Ɏɧɤɑ 

ɩɞɚɏɚ ɛɚɜɚɏɌ, ɞɚ ɚɞɝɗɑɒɔɎɌəɔɑ ɍɟɐɑɞ ɛɜɑ-

ɖɜɌɥɑəɚ. Ȼɜɔəɢɔɛ ɎɧɍɚɜɌ ɝɡɚɒ ɝ ɛɜɑɐɧɐɟ-

ɥɔɘ ɛɌɜɌɘɑɞɜɚɘ ð ɘɌɖɝɔɘɌɗɨəɚɑ ɖɌɣɑɝɞɎɚ 

ɛɜɔ ɘɔəɔɘɌɗɨəɚɘ ɖɚɗɔɣɑɝɞɎɑ ɗɚɒəɧɡ ɔ əɑ-

ɖɚɜɜɑɖɞəɧɡ Ɏɚɗɚɖɚə; 

Å step size (ɜɌɓɘɑɜ ɤɌɏɌ, ɘɘ) ð ɚɛɜɑɐɑ-

ɗɫɑɞ ɜɌɝɝɞɚɫəɔɑ ɛɑɜɑɘɑɥɑəɔɫ Ɏ ɖɌɒɐɚɕ ɔɞɑ-

ɜɌɢɔɔ ɚɞɝɗɑɒɔɎɌəɔɫ Ɏɚɗɚɖɚə; 

Å min Length (ɘɔəɔɘɌɗɨəɌɫ ɐɗɔəɌ, ɘɘ) ð 

ɚɏɜɌəɔɣɑəɔɑ ɐɗɔəɧ, ɖɚɞɚɜɚɑ ɚɞɠɔɗɨɞɜɚɎɧɎɌ-

ɑɞ ɝɗɔɤɖɚɘ ɖɚɜɚɞɖɔɑ ɎɚɗɚɖəɌ; 

Å max Length (ɘɌɖɝɔɘɌɗɨəɌɫ ɐɗɔəɌ, ɘɘ) 

ð ɚɏɜɌəɔɣɑəɔɑ ɐɗɔəɧ, ɖɚɞɚɜɚɑ ɚɞɠɔɗɨɞɜɚɎɧ-

ɎɌɑɞ ɝɗɔɤɖɚɘ ɐɗɔəəɧɑ ɎɚɗɚɖəɌ; 

terminate if (ȳɌɎɑɜɤɔɞɑ, ɑɝɗɔ) ð ɛɜɔ Ɏɧ-

ɍɜɌəəɚɘ ɛɌɜɌɘɑɞɜɑ Seeds (əɌɣɌɗɨəɧɑ ɞɚɣɖɔ), 

ɞɜɌɖɞɚɏɜɌɠɔɫ ɓɌɎɑɜɤɔɞɝɫ, ɖɚɏɐɌ ɍɟɐɑɞ ɐɚ-

ɝɞɔɏəɟɞɚ əɑɚɍɡɚɐɔɘɚɑ ɖɚɗɔɣɑɝɞɎɚ Seeds [10]. 

Ȯ ɡɚɐɑ ɜɌɍɚɞɧ ɍɧɗɔ ɛɚɗɟɣɑəɧ ɓəɌɣɑəɔɫ  

 

ȼɔɝ. 4 (Fig. 4) 

ȼɔɝ. 4.   ȹɌɝɞɜɚɕɖɌ çdiffusion sampling length ratioè əɌ ɖɚɜɚəɌɗɨəɚɘ ɝɜɑɓɑ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ, ɛɚ-

ɖɌɓɌəɚ ɍɑɗɚɑ ɎɑɥɑɝɞɎɚ ɔ əɌɛɜɌɎɗɑəɔɑ ɡɚɐɌ Ɏɚɗɚɖɚə. 

ȭɑɗɧɕ ɖɜɟɏ ð ɛɑɜɑɝɑɖɌɪɥɔɑɝɫ ɚɍɗɌɝɞɔ Ɏ ɗɌɞɑɜɌɗɨəɚɕ ɣɌɝɞɔ ɘɚɓɚɗɔɝɞɚɏɚ ɞɑɗɌ, ɖɜɌɝəɧɕ ɖɜɟɏ ð əɑɛɑɜɑɝɑ-

ɖɌɪɥɔɑɝɫ ɚɍɗɌɝɞɔ ɝɑɜɑɐɔəɧ ɘɚɓɚɗɔɝɞɚɏɚ ɞɑɗɌ. 

Fig. 4. Setting "diffusion sampling length ratio" on the coronal section of the brain, showing the white 

matter and the direction of the fibers.   

Light blue  circle ð intersecting areas in the lateral part of the corpus callosum, light red circle ð non -

overlapping areas of the middle of the corpus callosum.  
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ȼɔɝ. 5 (Fig. 5) 

ȼɔɝ. 5.    Ȼɜɔɘɑɜ ɛɚɝɞɜɚɑəɔɫ 3D ROI Ɏ ȻȺ DSI Studio.  

ȶɜɌɝəɧɘ ɚɞɘɑɣɑəɌ ɚɍɗɌɝɞɨ ɔəɝɟɗɨɞɌ, Ɍ ɓɑɗɑəɧɘ ɔəɞɌɖɞəɌɫ ɚɍɗɌɝɞɨ ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɏɚ ɛɚɗɟɤɌɜɔɫ. 

Fig. 5.  An example of building a 3D ROI.   

The st roke area is marked in red and the intact area of the contralateral hemisphere is marked in green.  

 

ȼɔɝ. 6 (Fig. 6) 

ȼɔɝ. 6.    ȴɞɚɏɚɎɧɕ ɎɌɜɔɌəɞ ɛɚɐɚɍɜɌəəɧɡ ɏɜɌəɔɣəɧɡ ɟɝɗɚɎɔɕ ɛɚɝɞɜɚɑəɔɫ ɞɜɌɖɞɚɏɜɌɠɔɔ Ɏ ȻȺ 

DSI Studio. 

Fig. 6.  The final version of the selected boundary conditions for constructing tractography in DSI 

Studio.  
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ɝɖɌɗɫɜɚɎ ɘɑɞɚɐɔɖ DTI/GQI ɖɌɖ Ɏ ɚɍɗɌɝɞɔ ɔə-

ɝɟɗɨɞɌ, ɞɌɖ ɔ Ɏ ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɕ ɚɍɗɌɝɞɔ ɔə-

ɞɌɖɞəɚɏɚ ɛɚɗɟɤɌɜɔɫ. ȰɔəɌɘɔɖɌ ɘəɚɏɔɡ ɝɖɌ-

ɗɫɜɚɎ ɛɚɖɌɓɌɗɌ Ɏɧɝɚɖɟɪ ɐɚɝɞɚɎɑɜəɚɝɞɨ ɛɚ 

ɖɜɔɞɑɜɔɪ ȿɔɗɖɝɚəɌ (ɞɌɍɗ. ʈ1). ȾɌɖɒɑ ɍɧɗɔ 

ɎɧɝɣɔɞɌəɧ ɓəɌɣɑəɔɫ ɚɞəɚɤɑəɔɕ ɘɑɞɜɔɖ 

DTI/GQI (ɞɌɍɗ. ʈ2). 

ȾɌɖɒɑ Ɏ ɡɚɐɑ ɜɌɍɚɞɧ ɍɧɗ ɛɜɔɘɑəɑə ɘɑ-

ɞɚɐ ɜɌəɏɚɎɚɕ ɖɚɜɜɑɗɫɢɔɔ ȽɛɔɜɘɑəɌ ɔ ɍɧɗɌ 

ɎɧɫɎɗɑəɌ ɛɜɫɘɌɫ ɔ ɚɍɜɌɞəɌɫ ɐɚɝɞɚɎɑɜəɌɫ (p 

< 0,05) ɝɎɫɓɨ ɘɑɒɐɟ Ɏɧɐɑɗɑəəɧɘɔ Ɏ ɞɌɍɗɔɢɑ 

ɘɑɞɜɔɖɌɘɔ (ɞɌɍɗ. ʈ3). 

Ⱥɍɝɟɒɐɑəɔɑ. 

QA (quan titative anisotropy, ɖɚɗɔɣɑ-

ɝɞɎɑəəɌɫ Ɍəɔɓɚɞɜɚɛɔɫ) ð ɩɞɚ ɛɗɚɞəɚɝɞɨ Ɍəɔ-

ɓɚɞɜɚɛəɚɕ ɐɔɠɠɟɓɔɔ ɛɚɝɗɑ ɛɑɜɑɘɑɥɑəɔɫ 

ɔɓɚɞɜɚɛəɚɏɚ ɖɚɘɛɚəɑəɞɌ. ɁɌɜɌɖɞɑɜɔɓɟɑɞ "ɖɚ-

ɗɔɣɑɝɞɎɚ" ɐɔɠɠɟəɐɔɜɟɪɥɔɡ ɘɚɗɑɖɟɗ Ɏɚɐɧ, 

ɝɎɫɓɌəɌ ɝ ɛɗɚɞəɚɝɞɨɪ ɌɖɝɚəɚɎ [10, 11]. Ȼɚ 

əɌɤɔɘ ɐɌəəɧɘ Ɏ ɚɍɗɌɝɞɔ ɔəɝɟɗɨɞɌ QA ɐɚ-

ɝɞɚɎɑɜəɚ (p<0,05) ɝəɔɒɌɑɞɝɫ ɚɞ 1-ɏɚ ɖɚ 2-ɘɟ 

ɔ ɚɞ 1-ɏɚ ɖ 3-ɘɟ ɔɝɝɗɑɐɚɎɌəɔɪ, ɞɚɏɐɌ ɖɌɖ Ɏ 

ɔəɞɌɖɞəɚɕ ɚɍɗɌɝɞɔ ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɏɚ ɛɚɗɟ-

ɤɌɜɔɫ ɞɚɒɑ ɛɜɚɔɝɡɚɐɔɞ ɐɚɝɞɚɎɑɜəɚɑ (p<0,05)  

ɝəɔɒɑəɔɑ ɚɞ 2-ɏɚ ɖ 3-ɘɟ ɔɝɝɗɑɐɚɎɌəɔɪ. Ȼɚ 

ɐɌəəɧɘ ɗɔɞɑɜɌɞɟɜɧ  ɝəɔɒɑəɔɑ QA ɚɞɜɌɒɌɑɞ 

ɛɚɞɑɜɪ ɌɖɝɚəɚɎ ɔ ɟɘɑəɨɤɑəɔɑ ɌɖɝɚəɌɗɨəɚɕ 

ɛɗɚɞəɚɝɞɔ, ɚɐəɌɖɚ ɝɟɥɑɝɞɎɟɪɞ ɛɜɚɞɔɎɚɜɑɣɔ-

Ɏɧɑ ɐɌəəɧɑ ɚ ɞɚɘ, ɖɚɏɐɌ ɩɞɌ ɛɚɞɑɜɫ ɐɚɗɒəɌ 

ɛɜɚɫɎɗɫɞɨɝɫ: ɛɚ ɚɐəɔɘ ɔɝɞɚɣəɔɖɌɘ QA ɝəɔ-

ɒɌɑɞɝɫ ɛɜɑɔɘɟɥɑɝɞɎɑəəɚ ɝɛɟɝɞɫ 6 ɘɑɝɫɢɑɎ 

ɛɚɝɗɑ ɔɤɑɘɔɣɑɝɖɚɏɚ ɔəɝɟɗɨɞɌ [12, 13], ɞɚɏɐɌ 

ɖɌɖ ɛɚ ɐɜɟɏɔɘ ɩɞɚ ɝəɔɒɑəɔɑ ɘɚɒəɚ ɚɢɑəɔɞɨ 

ɟɒɑ Ɏ ɛɑɜɎɟɪ əɑɐɑɗɪ [14]. ȺɐəɌɖɚ ɘɧ ɓɌ-

ɠɔɖɝɔɜɚɎɌɗɔ ɝəɔɒɑəɔɑ ɩɞɚɏɚ ɛɚɖɌɓɌɞɑɗɫ ɟɒɑ 

ɣɑɜɑɓ 1-3 ɐəɫ, ɞɚ ɑɝɞɨ Ɏ ɚɝɞɜɧɕ ɛɑɜɔɚɐ ɔɤɑ-

ɘɔɣɑɝɖɚɏɚ ɔəɝɟɗɨɞɌ. 

ȳɌɜɟɍɑɒəɧɑ ɌɎɞɚɜɧ ɚɞɘɑɣɌɪɞ, ɣɞɚ QA 

ɘɚɒɑɞ ɔɝɛɚɗɨɓɚɎɌɞɨɝɫ ɖɌɖ ɛɜɚɏəɚɝɞɔɣɑɝɖɔɕ 

ɘɌɜɖɑɜ ɎɚɝɝɞɌəɚɎɗɑəɔɫ ɛɚɝɗɑ ɔəɝɟɗɨɞɌ Ɏ 

ɝɗɟɣɌɑ ɜɌɝɣɑɞɌ ɔəɐɑɖɝɌ Ɍɝɔɘɘɑɞɜɔɔ QA ɛɚ 

ɝɗɑɐɟɪɥɑɕ ɠɚɜɘɟɗɑ: (QAɖɚəɞɜɗɌɞɑɜɌɗɨəɚ ĭ QAɔɛɝɔ-

ɗɌɞɑɗɨəɚ) / (QA ɖɚəɞɜɗɌɞɑɜɌɗɨəɚ + QAɔɛɝɔɗɌɞɑɗɨəɚ). Ȼɚɗɚ-

ɒɔɞɑɗɨəɚɑ ɓəɌɣɑəɔɑ ɔəɐɑɖɝɌ ɟɖɌɓɧɎɌɑɞ əɌ 

ɝəɔɒɑəɔɑ QA Ɏ ɛɚɜɌɒɑəəɚɘ ɛɚɗɟɤɌɜɔɔ, Ɏ ɞɚ 

Ɏɜɑɘɫ ɖɌɖ 0 ɝɚɚɞɎɑɞɝɞɎɟɑɞ ɝɔɘɘɑɞɜɔɣəɚɘɟ 

QA Ɏ ɚɍɚɔɡ ɛɚɗɟɤɌɜɔɫɡ. Ƀɑɘ ɍɚɗɨɤɑ ɓəɌɣɑ-

əɔɑ Ɍɝɔɘɘɑɞɜɔɔ, ɞɑɘ ɡɟɒɑ ɛɜɚɏəɚɓ Ɏ ɞɑɣɑəɔɑ 

ȾɌɍɗɔɢɌ ʈ1. ȺɛɔɝɌɞɑɗɨəɌɫ ɝɞɌɞɔɝɞɔɖɌ ɖɚɗɔɣɑɝɞɎɑəəɧɡ ɡɌɜɌɖɞɑɜɔɝɞɔɖ DTI/GQI 

Ɏ ɚɣɌɏɑ ɔəɝɟɗɨɞɌ (i) ɔ ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɕ ɝɞɚɜɚəɑ (N) Ɏ 1-ɘ, 2-ɘ ɔ 3-ɘ ɔɝɝɗɑɐɚɎɌəɔɔ. 

    
 

ȾɌɍɗɔɢɌ ʈ2.  ȳəɌɣɑəɔɫ ɚɞəɚɤɑəɔɕ ɘɑɞɜɔɖ DTI/GQI ɚɣɌɏɌ ɔəɝɟɗɨɞɌ ɖ ɌəɌɗɚɏɔɣ-

əɧɘ ɘɑɞɜɔɖɌɘ ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɕ ɝɞɚɜɚəɧ Ɏ 1-ɘ, 2-ɘ ɔ 3-ɘ ɔɝɝɗɑɐɚɎɌəɔɔ (rȸɑɞɜɔɖɌ ð 

ratioȸɑɞɜɔɖɌ, ɞɚ ɑɝɞɨ ɚɞəɚɤɑəɔɑ ɘɑɞɜɔɖɔ ɔəɝɟɗɨɞɌ ɖ ɘɑɞɜɔɖɑ əɚɜɘɌɗɨəɚɏɚ ɛɚɗɟɤɌ-

ɜɔɫ). 
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əɑɝɖɚɗɨɖɔɡ ɗɑɞ [14]. 

FA (fractional anisotropy, ɠɜɌɖɢɔɚəəɌɫ 

Ɍəɔɓɚɞɜɚɛɔɫ) ð əɑ ɑɐɔəɔɣəɌɫ ɐɜɚɍɨ, ɛɚɗɟ-

ɣɑəəɌɫ ɔɓ ɚɞəɚɤɑəɔɫ ɘɑɒɐɟ Ȋ1, Ȋ2 ɔ Ȋ3. 

ȻɜɔəɔɘɌɑɞ ɓəɌɣɑəɔɫ ɚɞ 0 (ɔɓɚɞɜɚɛɔɫ) ɐɚ 1 

(ɛɚɗəɌɫ Ɍəɔɓɚɞɜɚɛɔɫ). ȹɑɝɛɑɢɔɠɔɣɑɝɖɔ ɝɎɫ-

ɓɌəɌ ɝ ɢɑɗɚɝɞəɚɝɞɨɪ ɌɖɝɚəɚɎ ɔ ɔɡ ɘɔɑɗɔəɔ-

ɓɌɢɔɑɕ [9, 10]. Ȼɚ əɌɤɔɘ ɐɌəəɧɘ Ɏ ɚɍɗɌɝɞɔ 

ɔəɝɟɗɨɞɌ FA ɐɚɝɞɚɎɑɜəɚ (p<0,05) ɝəɔɒɌɑɞɝɫ 

ɚɞ 1-ɏɚ ɖɚ 2-ɘɟ ɔɝɝɗɑɐɚɎɌəɔɪ, ɞɚɏɐɌ ɖɌɖ Ɏ 

ɔəɞɌɖɞəɚɕ ɚɍɗɌɝɞɔ ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɏɚ ɛɚɗɟ-

ɤɌɜɔɫ ɐɚɝɞɚɎɑɜəɧɡ ɔɓɘɑəɑəɔɕ əɑ ɓɌɠɔɖɝɔ-

ɜɚɎɌəɚ. Ȼɚ ɗɔɞɑɜɌɞɟɜəɧɘ ɐɌəəɧɘ FA ɛɚɝɗɑ 

ɔəɝɟɗɨɞɌ ɘɚɒɑɞ ɝəɔɒɌɞɨɝɫ ɍɚɗɑɑ 6 ɘɑɝɫɢɑɎ ɔ 

ɚɞɜɌɒɌɞɨ ɛɚɞɑɜɪ ɌɖɝɚəɚɎ [15]. 

ȶɌɖ ɔ ɐɗɫ QA, ɐɗɫ FA ɞɚɒɑ ɘɚɒəɚ ɜɌɝ-

ɝɣɔɞɌɞɨ ɔəɐɑɖɝ Ɍɝɔɘɘɑɞɜɔɔ, ɚɐəɌɖɚ ɑɏɚ ɛɜɚ-

ɏəɚɝɞɔɣɑɝɖɌɫ ɞɚɣəɚɝɞɨ ɍɟɐɑɞ əɑɝɖɚɗɨɖɚ əɔ-

ɒɑ: (FAɖɚəɞɜɗɌɞɑɜɌɗɨəɚ ĭ FAɔɛɝɔɗɌɞɑɗɨəɚ) / (FA ɖɚəɞɜɗɌɞɑ-

ɜɌɗɨəɚ + FAɔɛɝɔɗɌɞɑɗɨəɚ) [13]. ȽɚɚɍɥɌɑɞɝɫ, ɣɞɚ ɝɚ-

ɚɞəɚɤɑəɔɑ FA ɘɑɒɐɟ ɛɚɜɌɒɑəəɚɕ ɔ əɑɓɌɞɜɚ-

əɟɞɚɕ ɝɞɚɜɚəɚɕ ɘɚɓɏɌ (rFA, ratio FA) ɘɑəɑɑ 

0,8 ɛɜɔ ɛɚɝɞɟɛɗɑəɔɔ ɛɌɢɔɑəɞɚɎ Ɏ ɍɚɗɨəɔɢɟ 

ɍɧɗɚ ɝɎɫɓɌəɚ ɝ əɑɐɚɝɞɌɞɚɣəɧɘ ɎɚɝɝɞɌəɚɎɗɑ-

əɔɑɘ ɐɎɔɏɌɞɑɗɨəɚɕ ɌɖɞɔɎəɚɝɞɔ ɛɜɔ Ɏɧɛɔɝɖɑ. 

ȹɑɖɚɞɚɜɧɑ ɔɝɝɗɑɐɚɎɌɞɑɗɔ ɚɞɘɑɣɌɪɞ, ɣɞɚ ɔɓ-

ɘɑɜɑəɔɑ rFA əɌ 30-ɕ ɐɑəɨ ð ɩɞɚ əɑɓɌɎɔɝɔɘɧɕ  

ɛɜɑɐɔɖɞɚɜ ɐɚɗɏɚɝɜɚɣəɚɏɚ ɐɎɔɏɌɞɑɗɨəɚɏɚ ɔɝ-

ɡɚɐɌ [7]. 

MD (mean diffusivity, ɝɜɑɐəɫɫ ɐɔɠɠɟ-

ɓɔɫ) ð ɩɞɚ ɝɜɑɐəɑɑ ɓəɌɣɑəɔɑ ɐɔɠɠɟɓɔɔ ɔɓ 

ɞɜɑɡ ɝɚɍɝɞɎɑəəɧɡ ɓəɌɣɑəɔɕ ɞɑəɓɚɜɌ. ɃɌɝɞɚ 

ɜɌɝɝɘɌɞɜɔɎɌɑɞɝɫ ɖɌɖ ɛɜɔɍɗɔɒɑəɔɑ ɖ ɚɍɥɑɕ 

ɐɔɠɠɟɓəɚɝɞɔ. ɋɎɗɫɑɞɝɫ ɚɍɜɌɞəɚɕ ɘɑɜɚɕ 

ɛɗɚɞəɚɝɞɔ ɘɑɘɍɜɌəɧ. ɁɌɜɌɖɞɑɜɔɓɟɑɞ "ɝɖɚ-

ɜɚɝɞɨ" ɐɔɠɠɟɓɔɔ (10-3ɘɘd/ɝ), ɝɎɫɓɌəɌ ɝ ɚɞɑ-

ɖɚɘ, ɖɗɑɞɚɣəɚɕ ɔəɠɔɗɨɞɜɌɢɔɑɕ ɔ əɑɖɜɚɓɚɘ 

[11]. Ȼɚ əɌɤɔɘ ɐɌəəɧɘ Ɏ ɚɍɗɌɝɞɔ ɔəɝɟɗɨɞɌ 

MD ɐɚɝɞɚɎɑɜəɚ (p<0,05) ɟɎɑɗɔɣɔɎɌɑɞɝɫ Ɏɚ 

Ɏɝɑɡ ɞɜɑɡ ɔɝɝɗɑɐɚɎɌəɔɫɡ, ɞɚɏɐɌ ɖɌɖ Ɏ ɔə-

ɞɌɖɞəɚɕ ɚɍɗɌɝɞɔ ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɏɚ ɛɚɗɟɤɌ-

ɜɔɫ ɐɚɝɞɚɎɑɜəɧɡ ɔɓɘɑəɑəɔɕ əɑ ɓɌɠɔɖɝɔɜɚ-

ɎɌəɚ. Ȼɚ ɐɌəəɧɘ ɗɔɞɑɜɌɞɟɜɧ MD ɘɚɒɑɞ ɍɧɞɨ 

ɛɚɎɧɤɑə Ɏ ɚɍɗɌɝɞɔ ɔəɝɟɗɨɞɌ əɌ ɛɜɚɞɫɒɑəɔɔ 

3 ɘɑɝɫɢɑɎ [11].  

ȹɑɖɚɞɚɜɧɑ ɌɎɞɚɜɧ ɝɣɔɞɌɪɞ, ɣɞɚ MD ɫɎ-

ɗɫɑɞɝɫ əɑɓɌɎɔɝɔɘɧɘ ɛɜɑɐɔɖɞɚɜɚɘ ɜɌəəɑɏɚ 

əɑɎɜɚɗɚɏɔɣɑɝɖɚɏɚ ɟɗɟɣɤɑəɔɫ ð MD ɍɑɗɚɏɚ 

ɎɑɥɑɝɞɎɌ ɍɧɗɌ ɓəɌɣɔɞɑɗɨəɚ əɔɒɑ Ɏ ɏɜɟɛɛɑ 

ɛɌɢɔɑəɞɚɎ ɝ ɜɌəəɔɘ əɑɎɜɚɗɚɏɔɣɑɝɖɔɘ ɟɗɟɣ-

ɤɑəɔɑɘ [7]. 

AD (axial diffusivity, ɚɝɑɎɌɫ ɐɔɠɠɟɓɔɫ) ð 

ɩɞɚ ɛɚɖɌɓɌɞɑɗɨ, ɖɚɗɔɣɑɝɞɎɑəəɚ ɚɛɜɑɐɑɗɫɪ-

ɥɔɕ əɌɝɖɚɗɨɖɚ ɍɧɝɞɜɚ ɎɚɐɌ ɐɔɠɠɟəɐɔɜɟɑɞ 

Ɏɐɚɗɨ ɌɖɝɚəɌɗɨəɧɡ Ɏɚɗɚɖɚə ɔ ɚɍɚɓəɌɣɌɑɘɧɕ 

ɛɌɜɌɗɗɑɗɨɪ Ȋ. ȺɢɑəɔɎɌɑɞɝɫ ɛɚ Ȋ1, ɛɑɜɎɚɘɟ 

ɝɚɍɝɞɎɑəəɚɘɟ ɓəɌɣɑəɔɪ ɞɑəɓɚɜɌ. ɁɌɜɌɖɞɑɜɔ-

ɓɟɑɞ "ɝɖɚɜɚɝɞɨ" ɐɔɠɠɟɓɔɔ (10-3ɘɘ2/ɝ), əɑ-

ɝɛɑɢɔɠɔɣɑɝɖɔ ɝɎɫɓɌəɌ ɝ ɛɗɚɞəɚɝɞɨɪ ɌɖɝɚəɚɎ 

ɔ ɝɚɓɜɑɎɌəɔɑɘ ɍɑɗɚɏɚ ɎɑɥɑɝɞɎɌ [11]. Ȼɚ 

əɌɤɔɘ ɐɌəəɧɘ Ɏ ɚɍɗɌɝɞɔ ɔəɝɟɗɨɞɌ AD ɐɚ-

ɝɞɚɎɑɜəɚ (p<0,05) ɟɎɑɗɔɣɔɎɌɑɞɝɫ Ɏɚ Ɏɝɑɡ ɞɜɑɡ 

ɔɝɝɗɑɐɚɎɌəɔɫɡ, ɞɚɏɐɌ ɖɌɖ Ɏ ɔəɞɌɖɞəɚɕ ɚɍɗɌ-

ɝɞɔ ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɏɚ ɛɚɗɟɤɌɜɔɫ ɐɚɝɞɚɎɑɜ-

əɧɡ ɔɓɘɑəɑəɔɕ əɑ ɓɌɠɔɖɝɔɜɚɎɌəɚ. Ȼɚ ɐɌə-

əɧɘ ɗɔɞɑɜɌɞɟɜɧ AD ɘɚɒɑɞ əɑ ɔɓɘɑəɫɞɨɝɫ 

ɔɗɔ ɟɎɑɗɔɣɔɎɌɞɨɝɫ ɐɚ ɞɜɑɡ ɘɑɝɫɢɑɎ ɛɚɝɗɑ ɔə-

ɝɟɗɨɞɌ, əɚ ɝɛɟɝɞɫ 6 ɘɑɝɫɢɑɎ ɛɚɝɗɑ ɔəɝɟɗɨɞɌ 

AD ɝəɔɒɌɑɞɝɫ [16]. ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɛɚɝɗɑ ɔə-

ɝɟɗɨɞɌ ɚɍɗɌɝɞɨ ɔɤɑɘɔɔ ɔɘɑɑɞ ɝəɔɒɑəəɧɕ 

ɛɚɖɌɓɌɞɑɗɨ AD ɛɚ ɝɜɌɎəɑəɔɪ ɝ ɔəɞɌɖɞəɚɕ 

ɚɍɗɌɝɞɨɪ ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɕ ɝɞɚɜɚəɧ, ɣɞɚ, ɛɚ 

ɘəɑəɔɪ ɜɫɐɌ ɌɎɞɚɜɚɎ, ɏɚɎɚɜɔɞ ɚɍ ɌɖɝɚəɌɗɨ-

əɚɘ ɛɚɎɜɑɒɐɑəɔɔ [11] ɔɗɔ ɛɚɞɑɜɑ ɌɖɝɚəɚɎ 

[16, 17], əɚ ɓɌɞɑɘ, ɛɜɑɐɛɚɗɚɒɔɞɑɗɨəɚ, ɓɌ ɝɣɑɞ 

ɜɑɐɟɖɢɔɔ ɚɞɑɖɌ ɔ ɛɜɚɢɑɝɝɚɎ əɑɕɜɚɏɑəɑɓɌ, AD 

Ɏ ɚɍɗɌɝɞɔ ɔəɝɟɗɨɞɌ ɛɚɝɞɑɛɑəəɚ ɎɚɓɎɜɌɥɌɑɞɝɫ 

ɖ ɓəɌɣɑəɔɫɘ, ɍɗɔɓɖɔɘ ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɕ ɝɞɚ-

ɜɚəɑ.  

ȽɟɥɑɝɞɎɟɑɞ ɞɚɣɖɌ ɓɜɑəɔɫ, ɣɞɚ ɝɚɚɞəɚ-

ɤɑəɔɑ AD ɘɑɒɐɟ ɛɚɜɌɒɑəəɚɕ ɔ əɑɓɌɞɜɚəɟ-

ɞɚɕ ɝɞɚɜɚəɚɕ ɘɚɓɏɌ (rAD, ratio AD) ɫɎɗɫɑɞɝɫ 

ɝɌɘɧɘ ɝɔɗɨəɧɘ əɑɓɌɎɔɝɔɘɧɘ ɛɜɑɐɔɖɞɚɜɚɘ 

ɖɗɔəɔɣɑɝɖɚɏɚ ɔɝɡɚɐɌ ɝɜɑɐɔ ɛɌɢɔɑəɞɚɎ, ɛɚɐ-

Ɏɑɜɏɤɔɡɝɫ ɞɜɚɘɍɚɗɔɓɔɝɟ, əɚ ɝɌɘɚ ɛɚ ɝɑɍɑ 

ɝəɔɒɑəɔɑ AD ɍɑɗɚɏɚ ɎɑɥɑɝɞɎɌ ɞɌɖɒɑ ɫɎɗɫɑɞ-

ɝɫ ɛɚɗɑɓəɧɘ ɍɔɚɘɌɜɖɑɜɚɘ  Ɏ ɚɝɞɜɚɕ ɠɌɓɑ ɔə-

ɝɟɗɨɞɌ  [7]. 

RD (radial diffusivity, ɜɌɐɔɌɗɨəɌɫ ɐɔɠ-

ɠɟɓɔɫ) ð    ɩɞɚ    ɛɚɖɌɓɌɞɑɗɨ,    ɖɚɗɔɣɑɝɞɎɑəəɚ  

ȾɌɍɗɔɢɌ ʈ3. ȶɚɜɜɑɗɫɢɔɔ ȽɛɔɜɘɑəɌ. i ð ɚɣɌɏ ɚɝɞɜɚɏɚ ɔəɝɟɗɨɞɌ, N ð ɔəɞɌɖɞəɧɕ 

ɟɣɌɝɞɚɖ ɖɚəɞɜɗɌɞɑɜɌɗɨəɧɕ ɚɣɌɏɟ ɚɝɞɜɚɏɚ ɔəɝɟɗɨɞɌ. Ȳɔɜəɧɘ ɤɜɔɠɞɚɘ Ɏɧɐɑɗɑəɧ 

ɝɔɗɨəɧɑ ɝɎɫɓɔ (r > 0,75). 
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ȼɔɝ. 7 (Fig. 7) 

ȼɔɝ. 7.     ȰɔəɌɘɔɖɌ ɔɓɘɑəɑəɔɕ QA əɌ ɏɜɌɠɔɖɌɡ Box plot, ɓəɌɣɔɘɧɑ ɔɓɘɑəɑəɔɫ (p<0,05) ɛɚ ɖɜɔ-

ɞɑɜɔɪ ȿɔɗɖɚɖɝɚəɌ  ɚɞɘɑɣɑəɧ ɝɔɘɎɚɗɚɘ *, ɞɌɖɒɑ Ɏ əɔɒəɑɕ ɣɌɝɞɔ ɜɔɝɟəɖɌ Ɏ ɞɌɍɗɔɢɑ ɛɜɔɎɑ-

ɐɑəɧ ɘɑɐɔɌəɧ i ɔ N, Ɍ ɞɌɖɒɑ ɐɚɝɞɚɎɑɜəɚɝɞɨ ɔɡ ɚɞɗɔɣɔɕ ɔ ɜɌɓəɔɢɌ ɚɞɗɔɣɔɕ Ɏ ɛɜɚɢɑəɞɌɡ.   

ȽɗɑɎɌ əɌɛɜɌɎɚ ɔɓɚɍɜɌɒɑəɧ ɖɌɜɞɧ QA Ɏ 1-ɘ, 2-ɘ ɔ 3-ɘ ɔɝɝɗɑɐɚɎɌəɔɔ ɝɚɚɞɎɑɞɝɞɎɑəəɚ, ɖɜɌɝəɧɘ ɚɎɌɗɚɘ 

Ɏɧɐɑɗɑə ɚɣɌɏ ɔəɝɟɗɨɞɌ. ȺɣɌɏ ɔəɝɟɗɨɞɌ ð i, ɖɚəɞɜɗɌɞɑɜɌɗɨəɌɫ ɝɞɚɜɚəɌ ð N. 

Fig. 7.   Dynamics of QA changes on Boxplots, significant changes (p<0.05)  according to the Wil-

coxon test are marked with *, also in the lower part of the figure in the table are the medians i and 

N, as well as the significance of their differences and the difference in percentage differences.    

From left to right, the QA maps in the 1st, 2nd, and 3rd studies, respectively, are shown, the stroke focus is 

highlighted in red oval. Stroke focus ð i, contralateral side ð N. 

 

ȼɔɝ. 8 (Fig. 8) 

ȼɔɝ. 8.     ȰɔəɌɘɔɖɌ ɔɓɘɑəɑəɔɕ FA əɌ ɏɜɌɠɔɖɌɡ Box plot, ɓəɌɣɔɘɧɑ ɔɓɘɑəɑəɔɫ (p<0,05) ɛɚ ɖɜɔ-

ɞɑɜɔɪ ȿɔɗɖɚɖɝɚəɌ  ɚɞɘɑɣɑəɧ ɝɔɘɎɚɗɚɘ *, ɞɌɖɒɑ Ɏ əɔɒəɑɕ ɣɌɝɞɔ ɜɔɝɟəɖɌ Ɏ ɞɌɍɗɔɢɑ ɛɜɔɎɑ-

ɐɑəɧ ɘɑɐɔɌəɧ i ɔ N, Ɍ ɞɌɖɒɑ ɐɚɝɞɚɎɑɜəɚɝɞɨ ɔɡ ɚɞɗɔɣɔɕ ɔ ɜɌɓəɔɢɌ ɚɞɗɔɣɔɕ Ɏ ɛɜɚɢɑəɞɌɡ.  

ȽɗɑɎɌ əɌɛɜɌɎɚ ɔɓɚɍɜɌɒɑəɧ ɖɌɜɞɧ FA Ɏ 1-ɘ, 2-ɘ ɔ 3-ɘ ɔɝɝɗɑɐɚɎɌəɔɔ ɝɚɚɞɎɑɞɝɞɎɑəəɚ, ɖɜɌɝəɧɘ ɚɎɌɗɚɘ 

Ɏɧɐɑɗɑə ɚɣɌɏ ɔəɝɟɗɨɞɌ. ȺɣɌɏ ɔəɝɟɗɨɞɌ - i, ɖɚəɞɜɗɌɞɑɜɌɗɨəɌɫ ɝɞɚɜɚəɌ ð N. 

Fig. 8.   Dynamics of changes in FA on the Boxplots, significant chang es (p<0.05) according to the 

Wilcoxon test are marked with *, also at the bottom of the figure in the table are the medians i and 

N, as well as the significance of their differences and the difference in percentage.  

From left to right, FA maps in the 1st,  2nd, and 3rd studies, respectively, are shown, the stroke focus is high-

lighted in red oval. Stroke focus ð i, contralateral side ð N. 
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ȼɔɝ. 9 (Fig. 9) 

ȼɔɝ. 9.   ȰɔəɌɘɔɖɌ ɔɓɘɑəɑəɔɕ MD əɌ ɏɜɌɠɔɖɌɡ Box plot, ɓəɌɣɔɘɧɑ ɔɓɘɑəɑəɔɫ (p<0,05) ɛɚ ɖɜɔ-

ɞɑɜɔɪ ȿɔɗɖɚɖɝɚəɌ  ɚɞɘɑɣɑəɧ ɝɔɘɎɚɗɚɘ *, ɞɌɖɒɑ Ɏ əɔɒəɑɕ ɣɌɝɞɔ ɜɔɝɟəɖɌ Ɏ ɞɌɍɗɔɢɑ ɛɜɔɎɑ-

ɐɑəɧ ɘɑɐɔɌəɧ i ɔ N, Ɍ ɞɌɖɒɑ ɐɚɝɞɚɎɑɜəɚɝɞɨ ɔɡ ɚɞɗɔɣɔɕ ɔ ɜɌɓəɔɢɌ ɚɞɗɔɣɔɕ Ɏ ɛɜɚɢɑəɞɌɡ.   

ȽɗɑɎɌ əɌɛɜɌɎɚ ɔɓɚɍɜɌɒɑəɧ ɖɌɜɞɧ MD Ɏ 1-ɘ, 2-ɘ ɔ 3-ɘ ɔɝɝɗɑɐɚɎɌəɔɔ ɝɚɚɞɎɑɞɝɞɎɑəəɚ, ɖɜɌɝəɧɘ ɚɎɌɗɚɘ 

Ɏɧɐɑɗɑə ɚɣɌɏ ɔəɝɟɗɨɞɌ. ȺɣɌɏ ɔəɝɟɗɨɞɌ - i, ɖɚəɞɜɗɌɞɑɜɌɗɨəɌɫ ɝɞɚɜɚəɌ ð N. 

Fig. 9.    Dynamics of changes in MD on the Boxplots, significant chang es (p<0.05) according to the 

Wilcoxon test are marked with *, also in the lower part of the figure in the table are the medians i 

and N, as well as the significance of their differences and the difference in percentages.     

From left to right, the MD maps in the 1st, 2nd, and 3rd studies, respectively, are shown, the stroke focus is 

highlighted in red oval. Stroke focus ð i, contralateral side ð N.  

 

ȼɔɝ. 10 (Fig. 10) 

ȼɔɝ. 10.   ȰɔəɌɘɔɖɌ ɔɓɘɑəɑəɔɫ AD əɌ ɏɜɌɠɔɖɌɡ Box plot, ɓəɌɣɔɘɧɑ ɔɓɘɑəɑəɔɫ (p<0,05) ɛɚ ɖɜɔ-

ɞɑɜɔɪ ȮɔɗɖɚɖɝɚəɌ  ɚɞɘɑɣɑəɧ ɝɔɘɎɚɗɚɘ *, ɞɌɖɒɑ Ɏ ɞɌɍɗɔɢɑ Ɏ əɔɒəɑɕ ɣɌɝɞɔ ɜɔɝɟəɖɌ  ɛɜɔɎɑ-

ɐɑəɧ ɘɑɐɔɌəɧ i ɔ N, Ɍ ɞɌɖɒɑ ɐɚɝɞɚɎɑɜəɚɝɞɨ ɔɡ ɜɌɓɗɔɣɔɕ ɔ ɜɌɓəɔɢɌ ɜɌɓɗɔɣɔɕ Ɏ ɛɜɚɢɑəɞɌɡ. 

ȺɣɌɏ ɔəɝɟɗɨɞɌ - i, ɖɚəɞɜɗɌɞɑɜɌɗɨəɌɫ ɝɞɚɜɚəɌ ð N.  

ȽɗɑɎɌ əɌɛɜɌɎɚ ɔɓɚɍɜɌɒɑəɧ ɖɌɜɞɧ AD Ɏ 1-ɘ, 2-ɘ ɔ 3-ɘ ɔɝɝɗɑɐɚɎɌəɔɔ ɝɚɚɞɎɑɞɝɞɎɑəəɚ, ɖɜɌɝəɧɘ ɚɎɌɗɚɘ 

Ɏɧɐɑɗɑə ɚɣɌɏ ɔəɝɟɗɨɞɌ. ȺɣɌɏ ɔəɝɟɗɨɞɌ - i, ɖɚəɞɜɗɌɞɑɜɌɗɨəɌɫ ɝɞɚɜɚəɌ ð N. 

Fig. 10.    Dynam ics of AD changes on Boxplots, significant changes (p<0.05) according to the Wil-

coxon test are marked with *, also in the lower part of the figure in the table are the medians i and 

N, as well as the significance of their differences and the difference in differences in percent.   

From left to right, AD maps in the 1st, 2nd, and 3rd studies, respectively, are shown, the stroke focus is 

highlighted in red oval. Stroke focus ð i, contralateral side ð N.  
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ȼɔɝ.11 (Fig. 11) 

ȼɔɝ. 11.    ȰɔəɌɘɔɖɌ ɔɓɘɑəɑəɔɕ RD əɌ ɏɜɌɠɔɖɌɡ Box plot, ɓəɌɣɔɘɧɑ ɔɓɘɑəɑəɔɫ (p<0,05) ɛɚ ɖɜɔ-

ɞɑɜɔɪ ȿɔɗɖɚɖɝɚəɌ  ɚɞɘɑɣɑəɧ ɝɔɘɎɚɗɚɘ *, ɞɌɖɒɑ Ɏ əɔɒəɑɕ ɣɌɝɞɔ ɜɔɝɟəɖɌ Ɏ ɞɌɍɗɔɢɑ ɛɜɔɎɑ-

ɐɑəɧ ɘɑɐɔɌəɧ i ɔ N, Ɍ ɞɌɖɒɑ ɐɚɝɞɚɎɑɜəɚɝɞɨ ɔɡ ɚɞɗɔɣɔɕ ɔ ɜɌɓəɔɢɌ ɚɞɗɔɣɔɕ Ɏ ɛɜɚɢɑəɞɌɡ.    

ȽɗɑɎɌ əɌɛɜɌɎɚ ɔɓɚɍɜɌɒɑəɧ ɖɌɜɞɧ RD Ɏ 1-ɘ, 2-ɘ ɔ 3-ɘ ɔɝɝɗɑɐɚɎɌəɔɔ ɝɚɚɞɎɑɞɝɞɎɑəəɚ, ɖɜɌɝəɧɘ ɚɎɌɗɚɘ 

Ɏɧɐɑɗɑə ɚɣɌɏ ɔəɝɟɗɨɞɌ. ȺɣɌɏ ɔəɝɟɗɨɞɌ ð i, ɖɚəɞɜɗɌɞɑɜɌɗɨəɌɫ ɝɞɚɜɚəɌ ð N. 

Fig. 11.   Dynamics of changes in RD on Boxplots, significant chang es (p<0.05) according to the Wil-

coxon test are marked with *, also in the lower part of the figure in the table are the medians i and 

N, as well as the reliability of their differences and the difference in percentages.     

From left to right, RD maps in th e 1st, 2nd, and 3rd studies, respectively, are shown, the stroke focus is 

highlighted in red oval. Stroke focus ð i, contralateral side ð N.  

 

ȼɔɝ. 12 (Fig. 12) 

ȼɔɝ. 12.    ȰɔəɌɘɔɖɌ ɔɓɘɑəɑəɔɕ ISO əɌ ɏɜɌɠɔɖɌɡ Box plot, ɓəɌɣɔɘɧɑ ɔɓɘɑəɑəɔɫ (p<0,05) ɛɚ 

ɖɜɔɞɑɜɔɪ ȿɔɗɖɚɖɝɚəɌ  ɚɞɘɑɣɑəɧ ɝɔɘɎɚɗɚɘ *, ɞɌɖɒɑ Ɏ əɔɒəɑɕ ɣɌɝɞɔ ɜɔɝɟəɖɌ Ɏ ɞɌɍɗɔɢɑ ɛɜɔ-

Ɏɑɐɑəɧ ɘɑɐɔɌəɧ i ɔ N, Ɍ ɞɌɖɒɑ ɐɚɝɞɚɎɑɜəɚɝɞɨ ɔɡ ɚɞɗɔɣɔɕ ɔ ɜɌɓəɔɢɌ ɚɞɗɔɣɔɕ Ɏ ɛɜɚɢɑəɞɌɡ.  

ȽɗɑɎɌ əɌɛɜɌɎɚ ɔɓɚɍɜɌɒɑəɧ ɖɌɜɞɧ ISO Ɏ 1-ɘ, 2-ɘ ɔ 3-ɘ ɔɝɝɗɑɐɚɎɌəɔɔ ɝɚɚɞɎɑɞɝɞɎɑəəɚ, ɖɜɌɝəɧɘ ɚɎɌɗɚɘ 

Ɏɧɐɑɗɑə ɚɣɌɏ ɔəɝɟɗɨɞɌ. ȺɣɌɏ ɔəɝɟɗɨɞɌ ð i, ɖɚəɞɜɗɌɞɑɜɌɗɨəɌɫ ɝɞɚɜɚəɌ ð N. 

Fig. 12.     Dynamics of ISO changes on Boxplots, significant chan ges (p<0.05) according to the Wil-

coxon test are marked with *, also in the lower part of the figure in the table are the medians i and 

N, as well as the reliability of their differences and the difference in percentage differences.    

From left to right, I SO maps are shown in the 1st, 2nd, and 3rd studies, respectively, with a red oval high-

lighting the stroke site. Stroke focus ð i, contralateral side ð N. 
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ȼɔɝ.13 (Fig. 13) 

ȼɔɝ. 13.   ȰɔəɌɘɔɖɌ ɔɓɘɑəɑəɔɕ RDI əɌ ɏɜɌɠɔɖɌɡ Box plot, ɓəɌɣɔɘɧɑ ɔɓɘɑəɑəɔɫ (p<0,05) ɛɚ ɖɜɔ-

ɞɑɜɔɪ ȿɔɗɖɚɖɝɚəɌ  ɚɞɘɑɣɑəɧ ɝɔɘɎɚɗɚɘ *, ɞɌɖɒɑ Ɏ əɔɒəɑɕ ɣɌɝɞɔ ɜɔɝɟəɖɌ Ɏ ɞɌɍɗɔɢɑ ɛɜɔɎɑ-

ɐɑəɧ ɘɑɐɔɌəɧ i ɔ N, Ɍ ɞɌɖɒɑ ɐɚɝɞɚɎɑɜəɚɝɞɨ ɔɡ ɚɞɗɔɣɔɕ ɔ ɜɌɓəɔɢɌ ɚɞɗɔɣɔɕ Ɏ ɛɜɚɢɑəɞɌɡ.    

ȽɗɑɎɌ əɌɛɜɌɎɚ ɔɓɚɍɜɌɒɑəɧ ɖɌɜɞɧ RDI Ɏ 1-ɘ, 2-ɘ ɔ 3-ɘ ɔɝɝɗɑɐɚɎɌəɔɔ ɝɚɚɞɎɑɞɝɞɎɑəəɚ, ɖɜɌɝəɧɘ ɚɎɌɗɚɘ 

Ɏɧɐɑɗɑə ɚɣɌɏ ɔəɝɟɗɨɞɌ. ȺɣɌɏ ɔəɝɟɗɨɞɌ ð i, ɖɚəɞɜɗɌɞɑɜɌɗɨəɌɫ ɝɞɚɜɚəɌ ð N. 

Fig. 13.    Dynamics of RDI changes on the Boxplots, significant c hanges (p<0.05) according to the 

Wilcoxon test are marked with *, also in the lower part of the figure in the table are the medians i 

and N, as well as the reliability of their differences and the difference in percentages.     

From left to right, the RDI maps in the 1st, 2nd, and 3rd studies, respectively, are shown, the stroke focus is 

highlighted in red oval. Stroke focus ð i, contralateral side ð N.  

 

ȼɔɝ. 14 (Fig. 14) 

ȼɔɝ. 14.  ȰɔəɌɘɔɖɌ ɔɓɘɑəɑəɔɕ DOT əɌ ɏɜɌɠɔɖɌɡ Box plot, ɓəɌɣɔɘɧɑ ɔɓɘɑəɑəɔɫ (p<0,05) ɛɚ ɖɜɔ-

ɞɑɜɔɪ ȿɔɗɖɚɖɝɚəɌ  ɚɞɘɑɣɑəɧ ɝɔɘɎɚɗɚɘ *, ɞɌɖɒɑ Ɏ əɔɒəɑɕ ɣɌɝɞɔ ɜɔɝɟəɖɌ Ɏ ɞɌɍɗɔɢɑ ɛɜɔɎɑ-

ɐɑəɧ ɘɑɐɔɌəɧ i ɔ N, Ɍ ɞɌɖɒɑ ɐɚɝɞɚɎɑɜəɚɝɞɨ ɔɡ ɚɞɗɔɣɔɕ ɔ ɜɌɓəɔɢɌ ɚɞɗɔɣɔɕ Ɏ ɛɜɚɢɑəɞɌɡ.  

ȽɗɑɎɌ əɌɛɜɌɎɚ ɔɓɚɍɜɌɒɑəɌ ɞɜɌɖɞɚɏɜɌɠɔɫ ɔɓ 3D ROI ɔəɝɟɗɨɞɌ (ɖɜɌɝəɌɫ ɚɍɗɌɝɞɨ) ɔ  3D ROI ɔəɞɌɖɞəɚɏɚ 

ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɏɚ ɛɚɗɟɤɌɜɔɫ (ɓɑɗɑəɌɫ ɚɍɗɌɝɞɨ) Ɏ 1-ɘ, 2-ɘ ɔ 3-ɘ ɔɝɝɗɑɐɚɎɌəɔɔ ɝɚɚɞɎɑɞɝɞɎɑəəɚ. ȺɣɌɏ 

ɔəɝɟɗɨɞɌ ð i, ɖɚəɞɜɗɌɞɑɜɌɗɨəɌɫ ɝɞɚɜɚəɌ ð N 

Fig. 14.   Dynamics of DOT changes on Boxplots, significant changes (p<0.05) according to the Wil-

coxon test are marked with *, also at the bottom of the figure in the table are the medians i and N, 

as well as the reliability of their differences and the di fference in percentages.     

From left to right, a tractography from the 3D ROI of the stroke (red area) and the 3D ROI of the intact con-

tralateral hemisphere (green area) in the 1st, 2nd, and 3rd studies, respectively, is shown. Stroke focus ð i, 

contralat eral side ð N. 
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ɚɛɜɑɐɑɗɫɪɥɔɕ əɌɝɖɚɗɨɖɚ ɍɧɝɞɜɚ ɎɚɐɌ ɐɔɠ-

ɠɟəɐɔɜɟɑɞ ɣɑɜɑɓ ɌɖɝɚəɌɗɨəɧɑ ɛɟɣɖɔ ɔ ɚɍɚ-

ɓəɌɣɌɑɘɧɕ ɛɑɜɛɑəɐɔɖɟɗɫɜɚɘ Ȋ. ȺɢɑəɔɎɌɑɞɝɫ 

ɖɌɖ (Ȋ2 + Ȋ3) / 2, ɞ.ɑ. ɝɜɑɐəɑɑ ɓəɌɣɑəɔɑ Ɏɞɚɜɚ-

ɏɚ ɔ ɞɜɑɞɨɑɏɚ ɝɚɍɝɞɎɑəəɧɡ ɓəɌɣɑəɔɕ ɞɑəɓɚɜɌ. 

ɁɌɜɌɖɞɑɜɔɓɟɑɞ "ɝɖɚɜɚɝɞɨ" ɐɔɠɠɟɓɔɔ (10-

3ɘɘ2/ɝ), əɑɝɛɑɢɔɠɔɣɑɝɖɔ ɝɎɫɓɌəɌ ɝ ɘɔɑɗɔ-

əɔɓɌɢɔɑɕ [11]. Ȼɚ əɌɤɔɘ ɐɌəəɧɘ Ɏ ɚɍɗɌɝɞɔ 

ɔəɝɟɗɨɞɌ ɛɑɜɎɚəɌɣɌɗɨəɚ ɝəɔɒɑəəɌɫ ɛɚɝɗɑ 

ɚɝɞɜɚɕ ɔɤɑɘɔɔ ɛɚ ɝɜɌɎəɑəɔɪ ɝ ɖɚəɞɜɗɌɞɑ-

ɜɌɗɨəɧɘ ɛɚɗɟɤɌɜɔɑɘ RD ɐɚɝɞɚɎɑɜəɚ (p<0,05) 

ɟɎɑɗɔɣɔɎɌɑɞɝɫ Ɏɚ Ɏɝɑɡ ɞɜɑɡ ɔɝɝɗɑɐɚɎɌəɔɫɡ, 

ɞɚɏɐɌ ɖɌɖ Ɏ ɔəɞɌɖɞəɚɕ ɚɍɗɌɝɞɔ ɖɚəɞɜɗɌɞɑ-

ɜɌɗɨəɚɏɚ ɛɚɗɟɤɌɜɔɫ ɐɚɝɞɚɎɑɜəɧɡ ɔɓɘɑəɑəɔɕ 

əɑ ɓɌɠɔɖɝɔɜɚɎɌəɚ. Ȼɚ ɐɌəəɧɘ ɗɔɞɑɜɌɞɟɜɧ 

ɟɎɑɗɔɣɑəɔɑ RD ɚɓəɌɣɌɑɞ, ɣɞɚ ɛɜɚɔɝɡɚɐɔɞ ɐɑ-

ɘɔɑɗɔəɔɓɌɢɔɫ ɔɗɔ ɐɔɝɘɔɑɗɔəɔɓɌɢɔɫ, ɛɜɔɣɑɘ 

əɌ RD ɞɌɖɒɑ ɘɚɏɟɞ Ɏɗɔɫɞɨ ɔɓɘɑəɑəɔɫ ɐɔɌ-

ɘɑɞɜɚɎ ɌɖɝɚəɚɎ ɔ ɌɖɝɚəɌɗɨəɌɫ ɛɗɚɞəɚɝɞɨ. RD 

ɘɚɒɑɞ ɟɎɑɗɔɣɔɎɌɞɨɝɫ ɍɚɗɑɑ 6 ɘɑɝɫɢɑɎ ɛɚɝɗɑ 

ɔəɝɟɗɨɞɌ [11, 16, 18]. 

ISO (isotropy, ɔɓɚɞɜɚɛɔɫ) ð ɩɞɚ ɔɓɚɞɜɚɛ-

əɧɕ ɖɚɘɛɚəɑəɞ ɠɟəɖɢɔɔ ɜɌɝɛɜɑɐɑɗɑəɔɫ 

ɝɛɔəɚɎ. ȻɜɑɐɝɞɌɎɗɫɑɞ ɠɚəɚɎɟɪ ɔɓɚɞɜɚɛəɟɪ 

ɐɔɠɠɟɓɔɪ, ɎɧɓɎɌəəɟɪ ɗɔɖɎɚɜɚɘ ɔɗɔ ɚɞɑɖɚɘ, 

ɎɖɗɪɣɌɫ ɖɌɖ ɚɏɜɌəɔɣɑəəɟɪ, ɞɌɖ ɔ əɑɚɏɜɌəɔ-

ɣɑəəɟɪ ɔɓɚɞɜɚɛəɟɪ ɐɔɠɠɟɓɔɪ. Ȼɚ ɐɌəəɧɘ 

ɗɔɞɑɜɌɞɟɜɧ ɟɎɑɗɔɣɑəɔɑ ɛɚɖɌɓɌɞɑɗɑɕ ISO ɝɔɏ-

əɌɗɔɓɔɜɟɑɞ ɚɍ ɚɞɑɖɑ ɘɚɓɏɚɎɚɕ ɞɖɌəɔ [19]. Ȼɚ 

əɌɤɔɘ ɐɌəəɧɘ Ɏ ɚɍɗɌɝɞɔ ɔəɝɟɗɨɞɌ ɛɑɜɎɚəɌ-

ɣɌɗɨəɚ ɛɚɎɧɤɑəəɌɫ ɛɚɝɗɑ ɚɝɞɜɚɕ ɔɤɑɘɔɔ ɛɚ 

ɝɜɌɎəɑəɔɪ ɝ ɖɚəɞɜɗɌɞɑɜɌɗɨəɧɘ ɛɚɗɟɤɌɜɔɑɘ 

ISO ɐɚɝɞɚɎɑɜəɚ (p<0,05) ɝəɔɒɌɑɞɝɫ Ɏɚ Ɏɝɑɡ 

ɞɜɑɡ ɔɝɝɗɑɐɚɎɌəɔɫɡ,  ɞɚɏɐɌ ɖɌɖ Ɏ ɔəɞɌɖɞəɚɕ 

ɚɍɗɌɝɞɔ ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɏɚ ɛɚɗɟɤɌɜɔɫ ɐɚ-

ɝɞɚɎɑɜəɧɡ ɔɓɘɑəɑəɔɕ əɑ ɓɌɠɔɖɝɔɜɚɎɌəɚ. 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɓəɌɣɑəɔɑ ISO Ɏ ɚɍɗɌɝɞɔ ɔə-

ɝɟɗɨɞɌ ɛɚɝɞɑɛɑəəɚ ɎɚɓɎɜɌɥɌɑɞɝɫ ɖ ɓəɌɣɑəɔ-

ɫɘ, ɍɗɔɓɖɔɘ ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɕ ɝɞɚɜɚəɑ. Ƚɞɚ-

ɔɞ ɚɝɚɍɚ ɛɚɐɣɑɜɖəɟɞɨ, ɣɞɚ ISO ð ɩɞɚ ɑɐɔə-

ɝɞɎɑəəɌɫ ɘɑɞɜɔɖɌ Ɏ əɌɤɑɘ ɔɝɝɗɑɐɚɎɌəɔɔ, 

ɓəɌɣɑəɔɫ ɖɚɞɚɜɚɕ Ɏ ɚɍɗɌɝɞɔ ɔəɝɟɗɨɞɌ ɛɑɜɑ-

ɝɞɌɗɔ ɐɚɝɞɚɎɑɜəɚ (p<0,05) ɚɞɗɔɣɌɞɨɝɫ ɚɞ 

ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɏɚ ɛɚɗɟɤɌɜɔɫ Ɏɚ Ɏɜɑɘɫ ɞɜɑ-

ɞɨɑɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ, ɞɚ ɑɝɞɨ ɣɑɜɑɓ 3-4 ɘɑɝɫɢɌ 

ɛɚɝɗɑ ɔɤɑɘɔɣɑɝɖɚɏɚ ɔəɝɟɗɨɞɌ, ɔ ɔɘɑɗɔ ɛɜɌɖ-

ɞɔɣɑɝɖɔ ɔɐɑəɞɔɣəɧɑ ɘɑɐɔɌəɧ. Ȼɜɑɐɛɚɗɚɒɔ-

ɞɑɗɨəɚ, ɩɞɚ ɝɎɔɐɑɞɑɗɨɝɞɎɟɑɞ ɚ ɞɚɘ, ɣɞɚ ɞɌɖɚɏɚ 

Ɏɜɑɘɑəɔ ɐɚɝɞɌɞɚɣəɚ ɐɗɫ ɛɚɗəɚɕ ɜɑɐɟɖɢɔɔ 

ɚɞɑɖɌ əɌ ɘɔɖɜɚɝɞɜɟɖɞɟɜəɚɘ ɟɜɚɎəɑ.   

RDI (restricted diffusion imagin g, ɚɏɜɌ-

əɔɣɑəəɌɫ ɐɔɠɠɟɓɔɚəəɌɫ ɎɔɓɟɌɗɔɓɌɢɔɫ) ð ɩɞɚ 

ɚɍɥɑɑ ɖɚɗɔɣɑɝɞɎɚ ɚɏɜɌəɔɣɑəəɚɏɚ ɜɌɝɛɜɚ-

ɝɞɜɌəɑəɔɫ ɐɔɠɠɟɓɔɔ əɑɓɌɎɔɝɔɘɚ ɚɞ ɚɜɔɑə-

ɞɌɢɔɔ. Ȼɚ ɐɌəəɧɘ ɗɔɞɑɜɌɞɟɜɧ ɝɎɫɓɌəɌ ɝ ɖɗɑ-

ɞɚɣəɚɕ ɔəɠɔɗɨɞɜɌɢɔɑɕ Ɏɚ Ɏɜɑɘɫ ɎɚɝɛɌɗɑəɔɫ 

ɔ ɛɗɚɞəɚɝɞɨɪ ɖɗɑɞɚɖ, ɛɚɓɎɚɗɫɑɞ ɞɚɣəɚ ɜɌɓ-

ɏɜɌəɔɣɔɎɌɞɨ ɓɐɚɜɚɎɟɪ ɔ ɎɚɝɛɌɗɑəəɟɪ ɞɖɌəɨ 

ɛɚɝɗɑ ɔɤɑɘɔɔ [20, 21]. ȽɣɔɞɌɑɞɝɫ, ɣɞɚ RDI 

ɘɚɒɑɞ ɔɝɛɚɗɨɓɚɎɌɞɨɝɫ ɐɗɫ ɐɔɌɏəɚɝɞɔɖɔ ɞɖɌ-

əɑɕ ɝ ɔɤɑɘɔɣɑɝɖɔ-ɜɑɛɑɜɠɟɓɔɚəəɧɘ ɛɚɎɜɑ-

ɒɐɑəɔɑɘ ɐɗɫ ɚɢɑəɖɔ ɔəɠɔɗɨɞɜɌɢɔɔ ɔɘɘɟə-

əɧɡ ɖɗɑɞɚɖ. ȳɌɜɟɍɑɒəɧɑ ɌɎɞɚɜɧ ɛɚɖɌɓɌɗɔ, 

ɣɞɚ RDI ɛɚɎɧɤɌɑɞɝɫ Ɏ ɛɜɑɐɑɗɌɡ 3 ɘɑɝɫɢɑɎ 

ɛɚɝɗɑ ɔəɝɟɗɨɞɌ [21]. Ȼɚ əɌɤɔɘ ɐɌəəɧɘ Ɏ ɚɍ-

ɗɌɝɞɔ ɔəɝɟɗɨɞɌ ɛɑɜɎɚəɌɣɌɗɨəɚ ɛɚɎɧɤɑəəɌɫ 

ɛɚɝɗɑ ɚɝɞɜɚɕ ɔɤɑɘɔɔ ɛɚ ɝɜɌɎəɑəɔɪ ɝ ɖɚəɞɜ-

ɗɌɞɑɜɌɗɨəɧɘ ɛɚɗɟɤɌɜɔɑɘ RDI ɐɚɝɞɚɎɑɜəɚ 

(p<0,05) ɝəɔɒɌɑɞɝɫ Ɏɚ Ɏɝɑɡ ɞɜɑɡ ɔɝɝɗɑɐɚɎɌ-

əɔɫɡ,  ɞɚɏɐɌ ɖɌɖ Ɏ ɔəɞɌɖɞəɚɕ ɚɍɗɌɝɞɔ ɖɚəɞɜ-

ɗɌɞɑɜɌɗɨəɚɏɚ ɛɚɗɟɤɌɜɔɫ ɐɚɝɞɚɎɑɜəɧɡ  

ɔɓɘɑəɑəɔɕ əɑ ɓɌɠɔɖɝɔɜɚɎɌəɚ. Ȼɜɔɣɑɘ 

ɣɑɜɑɓ 3-4 ɘɑɝɫɢɌ ɛɚɝɗɑ ɔəɝɟɗɨɞɌ ɘɑɐɔɌəɌ RDI 

Ɏ ɚɍɗɌɝɞɔ ɔɤɑɘɔɔ əɌ 11,5% ɘɑəɨɤɑ, ɣɑɘ Ɏ 

ɔəɞɌɖɞəɚɕ ɚɍɗɌɝɞɔ ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɏɚ ɛɚɗɟ-

ɤɌɜɔɫ, ɣɞɚ, Ɏɑɜɚɫɞəɚ, ɘɚɒɑɞ ɏɚɎɚɜɔɞɨ ɚ 

ɝəɔɒɑəɔɔ ɖɗɑɞɚɣəɚɕ ɛɗɚɞəɚɝɞɔ ɔ ɖɗɑɞɚɣəɚɕ 

ɘɔɏɜɌɢɔɔ Ɏ ɚɍɗɌɝɞɫɡ ɝ əɑɚɍɜɌɞɔɘɚ ɔɓɘɑəɑə-

əɚɕ ɘɚɓɏɚɎɚɕ ɞɖɌəɨɪ. 

DOT (density of tracts, ɛɗɚɞəɚɝɞɨ əɑɜɎ-

əɧɡ ɛɟɣɖɚɎ) ð ɛɚɖɌɓɌɞɑɗɨ, ɖɚɞɚɜɧɕ ɚɞɜɌɒɌɑɞ 

ɚɞəɚɤɑəɔɑ ɖɚɗɔɣɑɝɞɎɌ ɞɜɌɖɞɚɎ ɍɑɗɚɏɚ Ɏɑɥɑ-

ɝɞɎɌ ɖ ɚɍɦɑɘɟ 3D ROI [DOT = ɣɔɝɗɚ ɞɜɌɖɞɚɎ / 

ɚɍɦɑɘ (ɘɘ3)]. ȽɚɏɗɌɝəɚ ɗɔɞɑɜɌɞɟɜɑ, ɩɞɚ ɛɚɖɌ-

ɓɌɞɑɗɨ ɛɜɚɢɑɝɝɚɎ əɑɕɜɚɐɑɏɑəɑɜɌɢɔɔ ɔ əɑɕɜɚ-

ɜɑɏɑəɑɜɌɢɔɔ ɍɑɗɚɏɚ ɎɑɥɑɝɞɎɌ ɏɚɗɚɎəɚɏɚ ɘɚɓ-

ɏɌ [22]. ȽɚɚɍɥɌɑɞɝɫ, ɣɞɚ ɝɡɚɐəɧɕ ɛɌɜɌɘɑɞɜ, 

ɝɚɚɞəɚɤɑəɔɑ ɣɔɝɗɌ Ɏɚɗɚɖɚə (rFN, fiber 

number ratio) ɔ ɛɗɚɥɌɐɔ ɖɚɜɞɔɖɚɝɛɔəɌɗɨəɚɏɚ 

ɞɜɌɖɞɌ, ɓəɌɣɔɞɑɗɨəɚ ɖɚɜɜɑɗɔɜɚɎɌɗ ɝɚ Ɏɝɑɘɔ 

ɐɎɔɏɌɞɑɗɨəɧɘɔ ɔɝɡɚɐɌɘɔ ɓɌ 6 ɘɑɝɫɢɑɎ [7]. 

Ȼɚɩɞɚɘɟ ɘɚɒəɚ ɚɒɔɐɌɞɨ, ɣɞɚ, Ɏɚɓɘɚɒəɚ, ɚɞ-

əɚɤɑəɔɑ ɣɔɝɗɌ ɞɜɌɖɞɚɎ ɖ ɚɍɦɑɘɟ, Ɍ əɑ ɖ 

ɛɗɚɥɌɐɔ, ɍɟɐɑɞ ɐɌɒɑ ɍɚɗɑɑ ɞɚɣəɧɘ ɛɜɚɏəɚ-

ɝɞɔɣɑɝɖɔɘ ɘɌɜɖɑɜɚɘ ɎɎɔɐɟ ɗɟɣɤɑɏɚ ɟɣɑɞɌ 

ɝɗɚɒəɚɕ ɘɔɖɜɚɌɜɡɔɞɑɖɞɟɜɧ ɔɤɑɘɔɣɑɝɖɚɏɚ 

ɔəɝɟɗɨɞɌ. ȾɌɖɒɑ Ɏ ɔɝɝɗɑɐɚɎɌəɔɫɡ ɍɧɗɚ ɛɜɚ-

ɐɑɘɚəɝɞɜɔɜɚɎɌəɚ, ɣɞɚ rFN Ɏ ɚɝɞɜɚɕ ɠɌɓɑ ɔə-

ɝɟɗɨɞɌ (ɣɑɜɑɓ 1 - 3 ɐəɫ) ɖɚɜɜɑɗɔɜɟɑɞ ɝ ɔɓɘɑ-

ɜɑəɔɑɘ, ɛɜɚɎɑɐɑəəɧɘ ɣɑɜɑɓ 1 ɏɚɐ, ɔ ɩɞɚ 

ɝɔɗɨəɚ ɛɜɑɐɝɖɌɓɧɎɌɑɞ ɔɝɡɚɐ ɐɎɔɏɌɞɑɗɨəɧɡ 

ɠɟəɖɢɔɕ ɛɌɢɔɑəɞɌ [7]. 

ȮɧɎɚɐɧ. 

1. ȺɛɞɔɘɔɓɔɜɚɎɌə ɛɜɚɞɚɖɚɗ ɛɚɝɞɛɜɚ-

ɢɑɝɝɔəɏɌ ɐɌəəɧɡ ɐɔɠɠɟɓɔɚəəɚɕ ȸȼȾ ɐɗɫ 

ɟɣɑɞɌ ɚɝɚɍɑəəɚɝɞɑɕ ɐɔəɌɘɔɣɑɝɖɚɕ ɚɢɑəɖɔ 

ɝɞɜɟɖɞɟɜəɚɕ ɜɑɚɜɏɌəɔɓɌɢɔɔ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ 

Ɏ ɜɌəəɑɘ ɛɚɝɞɔəɝɟɗɨɞəɚɘ ɛɑɜɔɚɐɑ əɌ ɚɝəɚɎɑ 

DTI ɔ GQI ɌəɌɗɔɓɌ: əɚɜɘɌɗɔɓɌɢɔɫ ɔɓɚɍɜɌɒɑ-

əɔɕ, ɛɚɐɍɚɜ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɔ ɖ ɜɌɓəɚəɌ-

ɛɜɌɎɗɑəəɚɝɞɔ ɡɚɐɌ Ɏɚɗɚɖɚə (çdiffusion 

sampling length ratioè = 2,00), ɟɣɑɞ ɝɗɚɒəɚɕ 

ɛɜɚɝɞɜɌəɝɞɎɑəəɚɕ Ɍɜɡɔɞɑɖɞɟɜɧ ɔəɝɟɗɨɞɌ ɔ 

ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɕ ɚɍɗɌɝɞɔ, ɛɚɐɍɚɜ ɏɜɌəɔɣ-

əɧɡ ɟɝɗɚɎɔɕ ɛɚɝɞɜɚɑəɔɫ ɞɜɌɖɞɚɏɜɌɠɔɔ. 

2. ɁɌɜɌɖɞɑɜɔɝɞɔɖɔ QA, FA, AD, MD, RD, 

ISO Ɏ ɐɔəɌɘɔɖɑ ɐɚɝɞɚɎɑɜəɚ (p<0,05) ɔɓɘɑəɫ-

ɗɔɝɨ (4,3-53,9%) ɔ ɛɜɚɫɎɗɫɗɔ ɝɔɗɨəɟɪ (0,76-
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0,99 r ɛɚ ɖɚɜɜɑɗɫɢɔɔ ȽɛɔɜɘɑəɌ) ɖɚɜɜɑɗɫɢɔ-

ɚəəɟɪ ɝɎɫɓɨ, ɣɞɚ ɡɌɜɌɖɞɑɜɔɓɟɑɞ ɔɡ ɖɌɖ ɖɗɪ-

ɣɑɎɧɑ ɖɚɗɔɣɑɝɞɎɑəəɧɑ ɘɑɞɜɔɖɔ DTI/GQI 

ɌəɌɗɔɓɌ, ɚɞɜɌɒɌɪɥɔɑ ɝɞɜɟɖɞɟɜəɟɪ ɜɑɚɜɏɌ-

əɔɓɌɢɔɪ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ Ɏ ɜɌəəɑɘ ɛɚɝɞɔə-

ɝɟɗɨɞəɚɘ ɛɑɜɔɚɐɑ. 

3. ȰɔəɌɘɔɖɌ ɖɗɪɣɑɎɧɡ ɖɚɗɔɣɑɝɞɎɑəəɧɡ 

ɐɔɠɠɟɓɔɚəəɧɡ ɛɌɜɌɘɑɞɜɚɎ ɔ ɞɜɌɖɞɚɏɜɌɠɔɔ 

Ɏ ɜɌəəɑɘ ɛɚɝɞɔəɝɟɗɨɞəɚɘ ɛɑɜɔɚɐɑ ɝɎɔɐɑ-

ɞɑɗɨɝɞɎɟɪɞ ɚ ɜɫɐɑ ɐɑɏɑəɑɜɌɞɔɎəɧɡ ɛɜɚɢɑɝɝɚɎ 

ɖɌɖ Ɏ ɚɍɗɌɝɞɔ ɔəɝɟɗɨɞɌ (ɚɞɑɖ ð MD, ISO; 

əɑɖɜɚɓ ð MD; ɟɘɑəɨɤɑəɔɑ ɌɖɝɚəɌɗɨəɚɕ ɛɗɚɞ-

əɚɝɞɔ ð QA, AD; ɛɚɞɑɜɫ ɌɖɝɚəɚɎ ð QA, FA), 

ɞɌɖ ɔ Ɏ ɖɚəɞɜɗɌɞɑɜɌɗɨəɚɘ ɛɚɗɟɤɌɜɔɔ ɝ ɞɑə-

ɐɑəɢɔɑɕ ɖ ɎɚɝɝɞɌəɚɎɗɑəɔɪ ɓəɌɣɑəɔɕ ɘɑɞɜɔɖ, 

ɛɜɑɐɛɚɗɚɒɔɞɑɗɨəɚ, ɓɌ ɝɣɑɞ ɜɑɐɟɖɢɔɔ ɚɞɑɖɌ 

(MD, ISO) ɔ ɛɜɚɢɑɝɝɚɎ əɑɕɜɚɏɑəɑɓɌ (DOT). 

4. ȸɑɞɚɐɔɖɔ DTI ɔ GQI ɛɚɗɑɓəɧ əɑ 

ɞɚɗɨɖɚ ɐɗɫ ɞɚɣəɚɕ ɔ Ɏɝɑɝɞɚɜɚəəɑɕ ɚɢɑəɖɔ 

ɔɤɑɘɔɣɑɝɖɔɡ ɔəɝɟɗɨɞɚɎ, əɚ ɔ ɐɗɫ ɛɜɚɏəɚɓɔ-

ɜɚɎɌəɔɫ ɎɧɓɐɚɜɚɎɗɑəɔɫ ɛɌɢɔɑəɞɚɎ, ɚɐəɌɖɚ 

ɚɍɥɑɛɜɔəɫɞɧɡ ɜɑɖɚɘɑəɐɌɢɔɕ ɛɚ ɛɚɜɚɏɚɎɧɘ 

ɛɚɖɌɓɌɞɑɗɫɘ ɔ ɔɡ ɓəɌɣɔɘɚɝɞɔ ɐɚ ɝɔɡ ɛɚɜ əɑ 

ɝɟɥɑɝɞɎɟɑɞ.    

ȴɝɞɚɣəɔɖ ɠɔəɌəɝɔɜɚɎɌəɔɫ ɔ ɖɚə-

ɠɗɔɖɞ ɔəɞɑɜɑɝɚɎ. 

ȬɎɞɚɜɧ ɐɌəəɚɕ ɝɞɌɞɨɔ ɛɚɐɞɎɑɜɐɔɗɔ ɚɞ-

ɝɟɞɝɞɎɔɑ ɖɚəɠɗɔɖɞɌ ɔəɞɑɜɑɝɚɎ, ɚ ɖɚɞɚɜɧɡ 

əɑɚɍɡɚɐɔɘɚ ɝɚɚɍɥɔɞɨ. 

ȸɧ ɍɗɌɏɚɐɌɜɔɘ ȸɔəɔɝɞɑɜɝɞɎɚ əɌɟɖɔ ɔ 

Ɏɧɝɤɑɏɚ ɚɍɜɌɓɚɎɌəɔɫ ȼɀ ɓɌ ɐɚɝɞɟɛ ɖ ȸȼȾ 

ɚɍɚɜɟɐɚɎɌəɔɪ.  

ȭɚɏɚɘɫɖɚɎɌ Ⱥ.ȭ., ȾɟɗɟɛɚɎ Ȭ.Ȭ. ɍɗɌɏɚɐɌ-

ɜɫɞ ȼɚɝɝɔɕɝɖɔɕ əɌɟɣəɧɕ ɠɚəɐ (ɛɜɚɑɖɞ ʈ 22-

11 -00264) ɓɌ ɠɔəɌəɝɚɎɟɪ ɛɚɐɐɑɜɒɖɟ Ɏ ɛɜɚ-

Ɏɑɐɑəɔɔ ɐɌəəɧɡ ɔɝɝɗɑɐɚɎɌəɔɔ↑ Ɏ ɣɌɝɞɔ ɔɓɟ-

ɣɑəɔɫ ɜɌɝɝɞɜɚɕɝɞɎ ɐɔɠɠɟɓɔɔ ɔ ɏɑɘɚɗɔɖɎɚ-

ɜɚɐɔəɌɘɔɖɔ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ əɌ ɛɜɔɘɑɜɑ 

ɔɤɑɘɔɣɑɝɖɚɏɚ ɔəɝɟɗɨɞɌ. 
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ȼȺȷɈ ȸȼȾ Ƚ Ȼȼȴȸȱȹȱȹȴȱȸ ȻȺȽȾȶȺȹȾȼȬȽȾȹȺȵ ȴȸȻȿȷɈȽȹȺȵ  

ȻȺȽȷȱȰȺȮȬȾȱȷɈȹȺȽȾȴ FLAIR Ȯ ȰȴȬȯȹȺȽȾȴȶȱ ȾȼȬȮȸȬȾȴɃȱȽȶȺȯȺ ȻȺȮȼȱȲȰȱȹȴɋ 

ȸȺȳȯȺȮɇɁ ȺȭȺȷȺɃȱȶ Ȼȼȴ ɃȱȼȱȻȹȺ-ȸȺȳȯȺȮɇɁ ȾȼȬȮȸȬɁ ȿ ȻȬɂȴȱȹȾȺȮ  

Ƚ ȽȺȾȼɋȽȱȹȴȱȸ ȯȺȷȺȮȹȺȯȺ ȸȺȳȯȬ 

 

ȸɑɐɎɑɐɑɎɌ ȹ.Ȭ.1, ȽɑɜɚɎɌ ȹ.Ƚ.2 
 

1 - ȯȭȿȳ çȭɪɜɚ ɝɟɐɑɍəɚ-ɘɑɐɔɢɔəɝɖɚɕ ɩɖɝɛɑɜɞɔɓɧ Ȱȳȸè. ɏ. ȸɚɝɖɎɌ, ȼɚɝɝɔɫ. 

2 - ɀȯȬȺȿ ȮȺ ȻɑɜɎɧɕ ȸȯȸȿ ɔɘ. ȴ.ȸ. ȽɑɣɑəɚɎɌ ȸȳ ȼɀ (ȽɑɣɑəɚɎɝɖɔɕ ɟəɔɎɑɜɝɔɞɑɞ).  

ɏ. ȸɚɝɖɎɌ, ȼɚɝɝɔɫ. 

 

ɑɗɨ. Ⱥɛɜɑɐɑɗɔɞɨ Ɏɚɓɘɚɒəɚɝɞɔ ɔɘɛɟɗɨɝəɚɕ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ FLAIR Ɏ ɐɔɌɏəɚɝɞɔɖɑ 

ɖɚəɞɜɌɝɞəɚɏɚ ɟɝɔɗɑəɔɫ ɘɚɓɏɚɎɧɡ ɚɍɚɗɚɣɑɖ ɟ ɛɚɞɑɜɛɑɎɤɔɡ ɗɔɢ ɝ ɗɑɏɖɚɕ ɝɞɑɛɑəɨɪ ɣɑ-

ɜɑɛəɚ-ɘɚɓɏɚɎɚɕ ɞɜɌɎɘɧ.  

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. Ȯ ɔɝɝɗɑɐɚɎɌəɔɑ ɍɧɗɔ Ɏɖɗɪɣɑəɧ ɘɑɐɔɢɔəɝɖɔɑ ɐɌəəɧɑ 29 ɛɚ-

ɞɑɜɛɑɎɤɔɡ, ɛɜɚɡɚɐɔɎɤɔɡ ɛɜɚɢɑɐɟɜɟ ɝɟɐɑɍəɚ-ɘɑɐɔɢɔəɝɖɚɕ ɩɖɝɛɑɜɞɔɓɧ ɛɚ ɛɚɎɚɐɟ ɣɑ-

ɜɑɛəɚ-ɘɚɓɏɚɎɚɕ ɞɜɌɎɘɧ Ɏ ɏɚɝɟɐɌɜɝɞɎɑəəɚɘ ɍɪɐɒɑɞəɚɘ ɟɣɜɑɒɐɑəɔɔ ɓɐɜɌɎɚɚɡɜɌəɑəɔɫ ɏɚɜɚɐɌ 

ȸɚɝɖɎɧ çȭɪɜɚ ɝɟɐɑɍəɚ-ɘɑɐɔɢɔəɝɖɚɕ ɩɖɝɛɑɜɞɔɓɧ Ȱȳȸè. Ȯɝɑɘ ɛɌɢɔɑəɞɌɘ ɍɧɗɌ ɛɜɚɎɑɐɑəɌ ɘɌɏ-

əɔɞəɚ-ɜɑɓɚəɌəɝəɌɫ ɞɚɘɚɏɜɌɠɔɫ  ɝ ɖɚəɞɜɌɝɞəɧɘ ɟɝɔɗɑəɔɑɘ, ɎɧɛɚɗəɑəəɌɫ Ɏ Ⱦ1-ɎɓɎɑɤɑəəɧɡ 

ɔɓɚɍɜɌɒɑəɔɫɡ Ɏ ɞɜɑɡ ɛɗɚɝɖɚɝɞɫɡ ɝ ɐɚɍɌɎɗɑəɔɑɘ ɔɘɛɟɗɨɝəɚɕ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ FLAIR Ɏ Ɍɖɝɔ-

Ɍɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ.  

ȼɑɓɟɗɨɞɌɞɧ. ȴɓ 29 (n=29; 100%) ɣɑɗɚɎɑɖ, ɛɜɚɡɚɐɔɎɤɔɡ ȸȼȾ Ɏ ɞɑɣɑəɔɑ 48 ɣɌɝɚɎ ɚɞ ɘɚ-

ɘɑəɞɌ ɛɚɗɟɣɑəɔɫ ɞɜɌɎɘɧ, ɛɌɞɚɗɚɏɔɣɑɝɖɚɑ ɟɝɔɗɑəɔɑ ɘɚɓɏɚɎɧɡ ɚɍɚɗɚɣɑɖ əɌ ɛɚɝɞɖɚəɞɜɌɝɞəɧɡ 

ɔɓɚɍɜɌɒɑəɔɫɡ FLAIR ɍɧɗɚ ɚɍəɌɜɟɒɑəɚ Ɏ 13 (n=13; 44,8%) ɝɗɟɣɌɫɡ. Ȯ 9 (n=9; 31%) ɝɗɟɣɌɫɡ ɛɌɞɚ-

ɗɚɏɔɣɑɝɖɚɑ əɌɖɚɛɗɑəɔɑ ɚɍɚɗɚɣɖɌɘɔ ɍɧɗɚ ɎɧɫɎɗɑəɚ ɔɝɖɗɪɣɔɞɑɗɨəɚ Ɏ ɔɘɛɟɗɨɝəɚɕ ɛɚɝɗɑɐɚɎɌɞɑɗɨ-

əɚɝɞɔ FLAIR, ɞɚɏɐɌ ɖɌɖ əɌ ɛɚɝɞɖɚəɞɜɌɝɞəɧɡ Ⱦ1-Ȯȴ ɚɍɚɗɚɣɖɔ ɚɝɞɌɎɌɗɔɝɨ ɔəɞɌɖɞəɧɘɔ. ȾɌɖɔɘ ɚɍ-

ɜɌɓɚɘ, ȸȼȾ ɝ ɛɜɔɘɑəɑəɔɑɘ ɔɘɛɟɗɨɝəɚɕ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ FLAIR Ɏ ɎɧɫɎɗɑəɔɔ  ɞɜɌɎɘɌɞɔɣɑɝɖɚ-

ɏɚ ɟɝɔɗɑəɔɫ ɘɚɓɏɚɎɧɡ ɚɍɚɗɚɣɑɖ ɟ  ɛɚɞɑɜɛɑɎɤɔɡ ɒɔɎɧɡ ɗɔɢ ɝ ɗɑɏɖɚɕ ɠɚɜɘɚɕ ɃȸȾ ɝɚɝɞɌɎɔɗɌ: 

ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨ (Se) ð 44%; ɝɛɑɢɔɠɔɣəɚɝɞɨ (Sp) ð 92%.  

Ⱥɍɝɟɒɐɑəɔɑ. ȰɔɌɏəɚɓ ɝɚɞɜɫɝɑəɔɑ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɛɜɑɐɝɞɌɎɗɫɑɞ ɍɚɗɨɤɟɪ ɝɗɚɒəɚɝɞɨ Ɏ 

ɛɜɚɢɑɝɝɑ ɛɜɚɎɑɐɑəɔɫ ɝɟɐɑɍəɚ-ɘɑɐɔɢɔəɝɖɚɕ ɩɖɝɛɑɜɞɔɓɧ, ɞɌɖ ɖɌɖ əɑ ɝɟɥɑɝɞɎɟɑɞ ɔəɝɞɜɟɘɑəɞɌɗɨ-

əɧɡ ɘɑɞɚɐɚɎ ɛɚɐɞɎɑɜɒɐɑəɔɫ. ȶɗɔəɔɣɑɝɖɌɫ ɖɌɜɞɔəɌ ɣɌɝɞɚ əɚɝɔɞ ɝɟɍɦɑɖɞɔɎəɧɕ ɡɌɜɌɖɞɑɜ, ɣɞɚ 

ɞɌɖ ɒɑ əɑ ɛɚɐɗɑɒɔɞ ɐɚɝɞɚɎɑɜəɚɕ ɚɢɑəɖɑ. ȼɑɓɟɗɨɞɌɞɧ əɌɤɑɕ ɜɌɍɚɞɧ ɐɑɘɚəɝɞɜɔɜɟɪɞ Ɏɚɓɘɚɒ-

əɚɝɞɨ ɚɍəɌɜɟɒɑəɔɫ ɎɔɓɟɌɗɔɓɌɢɔɚəəɚɏɚ ɛɜɔɓəɌɖɌ Ɏ Ɏɔɐɑ ɞɜɌɎɘɌɞɔɣɑɝɖɚɏɚ ɟɝɔɗɑəɔɫ ɘɚɓɏɚɎɧɡ 

ɚɍɚɗɚɣɑɖ, ɛɜɔɘɑəɫɫ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɨ FLAIR ɛɚɝɗɑ ɎɎɑɐɑəɔɫ ɖɚəɞɜɌɝɞɌ. 

ȳɌɖɗɪɣɑəɔɑ. Ȯɖɗɪɣɑəɔɑ ɛɚɝɞɖɚəɞɜɌɝɞəɚɕ ɔɘɛɟɗɨɝəɚɕ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ FLAIR ɛɜɔ 

ɛɜɚɎɑɐɑəɔɔ ȸȼȾ ɘɚɒɑɞ ɫɎɗɫɞɨɝɫ ɢɑəəɧɘ Ɏ ɚɍəɌɜɟɒɑəɔɔ ɎɔɓɟɌɗɔɓɌɢɔɚəəɧɡ ɛɜɔɓəɌɖɚɎ ɗɑɏɖɚɕ 

ɝɞɑɛɑəɔ ɃȸȾ, ɔ ɞɑɘ ɝɌɘɧɘ ɝɟɥɑɝɞɎɑəəɚ Ɏɗɔɫɞɨ əɌ ɚɛɜɑɐɑɗɑəɔɑ ɞɫɒɑɝɞɔ ɎɜɑɐɌ ɓɐɚɜɚɎɨɪ ɛɜɔ 

ɛɜɚɎɑɐɑəɔɔ ɝɟɐɑɍəɚ-ɘɑɐɔɢɔəɝɖɚɕ ɩɖɝɛɑɜɞɔɓɧ. 

 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɛɚɝɞɖɚəɞɜɌɝɞəɧɕ FLAIR, ɝɚɞɜɫɝɑəɔɑ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ, ɣɑɜɑɛəɚ-ɘɚɓɏɚɎɌɫ 

ɞɜɌɎɘɌ, ɝɟɐɑɍəɚ-ɘɑɐɔɢɔəɝɖɌɫ ɩɖɝɛɑɜɞɔɓɌ ɒɔɎɧɡ ɗɔɢ. 

 

ȶɚəɞɌɖɞəɧɕ ɌɎɞɚɜ: ȸɑɐɎɑɐɑɎɌ ȹ.Ȭ., e-mail: radiologmed@mail.ru . 
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əɚɕ ɔɘɛɟɗɨɝəɚɕ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ FLAIR Ɏ ɐɔɌɏəɚɝɞɔɖɑ ɞɜɌɎɘɌɞɔɣɑɝɖɚɏɚ ɛɚɎɜɑɒɐɑəɔɫ ɘɚɓ-

ɏɚɎɧɡ ɚɍɚɗɚɣɑɖ ɛɜɔ ɣɑɜɑɛəɚ-ɘɚɓɏɚɎɧɡ ɞɜɌɎɘɌɡ ɟ ɛɌɢɔɑəɞɚɎ c ɝɚɞɜɫɝɑəɔɑɘ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ. 

REJR 2023; 13( 3):30-38 . DOI: 10.21569/2222 -7415 -2023 -13-3-30-38 . 

 
ȽɞɌɞɨɫ ɛɚɗɟɣɑəɌ: 10.07.23  ȽɞɌɞɨɫ ɛɜɔəɫɞɌ:  11.09.23 

 

 

ɂ 

ȺȼȴȯȴȹȬȷɈȹȬɋ ȽȾȬȾɈɋ 

 

 

 

http://www.rejr.ru/


 

 

   RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY  

| www.rejr.ru | REJR. 2023; 13 (3):30-38       DOI: 10.21569/2222-7415-2023-13-3-30-38                     31 
 

 

 

THE ROLE OF MRI USING THE FLAIR POST-CON TRAST PULSE SEQUENCE IN THE DIAGNOSIS 

OF TRAUMATIC DAMAGE TO THE MENINGES WITHIN TRAUMATIC BRAIN INJURIES  

IN PATIENTS WITH CONCUSSION 
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urpose.  To determine the capabilities of the FLAIR pulse sequence in the diagnosis of con-

trast enhancement of the meninges in victims with mild traumatic brain injury.  

Materials and methods.  The study included medical  data of 29 victims who underwent a 

forensic medical examination for traumatic brain injury at the state budgetary healthcare 

institution of the city of Moscow "Bureau of Forensic Medical Examination of the Moscow City Health 

Department." All patients unde rwent contrast -enhanced magnetic resonance imaging performed in 

T1-weighted images in three planes with the addition of a FLAIR pulse sequence in the axial plane.  

Results.  Of 29 (n=29; 100%) individuals undergoing MRI within 48 hours of injury, abnormal 

meningeal enhancement on post -contrast FLAIR images was detected in 13 (n=13; 44.8%) cases. In 9 

cases (n=9; 31%), pathological accumulation of membranes was detected exclusively in the FLAIR 

pulse sequence, while on post -contrast T1 the membranes remained i ntact. Thus, MRI using the 

FLAIR pulse sequence in detecting traumatic enhancement of the meninges in living victims with a 

mild form of TBI was: sensitivity (Se) ð 44%; specificity (Sp) ð 92%.  

Discussion.  The diagnosis of concussion is very difficult in t he process of conducting a forensic 

medical examination, since there are no instrumental methods of confirmation. The clinical picture 

is often subjective, which also cannot be reliably assessed. The results of our work demonstrate the 

possibility of detec ting the imaging sign of traumatic enhancement of the meninges using the FLAIR 

sequence after contrast administration.  

Conclusion.  The inclusion of a post -contrast FLAIR pulse sequence during MRI can be valua-

ble in detecting imaging signs of mild TBI, and thereby significantly influence the determination of 

the severity of injury during a forensic examination.  

 

 

Keywords: FLAIR -post MRI, concussion of the brain, traumatic brain injury, forensic medical 

examination of living persons.  
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ȼɚɝɝɔɕɝɖɚɕ ɀɑɐɑɜɌɢɔɔ  ɣɑɜɑɛəɚ-

ɘɚɓɏɚɎɌɫ ɞɜɌɎɘɌ (ɃȸȾ) ɜɑɏɔɝɞɜɔɜɟ-

ɑɞɝɫ ɑɒɑɏɚɐəɚ ɟ 600 ɞɧɝ. ɣɑɗɚɎɑɖ (Ɏ 

ɞ.ɣ. ɐɑɞɑɕ ɐɚ 30%). ȹɌɔɍɚɗɨɤɌɫ ɣɌ-

ɝɞɚɞɌ ɎɝɞɜɑɣɌɑɘɚɝɞɔ ɛɜɔɡɚɐɔɞɝɫ əɌ  

ɗɑɏɖɟɪ ɃȸȾ (ɝɚɞɜɫɝɑəɔɑ ɔ ɟɤɔɍ ɘɚɓɏɌ ɗɑɏɖɚɕ 

ɝɞɑɛɑəɔ) ð 81-90%. ɃɌɝɞɚɞɌ ɓɌɐɚɖɟɘɑəɞɔɜɚ-

ɎɌəəɚɏɚ ɝɚɞɜɫɝɑəɔɫ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ  ɚɞ 200 

ɝɗɟɣɌɑɎ əɌ 100.000 əɌɝɑɗɑəɔɫ  [1 ð 4]. Ƚɚɞɜɫ-

ɝɑəɔɑ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ əɌ ɚɝəɚɎɌəɔɔ ɛɜɔɖɌɓɌ 

ȸɔəɔɝɞɑɜɝɞɎɌ ɓɐɜɌɎɚɚɡɜɌəɑəɔɫ ɔ ɝɚɢɔɌɗɨ-

əɚɏɚ ɜɌɓɎɔɞɔɫ ȼɚɝɝɔɕɝɖɚɕ ɀɑɐɑɜɌɢɔɔ ɚɞ 24 

Ɍɛɜɑɗɫ 2008 ɏ. ʈ194ə çȺɍ ɟɞɎɑɜɒɐɑəɔɔ ɘɑ-

ɐɔɢɔəɝɖɔɡ ɖɜɔɞɑɜɔɑɎ ɚɛɜɑɐɑɗɑəɔɫ ɝɞɑɛɑəɔ 

ɞɫɒɑɝɞɔ ɎɜɑɐɌ, ɛɜɔɣɔəɬəəɚɏɚ ɓɐɚɜɚɎɨɪ ɣɑ 

ɗɚɎɑɖɌè ɖɎɌɗɔɠɔɢɔɜɟɑɞɝɫ ɖɌɖ ɗɑɏɖɔɕ Ɏɜɑɐ 

ɓɐɚɜɚɎɨɪ ɣɑɗɚɎɑɖɌ, ɛɜɔ ɟɝɗɚɎɔɫɡ, əɑ ɛɚ-

Ɏɗɑɖɤɔɡ ɓɌ ɝɚɍɚɕ əɌɜɟɤɑəɔɕ ɝɚ ɝɞɚɜɚəɧ 

ɢɑəɞɜɌɗɨəɚɕ əɑɜɎəɚɕ ɝɔɝɞɑɘɧ, ɛɚɐɞɎɑɜ-

ɒɐɑəəɧɡ ɚɍɦɑɖɞɔɎəɚɕ əɑɎɜɚɗɚɏɔɣɑɝɖɚɕ 

ɝɔɘɛɞɚɘɌɞɔɖɚɕ, ɟɝɞɌəɚɎɗɑəəɚɕ Ɏ ɘɑɐɔɢɔə-

ɝɖɚɘ ɟɣɜɑɒɐɑəɔɔ.  ȺɐəɌɖɚ ɐɌɒɑ ɗɑɏɖɌɫ ɃȸȾ 

ɘɚɒɑɞ ɛɜɚɫɎɗɫɞɨɝɫ ɟ  ɛɌɢɔɑəɞɚɎ ɠɟəɖɢɔɚ-

əɌɗɨəɧɘɔ əɑɎɜɚɗɚɏɔɣɑɝɖɔɘɔ əɌɜɟɤɑəɔɫɘɔ 

ɍɚɗɑɑ ɣɑɘ Ɏ 30% ɝɗɟɣɌɑɎ əɌ ɛɜɚɞɫɒɑəɔɔ 3 

ɘɑɝɫɢɑɎ ɔ ɍɚɗɑɑ ɚɞ ɘɚɘɑəɞɌ ɞɜɌɎɘɧ [5]. ȴɓ-

Ɏɑɝɞəɚ, ɣɞɚ Ɏ ɍɚɗɨɤɔəɝɞɎɑ ɝɗɟɣɌɑɎ ɝɟɐɑɍəɚ-

ɘɑɐɔɢɔəɝɖɌɫ ɩɖɝɛɑɜɞɔɓɌ ɒɔɎɧɡ ɗɔɢ, ɝ ɢɑɗɨɪ 

ɚɛɜɑɐɑɗɑəɔɫ ɝɞɑɛɑəɔ ɞɫɒɑɝɞɔ ɎɜɑɐɌ ɓɐɚɜɚ-

Ɏɨɪ, ɛɜɚɎɚɐɔɞɝɫ ɛɚ ɛɜɑɐɝɞɌɎɗɑəəɚɕ ɘɑɐɔ-

ɢɔəɝɖɚɕ ɐɚɖɟɘɑəɞɌɢɔɔ, ɔ Ɏ ɞɚɘ ɣɔɝɗɑ ɛɚɐ-

ɗɑɒɌɞ ɚɢɑəɖɑ ɐɌəəɧɑ ɗɟɣɑɎɧɡ ɘɑɞɚɐɚɎ ɐɔɌ-

ɏəɚɝɞɔɖɔ. Ƚɚɞɜɫɝɑəɔɑ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ əɑ 

ɔɘɑɑɞ ɚɍɦɑɖɞɔɎəɧɡ ɎɔɓɟɌɗɔɓɌɢɔɚəəɧɡ ɖɜɔ-

ɞɑɜɔɑɎ ɛɚ ɐɌəəɧɘ  ɘɑɞɚɐɚɎ ɗɟɣɑɎɚɕ ɐɔɌɏəɚ-

ɝɞɔɖɔ ɛɜɔ ɘɌɏəɔɞəɚ-ɜɑɓɚəɌəɝəɚɕ ɞɚɘɚɏɜɌ-

ɠɔɔ (ȸȼȾ) ɔ ɖɚɘɛɨɪɞɑɜəɚɕ ɞɚɘɚɏɜɌɠɔɔ (ȶȾ), 

ɔ, ɖ ɝɚɒɌɗɑəɔɪ, ɐɔɌɏəɚɓ ɘɚɒɑɞ ɍɧɞɨ ɟɛɟɥɑə, 

ɣɞɚ ɣɜɑɎɌɞɚ əɑ ɞɚɗɨɖɚ ɛɚɝɗɑɐɝɞɎɔɫɘɔ ɐɗɫ 

ɓɐɚɜɚɎɨɫ ɛɚɐɩɖɝɛɑɜɞəɚɏɚ, əɚ ɔ ɚɤɔɍɚɣəɚ 

ɛɜɔəɫɞɧɘ ɝɟɒɐɑəɔɑɘ ɚ ɞɫɒɑɝɞɔ ɎɜɑɐɌ ɓɐɚ-

ɜɚɎɨɪ [6, 7]. 

Ȯ ɍɚɗɨɤɔəɝɞɎɑ ɝɗɟɣɌɑɎ ɛɜɔ ɃȸȾ Ɏ ɘɑ-

ɐɔɢɔəɝɖɔɡ ɟɣɜɑɒɐɑəɔɫɡ ɛɜɚɐɚɗɒɌɪɞ ɛɜɔ-

ɘɑəɫɞɨ əɌɞɔɎəɟɪ ȶȾ, əɑɝɘɚɞɜɫ əɌ ɐɚɖɌɓɌə-

əɟɪ əɔɓɖɟɪ ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨ Ɏ ɚɍəɌɜɟɒɑ-

əɔɔ ɗɑɏɖɚɕ ɞɜɌɎɘɧ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɔ ɐɔɠ-

ɠɟɓəɚɏɚ ɌɖɝɚəɌɗɨəɚɏɚ ɛɚɎɜɑɒɐɑəɔɫ [7 ð 9]. 

Ȼɜɔ ɛɜɚɎɑɐɑəɔɔ ɝɜɌɎəɔɞɑɗɨəɧɡ ɔɝɝɗɑɐɚɎɌ-

əɔɕ Ɏ ɚɍəɌɜɟɒɑəɔɔ ɚɝɞɜɧɡ ɛɚɫɎɗɑəɔɕ ɗɑɏɖɚɕ 

ɃȸȾ ɜɫɐ ɔɓɘɑəɑəɔɕ ɍɧɗ ɎɧɫɎɗɑə ɞɚɗɨɖɚ əɌ 

ȸȼȾ, ɛɜɔ ɩɞɚɘ ȶȾ ɐɑɘɚəɝɞɜɔɜɚɎɌɗɌ əɚɜ-

ɘɌɗɨəɟɪ ɗɟɣɑɎɟɪ ɖɌɜɞɔəɟ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ. 

Ȼɜɔ ɛɜɔɘɑəɑəɔɔ ɔɘɛɟɗɨɝəɚɕ ɛɚɝɗɑɐɚɎɌɞɑɗɨ-

Ȯ 

 

ȼɔɝ. 1 (Fig. 1) 

ȼɔɝ. 1.      ȽɡɑɘɌ ɌəɌɞɚɘɔɣɑɝɖɚɏɚ ɜɌɝɛɚɗɚɒɑəɔɫ ɚɍɚɗɚɣɑɖ (https://stylishbag.ru/22-

foto/obolochki -golovnogo -mozga -risunok.html).  

ȰɑɞɌɗɔɓɌɢɔɫ ɠɌɖɞɌ ɩɖɝɞɜɌɎɌɓɌɢɔɔ ɖɚəɞɜɌɝɞəɚɏɚ ɝɜɑɐɝɞɎɌ ɛɜɚɔɝɡɚɐɔɞ əɌ ɟɜɚɎəɑ  ɝɟɍɐɟɜɌɗɨəɚɏɚ ɛɜɚ-

ɝɞɜɌəɝɞɎɌ ɘɑɒɐɟ ɞɎɑɜɐɚɕ ɘɚɓɏɚɎɚɕ ɔ ɛɌɟɞɔəəɚɕ ɚɍɚɗɚɣɖɌɘɔ Ɏ ɜɑɓɟɗɨɞɌɞɑ ɞɜɌɎɘɧ (ɖɜɌɝəɌɫ ɝɞɜɑɗɖɌ).  

Fig. 1.   Diagram, anatomical location of the membranes (https://stylishbag.ru/22 -foto/obolochki -

golovnogo -mozga -risunok.html).  

Detailing the fact of extravasation of the contrast agent occurs at the level of the  subdural space between the 

dura and arachnoid membranes as a result of trauma (red arrow).  
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əɚɝɞɔ FLAIR ɛɚɝɗɑ ɎɎɑɐɑəɔɫ ɖɚəɞɜɌɝɞəɚɏɚ 

ɛɜɑɛɌɜɌɞɌ, ɛɌɞɚɗɚɏɔɣɑɝɖɚɑ əɌɖɚɛɗɑəɔɑ ɘɚɓ-

ɏɚɎɧɘɔ ɚɍɚɗɚɣɖɌɘɔ ɍɧɗɚ ɚɞɘɑɣɑəɚ ɟ 1 ɔɓ 2 

ɛɌɢɔɑəɞɚɎ, ɛɜɚɡɚɐɔɎɤɔɡ ɚɍɝɗɑɐɚɎɌəɔɑ ɛɚ 

ɛɚɎɚɐɟ ɃȸȾ Ɏ ɞɑɣɑəɔɑ 48 ɣɌɝɚɎ ɚɞ ɘɚɘɑəɞɌ 

ɞɜɌɎɘɌɞɔɣɑɝɖɚɏɚ ɛɜɚɔɝɤɑɝɞɎɔɫ [10 ð 12].  

ɉɞɚɞ əɚɎɧɕ ɐɔɌɏəɚɝɞɔɣɑɝɖɔɕ ɖɜɔɞɑɜɔɕ ɫɎɗɫ-

ɑɞɝɫ ɞɜɌɎɘɌɞɔɣɑɝɖɔɘ ɟɝɔɗɑəɔɑɘ ɘɚɓɏɚɎɧɡ 

ɚɍɚɗɚɣɑɖ ɔ ɚɞɜɌɒɌɑɞ ɝɗɑɐɝɞɎɔɑ ɩɖɝɞɜɌɎɌɓɌ-

ɢɔɔ  ɖɚəɞɜɌɝɞəɚɏɚ ɝɜɑɐɝɞɎɌ Ɏ ɝɟɍɐɟɜɌɗɨəɚɑ 

ɛɜɚɝɞɜɌəɝɞɎɚ ɘɑɒɐɟ ɞɎɑɜɐɚɕ ɘɚɓɏɚɎɚɕ ɔ ɛɌ-

ɟɞɔəəɚɕ ɚɍɚɗɚɣɖɌɘɔ Ɏ ɜɑɓɟɗɨɞɌɞɑ Ɏɚɓɐɑɕ-

ɝɞɎɔɫ ɞɜɌɎɘɌɞɔɣɑɝɖɚɏɚ ɠɌɖɞɚɜɌ (ɜɔɝ. 1) [12]. 

ȮɌɒəɚ ɚɞɘɑɞɔɞɨ, ɣɞɚ ɜɑɓɟɗɨɞɌɞɧ ɚɍəɌɜɟɒɑ-

əɔɫ ɐɌəəɚɏɚ ɛɜɔɓəɌɖɌ ɝɟɥɑɝɞɎɑəəɚ ɛɜɑɎɌɗɔ-

ɜɟɪɞ ɔɘɑəəɚ ɛɜɔ ɔɝɛɚɗɨɓɚɎɌəɔɔ ɛɚɝɗɑɐɚɎɌ-

ɞɑɗɨəɚɝɞɔ FLAIR, ɣɑɘ Ⱦ1 ɛɚɝɗɑ ɎɎɑɐɑəɔɫ ɖɚə-

ɞɜɌɝɞəɚɏɚ ɛɜɑɛɌɜɌɞɌ.    

ɂɑɗɨ ɔɝɝɗɑɐɚɎɌəɔɫ.  

Ⱥɢɑəɔɞɨ Ɏɚɓɘɚɒəɚɝɞɔ ɐɔɌɏəɚɝɞɔɖɔ 

ɞɜɌɎɘɌɞɔɣɑɝɖɚɏɚ ɟɝɔɗɑəɔɫ ɚɍɚɗɚɣɑɖ ɏɚɗɚɎəɚ-

ɏɚ ɘɚɓɏɌ ɛɜɔ ɛɜɚɎɑɐɑəɔɔ ȸȼȾ ɝ ɛɚɝɞɖɚə-

ɞɜɌɝɞəɚɕ ɔɘɛɟɗɨɝəɚɕ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɨɪ 

FLAIR ɟ ɛɚɝɞɜɌɐɌɎɤɔɡ ɒɔɎɧɡ ɗɔɢ, ɛɜɚɡɚ-

ɐɔɎɤɔɡ ɚɝɎɔɐɑɞɑɗɨɝɞɎɚɎɌəɔɑ ɐɗɫ ɚɛɜɑɐɑɗɑ-

əɔɫ ɝɞɑɛɑəɔ ɞɫɒɑɝɞɔ ɎɜɑɐɌ ɓɐɚɜɚɎɨɪ ɛɚ 

ɛɜɔɣɔəɑ ɃȸȾ ɗɑɏɖɚɕ ɝɞɑɛɑəɔ. 

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ.  

Ȯ ɔɝɝɗɑɐɚɎɌəɔɑ ɍɧɗɔ Ɏɖɗɪɣɑəɧ ɘɑɐɔ-

ɢɔəɝɖɔɑ ɐɌəəɧɑ 29 ɛɚɞɑɜɛɑɎɤɔɡ, ɛɜɚɡɚ-

ɐɔɎɤɔɡ ɛɜɚɢɑɐɟɜɟ ɝɟɐɑɍəɚ-ɘɑɐɔɢɔəɝɖɚɕ 

ɩɖɝɛɑɜɞɔɓɧ ɛɚ ɛɚɎɚɐɟ ɃȸȾ Ɏ ȯȭȿȳ ɏ. ȸɚɝɖɎɧ 

çȭɪɜɚ ɝɟɐɑɍəɚ-ɘɑɐɔɢɔəɝɖɚɕ ɩɖɝɛɑɜɞɔɓɧ 

Ȱȳȸè.  

ȶɜɔɞɑɜɔɫɘɔ Ɏɖɗɪɣɑəɔɫ ɫɎɗɫɗɔɝɨ: 

1. ȮɚɓɜɌɝɞ ɚɞ 18 ɗɑɞ 

2. ȺɞɝɟɞɝɞɎɔɑ ɛɜɔɓəɌɖɚɎ ɖɚɝɞəɚ-

ɞɜɌɎɘɌɞɔɣɑɝɖɔɡ ɔɓɘɑəɑəɔɕ, ɟɤɔɍɚɎ ɏɚɗɚɎəɚ-

ɏɚ ɘɚɓɏɌ, ɩɛɔɐɟɜɌɗɨəɚɕ ɔ ɝɟɍɐɟɜɌɗɨəɚɕ ɏɑɘɌ-

ɞɚɘ ɔ ȽȬȶ ɛɚ ɐɌəəɧɘ ȶȾ 

3. ȸȼȾ ɎɧɛɚɗəɑəɌ Ɏ ɛɜɑɐɑɗɌɡ 48 ɣɌɝɚɎ 

ɚɞ ɘɚɘɑəɞɌ ɛɚɗɟɣɑəɔɫ ɞɜɌɎɘɧ 

4. ȴɝɛɚɗɨɓɚɎɌəɔɑ ɖɚəɞɜɌɝɞəɚɏɚ ɛɜɑɛɌ-

ɜɌɞɌ əɌ ɚɝəɚɎɑ ɏɌɐɚɗɔəɔɫ Ɏɚ Ɏɜɑɘɫ ȸȼȾ ɐɚ ɔ 

ɛɚɝɗɑ ɔɘɛɟɗɨɝəɚɕ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ FLAIR 

5. ȺɢɑəɖɌ ɛɚ ɤɖɌɗɑ ɖɚɘɧ ȯɗɌɓɏɚ > 13 

6. Ȱɗɔɞɑɗɨəɚɝɞɨ ɛɚɞɑɜɔ ɝɚɓəɌəɔɫ <10 

ɘɔə 

7. Ȱɗɔɞɑɗɨəɚɝɞɨ ɛɚɝɞɞɜɌɎɘɌɞɔɣɑɝɖɚɕ 

Ɍɘəɑɓɔɔ < 24 ɣɌɝɚɎ 

ȶɜɔɞɑɜɔɫɘɔ ɔɝɖɗɪɣɑəɔɫ ɔɓ ɔɝɝɗɑɐɚɎɌ-

əɔɫ ɫɎɗɫɗɔɝɨ: 

1. ȺɞɝɟɞɝɞɎɔɑ ɐɌəəɧɡ ȶȾ 

2. ȻɜɚɎɑɐɑəɔɑ ɞɚɗɨɖɚ əɌɞɔɎəɚɕ ȸȼȾ 

3. ȺɍəɌɜɟɒɑəɔɑ ɛɚ ɐɌəəɧɘ ȸȼȾ ɔ/ɔɗɔ 

ȶȾ ɫɎəɧɡ ɛɜɔɓəɌɖɚɎ ɞɜɌɎɘɌɞɔɣɑɝɖɚɏɚ ɛɚ-

Ɏɜɑɒɐɑəɔɫ ɢɑɜɑɍɜɌɗɨəɚɕ ɛɌɜɑəɡɔɘɧ ɔ ɚɍɚ-

ɗɚɣɑɖ  

4. ȺɢɑəɖɌ ɛɚ ɤɖɌɗɑ ɖɚɘɧ ȯɗɌɓɏɚ <13  

5.  Ȱɗɔɞɑɗɨəɚɝɞɨ ɛɚɝɞɞɜɌɎɘɌɞɔɣɑɝɖɚɕ 

Ɍɘəɑɓɔɔ > 24 ɣɌɝɚɎ 

ȸȼȾ Ɏɧɛɚɗəɫɗɚɝɨ əɌ ɞɚɘɚɏɜɌɠɌɡ 1,5 Ⱦ 

ɔ 3 Ⱦ  ɝ Ɏɖɗɪɣɑəɔɑɘ Ɏ ɛɜɚɞɚɖɚɗ ɔɘɛɟɗɨɝəɧɡ 

ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɑɕ ɐɚ ɎɎɑɐɑəɔɫ ɖɚəɞɜɌɝɞɌ 

Ⱦ1-Ȯȴ, Ⱦ2-Ȯȴ, FLAIR, DWI, SWI, ɛɚɝɗɑ ɎɎɑɐɑ-

əɔɫ ɖɚəɞɜɌɝɞɌ Ⱦ1-Ȯȴ ɔ FLAIR. Ȱɗɔɞɑɗɨəɚɝɞɨ 

ɛɜɚɞɚɖɚɗɌ ȸȼȾ əɑ ɛɜɑɎɧɤɌɗɌ 30 ɘɔəɟɞ. Ȼɑ-

ɜɑɐ ɐɔəɌɘɔɣɑɝɖɔɘ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɑɘ ɝ ɔɝ-

ɛɚɗɨɓɚɎɌəɔɑɘ ɔɘɛɟɗɨɝəɚɕ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚ-

ɝɞɔ FLAIR ɎɎɚɐɔɗɝɫ ɖɚəɞɜɌɝɞəɧɕ ɛɜɑɛɌɜɌɞ ɝ 

ɜɌɝɣɑɞɚɘ 0,1 ɘɘɚɗɨ/ɖɏ əɌ ɚɝəɚɎɑ ɏɌɐɚɗɔəɔɫ. 

Ȱɗɫ ɐɚɝɞɚɎɑɜəɚɕ ɎɔɓɟɌɗɔɓɌɢɔɔ ɞɜɌɎɘɌɞɔɣɑ-

ɝɖɚɏɚ ɟɝɔɗɑəɔɫ ɘɚɓɏɚɎɧɡ ɚɍɚɗɚɣɑɖ əɌ FLAIR 

ɛɜɔɘɑəɫɗɚɝɨ ɎɧɣɔɞɌəɔɑ əɌɞɔɎəɚɏɚ ɔɓɚɍɜɌ-

ɒɑəɔɫ ɔɓ ɛɚɝɞɖɚəɞɜɌɝɞəɚɏɚ ɘɑɞɚɐɚɘ ɝɟɍ-

ɞɜɌɖɢɔɔ. ȾɌɖɒɑ Ɏ ɔɝɝɗɑɐɚɎɌəɔɑ ɍɧɗɌ Ɏɖɗɪ-

ɣɑəɌ ɖɚəɞɜɚɗɨəɌɫ ɏɜɟɛɛɌ ɔɓ 12 ɣɑɗɚɎɑɖ, ɛɜɚ-

ɡɚɐɔɎɤɔɡ ɚɍɝɗɑɐɚɎɌəɔɑ ȸȼȾ ɛɚ ɛɜɔɣɔəɑ, əɑ 

ɝɎɫɓɌəəɚɕ ɝ ɃȸȾ.  

ȼɑɓɟɗɨɞɌɞɧ.  

ȴɓ 29 ɛɚɞɑɜɛɑɎɤɔɡ ɝ ɖɗɔəɔɣɑɝɖɔɘ ɐɔɌ-

ɏəɚɓɚɘ çɃȸȾ ɔ ɝɚɞɜɫɝɑəɔɑ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌè 

Ɏɝɑɘ ɍɧɗɌ ɎɧɛɚɗəɑəɌ ȶȾ, ɛɚ ɔɞɚɏɟ ɖɚɞɚɜɚɕ 

ɗɟɣɑɎɌɫ ɖɌɜɞɔəɌ ɝɚɚɞɎɑɞɝɞɎɚɎɌɗɌ əɚɜɘɑ. ȰɌ-

ɗɑɑ Ɏ ɞɑɣɑəɔɑ 48 ɣɌɝɚɎ ɚɞ ɘɚɘɑəɞɌ ɞɜɌɎɘɌɞɔ-

ɣɑɝɖɚɏɚ ɛɜɚɔɝɤɑɝɞɎɔɫ ɍɧɗɌ ɎɧɛɚɗəɑəɌ ȸȼȾ 

ɝ ɖɚəɞɜɌɝɞəɧɘ ɛɜɑɛɌɜɌɞɚɘ. ȴɓɚɍɜɌɒɑəɔɫ 

ɛɚɝɗɑ ɎɎɑɐɑəɔɫ ɖɚəɞɜɌɝɞəɚɏɚ ɛɜɑɛɌɜɌɞɌ ɍɧ-

ɗɔ ɛɚɗɟɣɑəɧ Ɏ ɔɘɛɟɗɨɝəɧɡ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚ-

ɝɞɫɡ Ⱦ1-Ȯȴ ɔ FLAIR. ȴɓ 29 (n=29; 100%) ɝɗɟ-

ɣɌɑɎ ɞɜɌɎɘɌɞɔɣɑɝɖɚɑ ɟɝɔɗɑəɔɑ ɘɚɓɏɚɎɧɡ ɚɍɚ-

ɗɚɣɑɖ əɌ FLAIR  ɍɧɗɚ ɚɍəɌɜɟɒɑəɚ ɟ 13 (n=13; 

44,8%) ɣɑɗɚɎɑɖ. Ȯɚ Ɏɝɑɡ 13 ɝɗɟɣɌɫɡ ɔəɞɑə-

ɝɔɎəɚɝɞɨ ɝɔɏəɌɗɌ əɌ ɛɚɝɞɖɚəɞɜɌɝɞəɧɡ ɔɓɚɍ-

ɜɌɒɑəɔɫɡ ɛɜɑɚɍɗɌɐɌɗɌ əɌ  FLAIR, ɞɑɘ ɝɌɘɧɘ 

ɝɟɥɑɝɞɎɑəəɚ ɛɚɎɧɤɌɫ Ɏɑɜɚɫɞəɚɝɞɨ ɚɍəɌɜɟ-

ɒɑəɔɫ ɞɜɌɎɘɌɞɔɣɑɝɖɚɏɚ əɌɖɚɛɗɑəɔɫ Ɏ ɚɍɚ-

ɗɚɣɖɌɡ. Ȯ 9 (n=9; 31%) əɌɖɚɛɗɑəɔɑ ɚɍɚɗɚɣɖɌ-

ɘɔ ɍɧɗɚ ɎɧɫɎɗɑəɚ ɔɝɖɗɪɣɔɞɑɗɨəɚ Ɏ ɔɘɛɟɗɨɝ-

əɚɕ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ FLAIR, ɞɚɏɐɌ ɖɌɖ əɌ 

Ⱦ1-Ȯȴ əɑ ɍɧɗɚ ɐɚɝɞɚɎɑɜəɚ ɓɌɠɔɖɝɔɜɚɎɌəɚ  

ɛɌɞɚɗɚɏɔɣɑɝɖɔɡ ɔɓɘɑəɑəɔɕ (ɜɔɝ.  

2).   

Ȯ 16 (n=16; 55%) ɝɗɟɣɌɫɡ ɍɧɗɔ ɎɧɫɎɗɑ-

əɧ ɞɜɌɎɘɌɞɔɣɑɝɖɔɑ ɔɓɘɑəɑəɔɫ ɘɫɏɖɔɡ ɞɖɌ-

əɑɕ ɏɚɗɚɎɧ Ɏ Ɏɔɐɑ ɝɟɍɏɌɗɑɌɗɨəɚɕ ɏɑɘɌɞɚɘɧ, 

ɣɞɚ ɚɞɜɌɒɌɗɚ ɞɚɣɖɟ ɛɜɔɗɚɒɑəɔɫ ɝɔɗɧ, əɚ 

ɛɜɔ ɩɞɚɘ ɞɜɌɎɘɌɞɔɣɑɝɖɚɏɚ əɌɖɚɛɗɑəɔɫ ɚɍɚ-

ɗɚɣɑɖ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ əɑ ɍɧɗɚ ɓɌɠɔɖɝɔɜɚɎɌ-

əɚ əɌ Ⱦ1-Ȯȴ ɔ əɌ FLAIR (ɜɔɝ. 3). 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ ɐɔɌɏəɚɝɞɔɣɑɝɖɌɫ ɩɠ-

ɠɑɖɞɔɎəɚɝɞɨ ȸȼȾ ɝ ɛɜɔɘɑəɑəɔɑɘ ɔɘɛɟɗɨɝ-

əɚɕ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ FLAIR Ɏ ɎɧɫɎɗɑəɔɔ  

ɞɜɌɎɘɌɞɔɣɑɝɖɚɏɚ ɟɝɔɗɑəɔɫ ɘɚɓɏɚɎɧɡ ɚɍɚɗɚ-

ɣɑɖ ɟ  ɛɚɞɑɜɛɑɎɤɔɡ ɒɔɎɧɡ ɗɔɢ ɝ ɗɑɏɖɚɕ 

ɠɚɜɘɚɕ ɃȸȾ ɝɚɝɞɌɎɔɗɌ: ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨ 

(Se) ð 44%; ɝɛɑɢɔɠɔɣəɚɝɞɨ (Sp) ð 92%.  

Ȼɚ  ɜɑɓɟɗɨɞɌɞɌɘ  əɌɤɑɏɚ  ɔɝɝɗɑɐɚɎɌəɔɫ  
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ȼɔɝ. 2 (Fig. 2) 

ȼɔɝ. 2.      ȻɌɢɔɑəɞ ȷ., 42 ɏɚɐɌ. ȸȼȾ ɎɧɛɚɗəɑəɌ ɣɑɜɑɓ 32 ɣɌɝɌ ɚɞ ɘɚɘɑəɞɌ ɞɜɌɎɘɧ. Ȯɑɜɡəɔɕ ɜɫɐ. 

Ɍ, Ɏ  ð ȹɌɞɔɎəɧɑ ɔɓɚɍɜɌɒɑəɔɫ, Ɍ ð Ⱦ1-Ȯȴ, Ɏ ð FLAIR. ȴɓɘɑəɑəɔɕ ɘɚɓɏɚɎɧɡ ɚɍɚɗɚɣɑɖ əɑ ɎɧɫɎɗɑəɚ.  

ɍ ð Ⱦ1-Ȯȴ ɛɚɝɗɑ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɫ. ȴɓɘɑəɑəɔɕ ɘɚɓɏɚɎɧɡ ɚɍɚɗɚɣɑɖ əɑ ɎɧɫɎɗɑəɚ (ɍɑɗɌɫ ɝɞɜɑɗɖɌ). 

ɏ ð FLAIR ɔɓɚɍɜɌɒɑəɔɫ ɛɚɝɗɑ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɫ. ȰɚɝɞɚɎɑɜəɚ ɚɛɜɑɐɑɗɫɑɞɝɫ ɣɌɝɞɔɣəɚɑ əɌɖɚɛɗɑəɔɑ ɖɚə-

ɞɜɌɝɞəɚɏɚ ɛɜɑɛɌɜɌɞɌ ɚɍɚɗɚɣɖɌɘɔ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ (ɖɜɌɝəɌɫ ɝɞɜɑɗɖɌ). 

ȻɌɢɔɑəɞ Ƚ., 36 ɗɑɞ. ȸȼȾ ɎɧɛɚɗəɑəɌ ɣɑɜɑɓ 27 ɣɌɝɚɎ ɚɞ ɘɚɘɑəɞɌ ɞɜɌɎɘɧ. ȹɔɒəɔɕ ɜɫɐ. 

Ɍ, Ɏ ð ȹɌɞɔɎəɧɑ ɔɓɚɍɜɌɒɑəɔɫ, Ɍ ð Ⱦ1-Ȯȴ,  Ɏ ð FLAIR. ȴɓɘɑəɑəɔɕ ɘɚɓɏɚɎɧɡ ɚɍɚɗɚɣɑɖ əɑ ɎɧɫɎɗɑəɚ.  

ɍ ð Ⱦ1-Ȯȴ ɛɚɝɗɑ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɫ. ȸɔəɔɘɌɗɨəɚ ɎɧɜɌɒɑəəɚɑ, əɑɜɌɎəɚɘɑɜəɚɑ əɌɖɚɛɗɑəɔɑ ɘɚɓɏɚɎɧɘɔ 

ɚɍɚɗɚɣɖɌɘɔ (ɍɑɗɌɫ ɝɞɜɑɗɖɌ). 

ɏ ð FLAIR ɔɓɚɍɜɌɒɑəɔɫ ɛɚɝɗɑ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɫ. ȰɚɝɞɚɎɑɜəɚ ɚɛɜɑɐɑɗɫɑɞɝɫ ɣɌɝɞɔɣəɚɑ əɌɖɚɛɗɑəɔɑ ɖɚə-

ɞɜɌɝɞəɚɏɚ ɛɜɑɛɌɜɌɞɌ ɚɍɚɗɚɣɖɌɘɔ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ (ɖɜɌɝəɌɫ ɝɞɜɑɗɖɌ)..  

Fig. 2.   Patient L., 42 years old. MRI was performed 32 hours after the injury. Top row.  

a, c ð Native T1 -weighted images (a) and FLAIR (c). No changes in the meninges were detected.  

b ð T1-weighted images after contrast enhancement. No changes in the meninges were detected. (white arrow).  

d ð FLAIR images after contrast enhancement. The partial accumulation of the contrast agent by the meninges 

is reliab ly determined (red arrow).  

Patient C, 36 years old. MRI was performed 27 hours after the injury. Bottom row.  

a, c ð Native T1 -weighted images (a) and FLAIR (c). No changes in the meninges were detected.  

b ð T1-weighted images after contrast enhancement. Mi nimal, uneven accumulation in the meninges. (white 

arrow).  

d ð FLAIR images after contrast enhancement. The partial accumulation of the contrast agent by the meninges 

is reliably determined (red arrow).   
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ȼɔɝ. 3 (Fig. 3) 

ȼɔɝ. 3.       ȻɌɢɔɑəɞ ȶ., 28 ɗɑɞ. ȸȼȾ ɎɧɛɚɗəɑəɌ ɣɑɜɑɓ 13 ɣɌɝɚɎ ɚɞ ɘɚɘɑəɞɌ ɞɜɌɎɘɧ. Ȯɑɜɡəɔɕ ɜɫɐ. 

Ɍ, Ɏ ð ȹɌɞɔɎəɧɑ ɔɓɚɍɜɌɒɑəɔɫ, Ɍ ð Ⱦ1-Ȯȴ, Ɏ ð FLAIR. ȴɓɘɑəɑəɔɕ ɘɚɓɏɚɎɧɡ ɚɍɚɗɚɣɑɖ əɑ ɎɧɫɎɗɑəɚ. Ⱥɛɜɑɐɑ-

ɗɫɑɞɝɫ ɝɟɍɏɌɗɑɌɗɨəɌɫ ɏɑɘɌɞɚɘɌ ɛɜɌɎɚɕ ɗɚɍəɚɕ ɚɍɗɌɝɞɔ, ɣɞɚ ɚɞɜɌɒɌɑɞ ɞɚɣɖɟ ɛɜɔɗɚɒɑəɔɫ ɝɔɗɧ ɛɜɔ ɃȸȾ 

(ɍɑɗɌɫ ɝɞɜɑɗɖɌ). 

ɍ ð Ⱦ1-Ȯȴ ɛɚɝɗɑ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɫ. ȴɓɘɑəɑəɔɕ ɘɚɓɏɚɎɧɡ ɚɍɚɗɚɣɑɖ əɑ ɎɧɫɎɗɑəɚ  (ɍɑɗɌɫ ɝɞɜɑɗɖɌ). 

ɏ  ð FLAIR ɔɓɚɍɜɌɒɑəɔɫ ɛɚɝɗɑ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɫ.  ȻɌɞɚɗɚɏɔɣɑɝɖɚɏɚ əɌɖɚɛɗɑəɔɫ ɚɍɚɗɚɣɖɌɘɔ ɞɌɖ ɒɑ əɑ Ɏɧ-

ɫɎɗɑəɚ, ɚɐəɌɖɚ ɐɑɞɌɗɔɓɌɢɔɫ ɝɟɍɏɌɗɑɌɗɨəɚɕ ɏɑɘɌɞɚɘɧ ɛɜɑɎɚɝɡɚɐɔɞ ɛɚɝɞɖɚəɞɜɌɝɞəɧɑ Ⱦ1-Ȯȴ (ɖɜɌɝəɌɫ 

ɝɞɜɑɗɖɌ). 

ȻɌɢɔɑəɞ Ʉ., 35 ɗɑɞ. ȸȼȾ ɎɧɛɚɗəɑəɌ ɣɑɜɑɓ 23 ɣɌɝɌ ɚɞ ɘɚɘɑəɞɌ ɞɜɌɎɘɧ. ȹɔɒəɔɕ  ɜɫɐ. 

Ɍ Ɍ, Ɏ ð ȹɌɞɔɎəɧɑ ɔɓɚɍɜɌɒɑəɔɫ, Ɍ ð Ⱦ1-Ȯȴ,  Ɏ ð FLAIR. ȴɓɘɑəɑəɔɕ ɘɚɓɏɚɎɧɡ ɚɍɚɗɚɣɑɖ əɑ ɎɧɫɎɗɑəɚ. Ⱥɛɜɑ-

ɐɑɗɫɑɞɝɫ ɝɟɍɏɌɗɑɌɗɨəɌɫ ɏɑɘɌɞɚɘɌ ɛɜɌɎɚɕ ɗɚɍəɚɕ ɚɍɗɌɝɞɔ, ɣɞɚ ɚɞɜɌɒɌɑɞ ɞɚɣɖɟ ɛɜɔɗɚɒɑəɔɫ ɝɔɗɧ ɛɜɔ ɃȸȾ 

(ɍɑɗɌɫ ɝɞɜɑɗɖɌ). 

ɍ ð Ⱦ1-Ȯȴ ɛɚɝɗɑ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɫ. ȴɓɘɑəɑəɔɕ ɘɚɓɏɚɎɧɡ ɚɍɚɗɚɣɑɖ əɑ ɎɧɫɎɗɑəɚ (ɍɑɗɌɫ ɝɞɜɑɗɖɌ). 

ɏ ð FLAIR ɔɓɚɍɜɌɒɑəɔɫ ɛɚɝɗɑ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɫ.  ȻɌɞɚɗɚɏɔɣɑɝɖɚɏɚ əɌɖɚɛɗɑəɔɫ ɚɍɚɗɚɣɖɌɘɔ ɞɌɖ ɒɑ əɑ Ɏɧ-

ɫɎɗɑəɚ, ɚɐəɌɖɚ ɐɑɞɌɗɔɓɌɢɔɫ ɝɟɍɏɌɗɑɌɗɨəɚɕ ɏɑɘɌɞɚɘɧ ɛɜɑɎɚɝɡɚɐɔɞ ɛɚɝɞɖɚəɞɜɌɝɞəɧɑ Ⱦ1-Ȯȴ (ɖɜɌɝəɌɫ 

ɝɞɜɑɗɖɌ).  

Fig. 3.    Patient K., 28 years old. MRI was performed 13 hours after the injury. Top row.  

a, c ð Native images, a ð T1-WI, c ð FLAIR. No changes in the meninges were detected. A subgalea hematoma of 

the right frontal region is determined, which reflects the point of application of force during TBI (white arrow)  

b ð T1-weighted images after contrast enhancement. No changes in t he meninges were detected. (white arrow).  

d ð FLAIR images after contrast enhancement. No pathological accumulation of membranes was also detected, 

however, the detail of the subgalea hematoma is superior to post -contrast T1 -WI images (red arrow).  

Patient Sh., 35 years old. MRI was performed 23 hours after the injury. Bottom row.  

a, c ð Native images, a ð T1-WI, c ð FLAIR. No changes in the meninges were detected. A subgalea hematoma of 

the right frontal region is determined, which reflects the point of app lication of force during TBI (white arrow).  

b ð T1-weighted images after contrast enhancement. No changes in the meninges were detected. (white arrow).  

d ð FLAIR images after contrast enhancement. No pathological accumulation of membranes was also detecte d, 

however, the detail of the subgalea hematoma is superior to post -contrast T1 -WI images (red arrow).   
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ɞɜɌɎɘɌɞɔɣɑɝɖɚɑ ɟɝɔɗɑəɔɑ ɘɚɓɏɚɎɧɡ ɚɍɚɗɚɣɑɖ 

əɌɔɍɚɗɑɑ ɐɚɝɞɚɎɑɜəɚ ɐɔɌɏəɚɝɞɔɜɟɑɞɝɫ ɔɘɑə-

əɚ Ɏ ɔɘɛɟɗɨɝəɚɕ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɔ FLAIR, 

Ɏ ɞɚ Ɏɜɑɘɫ ɖɌɖ ɐɜɟɏɔɑ ɝɞɌəɐɌɜɞəɧɑ ɜɑɒɔɘɧ, 

Ɏ ɞɚɘ ɣɔɝɗɑ ɛɚɝɞɖɚəɞɜɌɝɞəɧɕ T1-Ȯȴ, əɑ 

ɠɔɖɝɔɜɚɎɌɗɔ əɔɖɌɖɔɡ ɛɌɞɚɗɚɏɔɣɑɝɖɔɡ ɔɓɘɑ-

əɑəɔɕ.  

Ⱥɍɝɟɒɐɑəɔɑ.  

Ƚɚɞɜɫɝɑəɔɑ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ ɚɞəɚɝɫɞ ɖ 

ɗɑɏɖɔɘ ɠɚɜɘɌɘ ɣɑɜɑɛəɚ-ɘɚɓɏɚɎɚɕ ɞɜɌɎɘɧ ɔ 

ɚɐəɔɘ ɔɓ ɝɌɘɧɡ ɜɌɝɛɜɚɝɞɜɌəɬəəɧɡ ɐɔɌɏəɚ-

ɓɚɎ Ɏ ɛɜɌɖɞɔɖɑ ɝɟɐɑɍəɚ-ɘɑɐɔɢɔəɝɖɚɏɚ ɩɖɝ-

ɛɑɜɞɌ. Ȼɜɔ ɚɛɜɑɐɑɗɑəɔɔ ɞɫɒɑɝɞɔ ɎɜɑɐɌ ɓɐɚ-

ɜɚɎɨɪ ɟ ɛɌɢɔɑəɞɚɎ ɝ ɗɑɏɖɚɕ ɠɚɜɘɚɕ ɃȸȾ ɣɌ-

ɝɞɚ ɎɚɓəɔɖɌɪɞ ɝɗɚɒəɚɝɞɔ, ɚɍɟɝɗɚɎɗɑəəɧɑ 

ɤɔɜɚɖɔɘ ɝɛɑɖɞɜɚɘ ɝɟɍɦɑɖɞɔɎɔɓɘɌ ɖɌɖ ɛɚ-

ɞɑɜɛɑɎɤɑɏɚ, ɞɌɖ ɔ ɖɗɔəɔɢɔɝɞɚɎ. ȿɣɔɞɧɎɌɫ, 

ɣɞɚ ɝɚɞɜɫɝɑəɔɑ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ əɌɔɍɚɗɑɑ ɗɬɏ-

ɖɌɫ ɖɗɔəɔɣɑɝɖɌɫ ɠɚɜɘɌ ɐɔɠɠɟɓəɚɏɚ ɞɜɌəɓɔ-

ɞɚɜəɚɏɚ ɛɚɎɜɑɒɐɑəɔɫ ɘɚɓɏɌ, Ɏ ɚɝəɚɎɑ ɖɚɞɚ-

ɜɚɏɚ ɗɑɒɌɞ ɘɑɞɌɍɚɗɔɣɑɝɖɔɑ, ɔɚəəɧɑ, əɑɕɜɚ-

ɞɜɌəɝɘɔɞɞɑɜəɧɑ əɌɜɟɤɑəɔɫ ɔ əɑɕɜɚɎɚɝɛɌ-

ɗɑəɔɑ, ɡɌɜɌɖɞɑɜɔɓɟɪɥɌɫɝɫ ɚɞɝɟɞɝɞɎɔɑɘ Ɏɔ-

ɐɔɘɧɡ ɔɓɘɑəɑəɔɕ əɌ ɖɚɘɛɨɪɞɑɜəɚɕ ɞɚɘɚ-

ɏɜɌɠɔɔ (ȶȾ), Ɏ ɚɛɜɑɐɑɗɑəəɧɡ ɝɗɟɣɌɫɡ ɝɞɌəɚ-

Ɏɔɞɝɫ əɑɎɚɓɘɚɒəɧɘ ɛɚɐɞɎɑɜɐɔɞɨ ɐɔɌɏəɚɓ 

ɎɎɔɐɟ ɚɞɝɟɞɝɞɎɔɫ ɘɚɜɠɚɗɚɏɔɣɑɝɖɔɡ ɖɜɔɞɑɜɔ-

ɑɎ ɐɔɌɏəɚɝɞɔɖɔ. Ȼɚ ɘəɑəɔɪ əɑɖɚɞɚɜɧɡ ɌɎɞɚ-

ɜɚɎ, ɝɚɞɜɫɝɑəɔɑ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ, əɑ ɛɚɎɗɑɖ-

ɤɑɑ ɓɌ ɝɚɍɚɕ əɌɜɟɤɑəɔɕ ɝɚ ɝɞɚɜɚəɧ ɢɑə-

ɞɜɌɗɨəɚɕ əɑɜɎəɚɕ ɝɔɝɞɑɘɧ ɘɚɓɏɌ, əɑ ɘɚɒɑɞ 

ɍɧɞɨ ɛɚɐɎɑɜɏəɟɞɚ ɚɢɑəɖɑ ɞɫɒɑɝɞɔ ɎɜɑɐɌ ɓɐɚ-

ɜɚɎɨɪ [13].   

 ȹɌɓəɌɣɑəɔɑ ɛɚɎɞɚɜəɧɡ ɩɖɝɛɑɜɞɔɓ ɫɎ-

ɗɫɑɞɝɫ ɔɓɎɑɝɞəɚɕ ɛɜɚɍɗɑɘɚɕ Ɏ ɝɟɐɑɍəɚ-

ɘɑɐɔɢɔəɝɖɚɕ ɛɜɌɖɞɔɖɑ (ɔ ɣɌɝɞɚ ɛɜɔɣɔəɌ ð 

ɔɘɑəəɚ ɗɑɏɖɌɫ ɠɚɜɘɌ ɣɑɜɑɛəɚ-ɘɚɓɏɚɎɚɕ 

ɞɜɌɎɘɧ), ɛɜɔ ɖɚɞɚɜɧɡ ɜɌɝɡɚɒɐɑəɔɑ Ɏ ɚɛɜɑ-

ɐɑɗɑəɔɔ ɝɞɑɛɑəɔ ɎɜɑɐɌ ɓɐɚɜɚɎɨɪ ɎɌɜɨɔɜɟɑɞ 

ɐɚ 50% ɘɑɒɐɟ ɛɑɜɎɔɣəɚɕ ɔ ɛɚɎɞɚɜəɚɕ ɩɖɝ-

ɛɑɜɞɔɓɌɘɔ [14]. ȺɍɚɝəɚɎɌəɔɑ ɐɔɌɏəɚɓɌ ɣɑ-

ɜɑɛəɚ-ɘɚɓɏɚɎɚɕ ɞɜɌɎɘɧ Ɏ ɝɟɐɑɍəɚ-

ɘɑɐɔɢɔəɝɖɚɕ ɩɖɝɛɑɜɞɔɓɑ, ɍɌɓɔɜɚɎɌəəɚɑ əɌ 

ɝɟɍɦɑɖɞɔɎəɧɡ ɌəɌɘəɑɝɞɔɣɑɝɖɔɡ ɐɌəəɧɡ ɛɚ-

ɞɑɜɛɑɎɤɑɏɚ ɔɗɔ əɌ ɚɝəɚɎɌəɔɔ ɛɜɑɐɝɞɌɎɗɑə-

əɚɕ ɘɑɐɔɢɔəɝɖɚɕ ɐɚɖɟɘɑəɞɌɢɔɔ, əɑ ɘɚɒɑɞ 

ɫɎɗɫɞɨɝɫ ɐɚɝɞɚɎɑɜəɧɘ. ȶ ɝɚɒɌɗɑəɔɪ, ɐɌə-

əɧɕ ɠɌɖɞ ɎɝɞɜɑɣɌɑɞɝɫ ɐɚɝɞɌɞɚɣəɚ ɣɌɝɞɚ [15].  

Ȯɝɑɘ ɛɚɞɑɜɛɑɎɤɔɘ ɛɜɔ ɃȸȾ ɛɜɚɎɚɐɫɞ 

ȶȾ, ɖɚɞɚɜɌɫ ɚɍɗɌɐɌɑɞ Ɏɧɝɚɖɚɕ ɣɟɎɝɞɎɔɞɑɗɨ-

əɚɝɞɨɪ Ɏ ɚɛɜɑɐɑɗɑəɔɔ ɛɑɜɑɗɚɘɚɎ ɝɎɚɐɌ ɔ ɚɝ-

əɚɎɌəɔɫ ɣɑɜɑɛɌ ɔ Ɏəɟɞɜɔɣɑɜɑɛəɧɡ ɏɑɘɌɞɚɘ, 

ɚɐəɌɖɚ ɛɜɔ ɝɚɞɜɫɝɑəɔɔ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ əɑ 

ɝɟɥɑɝɞɎɟɑɞ ɝɛɑɢɔɠɔɣɑɝɖɔɡ ɎɔɓɟɌɗɔɓɌɢɔɚə-

əɧɡ ɘɌɜɖɑɜɚɎ ɛɚ ɐɌəəɧɘ ɗɟɣɑɎɧɡ ɘɑɞɚɐɚɎ 

ɐɔɌɏəɚɝɞɔɖɔ ȶȾ ɔ ȸȼȾ.  Ȼɚ ɐɌəəɧɘ Ȯɚɝɖɜɑ-

ɝɑəɝɖɚɕ Ⱥ.ȹ., ɝɞɌəɐɌɜɞəɧɕ ɛɜɚɞɚɖɚɗ ȸȼȾ əɑ 

ɝɛɚɝɚɍɑə ɎɧɫɎɔɞɨ ɐɚɝɞɚɎɑɜəɧɡ ɎɔɓɟɌɗɔɓɌɢɔ-

ɚəəɧɡ ɖɜɔɞɑɜɔɑɎ əɌ ɘɌɖɜɚɟɜɚɎəɑ ɛɜɔ ɝɚɞɜɫ-

ɝɑəɔɔ ɏɚɗɚɎəɚɏɚ ɘɚɓɏɌ, ɚɐəɌɖɚ əɑ ɛɜɚɎɚɐɔɗɝɫ 

ɌəɌɗɔɓ ɔɓɚɍɜɌɒɑəɔɕ ɝ ɛɜɔɘɑəɑəɔɑɘ ɖɚə-

ɞɜɌɝɞəɚɏɚ ɛɜɑɛɌɜɌɞɌ [16].  

Ȯ ɖɗɔəɔɣɑɝɖɚɕ ɛɜɌɖɞɔɖɑ ɔɘɛɟɗɨɝəɌɫ 

ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɨ Ⱦ1-Ȯȴ ɛɚɝɗɑ ɖɚəɞɜɌɝɞɌ 

ɔɝɛɚɗɨɓɟɑɞɝɫ ɐɗɫ ɐɑɞɌɗɔɓɌɢɔɔ ɜɌɓɗɔɣəɧɡ ɏɔ-

ɛɑɜɎɌɝɖɟɗɫɜəɧɡ ɛɌɞɚɗɚɏɔɕ ɔ ɫɎɗɫɑɞɝɫ ɚɞɜɌ-

ɒɑəɔɑɘ ɛɚɎɜɑɒɐɑəɔɫ ɏɑɘɌɞɚɩəɢɑɠɌɗɔɣɑɝɖɚ-

ɏɚ ɍɌɜɨɑɜɌ [17, 18]. ȳɌ ɝɣɑɞ ɞɚɏɚ, ɣɞɚ ɛɚɝɗɑɐɚ-

ɎɌɞɑɗɨəɚɝɞɨ FLAIR ɔɘɑɑɞ ɍɚɗɑɑ ɐɗɔɞɑɗɨəɚɑ 

Ɏɜɑɘɫ ɛɚɎɞɚɜɌ (TR ɔɗɔ repetition time) ɔ Ɏɜɑ-

ɘɫ ɩɡɚ (TE ɔɗɔ time echo) Ɏ ɝɜɌɎəɑəɔɔ ɝ Ⱦ1-

Ȯȴ, FLAIR ɚɍɗɌɐɌɑɞ ɟəɔɖɌɗɨəɧɘɔ ɝɎɚɕɝɞɎɌ-

ɘɔ əɌ ɛɚɝɞɖɚəɞɜɌɝɞəɧɡ ɔɓɚɍɜɌɒɑəɔɫɡ [19]. 

ȸəɚɏɔɑ ɌɎɞɚɜɧ əɑɚɐəɚɖɜɌɞəɚ ɝɚɚɍɥɌɗɔ ɚ 

ɛɜɑɔɘɟɥɑɝɞɎɌɡ ɍɚɗɑɑ Ɏɧɝɚɖɚɕ ɣɟɎɝɞɎɔɞɑɗɨ-

əɚɝɞɔ ɛɚɝɞɖɚəɞɜɌɝɞəɚɏɚ FLAIR Ɏ ɝɜɌɎəɑəɔɔ ɝ 

Ⱦ1-Ȯȴ Ɏ ɐɔɌɏəɚɝɞɔɖɑ əɌɜɟɤɑəɔɫ ɏɑɘɌɞɚɩə-

ɢɑɠɌɗɔɣɑɝɖɚɏɚ ɍɌɜɨɑɜɌ, Ɍ ɞɌɖɒɑ Ɏ ɖɚəɝɞɌɞɌ-

ɢɔɔ ɗɑɛɞɚɘɑəɔəɏɑɌɗɨəɚɏɚ ɛɚɜɌɒɑəɔɫ [20, 

21]. Ȯ 2020 ɏɚɐɟ ȾɌɜɌ ȰɑɎɔɝ ɝ ɝɚɌɎɞɚɜɌɘɔ 

ɛɜɚɎɑɗɔ ɔɝɝɗɑɐɚɎɌəɔɑ, Ɏ ɖɚɞɚɜɚɘ ɔɝɛɚɗɨɓɚ-

ɎɌɗɔ ɛɚɝɞɖɚəɞɜɌɝɞəɧɕ FLAIR ɐɗɫ ɎɧɫɎɗɑəɔɫ 

ɎɔɓɟɌɗɔɓɌɢɔɚəəɚɕ ɚɝəɚɎɧ ɛɚɎɜɑɒɐɑəɔɫ ɏɑ-

ɘɌɞɚɩəɢɑɠɌɗɔɣɑɝɖɚɏɚ ɍɌɜɨɑɜɌ, ɌɎɞɚɜɧ ɛɜɔ-

ɤɗɔ ɖ ɎɧɎɚɐɟ, ɣɞɚ ɔɘɛɟɗɨɝəɌɫ ɛɚɝɗɑɐɚɎɌ-

ɞɑɗɨəɚɝɞɨ FLAIR ɫɎɗɫɑɞɝɫ ɍɚɗɑɑ ɣɟɎɝɞɎɔɞɑɗɨ-

əɚɕ Ɏ ɚɍəɌɜɟɒɑəɔɔ ɞɜɌɎɘɌɞɔɣɑɝɖɚɏɚ ɟɝɔɗɑ-

əɔɫ ɘɚɓɏɚɎɧɡ ɚɍɚɗɚɣɑɖ ɟ ɗɔɢ ɝ ɗɑɏɖɚɕ ɠɚɜ-

ɘɚɕ ɃȸȾ [22, 23].  

ɀɑəɚɘɑə ɞɜɌɎɘɌɞɔɣɑɝɖɚɏɚ ɖɚəɞɜɌɝɞɔ-

ɜɚɎɌəɔɫ ɘɚɓɏɚɎɧɡ ɚɍɚɗɚɣɑɖ, ɛɜɑɐɛɚɗɚɒɔ-

ɞɑɗɨəɚ, ɚɞɜɌɒɌɑɞ əɌ ɘɌɖɜɚɟɜɚɎəɑ əɌɔɍɚɗɑɑ 

ɗɑɏɖɔɕ ɎɌɜɔɌəɞ ɃȸȾ, ɛɜɔ ɖɚɞɚɜɚɕ əɑ ɚɞɘɑɣɌ-

ɑɞɝɫ ɛɚɎɜɑɒɐɑəɔɫ ɘɚɓɏɚɎɚɕ ɞɖɌəɔ, ɩɛɔ-

ɐɟɜɌɗɨəɧɡ ɔ ɝɟɍɐɟɜɌɗɨəɧɡ ɏɑɘɌɞɚɘ [22]. 

ȰɌəəɧɑ, ɛɚɗɟɣɑəəɧɑ əɌɘɔ, ɝɚɚɞɎɑɞɝɞɎɟɪɞ 

ɜɑɓɟɗɨɞɌɞɌɘ ɛɜɚɎɑɐɬəəɧɡ ɜɌɍɚɞ ɐɜɟɏɔɡ ɌɎɞɚ-

ɜɚɎ, ɏɐɑ ɛɜɚɐɑɘɚəɝɞɜɔɜɚɎɌəɌ ɍɚɗɨɤɌɫ ɐɚ-

ɝɞɚɎɑɜəɚɝɞɨ ɛɚɝɞɖɚəɞɜɌɝɞəɚɏɚ FLAIR Ɏ ɝɜɌɎ-

əɑəɔɔ ɝ Ⱦ1-Ȯȴ ɛɜɔ ɎɔɓɟɌɗɔɓɌɢɔɔ ɖɌɖ ɞɜɌɎ-

ɘɌɞɔɣɑɝɖɔɡ ɔɓɘɑəɑəɔɕ, ɞɌɖ ɔ ɐɜɟɏɔɡ ɛɌɞɚɗɚ-

ɏɔɣɑɝɖɔɡ ɝɚɝɞɚɫəɔɕ, ɝɚɛɜɚɎɚɒɐɌɪɥɔɡɝɫ 

əɌɜɟɤɑəɔɑɘ ɏɑɘɌɞɚɩəɢɑɠɌɗɔɣɑɝɖɚɏɚ ɍɌɜɨɑɜɌ 

[22 ð 25].  ȼɑɓɟɗɨɞɌɞɧ əɌɤɑɕ ɜɌɍɚɞɧ ɐɑɘɚə-

ɝɞɜɔɜɟɪɞ Ɏɚɓɘɚɒəɚɝɞɨ ɚɍəɌɜɟɒɑəɔɫ ɎɔɓɟɌ-

ɗɔɓɌɢɔɚəəɚɏɚ ɛɜɔɓəɌɖɌ Ɏ Ɏɔɐɑ ɞɜɌɎɘɌɞɔɣɑ-

ɝɖɚɏɚ ɟɝɔɗɑəɔɫ ɘɚɓɏɚɎɧɡ ɚɍɚɗɚɣɑɖ, ɛɜɔɘɑəɫɫ 

ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɨ FLAIR ɛɚɝɗɑ ɎɎɑɐɑəɔɫ 

ɖɚəɞɜɌɝɞɌ, Ɍ ɞɌɖɒɑ ɛɜɑɔɘɟɥɑɝɞɎɚ ɐɔɌɏəɚ-

ɝɞɔɣɑɝɖɚɕ ɩɠɠɑɖɞɔɎəɚɝɞɔ ɛɚɝɞɖɚəɞɜɌɝɞəɚɏɚ 

FLAIR əɌɐ Ⱦ1-Ȯȴ Ɏ ɚɍəɌɜɟɒɑəɔɔ ɞɜɌɎɘɌɞɔ-

ɣɑɝɖɚɏɚ ɟɝɔɗɑəɔɫ ɘɚɓɏɚɎɧɡ ɚɍɚɗɚɣɑɖ ɟ ɒɔɎɧɡ 

ɗɔɢ ɝ ɗɑɏɖɚɕ ɝɞɑɛɑəɨɪ ɃȸȾ. ȹɌ əɌɝɞɚɫɥɔɕ 

ɘɚɘɑəɞ Ɏɚɛɜɚɝ ɚ Ɏɗɔɫəɔɔ əɌ ɖɗɔəɔɣɑɝɖɔɕ 

ɔɝɡɚɐ ɃȸȾ ɞɜɌɎɘɌɞɔɣɑɝɖɚɏɚ ɟɝɔɗɑəɔɫ ɘɚɓɏɚ-

Ɏɧɡ ɚɍɚɗɚɣɑɖ ɚɝɞɌɑɞɝɫ ɚɞɖɜɧɞɧɘ ɔ ɞɜɑɍɟɑɞ 

ɐɌɗɨəɑɕɤɑɏɚ ɔɓɟɣɑəɔɫ.  

ȳɌɖɗɪɣɑəɔɑ.  
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Ȼɜɔ ɔɝɛɚɗɨɓɚɎɌəɔɔ ɔɘɛɟɗɨɝəɚɕ ɛɚɝɗɑ-

ɐɚɎɌɞɑɗɨəɚɝɞɔ FLAIR ɛɚɝɗɑ ɎɎɑɐɑəɔɫ ɖɚə-

ɞɜɌɝɞəɚɏɚ ɛɜɑɛɌɜɌɞɌ ɟ ɛɚɞɑɜɛɑɎɤɔɡ ɗɔɢ ɝ 

ɗɑɏɖɚɕ ɠɚɜɘɚɕ ɃȸȾ ɔ ɚɞɝɟɞɝɞɎɔɑɘ ɛɜɔɓəɌ-

ɖɚɎ ɞɜɌɎɘɌɞɔɣɑɝɖɔɡ ɔɓɘɑəɑəɔɕ ɛɚ ɐɌəəɧɘ 

ȶȾ, ɘɚɏɟɞ ɍɧɞɨ ɚɍəɌɜɟɒɑəɧ ɛɜɔɓəɌɖɔ ɞɜɌɎ-

ɘɌɞɔɣɑɝɖɚɏɚ ɟɝɔɗɑəɔɫ ɘɚɓɏɚɎɧɡ ɚɍɚɗɚɣɑɖ ɔ 

ɫɎɗɫɞɨɝɫ ɝɗɑɐɝɞɎɔɑɘ ɠɌɖɞɌ ɝɚɞɜɫɝɑəɔɫ ɏɚ-

ɗɚɎəɚɏɚ ɘɚɓɏɌ, ɑɝɗɔ ɔɝɝɗɑɐɚɎɌəɔɑ ȸȼȾ ɛɜɚ-

Ɏɑɐɑəɚ Ɏ ɛɜɑɐɑɗɌɡ 48 ɣɌɝɚɎ ɚɞ ɘɚɘɑəɞɌ 

ɞɜɌɎɘɌɞɔɣɑɝɖɚɏɚ ɎɚɓɐɑɕɝɞɎɔɫ.  

ȴɝɞɚɣəɔɖ ɠɔəɌəɝɔɜɚɎɌəɔɫ ɔ ɖɚə-

ɠɗɔɖɞ ɔəɞɑɜɑɝɚɎ. 

ȼɌɍɚɞɌ ɛɜɑɐɝɞɌɎɗɑəɌ Ɏ ɜɌɘɖɌɡ ɜɑɌɗɔɓɌ-

ɢɔɔ ȯɜɌəɞɌ ȻɜɑɓɔɐɑəɞɌ ȼɀ ɛɚ ɛɚɐɐɑɜɒɖɑ 

Ȯɑɐɟɥɑɕ əɌɟɣəɚɕ ɤɖɚɗɧ ȹɄ-599.2022.3 

çȹɑɔəɎɌɓɔɎəɧɑ ɠɟəɖɢɔɚəɌɗɨəɧɑ ɞɑɡəɚɗɚɏɔɔ 

ɗɟɣɑɎɚɕ ɘɑɐɔɢɔəɧ Ɏ ɝɖɜɔəɔəɏɑ, ɜɌəəɑɕ ɐɔɌ-

ɏəɚɝɞɔɖɑ, ɘɚəɔɞɚɜɔəɏɑ ɗɑɣɑəɔɫ ɔ ɖɚəɞɜɚɗɑ 

ɜɑɌɍɔɗɔɞɌɢɔɔ ɝɚɢɔɌɗɨəɚ ɓəɌɣɔɘɧɡ ɓɌɍɚɗɑ-

ɎɌəɔɕ (ȼɟɖɚɎɚɐɔɞɑɗɨ ȹ.Ƚ. ȽɑɜɚɎɌ)è. 
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ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. Ȯ ɔɝɝɗɑɐɚɎɌəɔɑ Ɏɖɗɪɣɑəɚ 72 ɜɑɍɑəɖɌ ɝ Ɏɡɚɐɫɥɔɘ ɖɗɔəɔɣɑ-

ɝɖɔɘ ɐɔɌɏəɚɓɚɘ ð ɞɑɞɜɌɐɌ ɀɌɗɗɚ (Ⱦɀ). Ƚɜɑɐəɔɕ ɎɚɓɜɌɝɞ ɛɌɢɔɑəɞɚɎ ɝɚɝɞɌɎɔɗ 8,5 (3.5; 

8.5) ɘɑɝɫɢɑɎ. Ȯɝɑɘ ɐɑɞɫɘ ɛɜɚɎɑɐɑəɌ ɞɜɌəɝɞɚɜɌɖɌɗɨəɌɫ ɉɁȺ-ȶȯ, 64 ð ȶȾ ɝɑɜɐɢɌ, 30 ð ȸȼȾ ɝɑɜɐ-

ɢɌ, 43 ð ɛɜɫɘɌɫ ɌəɏɔɚɏɜɌɠɔɫ (ɐɔɌɏəɚɝɞɔɣɑɝɖɌɫ ɔɗɔ Ɏ ɜɌɘɖɌɡ Ɏɧɛɚɗəɑəɔɫ ɩəɐɚɎɌɝɖɟɗɫɜəɚɏɚ 

ɩɞɌɛɌ ɖɚɜɜɑɖɢɔɔ ɛɚɜɚɖɌ). Ȼɜɔ ɛɜɚɎɑɐɑəɔɔ Ɏɝɑɡ ɐɔɌɏəɚɝɞɔɣɑɝɖɔɡ ɘɑɞɚɐɔɖ ɛɜɚɎɚɐɔɗɌɝɨ ɘɚɜɠɚ-

ɘɑɞɜɔɫ ɝɞɎɚɗɌ ɗɑɏɚɣəɚɕ Ɍɜɞɑɜɔɔ (ȷȬ), ɛɜɌɎɚɕ ɔ ɗɑɎɚɕ ɗɑɏɚɣəɧɡ Ɍɜɞɑɜɔɕ Ɏ ɛɜɚɖɝɔɘɌɗɨəɧɡ ɔ ɐɔ-

ɝɞɌɗɨəɧɡ ɚɞɐɑɗɌɡ, ɚɝɟɥɑɝɞɎɗɫɗɝɫ ɜɌɝɣɑɞ ɛɌɜɌɘɑɞɜɌ z-score ɐɗɫ ɖɌɒɐɚɏɚ ɝɚɝɟɐɌ, ɔəɐɑɖɝɚɎ Nakata 

ɔ ȸɝGoon. Ȯɝɑ ɜɑɓɟɗɨɞɌɞɧ ɝɚɛɚɝɞɌɎɗɫɪɝɨ ɝ ɐɌəəɧɘɔ ɛɜɫɘɚɕ ɌəɏɔɚɏɜɌɠɔɔ ɔ/ɔɗɔ ɔəɞɜɌɚɛɑɜɌ-

ɢɔɚəəɧɘɔ ɛɚɖɌɓɌɞɑɗɫɘɔ. ȴəɞɑɜɎɌɗ ɘɑɒɐɟ ɞɜɌəɝɞɚɜɌɖɌɗɨəɚɕ ɉɁȺ-ȶȯ, ȶȾ ɔ/ɔɗɔ ȸȼȾ ɝɑɜɐɢɌ ɔ 

ɛɜɚɎɑɐɑəəɚɕ Ȭȯ, ɗɔɍɚ ɚɞɖɜɧɞɧɘ ɡɔɜɟɜɏɔɣɑɝɖɔɘ ɎɘɑɤɌɞɑɗɨɝɞɎɚɘ ɍɧɗ ɘɑəɑɑ 10 ɐəɑɕ. ȶɜɔɞɑɜɔɑɘ 

ɏɔɛɚɛɗɌɓɔɔ ȷȬ ɔ ɑɑ ɎɑɞɎɑɕ ɝɣɔɞɌɗɚɝɨ ɚɞɖɗɚəɑəɔɑ z-score ɚɞ əɚɜɘɌɗɨəɧɡ ɓəɌɣɑəɔɕ ɘɑəɑɑ (-2). 

ȻɜɚɞɔɎɚɛɚɖɌɓɌəɔɑɘ ɖ ɛɜɚɎɑɐɑəɔɪ ɜɌɐɔɖɌɗɨəɚɕ ɖɚɜɜɑɖɢɔɔ ɝɣɔɞɌɗɔɝɨ ɛɚɖɌɓɌɞɑɗɔ ɔəɐɑɖɝɌ 

Nakata ɘɑəɑɑ 150 ɘɘ2/ɘ2, ɔəɐɑɖɝɌ McGoon ð ɘɑəɑɑ 1,8. 

ȼɑɓɟɗɨɞɌɞɧ. Ȼɜɔ ɝɜɌɎəɑəɔɔ Ɏɚɓɘɚɒəɚɝɞɑɕ ɘɑɞɚɐɔɖ ɉɁȺ-ȶȯ, ȶȾ ɔ ȸȼȾ ɝɑɜɐɢɌ ɝ ɛɜɫɘɚɕ 

ɌəɏɔɚɏɜɌɠɔɑɕ/ɔəɞɜɌɚɛɑɜɌɢɔɚəəɧɘɔ ɐɌəəɧɘɔ Ɏ ɛɜɚɎɑɐɑəɔɔ ɘɚɜɠɚɘɑɞɜɔɔ ɝɔɝɞɑɘɧ ȷȬ (ɝɞɎɚɗ 

ȷȬ ɔ ɛɜɚɖɝɔɘɌɗɨəɧɡ ɚɞɐɑɗɚɎ ɛɜɌɎɚɕ ɔ ɗɑɎɚɕ ȷȬ), Ɍ ɞɌɖɒɑ ɛɜɔ ɜɌɝɣɑɞɑ z-score ɛɚɖɌɓɌɞɑɗɑɕ ɝɞɌ-

ɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɚɕ ɜɌɓəɔɢɧ ɛɚɗɟɣɑəɚ əɑ ɍɧɗɚ (p >0,05): ɍɧɗɌ ɛɜɚɐɑɘɚəɝɞɜɔɜɚɎɌəɌ ɎɧɝɚɖɌɫ 

ɔəɠɚɜɘɌɞɔɎəɚɝɞɨ Ɏɝɑɡ ɔɝɛɚɗɨɓɟɑɘɧɡ ɘɑɞɚɐɔɖ. ȼɑɓɟɗɨɞɌɞɧ ɔɓɘɑɜɑəɔɕ ɐɔɝɞɌɗɨəɧɡ ɚɞɐɑɗɚɎ ɗɑ-

ɏɚɣəɧɡ Ɍɜɞɑɜɔɕ ɛɚ ɉɁȺ-ȶȯ ɝɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɚ ɚɞɗɔɣɌɗɔɝɨ ɚɞ ɛɚɖɌɓɌɞɑɗɑɕ ȶȾ, ȸȼȾ ɔ ɛɜɫ-

ɘɚɕ Ȭȯ/ɔəɞɜɌɚɛɑɜɌɢɔɚəəɧɘɔ ɐɌəəɧɘɔ ɝ ɐɚɝɞɚɎɑɜəɧɘ ɓɌəɔɒɑəɔɑɘ ɐɔɌɘɑɞɜɚɎ ɝɚɝɟɐɚɎ (p 

<0,05). ȽɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɧɡ ɜɌɓɗɔɣɔɕ ɘɑɒɐɟ ȶȾ, ȸȼȾ ɔ ɛɜɫɘɚɕ Ȭȯ/ɔəɞɜɌɚɛɑɜɌɢɔɚəəɧɘɔ 

ɐɌəəɧɘɔ Ɏ ɚɢɑəɖɑ ɐɔɌɘɑɞɜɚɎ ɐɔɝɞɌɗɨəɧɡ ɎɑɞɎɑɕ ȷȬ ɓɌɠɔɖɝɔɜɚɎɌəɚ əɑ ɍɧɗɚ. ȺɍɌ ɘɑɞɚɐɌ əɑ 

ɓəɌɣɔɘɚ ɓɌəɔɒɌɗɔ ɐɔɌɘɑɞɜ ɝɚɝɟɐɚɎ. Ȼɜɔ ɚɢɑəɖɑ ɔəɐɑɖɝɔɜɚɎɌəəɧɡ ɛɚɖɌɓɌɞɑɗɑɕ (ɔəɐɑɖɝɧ 

McGoon ɔ Nakata) ɛɚ ɉɁȺ-ȶȯ ɍɧɗɔ ɚɛɜɑɐɑɗɑəɧ ɝɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɧɑ ɜɌɓɗɔɣɔɫ Ɏ ɝɜɌɎəɑəɔɔ 

ɝ ɛɜɫɘɚɕ Ȭȯ Ɏ Ɏɔɐɑ ɓɌəɔɒɑəɔɫ ɓəɌɣɑəɔɕ (p <0,05). ȽɜɌɎəɑəɔɑ ɔɓɘɑɜɑəɔɕ ɔəɐɑɖɝɌ McGoon ɘɑ-

ɞɚɐɌɘɔ ɉɁȺ-ȶȯ ɔ ȶȾ ɝɑɜɐɢɌ ɞɌɖɒɑ ɚɛɜɑɐɑɗɔɗɚ ɝɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɚɑ ɓɌəɔɒɑəɔɑ ɔəɐɑɖɝɌ ɘɑ-

ɞɚɐɚɘ ɉɁȺ-ȶȯ (p <0,05). ȼɌɝɝɣɔɞɌəəɧɕ ɔəɐɑɖɝ McGoon ɛɜɔ ɛɜɚɎɑɐɑəɔɔ ȶȾ ɝɑɜɐɢɌ ɓəɌɣɔɘɚ əɑ 

ɚɞɗɔɣɌɗɝɫ ɚɞ ɐɌəəɧɡ ɛɜɫɘɚɕ Ȭȯ. ȽɜɌɎəɑəɔɑ ɔɓɘɑɜɑəɔɕ ɔəɐɑɖɝɌ Nakata ɘɑɒɐɟ ɘɑɞɚɐɌɘɔ ɉɁȺ-

ȶȯ ɔ ɖɌɜɐɔɚ-ȸȼȾ ɓɌɠɔɖɝɔɜɚɎɌɗɚ ɝɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɚɑ ɓɌəɔɒɑəɔɑ ɔəɐɑɖɝɌ ɘɑɞɚɐɚɘ ɉɁȺ-ȶȯ 

(p <0,05). ȼɌɝɝɣɔɞɌəəɧɕ ɔəɐɑɖɝ Nakata ɛɜɔ ɛɜɚɎɑɐɑəɔɔ ȶȾ ɔ ȸȼȾ ɝɑɜɐɢɌ ɓəɌɣɔɘɚ əɑ ɚɞɗɔɣɌɗɝɫ 

ɚɞ ɐɌəəɧɡ ɛɜɫɘɚɕ Ȭȯ ɔ ɘɑɒɐɟ ɝɚɍɚɕ.  

Ⱥɍɝɟɒɐɑəɔɑ. ȮɧɝɚɖɌɫ ɞɚɣəɚɝɞɨ əɑɔəɎɌɓɔɎəɧɡ ɐɔɌɏəɚɝɞɔɣɑɝɖɔɡ ɘɑɞɚɐɚɎ Ɏ ɚɢɑəɖɑ ɜɌɓ-

Ɏɔɞɔɫ ɝɔɝɞɑɘɧ ɗɑɏɚɣəɚɕ Ɍɜɞɑɜɔɔ ɟ ɐɑɞɑɕ ɝ Ⱦɀ ɚɛɜɑɐɑɗɫɪɞ ɌɖɞɟɌɗɨəɚɝɞɨ ɔɓɟɣɑəɔɫ ɔ ɝɜɌɎəɑəɔɫ 

ɔɡ Ɏɚɓɘɚɒəɚɝɞɑɕ Ɏ ɛɜɑɐɚɛɑɜɌɢɔɚəəɚɕ ɛɚɐɏɚɞɚɎɖɑ ɩɞɚɕ ɏɜɟɛɛɧ ɛɌɢɔɑəɞɚɎ. ȽɟɥɑɝɞɎɟɑɞ ɞɑəɐɑə-

ɢɔɫ ɖ əɑɐɚɚɢɑəɖɑ ɗɑɏɚɣəɚ-ɌɜɞɑɜɔɌɗɨəɚɏɚ ɜɟɝɗɌ ɘɑɞɚɐɌɘɔ ɖɌɜɐɔɚɎɔɓɟɌɗɔɓɌɢɔɔ, ɣɞɚ ɘɚɒɑɞ 

ɝɟɒɌɞɨ ɛɚɖɌɓɌəɔɫ ɔ ɚɏɜɌəɔɣɔɎɌɞɨ Ɏɚɓɘɚɒəɚɝɞɨ ɛɜɚɎɑɐɑəɔɫ ɚɐəɚɘɚɘɑəɞəɚɕ ɜɌɐɔɖɌɗɨəɚɕ ɖɚɜ-

ɜɑɖɢɔɔ. ȼɑɓɟɗɨɞɌɞɧ ɛɜɚɎɑɐɑəəɧɡ ɔɝɝɗɑɐɚɎɌəɔɕ ɛɚ ɚɢɑəɖɑ Ɏɚɓɘɚɒəɚɝɞɑɕ əɑɔəɎɌɓɔɎəɧɡ ɘɑɞɚ-

ɐɔɖ Ɏ ɛɜɑɐɚɛɑɜɌɢɔɚəəɚɕ ɚɢɑəɖɑ ɗɑɏɚɣəɚ-ɌɜɞɑɜɔɌɗɨəɚɏɚ ɜɟɝɗɌ ɟ ɐɑɞɑɕ ɝ Ⱦɀ əɑɚɐəɚɓəɌɣəɧ. Ȯ 

əɌɝɞɚɫɥɑɘ ɔɝɝɗɑɐɚɎɌəɔɔ əɌ ɐɚɝɞɌɞɚɣəɚɘ ɖɚɗɔɣɑɝɞɎɑ ɘɌɞɑɜɔɌɗɌ ɎɛɑɜɎɧɑ ɛɜɚɎɑɐɑəɌ ɚɢɑəɖɌ  

ɂ 
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Ɏɚɓɘɚɒəɚɝɞɑɕ Ɏɝɑɡ ɞɜɑɡ əɑɔəɎɌɓɔɎəɧɡ ɘɑɞɚɐɚɎ ɖɌɜɐɔɚɎɔɓɟɌɗɔɓɌɢɔɔ Ɏ ɚɛɜɑɐɑɗɑəɔɔ ɜɌɓɎɔɞɔɫ 

ɝɔɝɞɑɘɧ ɗɑɏɚɣəɚɕ Ɍɜɞɑɜɔɔ ɟ ɐɑɞɑɕ ɝ Ⱦɀ Ɏ ɝɜɌɎəɑəɔɔ ɝ ɛɜɫɘɚɕ ɌəɏɔɚɏɜɌɠɔ-

ɑɕ/ɔəɞɜɌɚɛɑɜɌɢɔɚəəɧɘɔ ɐɌəəɧɘɔ ɔ ɛɚɛɌɜəɚ ɘɑɒɐɟ ɝɚɍɚɕ. 

ȳɌɖɗɪɣɑəɔɑ. ȾɜɌəɝɞɚɜɌɖɌɗɨəɌɫ ɉɁȺ-ȶȯ əɑ ɘɚɒɑɞ ɝɣɔɞɌɞɨɝɫ ɚɖɚəɣɌɞɑɗɨəɧɘ ɘɑɞɚɐɚɘ 

ɛɜɑɐɚɛɑɜɌɢɔɚəəɚɕ ɚɢɑəɖɔ ɜɌɓɎɔɞɔɫ ɝɔɝɞɑɘɧ ȷȬ ɟ ɐɑɞɑɕ ɝ Ⱦɀ ɎɎɔɐɟ ɚɏɜɌəɔɣɑəɔɫ Ɏɚɓɘɚɒəɚɝɞɑɕ 

ɎɔɓɟɌɗɔɓɌɢɔɔ ɐɔɝɞɌɗɨəɧɡ ɚɞɐɑɗɚɎ ɛɜɌɎɚɕ ɔ ɗɑɎɚɕ ɗɑɏɚɣəɧɡ Ɍɜɞɑɜɔɕ ɔ ɓəɌɣɔɘɧɘ ɓɌəɔɒɑəɔɑɘ 

ɐɔɌɘɑɞɜɚɎ ɔ ɔəɐɑɖɝɔɜɚɎɌəəɧɡ ɛɚɖɌɓɌɞɑɗɑɕ ɛɚɝɗɑɐəɔɡ. ȶȾ ɔ ȸȼȾ ɝɑɜɐɢɌ Ɏ ɛɜɚɎɑɐɑəɔɔ ɘɚɜɠɚ-

ɘɑɞɜɔɔ ɝɔɝɞɑɘɧ ȷȬ ɛɚɖɌɓɌɗɔ ɝɑɍɫ ɜɌɎəɚɓəɌɣəɚ, ɖɌɖ Ɏɧɝɚɖɚ ɩɠɠɑɖɞɔɎəɧɑ ɔ ɌɗɨɞɑɜəɌɞɔɎəɧɑ 

ɛɜɫɘɚɕ ɌəɏɔɚɏɜɌɠɔɔ ɘɑɞɚɐɔɖɔ. Ȯɧɍɚɜ ɘɑɒɐɟ ɛɜɑɐɚɛɑɜɌɢɔɚəəɚɕ ȶȾ ɔ ȸȼȾ ɝɑɜɐɢɌ ɐɗɫ ɜɑɍɑəɖɌ 

ɝ Ⱦɀ ɐɚɗɒɑə ɛɜɚɎɚɐɔɞɨɝɫ Ɏ ɖɌɒɐɚɘ ɖɚəɖɜɑɞəɚɘ ɝɗɟɣɌɑ ɚɞɐɑɗɨəɚ ɝ ɟɣɑɞɚɘ ɚɍɥɑɏɚ ɝɚɝɞɚɫəɔɫ ɛɌ-

ɢɔɑəɞɌ, əɌɗɔɣɔɫ ɛɜɚɞɔɎɚɛɚɖɌɓɌəɔɕ ɖ ɍɚɗɑɑ ɐɗɔɞɑɗɨəɚɘɟ ɛɜɑɍɧɎɌəɔɪ Ɏ əɌɜɖɚɓɑ ɛɜɔ ɛɜɚɎɑɐɑ-

əɔɔ ȸȼȾ, ɔ/ɔɗɔ ɎɎɑɐɑəɔɪ ɜɑəɞɏɑəɚɖɚəɞɜɌɝɞəɧɡ ɛɜɑɛɌɜɌɞɚɎ ɛɜɔ ɛɜɚɎɑɐɑəɔɔ ȶȾ ɝɑɜɐɢɌ.   

 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɞɑɞɜɌɐɌ ɀɌɗɗɚ, Ⱦɀ, ȶȾ ɝɑɜɐɢɌ, ɉɁȺ-ȶȯ, ȸȼȾ ɝɑɜɐɢɌ, ɐɑɞɔ, Ɏɜɚɒɐɑəəɧɑ 

ɛɚɜɚɖɔ ɝɑɜɐɢɌ, ȮȻȽ, ɖɌɞɑɞɑɜɔɓɌɢɔɫ ɛɚɗɚɝɞɑɕ ɝɑɜɐɢɌ, ɛɜɫɘɌɫ ɌəɏɔɚɏɜɌɠɔɫ, Ȭȯ, ɗɑɏɚɣəɌɫ Ɍɜɞɑ-

ɜɔɫ, ȷȬ, ɔəɐɑɖɝ Nakata, ɔəɐɑɖɝ McGoon. 
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ur pose.  To compare the capabilities of preoperative transthoracic echocardiography, CT, 

and cardiac MRI in determining and assessing the degree of the pulmonary artery system 

hypoplasia in children with Tetralogy of Fallot.  

Materials and Methods.  The study c omprised 72 children with Tetralogy of Fallot (TOF). 

The mean age of the patients was 8.5 (3.5; 8.5) months. All children underwent transthoracic echo-

cardiography (TTE), 64 underwent cardiac CT, 30 underwent cardiac MRI, and 43 underwent con-

ventional angio graphy. Morphometry of the main pulmonary artery, right and left pulmonary arteries 

in proximal and distal segments, calculation of z -score, Nakata and McGoon indices were performed 

on all diagnostic techniques. All results were compared with conventional angiography or intraopera-

tive data. The interval between transthoracic echocardiography, CT and/or cardiac MRI and angi-

ography or open surgery was less than 10 days. Hypoplasia of the left pulmonary artery and its 

branches was defined as a z -score deviatio n from normal values of less than ( -2). An index value of 

Nakata less than 150 mm2/m2 and McGoon ratio less than 1.8 were considered contraindications 

for radical correction.  

 Results.  No statistically significant differences were found between the TTE, CT , and cardiac 

MRI with conventional angiography in morphometry of the main pulmonary artery and proximal 

segments of right and left pulmonary arteries, as well as z -score values (p >0,05). Significant differ-

ences were observed in the measurements of distal  segments of left and right pulmonary arteries us-

ing TTE compared to CT, MRI, conventional angiography, and intraoperative data, with a significant 

underestimation of vessel diameters (p <0,05). No significant differences were found between CT, 

MRI, and co nventional angiography or intraoperative data in assessing the diameters of distal 

branches of the left pulmonary artery. Both methods statistically insignificantly underestimated   ves- 
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sel diameters. Evaluating indexed parameters (McGoon and Nakata indic es) using TTE results, sta-

tistically significant differences were identified compared to conventional angiography in the form of 

underestimated values (p <0,05). Comparison of McGoon ratio measurements between TTE and car-

diac CT also revealed a statistical ly significant underestimation of the index by TTE (p <0,05). The 

calculated McGoon ratio from cardiac CT did not significantly differ from direct angiography data. 

The comparison of Nakata index measurements between TTE and cardiac MRI indicated a statist ical-

ly significant underestimation of the index by TTE. The calculated Nakata index from cardiac CT and 

MRI did not significantly differ from direct angiography data or from each other.  

 Discussing.  High accuracy of non -invasive diagnostic methods in the d evelopment of the 

pulmonary artery system in children with TOF determines the relevance of the study and compares 

their capabilities in the preoperative preparation in this group of patients. There is a tendency to un-

derestimate the pulmonary arteries usin g cardioimaging methods, which can narrow the circum-

stances and limit the possibility of performing radical correction. The results of studies conducted to 

assess the possibilities of non -invasive methods in the preoperative assessment of the pulmonary 

art erial bed in children with TF are ambiguous. In the present study, for the first time, the capabili-

ties of all three non -invasive cardioimaging methods in determining the development of the pulmo-

nary artery system in children with TOF were evaluated in com parison with conventional angi-

ography/intraoperative data and in pairs with each other.  

 Conclusion.  TTE cannot be considered the definitive method for preoperative assessment of 

pulmonary artery development in children with TOF due to its limitations in v isualizing distal seg-

ments of the right and left pulmonary arteries and significant underestimation of their diameters and 

indexed parameters. Cardiac CT and MRI, in performing morphometry of the pulmonary artery sys-

tem, demonstrated equal effectiveness an d served as alternative methods to direct angiography. The 

choice between preoperative cardiac CT and MRI for a child with TOF should be made on a case -by-

case basis, considering the patient's overall condition, the presence of contraindications for pro-

lon ged anesthesia on MRI or administration of contrast agents during cardiac CT.  

 

Keywords: tetralogy of Fallot, TOF, cardiac CT, ECHO -CG, cardiac MRI, children, congenital 

heart disease, conventional angiography, pulmonary artery, Nakata index, McGoon ratio.  
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ɑɞɜɌɐɌ ɀɌɗɗɚ (Ⱦɀ) ɚɞəɚɝɔɞɝɫ ɖ ɏɜɟɛ-

ɛɑ ɛɚɜɚɖɚɎ ɖɚəɚɞɜɟəɖɟɝɌ, ɝɚɝɞɌɎɗɫɑɞ 

10% ɚɞ Ɏɝɑɡ Ɏɜɚɒɐɑəəɧɡ ɝɑɜɐɑɣəɧɡ 

ɌəɚɘɌɗɔɕ ɔ ɐɚ 80% ɚɞ Ɏɝɑɡ ɢɔɌəɚɞɔ-

ɣɑɝɖɔɡ Ɏɜɚɒɐɑəəɧɡ ɛɚɜɚɖɚɎ ɝɑɜɐɢɌ 

(ȮȻȽ) ɝ ɣɌɝɞɚɞɚɕ ɎɝɞɜɑɣɌɑɘɚɝɞɔ 2,5-3,5 əɌ 

1000 ɒɔɎɚɜɚɒɐɑəəɧɡ ɐɑɞɑɕ [1]. ȶɗɌɝɝɔɣɑ-

ɝɖɔɕ ɎɌɜɔɌəɞ Ⱦɀ ɛɜɑɐɝɞɌɎɗɑə ɝɗɑɐɟɪɥɔɘɔ 

ɌəɌɞɚɘɔɣɑɝɖɔɘɔ ɛɜɔɓəɌɖɌɘɔ: ɛɚɐɌɚɜɞɌɗɨ-

əɧɕ ɐɑɠɑɖɞ ɘɑɒɒɑɗɟɐɚɣɖɚɎɚɕ ɛɑɜɑɏɚɜɚɐɖɔ 

(ȰȸȲȻ), ɝɟɒɑəɔɑ ɎɧɎɚɐəɚɏɚ ɚɞɐɑɗɌ ɛɜɌɎɚɏɚ 

ɒɑɗɟɐɚɣɖɌ (ȮȺȻȲ) ɔ/ɔɗɔ ɗɑɏɚɣəɚɕ Ɍɜɞɑɜɔɔ 

(ȷȬ), ɏɔɛɑɜɞɜɚɠɔɫ ɛɜɌɎɚɏɚ ɒɑɗɟɐɚɣɖɌ (ȻȲ) ɔ 

ɐɑɖɝɞɜɌɛɚɓɔɢɔɫ Ɍɚɜɞɧ. ȶɗɔəɔɣɑɝɖɔɑ ɛɜɚɫɎ-

ɗɑəɔɫ Ⱦɀ ɔ ɛɜɚɏəɚɓ ɓɌɍɚɗɑɎɌəɔɫ əɌɛɜɫɘɟɪ 

ɓɌɎɔɝɫɞ ɚɞ ɔɝɡɚɐəɚɕ ɎɧɜɌɒɑəəɚɝɞɔ ɝɞɑɛɑəɔ 

ɝɟɒɑəɔɫ ȷȬ [2]. ȿɜɚɎɑəɨ ɜɌɓɎɔɞɔɫ ɗɑɏɚɣəɚ-

ɌɜɞɑɜɔɌɗɨəɚɏɚ ɜɟɝɗɌ ɔ ɚɝɚɍɑəəɚɝɞɔ ɑɑ ɌəɌɞɚ-

ɘɔɔ ɫɎɗɫɪɞɝɫ ɚɐəɔɘɔ ɔɓ ɎɌɒəɑɕɤɔɡ ɠɌɖɞɚ-

ɜɚɎ, ɚɛɜɑɐɑɗɫɪɥɔɘɔ ɞɌɖɞɔɖɟ ɡɔɜɟɜɏɔɣɑɝɖɚ-

ɏɚ Ɏɑɐɑəɔɫ ɩɞɚɕ ɏɜɟɛɛɧ ɛɌɢɔɑəɞɚɎ ɔ Ɏɚɓ-

ɘɚɒəɚɝɞɨ Ɏɧɛɚɗəɑəɔɫ ɚɐəɚɘɚɘɑəɞəɚɕ ɜɌɐɔ-

ɖɌɗɨəɚɕ ɖɚɜɜɑɖɢɔɔ [3].  

Ⱥɐəɚɕ ɔɓ ɚɝəɚɎəɧɡ ɓɌɐɌɣ ɘɑɞɚɐɚɎ ɖɌɜ-

ɐɔɚɎɔɓɟɌɗɔɓɌɢɔɔ ɟ ɐɑɞɑɕ ɝ Ⱦɀ əɌ ɐɚɚɛɑɜɌɢɔ-

ɚəəɚɘ ɩɞɌɛɑ ɫɎɗɫɑɞɝɫ ɚɛɜɑɐɑɗɑəɔɑ ɝɞɑɛɑəɔ 

ɎɧɜɌɒɑəəɚɝɞɔ ɏɔɛɚɛɗɌɓɔɔ ɝɔɝɞɑɘɧ ɗɑɏɚɣəɚɕ 

Ɍɜɞɑɜɔɔ, ɖɚɞɚɜɌɫ ɞɜɌɐɔɢɔɚəəɚ ɚɢɑəɔɎɌɑɞɝɫ 

ɝ ɛɚɘɚɥɨɪ ɗɑɏɚɣəɚ-ɌɜɞɑɜɔɌɗɨəɚɏɚ ɔəɐɑɖɝɌ 

(Nakata index), ɔəɐɑɖɝɌ McGoon ɔ ɛɚɖɌɓɌɞɑɗɫ 

z-score. ȴəɐɑɖɝ Nakata ɍɚɗɑɑ 150 ɘɘ2/ɘ2 ɚɞ-

əɚɝɔɞɝɫ ɖ ɖɜɔɞɑɜɔɫɘ Ɏɚɓɘɚɒəɚɏɚ ɛɜɚɎɑɐɑ-

əɔɫ ɜɌɐɔɖɌɗɨəɚɕ ɖɚɜɜɑɖɢɔɔ Ⱦɀ. ȴəɐɑɖɝ 

McGoon ɘɑəɑɑ 1,8 ɫɎɗɫɑɞɝɫ ɚɐəɔɘ ɔɓ ɛɚɖɌɓɌ-

əɔɕ ɖ ɛɜɚɎɑɐɑəɔɪ ɛɌɗɗɔɌɞɔɎəɚɏɚ ɩɞɌɛɌ ɖɚɜ-

ɜɑɖɢɔɔ Ⱦɀ ɔ əɑɎɚɓɘɚɒəɚɝɞɔ ɛɜɚɎɑɐɑəɔɫ ɚɐ-

əɚɘɚɘɑəɞəɚɕ ɖɚɜɜɑɖɢɔɔ ɛɚɜɚɖɌ [4, 5]. 

Ȱɚ əɑɐɌɎəɑɏɚ Ɏɜɑɘɑəɔ ɐɔɌɏəɚɝɞɔɣɑɝɖɔɕ 

Ɍɗɏɚɜɔɞɘ Ɏɑɐɑəɔɫ ɐɑɞɑɕ ɝ Ⱦɀ əɌ ɐɚɚɛɑɜɌɢɔ-

ɚəəɚɘ ɩɞɌɛɑ ɎɖɗɪɣɌɗ Ɏ ɝɑɍɫ ɜɟɞɔəəɚɑ ɛɜɚɎɑ-
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ɐɑəɔɑ ɞɜɌəɝɞɚɜɌɖɌɗɨəɚɕ ɉɁȺ-ȶȯ ɔ ɖɌɞɑɞɑɜɔ-

ɓɌɢɔɪ ɖɌɘɑɜ ɝɑɜɐɢɌ ɝ Ɏɧɛɚɗəɑəɔɑɘ ɛɜɫɘɚɕ 

ɌəɏɔɚɏɜɌɠɔɔ (Ȭȯ), ɖɚɞɚɜɌɫ ɝɣɔɞɌɑɞɝɫ çɓɚɗɚ-

ɞɧɘ ɝɞɌəɐɌɜɞɚɘè ɛɜɑɐɚɛɑɜɌɢɔɚəəɚɏɚ ɛɗɌəɔ-

ɜɚɎɌəɔɫ ɖɚɜɜɑɖɢɔɔ Ⱦɀ ɔ Ɏɧɛɚɗəɫɑɞɝɫ ɐɗɫ 

ɘɚɜɠɚɘɑɞɜɔɔ ɝɔɝɞɑɘɧ ȷȬ ɝ ɛɚɝɗɑɐɟɪɥɔɘ 

ɜɌɝɣɬɞɚɘ z-score, ɔəɐɑɖɝɚɎ Nakata ɔ McGoon 

[6, 7].  

ɉɁȺ-ȶȯ, ɍɟɐɟɣɔ ɤɔɜɚɖɚɐɚɝɞɟɛəɚɕ 

əɌɐɑɒəɚɕ əɑɔəɎɌɓɔɎəɚɕ ɘɑɞɚɐɔɖɚɕ ɚɢɑəɖɔ 

ɡɔɜɟɜɏɔɣɑɝɖɔɡ ɜɔɝɖɚɎ ɔ ɘɚɜɠɚɘɑɞɜɔɔ ɖɜɟɛ-

əɧɡ ɝɚɝɟɐɚɎ ɝɑɜɐɢɌ ɛɜɔ ɘəɚɏɔɡ ȮȻȽ ɟ ɐɑɞɑɕ 

ɐɚ ɏɚɐɌ ɔ ɘɗɌɐɤɑɕ ɎɚɓɜɌɝɞəɚɕ ɏɜɟɛɛɧ, ɓɌɫɎ-

ɗɫɑɞɝɫ ɜɫɐɚɘ ɌɎɞɚɜɚɎ, ɖɌɖ ɛɚɗəɚɢɑəəɧɕ ɔ 

ɚɖɚəɣɌɞɑɗɨəɧɕ ɐɔɌɏəɚɝɞɔɣɑɝɖɔɕ ɔəɝɞɜɟɘɑəɞ 

Ɏ ɛɜɑɐɚɛɑɜɌɢɔɚəəɚɕ ɚɢɑəɖɑ ɝɞɑɛɑəɔ ɎɧɜɌ-

ɒɑəəɚɝɞɔ ɏɔɛɚɛɗɌɓɔɔ ɝɔɝɞɑɘɧ ȷȬ ɟ ɐɑɞɑɕ ɝ 

Ⱦɀ, əɑ ɔɘɑɪɥɔɕ ɝɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɚɕ 

ɜɌɓəɔɢɧ ɝ ȶȾ-ɝɑɜɐɢɌ ɔ ɛɜɫɘɚɕ Ȭȯ [7, 8]. Ȼɚ-

ɝɗɑɐəɔɑ 5 ɗɑɞ ɝɟɥɑɝɞɎɟɑɞ ɞɑəɐɑəɢɔɫ ɎɧɍɚɜɌ 

ɞɌɖɞɔɖɔ ɡɔɜɟɜɏɔɣɑɝɖɚɏɚ Ɏɑɐɑəɔɫ ɐɑɞɑɕ ɝ Ⱦɀ, 

ɚɝəɚɎɌəəɚɕ ɞɚɗɨɖɚ əɌ ɉɁȺ-ȶȯ-ɚɢɑəɖɑ ɌəɌɞɚ-

ɘɔɔ ɛɚɜɚɖɌ, ɘɚɜɠɚɘɑɞɜɔɔ ȷȬ ɔ ɜɌɝɣɑɞɚɎ ɔə-

ɐɑɖɝɚɎ [9]. ȹɌɜɌɎəɑ ɝ ɩɞɔɘ ɘɑɞɚɐ ɉɁȺ-ȶȯ əɑ 

ɎɝɑɏɐɌ ɐɌɑɞ ɔɝɣɑɜɛɧɎɌɪɥɔɑ ɚɞɎɑɞɧ əɌ Ɏɚ-

ɛɜɚɝɧ, ɔɘɑɪɥɔɑ ɜɑɤɌɪɥɑɑ ɓəɌɣɑəɔɑ Ɏ 

ɚɛɜɑɐɑɗɑəɔɔ ɞɌɖɞɔɖɔ Ɏɑɐɑəɔɫ ɐɑɞɑɕ ɝ Ⱦɀ ɔɓ-

ɓɌ əɌɗɔɣɔɫ ɚɏɜɌəɔɣɑəɔɕ Ɏ Ɍɖɟɝɞɔɣɑɝɖɚɘ 

ɚɖəɑ, ɎɔɓɟɌɗɔɓɌɢɔɔ ɛɜɌɎɧɡ ɚɞɐɑɗɚɎ ɝɑɜɐɢɌ ɔ 

ɐɔɝɞɌɗɨəɧɡ ɚɞɐɑɗɚɎ ȷȬ. Ȼɚ ɛɚɗɟɣɑəəɧɘ ɐɌə-

əɧɘ Ɏ ɔɝɝɗɑɐɚɎɌəɔɫɡ ɜɫɐɌ ɌɎɞɚɜɚɎ ɜɑɓɟɗɨɞɌ-

ɞɧ ɘɚɜɠɚɘɑɞɜɔɔ ɝɔɝɞɑɘɧ ȷȬ (ɝɞɎɚɗ ȷȬ ɔ 

ɟɝɞɨɫ ɛɜɌɎɚɕ ȷȬ ɔ ɗɑɎɚɕ ȷȬ) ɛɚ ɉɁȺ-ȶȯ ɔɘɑ-

ɪɞ ɞɑəɐɑəɢɔɪ ɖ ɓɌəɔɒɑəɔɪ ɛɚɖɌɓɌɞɑɗɑɕ ɔ 

ɚɞɗɔɣɌɪɞɝɫ ɚɞ ɔɓɘɑɜɑəɔɕ, ɛɚɗɟɣɑəəɧɡ ɛɜɔ 

ɛɜɚɎɑɐɑəɔɔ ȶȾ-ɝɑɜɐɢɌ, ɛɜɫɘɚɕ Ȭȯ ɔ ɔəɞɜɌɚ-

ɛɑɜɌɢɔɚəəɚ, ɞɑɘ ɝɌɘɧɘ ɚɏɜɌəɔɣɔɎɌɫ Ɏɚɓ-

ɘɚɒəɚɝɞɨ ɛɜɚɎɑɐɑəɔɫ ɜɌɐɔɖɌɗɨəɚɕ ɖɚɜɜɑɖ-

ɢɔɔ Ⱦɀ ɟ ɐɑɞɑɕ ɝ ɛɚɞɑəɢɔɌɗɨəɚɕ Ɏɚɓɘɚɒəɚ-

ɝɞɨɪ ɑɑ Ɏɧɛɚɗəɑəɔɫ [10, 11]. 

ȻɜɫɘɌɫ Ȭȯ ɛɜɑɐɝɞɌɎɗɫɑɞ ɝɚɍɚɕ ɔəɎɌ-

ɓɔɎəɟɪ ɘɑɞɚɐɔɖɟ, ɔɘɑɑɞ ɜɫɐ ɚɏɜɌəɔɣɑəɔɕ ɔ 

əɑɐɚɝɞɌɞɖɚɎ, ɝɎɫɓɌəəɧɡ ɝ ɚɞəɚɝɔɞɑɗɨəɚ Ɏɧ-

ɝɚɖɚɕ ɐɚɓɚɕ ɔɚəɔɓɔɜɟɪɥɑɏɚ ɔɓɗɟɣɑəɔɫ, 

ɜɔɝɖɚɘ ɜɌɓɎɔɞɔɫ ɖɜɚɎɚɞɑɣɑəɔɫ, ɞɜɌɎɘɌɞɔɓɌ-

ɢɔɔ ɔ ɚɖɖɗɪɓɔɔ ɝɚɝɟɐɌ, ɔɝɛɚɗɨɓɟɑɘɚɏɚ ɐɗɫ 

ɐɚɝɞɟɛɌ [12]. Ȯ ɝɎɫɓɔ ɝ ɩɞɔɘ, Ɏ ɛɚɝɗɑɐəɑɑ 

Ɏɜɑɘɫ ɛɚɫɎɗɫɑɞɝɫ Ɏɝɑ ɍɚɗɨɤɑ ɜɌɍɚɞ ɛɚ ɔɓɟ-

ɣɑəɔɪ Ɏɚɓɘɚɒəɚɝɞɑɕ ɝɚɎɜɑɘɑəəɧɡ əɑɔəɎɌ-

ɓɔɎəɧɡ ɘɑɞɚɐɚɎ ɖɌɜɐɔɚ-ɎɔɓɟɌɗɔɓɌɢɔɔ (ȶȾ ɔ 

ȸȼȾ ɝɑɜɐɢɌ ɝ ɎəɟɞɜɔɎɑəəɧɘ ɖɚəɞɜɌɝɞɔɜɚɎɌ-

əɔɑɘ) ɐɗɫ ɛɜɑɐɚɛɑɜɌɢɔɚəəɚɏɚ ɛɗɌəɔɜɚɎɌəɔɫ 

ɔ ɚɢɑəɖɔ ɜɌɓɎɔɞɔɫ ɝɔɝɞɑɘɧ ȷȬ ɟ ɐɑɞɑɕ ɝ Ⱦɀ.  

ȺɞɝɟɞɝɞɎɔɑ ɑɐɔəɚɏɚ ɐɔɌɏəɚɝɞɔɣɑɝɖɚɏɚ 

ɌɗɏɚɜɔɞɘɌ Ɏ ɚɢɑəɖɑ əɌɗɔɣɔɫ ɔ ɝɞɑɛɑəɔ Ɏɧ-

ɜɌɒɑəəɚɝɞɔ ɏɔɛɚɛɗɌɓɔɔ ɝɔɝɞɑɘɧ ȷȬ, ɐɚɝɞɟɛ-

əɚɝɞɨ ɤɔɜɚɖɚɏɚ ɝɛɑɖɞɜɌ ɝɚɎɜɑɘɑəəɧɡ Ɏɧɝɚ-

ɖɚɔəɠɚɜɘɌɞɔɎəɧɡ ɘɑɞɚɐɚɎ ɖɌɜɐɔɚɎɔɓɟɌɗɔ-

ɓɌɢɔɔ ɔ, ɝɗɑɐɚɎɌɞɑɗɨəɚ, Ɏɚɓɘɚɒəɧɕ ɜɔɝɖ 

ɐɟɍɗɔɜɚɎɌəɔɫ ɛɚɗɟɣɌɑɘɧɡ ɜɑɓɟɗɨɞɌɞɚɎ ɚɛɜɑ-

ɐɑɗɫɪɞ ɌɖɞɟɌɗɨəɚɝɞɨ ɛɜɚɎɑɐɑəɔɫ ɝɜɌɎəɔ-

ɞɑɗɨəɚɏɚ ɌəɌɗɔɓɌ Ɏɚɓɘɚɒəɚɝɞɑɕ ɞɜɌəɝɞɚɜɌ-

ɖɌɗɨəɚɕ ɉɁȺ-ȶȯ, ȶȾ ɔ ȸȼȾ ɝɑɜɐɢɌ ɝ ɔəɞɌɜɚ-

ɛɑɜɌɢɔɚəəɧɘɔ ɔ ɌəɏɔɚɏɜɌɠɔɣɑɝɖɔɘɔ ɜɑ-

ɓɟɗɨɞɌɞɌɘɔ Ɏ ɚɢɑəɖɑ ɝɚɝɞɚɫəɔɫ ȷȬ ɟ ɐɑɞɑɕ ɝ 

Ⱦɀ ɐɚ ɏɚɐɌ ɔ ɘɗɌɐɤɑɕ ɎɚɓɜɌɝɞəɚɕ ɏɜɟɛɛɧ. 

ɂɑɗɨ ɔɝɝɗɑɐɚɎɌəɔɫ.  

ȽɜɌɎəɔɞɨ Ɏɚɓɘɚɒəɚɝɞɔ ɞɜɌəɝɞɚɜɌɖɌɗɨ-

əɚɕ ɉɁȺ-ȶȯ, ȶȾ ɔ ȸȼȾ ɝɑɜɐɢɌ Ɏ ɚɛɜɑɐɑɗɑəɔɔ 

ɔ ɚɢɑəɖɑ ɝɞɑɛɑəɔ ɎɧɜɌɒɑəəɚɝɞɔ ɏɔɛɚɛɗɌɓɔɔ 

ɝɔɝɞɑɘɧ ɗɑɏɚɣəɚɕ Ɍɜɞɑɜɔɔ ɟ ɐɑɞɑɕ ɝ ɞɑɞɜɌɐɚɕ 

ɀɌɗɗɚ Ɏ ɜɌɘɖɌɡ ɛɜɑɐɚɛɑɜɌɢɔɚəəɚɏɚ ɛɗɌəɔ-

ɜɚɎɌəɔɫ.  

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ.  

Ȯ ɔɝɝɗɑɐɚɎɌəɔɑ Ɏɖɗɪɣɑəɚ 72 ɜɑɍɑəɖɌ ɝ 

Ɏɡɚɐɫɥɔɘ ɖɗɔəɔɣɑɝɖɔɘ ɐɔɌɏəɚɓɚɘ ð ɞɑɞɜɌɐɌ 

ɀɌɗɗɚ (Ⱦɀ), ɖɚɞɚɜɧɑ ɛɚɝɞɟɛɔɗɔ Ɏ çȯȭȿȳ ȸɚ-

ɜɚɓɚɎɝɖɌɫ Ȱȯȶȭ Ȱȳȸè Ɏ ɛɑɜɔɚɐ ɝ 2019 ɛɚ 

2023 ɏɏ. Ƚɜɑɐəɔɕ ɎɚɓɜɌɝɞ ɛɌɢɔɑəɞɚɎ ɝɚɝɞɌ-

Ɏɔɗ 8,5 (3.5; 8.5) ɘɑɝɫɢɑɎ (72% ɐɑɞɑɕ ɏɜɟɐəɚ-

ɏɚ ɎɚɓɜɌɝɞɌ, 21% ð ɘɗɌɐɤɑɕ ɎɚɓɜɌɝɞəɚɕ 

ɏɜɟɛɛɧ (ɚɞ ɏɚɐɌ ɐɚ 5 ɗɑɞ), 7% ð əɚɎɚɜɚɒɐɑə-

əɧɡ). Ȯɝɑ ɐɑɞɔ ɐɚ Ɏɧɛɚɗəɑəɔɫ ȶȾ ɔ/ɔɗɔ ȸȼȾ 

ɝɑɜɐɢɌ ɔ ɛɜɫɘɚɕ ɌəɏɔɚɏɜɌɠɔɔ (Ȭȯ) ɍɧɗɔ ɚɍ-

ɝɗɑɐɚɎɌəɧ ɛɚ ɚɍɥɑɖɗɔəɔɣɑɝɖɚɕ ɝɡɑɘɑ, ɛɜɔ-

əɫɞɚɕ Ɏ çȯȭȿȳ ȸɚɜɚɓɚɎɝɖɌɫ Ȱȯȶȭ Ȱȳȸè ɐɗɫ 

Ɏɑɐɑəɔɫ ɛɌɢɔɑəɞɚɎ ɝ ȮȻȽ, ɖɚɞɚɜɌɫ ɔɓ ɔə-

ɝɞɜɟɘɑəɞɌɗɨəɧɡ ɘɑɞɚɐɚɎ ɐɔɌɏəɚɝɞɔɖɔ Ɏɖɗɪ-

ɣɌɑɞ Ɏ ɝɑɍɫ ɛɜɚɎɑɐɑəɔɑ ɉȶȯ, ɉɁȺ-ȶȯ ɔ ɜɑəɞ-

ɏɑəɚɏɜɌɠɔɔ ɚɜɏɌəɚɎ ɏɜɟɐəɚɕ ɖɗɑɞɖɔ. Ȯ ɜɌɘ-

ɖɌɡ ɛɜɑɐɚɛɑɜɌɢɔɚəəɚɏɚ ɛɗɌəɔɜɚɎɌəɔɫ ɐɗɫ 

ɟɞɚɣəɑəɔɫ ɘɚɜɠɚɗɚɏɔɣɑɝɖɔɡ ɚɝɚɍɑəəɚɝɞɑɕ 

ɛɚɜɚɖɌ ɔ ɚɢɑəɖɔ ɜɌɓɎɔɞɔɫ ɝɔɝɞɑɘɧ ȷȬ 64 

ɛɌɢɔɑəɞɌɘ ɍɧɗɌ ɎɧɛɚɗəɑəɌ ȶȾ ɝɑɜɐɢɌ ɝ ɍɚ-

ɗɪɝəɧɘ ɖɚəɞɜɌɝɞəɧɘ ɟɝɔɗɑəɔɑɘ (ȶȿ), 30 ð 

ȸȼȾ ɝɑɜɐɢɌ, 9 ð  ɐɔɌɏəɚɝɞɔɣɑɝɖɌɫ ɖɌɞɑɞɑɜɔ-

ɓɌɢɔɫ ɛɚɗɚɝɞɑɕ ɝɑɜɐɢɌ ɝ ɛɜɫɘɚɕ Ȭȯ. 34 ɛɌ-

ɢɔɑəɞɌɘ ɛɜɫɘɌɫ Ȭȯ ɍɧɗɌ ɛɜɚɎɑɐɑəɌ Ɏ ɜɌɘɖɌɡ 

ɛɌɗɗɔɌɞɔɎəɚɏɚ ɩəɐɚɎɌɝɖɟɗɫɜəɚɏɚ ɩɞɌɛɌ ɖɚɜ-

ɜɑɖɢɔɔ ɛɚɜɚɖɌ. ȶȾ ɔ ȸȼȾ ɝɑɜɐɢɌ ɍɧɗɔ Ɏɧ-

ɛɚɗəɑəɧ 22 ɛɌɢɔɑəɞɌɘ. 

ɉɁȺ-ȶȯ Ɏɧɛɚɗəɫɗɔ əɌ ɟɗɨɞɜɌɓɎɟɖɚɎɚɘ 

ɌɛɛɌɜɌɞɑ ɠɔɜɘɧ GE ViVid E95 ɔ Philips iE33 

xMatrix ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɝɑɖɞɚɜəɧɡ ɛɚɗɔɣɌ-

ɝɞɚɞəɧɡ ɐɌɞɣɔɖɚɎ c ɣɌɝɞɚɞɚɕ 3-8 ȸȯɢ. ȴɝ-

ɝɗɑɐɚɎɌəɔɑ ɎɖɗɪɣɌɗɚ ɛɜɚɞɚɖɚɗɧ ɐɎɟɡɘɑɜəɚɕ 

ɩɡɚɖɌɜɐɔɚɏɜɌɠɔɔ, ɐɚɛɗɑɜɚɏɜɌɠɔɔ ɔ ɢɎɑɞəɚ-

ɏɚ ɐɚɛɗɑɜɚɎɝɖɚɏɚ ɖɌɜɞɔɜɚɎɌəɔɫ (ɂȰȶ).  

ȶȾ ɝɑɜɐɢɌ ɍɧɗɌ ɛɜɚɎɑɐɑəɌ ɟ 64 ɔɓ 72 

ɛɌɢɔɑəɞɚɎ, ɔɝɝɗɑɐɚɎɌəɔɑ Ɏɧɛɚɗəɫɗɚɝɨ əɌ 

ɠɚəɑ ɚɍɥɑɕ ɘɑɐɔɖɌɘɑəɞɚɓəɚɕ ɝɑɐɌɢɔɔ. ȶȾ 

ɝɑɜɐɢɌ ɛɜɚɎɚɐɔɗɔ əɌ 256-ɝɜɑɓɚɎɚɘ ɖɚɘɛɨɪ-

ɞɑɜəɚɘ ɞɚɘɚɏɜɌɠɑ Philips Brilliance iCT, ɝ 

ɤɔɜɔəɚɕ ɐɑɞɑɖɞɚɜɌ ð 8 ɝɘ, ɝ ɔ ɍɑɓ ɜɑɞɜɚ-

ɝɛɑɖɞɔɎəɚɕ ɉȯȶ-ɝɔəɡɜɚəɔɓɌɢɔɑɕ. ȴɝɛɚɗɨɓɚ-

ɎɌɗɔ ɞɚɗɥɔəɟ ɜɑɖɚəɝɞɜɟɔɜɟɑɘɧɡ ɝɜɑɓɚɎ 

0,625 ɔ 1,5 ɘɘ. Ȯ ɖɌɣɑɝɞɎɑ ɖɚəɞɜɌɝɞəɚɏɚ Ɏɑ-

ɥɑɝɞɎɌ ɛɜɔɘɑəɫɗɔ əɑɔɚəəɧɕ əɔɓɖɚɚɝɘɚɗɫɜ-
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əɧɕ ɖɚəɞɜɌɝɞəɧɕ ɛɜɑɛɌɜɌɞ ð ȿɗɨɞɜɌɎɔɝɞ-

350, ɎəɟɞɜɔɎɑəəɚɑ ɎɎɑɐɑəɔɑ ɚɝɟɥɑɝɞɎɗɫɗɔ ɝ 

ɛɚɘɚɥɨɪ ɐɎɟɡɖɚɗɍɚɎɚɏɚ ɤɛɜɔɢɌ-ɔəɒɑɖɞɚɜɌ 

Ɏ ɚɍɦɬɘɑ 1,5-2 ɘɗ/ɖɏ ɝɚ ɝɖɚɜɚɝɞɨɪ 0,4-1,5 

ɘɗ/ɝ. ȻɚɝɞɛɜɚɢɑɝɝɚɜəɌɫ ɚɍɜɌɍɚɞɖɌ Ɏɧɛɚɗəɫ-

ɗɌɝɨ əɌ ɘɟɗɨɞɔɘɚɐɌɗɨəɧɡ ɜɌɍɚɣɔɡ ɝɞɌəɢɔɫɡ 

ɝ ɛɚɝɞɜɚɑəɔɑɘ ɞɜɑɡɘɑɜəɧɡ ɜɑɖɚəɝɞɜɟɖɢɔɕ. 

ȸȼȾ ɝɑɜɐɢɌ ɍɧɗɌ ɛɜɚɎɑɐɑəɌ 30 ɛɌɢɔɑə-

ɞɌɘ, ɔɝɝɗɑɐɚɎɌəɔɑ Ɏɧɛɚɗəɫɗɚɝɨ əɌ ɠɚəɑ ɚɍ-

ɥɑɕ ɘɑɐɔɖɌɘɑəɞɚɓəɚɕ ɝɑɐɌɢɔɔ. ȴɝɝɗɑɐɚɎɌ-

əɔɑ ɛɜɚɎɚɐɔɗɔ əɌ Ɏɧɝɚɖɚɛɚɗɨəɚɘ ȸȼ-

ɞɚɘɚɏɜɌɠɑ Philips Ingenia ɍɌɓɚɎɚɕ ɖɚɘ-

ɛɗɑɖɞɌɢɔɔ ɝ əɌɛɜɫɒɑəəɚɝɞɨɪ ɘɌɏəɔɞəɚɏɚ 

ɛɚɗɫ 1,5 ȾɑɝɗɌ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɖɌɜɐɔɚɛɌ-

ɖɑɞɌ ɐɗɫ ɝɖɌəɔɜɚɎɌəɔɫ ɔ ɐɌɗɨəɑɕɤɑɕ ɚɍɜɌ-

ɍɚɞɖɔ ɐɌəəɧɡ. Ȱɗɫ ɘɚɜɠɚɘɑɞɜɔɔ ɝɔɝɞɑɘɧ ȷȬ 

ɔɝɛɚɗɨɓɚɎɌɗɔɝɨ ɔɘɛɟɗɨɝəɧɑ ɛɚɝɗɑɐɚɎɌɞɑɗɨ-

əɚɝɞɔ əɌ ɚɝəɚɎɑ çɏɜɌɐɔɑəɞ-ɩɡɚè ɝ ɛɜɚɝɛɑɖ-

ɞɔɎəɚɕ ɝɔəɡɜɚəɔɓɌɢɔɑɕ ɛɚ ɝɔɏəɌɗɟ ɉȶȯ (ɍɌ-

ɗɌəɝɔɜɚɎɌəəɚɑ ɏɜɌɐɔɑəɞəɚɑ ɉɁȺ ɝ ɔəɎɑɜɝɔ-

ɑɕ ð BTFE -ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɨ) ɔ ɝɔəɡɜɚəɔ-

ɓɌɢɔɑɕ ɝ ɐɧɡɌəɔɑɘ. Ȱɗɫ ɛɜɚɎɑɐɑəɔɫ ɘɚɜɠɚ-

ɘɑɞɜɔɔ ɝɞɎɚɗɌ ȷȬ, ɛȷȬ ɔ ɗȷȬ ɔ ɐɗɫ ɚɢɑəɖɔ 

ɘɚɜɠɚɗɚɏɔɔ ɔ ɠɟəɖɢɔɔ ɝɑɜɐɢɌ ɝɜɑɓɧ ɚɜɔɑə-

ɞɔɜɚɎɌɗɔ Ɏ ɞɜɑɡ ɝɞɌəɐɌɜɞəɧɡ ɛɗɚɝɖɚɝɞɫɡ ɔ Ɏ 

ɛɗɚɝɖɚɝɞɫɡ, ɌəɌɗɚɏɔɣəɧɡ ɩɡɚɏɜɌɠɔɣɑɝɖɔɘ 

ɛɜɚɑɖɢɔɫɘ: ɐɎɟɡ- ɔ ɣɑɞɧɜɑɡɖɌɘɑɜəɧɘ. Ȯɝɑ 

ɔɝɝɗɑɐɚɎɌəɔɫ ɛɜɚɎɚɐɔɗɔɝɨ ɍɑɓ ɔɝɛɚɗɨɓɚɎɌ-

əɔɫ ɎəɟɞɜɔɎɑəəɚɏɚ ɖɚəɞɜɌɝɞəɚɏɚ ɟɝɔɗɑəɔɫ. 

ȶɌɞɑɞɑɜɔɓɌɢɔɫ ɛɚɗɚɝɞɑɕ ɝɑɜɐɢɌ ɝ Ȭȯ 

(ɐɔɌɏəɚɝɞɔɣɑɝɖɌɫ ɔ Ɏ ɜɌɘɖɌɡ ɛɌɗɗɔɌɞɔɎəɚɏɚ 

ɩəɐɚɎɌɝɖɟɗɫɜəɚɏɚ ɩɞɌɛɌ ɖɚɜɜɑɖɢɔɔ ɛɚɜɚɖɌ) 

ɍɧɗɌ ɎɧɛɚɗəɑəɌ 43 ɐɑɞɫɘ əɌ ɠɚəɑ ɚɍɥɑɕ ɘɑ-

ɐɔɖɌɘɑəɞɚɓəɚɕ ɝɑɐɌɢɔɔ əɌ ɌəɏɔɚɏɜɌɠɔɣɑ-

ɝɖɚɘ ɖɚɘɛɗɑɖɝɑ Philips Allura Centron. 

ȸɚɜɠɚɘɑɞɜɔɫ ɝɔɝɞɑɘɧ ɗɑɏɚɣəɚɕ Ɍɜ-

ɞɑɜɔɔ. 

Ȼɜɔ ɛɜɚɎɑɐɑəɔɔ ɉɡɚ-ȶȯ, ȶȾ ɔ ȸȼȾ 

ɝɑɜɐɢɌ ɚɝɟɥɑɝɞɎɗɫɗɌɝɨ ɘɚɜɠɚɘɑɞɜɔɫ ɝɑɏɘɑə-

ɞɚɎ ȷȬ əɌ ɟɜɚɎəɫɡ: ɝɞɎɚɗɌ ȷȬ, ɟɝɞɨɫ ɛɜɌɎɚɕ 

ȷȬ, ɟɝɞɨɫ ɗɑɎɚɕ ȷȬ. 

ȸɚɜɠɚɘɑɞɜɔɫ əɌ ɐɔɝɞɌɗɨəɧɡ ɟɜɚɎəɫɡ 

ɛɜɌɎɚɕ ȷȬ ɔ ɗɑɎɚɕ ȷȬ ɛɚ ɉɁȺ-ȶȯ ɚɝɟɥɑɝɞɎ-

ɗɫɗɌɝɨ ɞɚɗɨɖɚ ɛɜɔ ɟɝɗɚɎɔɔ Ɏɚɓɘɚɒəɚɝɞɔ Ɏɧ-

Ɏɑɐɑəɔɫ ɩɞɔɡ ɝɑɏɘɑəɞɚɎ ɝɚɝɟɐɚɎ ð n=37 (ɛɜɔ 

ɡɚɜɚɤɑɘ Ɍɖɟɝɞɔɣɑɝɖɚɘ ɚɖəɑ), ɛɜɔ ɛɜɚɎɑɐɑ-

əɔɔ ȶȾ ɔ ȸȼȾ ɝɑɜɐɢɌ ð ɟ Ɏɝɑɡ ɛɌɢɔɑəɞɚɎ. ȹɌ 

ɚɝəɚɎɌəɔɔ ɛɚɗɟɣɑəəɧɡ ɐɌəəɧɡ ɍɧɗ ɛɜɚɔɓɎɑ-

ɐɑə ɜɌɝɣɑɞ: 

Å ɛɚɖɌɓɌɞɑɗɑɕ z-score ɐɗɫ ɝɞɎɚɗɌ ȷȬ, 

ɛɜɌɎɚɕ ȷȬ (ɛȷȬ) ɔ ɗɑɎɚɕ ȷȬ (ɗȷȬ). ȻɚɖɌɓɌɞɑɗɨ 

z-score ɚɛɜɑɐɑɗɫɗɝɫ əɌ ɚɝəɚɎɑ ɎɑɝɚɜɚɝɞɚɎɧɡ 

ɡɌɜɌɖɞɑɜɔɝɞɔɖ, ɛɚ ɤɖɌɗɌɘ z-score  ɖɌɗɨɖɟɗɫ-

ɞɚɜɌ. 

Å ɔəɐɑɖɝɌ McGoon ɛɚ ɠɚɜɘɟɗɑ ɚɞəɚɤɑ-

əɔɫ ɝɟɘɘɧ ɐɔɌɘɑɞɜɚɎ ɛȷȬ ɔ ɗȷɌ (ɔɓɘɑɜɑə-

əɧɡ ɛɑɜɑɐ ɚɞɡɚɒɐɑəɔɑɘ ɎɑɜɡəɑɐɚɗɑɎɚɕ Ɏɑɞ-

Ɏɔ) ɖ ɐɔɌɘɑɞɜɟ əɔɝɡɚɐɫɥɑɕ Ɍɚɜɞɧ əɌ ɟɜɚɎəɑ 

ɐɔɌɠɜɌɏɘɧ. 

Å ɔəɐɑɖɝɌ Nakata ɛɚ ɠɚɜɘɟɗɑ ɚɞəɚɤɑ-

əɔɫ ɝɟɘɘɧ ɐɔɌɘɑɞɜɚɎ ɛȷȬ ɔ ɗȷɌ (ɔɓɘɑɜɑə-

əɧɡ ɛɑɜɑɐ ɚɞɡɚɒɐɑəɔɑɘ ɎɑɜɡəɑɐɚɗɑɎɚɕ Ɏɑɞ-

Ɏɔ) ɖ ɛɗɚɥɌɐɔ ɛɚɎɑɜɡəɚɝɞɔ ɞɑɗɌ. 

ȴəɐɑɖɝ McGoon ɜɌɝɝɣɔɞɧɎɌɗɝɫ ɞɚɗɨɖɚ 

ɐɗɫ ɞɑɡ ɐɑɞɑɕ, ɟ ɖɚɞɚɜɧɡ ɍɧɗɌ ɛɜɚɎɑɐɑəɌ ɐɔ-

ɌɏəɚɝɞɔɣɑɝɖɌɫ ɖɌɞɑɞɑɜɔɓɌɢɔɫ ɛɚɗɚɝɞɑɕ ɝɑɜɐ-

ɢɌ ɝ Ȭȯ, ɗɔɍɚ ɛɌɗɗɔɌɞɔɎəɌɫ ɖɚɜɜɑɖɢɔɫ ɛɚɜɚ-

ɖɌ ɝ ɛɜɚɎɑɐɑəɔɑɘ ɛɜɫɘɚɕ Ȭȯ ɐɗɫ Ɏɚɓɘɚɒəɚ-

ɝɞɔ ɝɚɛɚɝɞɌɎɗɑəɔɫ ɛɚɗɟɣɑəəɧɡ ɔɓɘɑɜɑəɔɕ 

ɐɔɌɘɑɞɜɌ əɔɝɡɚɐɫɥɑɕ Ɍɚɜɞɧ. ȴəɐɑɖɝ 

McGoon ɜɌɝɝɣɔɞɧɎɌɗɝɫ ɔ ɝɜɌɎəɔɎɌɗɝɫ ɝ 

ɛɜɫɘɚɕ Ȭȯ ɞɚɗɨɖɚ ɐɗɫ ɉɁȺ-ȶȯ ɔ ȶȾ-ɘɑɞɚɐɔɖ, 

ɔɓ-ɓɌ ɚɏɜɌəɔɣɑəəɚɕ Ɏɧɍɚɜɖɔ ɛɌɢɔɑəɞɚɎ ɝ 

əɌɗɔɣɔɑɘ ɔ ɖɌɜɐɔɚ-ȸȼȾ, ɔ ɛɜɫɘɚɕ Ȭȯ (n=8), 

ɎɎɔɐɟ ɜɔɝɖɚɎ ɛɜɑɍɧɎɌəɔɫ ɐɑɞɑɕ ɝ ɏɔɛɚɎɚɗɑ-

ɘɔɑɕ ɘɌɗɚɏɚ ɖɜɟɏɌ ɖɜɚɎɚɚɍɜɌɥɑəɔɫ Ɏ ɐɗɔ-

ɞɑɗɨəɚɘ əɌɜɖɚɓɑ, əɌɗɔɣɔɑ ɖɚɞɚɜɚɏɚ ɛɜɑɐɛɚ-

ɗɌɏɌɪɞ ɚɍɑ ɩɞɔ ɛɜɚɢɑɐɟɜɧ. ȾɌɖɒɑ ɐɗɫ ɜɌɝɣɑ-

ɞɌ ɔəɐɑɖɝɌ McGoon ɛɜɚɎɚɐɔɗɌɝɨ ɘɚɜɠɚɘɑɞ-

ɜɔɫ əɔɝɡɚɐɫɥɑɏɚ ɚɞɐɑɗɌ Ɍɚɜɞɧ (əɌ ɟɜɚɎəɑ 

ɐɔɌɠɜɌɏɘɧ). 

Ȼɚɗɟɣɑəəɧɑ ɔɓɘɑɜɑəɔɫ ɝɚɛɚɝɞɌɎɗɫɗɔɝɨ 

ɝ Ɍəɏɔɚɘɑɞɜɔɣɑɝɖɔɘɔ ɜɑɓɟɗɨɞɌɞɌɘɔ ɛɜɫɘɚɕ 

Ȭȯ, ɔəɞɜɌɚɛɑɜɌɢɔɚəəɧɘɔ ɐɌəəɧɘɔ ɔ ɐɌə-

əɧɘɔ Ɍɟɞɚɛɝɔɔ (ɛɜɔ ɑɑ əɌɗɔɣɔɔ). ȴəɞɑɜɎɌɗ 

ɘɑɒɐɟ ɞɜɌəɝɞɚɜɌɖɌɗɨəɚɕ ɉɁȺ-ȶȯ, ȶȾ ɔ/ɔɗɔ 

ȸȼȾ ɝɑɜɐɢɌ ɔ ɛɜɚɎɑɐɑəəɚɕ Ȭȯ, ɗɔɍɚ ɚɞɖɜɧ-

ɞɧɘ ɡɔɜɟɜɏɔɣɑɝɖɔɘ ɎɘɑɤɌɞɑɗɨɝɞɎɚɘ ɍɧɗ ɘɑ-

əɑɑ 10 ɐəɑɕ. 

ȶɜɔɞɑɜɔɑɘ ɏɔɛɚɛɗɌɓɔɔ ȷȬ ɔ ɑɑ ɎɑɞɎɑɕ 

ɝɣɔɞɌɗɚɝɨ ɚɞɖɗɚəɑəɔɑ Z-score ɚɞ əɚɜɘɌɗɨəɧɡ 

ɓəɌɣɑəɔɕ ɘɑəɑɑ (-2). ȻɜɚɞɔɎɚɛɚɖɌɓɌəɔɑɘ ɖ 

ɛɜɚɎɑɐɑəɔɪ ɜɌɐɔɖɌɗɨəɚɕ ɖɚɜɜɑɖɢɔɔ ɝɣɔɞɌ-

ɗɔɝɨ ɛɚɖɌɓɌɞɑɗɔ ɔəɐɑɖɝɌ Nakata ɘɑəɑɑ 150 

ɘɘ2/ɘ2, ɔəɐɑɖɝɌ McGoon ð ɘɑəɑɑ 1,8 [4, 5]. 

ȼɑɓɟɗɨɞɌɞɧ. 

ȺɢɑəɖɌ ɐɔɌɘɑɞɜɚɎ ɔ ɜɌɝɝɣɔɞɌəəɧɡ ɛɚ-

ɖɌɓɌɞɑɗɑɕ z-score ɗɑɏɚɣəɚɏɚ ɝɞɎɚɗɌ, ɛȷȬ ɔ ɗȷɌ 

əɌ ɟɜɚɎəɑ ɟɝɞɨɑɎ ɘɑɞɚɐɌɘɔ ɉɁȺ-ȶȯ, ȶȾ ɔ 

ȸȼȾ ɝɑɜɐɢɌ. 

Ȼɜɔ ɛɜɚɎɑɐɑəɔɔ ɉɁȺ-ȶȯ ɚɢɑəɖɌ ɐɔɌ-

ɘɑɞɜɚɎ ɝɞɎɚɗɌ, ɛȷȬ ɔ ɗȷɌ əɌ ɟɜɚɎəɑ ɛɜɚɖɝɔ-

ɘɌɗɨəɧɡ ɚɞɐɑɗɚɎ ɛɜɚɎɚɐɔɗɌɝɨ ɟ Ɏɝɑɡ ɛɌɢɔɑə-

ɞɚɎ ɔ əɑ ɛɜɑɐɝɞɌɎɗɫɗɌ ɞɑɡəɔɣɑɝɖɔɡ ɝɗɚɒəɚ-

ɝɞɑɕ (ɜɔɝ. 1 Ɍ). Ȼɜɔ ɝɜɌɎəɑəɔɔ Ɏɚɓɘɚɒəɚɝɞɑɕ 

ɘɑɞɚɐɔɖ ɉɁȺ-ȶȯ, ȶȾ ɔ ȸȼȾ ɝɑɜɐɢɌ ɝ ɛɜɫɘɚɕ 

Ȭȯ/ɔəɞɜɌɚɛɑɜɌɢɔɚəəɧɘɔ ɐɌəəɧɘɔ Ɏ ɛɜɚɎɑ-

ɐɑəɔɔ ɘɚɜɠɚɘɑɞɜɔɔ ɝɞɎɚɗɌ ȷȬ ɔ ɛɜɚɖɝɔ-

ɘɌɗɨəɧɡ ɚɞɐɑɗɚɎ ɛȷȬ ɔ ɗȷɌ ɝɞɌɞɔɝɞɔɣɑɝɖɔ 

ɓəɌɣɔɘɚɕ ɜɌɓəɔɢɧ ɐɔɌɘɑɞɜɚɎ ɛɚɗɟɣɑəɚ əɑ 

ɍɧɗɚ: ɍɧɗɌ ɛɜɚɐɑɘɚəɝɞɜɔɜɚɎɌəɌ ɎɧɝɚɖɌɫ 

ɔəɠɚɜɘɌɞɔɎəɚɝɞɨ Ɏɝɑɡ ɔɝɛɚɗɨɓɟɑɘɧɡ ɘɑɞɚ-

ɐɔɖ. ȾɌɖɒɑ ɛɚ ɜɌɝɝɣɔɞɌəəɧɘ ɛɚɖɌɓɌɞɑɗɔ z-

score ɛɜɔ ɚɛɜɑɐɑɗɑəɔɔ əɌɗɔɣɔɫ ɏɔɛɚɛɗɌɓɔɔ 

ɗɑɏɚɣəɚ-ɌɜɞɑɜɔɌɗɨəɚɏɚ ɜɟɝɗɌ ɝɞɌɞɔɝɞɔɣɑɝɖɔ 

ɓəɌɣɔɘɚɕ  ɜɌɓəɔɢɧ  ɘɑɒɐɟ  ɘɑɞɚɐɌɘɔ  ɔ  ɔə- 
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ȾɌɍɗɔɢɌ ʈ1.     ȽɜɌɎəɔɞɑɗɨəɧɕ ɌəɌɗɔɓ Ɏɚɓɘɚɒəɚɝɞɑɕ ɉɁȺ-ȶȯ, ȶȾ ɔ ȸȼȾ ɝɑɜɐɢɌ 

Ɏ ɚɢɑəɖɑ ɛɚɖɌɓɌɞɑɗɑɕ ɏɔɛɚɛɗɌɓɔɔ ɝɔɝɞɑɘɧ ɗɑɏɚɣəɚɕ Ɍɜɞɑɜɔɔ ɟ ɐɑɞɑɕ ɝ ɞɑɞɜɌɐɚɕ 

ɀɌɗɗɚ. 

 

ʇʘʨʘʤʝʪʨ 

 

ʕʍʆ-ʂɻ 

 

ʂʊ ʩʝʨʜʮʘ 

 

ʄʈʊ ʩʝʨʜʮʘ 

ʇʨʷʤʘʷ 

ɸɻ/ʠʥʪʨʘʦʧʝʨʘ

ʮʠʦʥʥʳʝ ʜʘʥ-

ʥʳʝ 

 

p-ʢʨʠʪʝʨʠʡ 

ɼʠʘʤʝʪʨ ʣʝʛʦʯʥʦʛʦ 

ʩʪʚʦʣʘ (ʤʤ) 
6,81 (4,8; 7) 7,1 (4,5; 6,9) 6,75 (4,7; 7,1) 7,12(4,4; 7,35) 

ʕʍʆ-ʂɻ vs. ɸɻ = 0,06 

ʕʍʆ-ʂɻ vs. ʂʊ = 0,07 

ʕʍʆ-ʂɻ vs. ʄʈʊ = 0,1 

ʂʊ vs. ɸɻ = 0,3 

ʄʈʊ vs. ɸɻ = 0,41 

ɼʠʘʤʝʪʨ ʧʃɸ ʥʘ 

ʫʨʦʚʥʝ ʫʩʪʴʷ (ʤʤ) 
5,97 (4,4; 7) 6 (4,4; 7,1) 

5,9 (5,15; 7, 

35) 
6 (4,5; 7) 

ʕʍʆ-ʂɻ vs. ɸɻ = 0,05 

ʕʍʆ-ʂɻ vs. ʂʊ = 0,06 

ʂʊ vs. ɸɻ = 0,40 

ʄʈʊ vs. ɸɻ = 0,70 

ɼʠʘʤʝʪʨ ʧʃɸ ʥʘ 

ʜʠʩʪʘʣʴʥʦʤ ʫʨʦʚʥʝ 

(ʤʤ) 

7 (3,9; 6,5) 7,45 (4,05; 7) 7,41 (4,1; 6,9) 7,65(4,23; 7,2) 

ʕʍʆ-ʂɻ vs. ɸɻ = 0,001 

ʕʍʆ-ʂɻ vs. ʂʊ = 0,008 

ʕʍʆ-ʂɻ vs. ʄʈʊ = 0,01 

ʂʊ vs. ɸɻ = 0,73 

ʄʈʊ vs. ɸɻ = 0,22 

ɼʠʘʤʝʪʨ ʣʃɸ ʥʘ 

ʫʨʦʚʥʝ ʫʩʪʴʷ (ʤʤ) 
5,84 (4,9; 6,1) 5,93 (5,1; 6,0) 

5,89 (4,96; 

6,21) 
6,1 (4,6; 6,01) 

ʕʍʆ-ʂɻ vs. ɸɻ = 0,06 

ʕʍʆ-ʂɻ vs. ʂʊ = 0,1 

ʂʊ vs. ɸɻ = 0,73 

ʄʈʊ vs. ɸɻ = 0,22 

ɼʠʘʤʝʪʨ ʣʃɸ ʥʘ 

ʜʠʩʪʘʣʴʥʦʤ ʫʨʦʚʥʝ 

(ʤʤ) 

7,25 (2,8; 5,9) 7,87(3,1; 5,24) 7,95 (3,3; 5,9) 8,12 (2,96; 5,1) 

ʕʍʆ-ʂɻ vs. ɸɻ = 0,003 

ʕʍʆ-ʂɻ vs. ʂʊ = 0,006 

ʕʍʆ-ʂɻ vs. ʄʈʊ = 0,04 

ʂʊ vs. ɸɻ = 0,19 

ʄʈʊ vs. ɸɻ = 0,09 

Nakata ʠʥʜʝʢʩ 

(ʤʤ2/ʤ2) 
151 (83,9; 195) 

177 (101,9; 

221,2) 

171 (102,6; + 

197.7) 
179(105; 227) 

ʕʍʆ-ʂɻ vs. ɸɻ < 0,001 

ʕʍʆ-ʂɻ vs. ʂʊ = 0,003 

ʕʍʆ-ʂɻ vs. ʄʈʊ = 0,04 

ʂʊ vs. ɸɻ = 0,19 

ʄʈʊ vs. ɸɻ = 0,09 

McGoon ʠʥʜʝʢʩ 
1,56 (1,17; 

1,74) 
1,76 (1,1; 2) - 1,78(1,2; 1,96) 

ʕʍʆ-ʂɻ vs. ɸɻ = 0,010 

ʕʍʆ-ʂɻ vs. ʂʊ = 0,04 

ʂʊ vs. ɸɻ = 0,46 

 

ʅʠʩʭʦʜʷʱʘʷ ʘʦʨʪʘ 

(ʥʘ ʫʨʦʚʥʝ ʜʠʘ-

ʬʨʘʛʤʳ) 

8,56 (2,98; 4,2) 8,8 (2,1; 3,98) - 9 (2,1; 3,6) 

ʕʍʆ-ʂɻ vs. ɸɻ = 0,12 

ʕʍʆ-ʂɻ vs. ʂʊ = 0,07 

ʂʊ vs. ɸɻ = 0,3 
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ȼɔɝ. 1 Ɍ (Fig. 1 Ɍ) 

 

ȼɔɝ. 1 ɍ (Fig. 1 b) 

ȼɔɝ. 1.      ȻɌɢɔɑəɞ Ȭ., 5 ɘɑɝɫɢɑɎ (BSA 0,14 ɘ2), ɞɑɞɜɌɐɌ ɀɌɗɗɚ. ȻɜɑɐɚɛɑɜɌɢɔɚəəɌɫ ɘɚɜɠɚ-

ɘɑɞɜɔɫ ɝɔɝɞɑɘɧ ɗɑɏɚɣəɚɕ Ɍɜɞɑɜɔɔ ɘɑɞɚɐɚɘ ɞɜɌəɝɞɚɜɌɖɌɗɨəɚɕ ɉɁȺ-ȶȯ. 

Ɍ ð  ȻɌɜɌɝɞɑɜəɌɗɨəɌɫ ɛɚɓɔɢɔɫ, ɖɚɜɚɞɖɌɫ ɚɝɨ. Ⱥɛɜɑɐɑɗɑəɔɑ ɐɔɌɘɑɞɜɚɎ ɛɜɌɎɚɕ ɗɑɏɚɣəɚɕ Ɍɜɞɑɜɔɔ (ɒɑɗɞɌɫ 

ɛɟəɖɞɔɜəɌɫ ɗɔəɔɫ) ɔ ɗɑɎɚɕ ɗɑɏɚɣəɚɕ Ɍɜɞɑɜɔɔ (ɖɜɌɝəɌɫ ɛɟəɖɞɔɜəɌɫ ɗɔəɔɫ) əɌ ɟɜɚɎəɑ ɛɜɚɖɝɔɘɌɗɨəɧɡ 

ɚɞɐɑɗɚɎ ɐɗɫ ɜɌɝɣɑɞɌ z-score ɛɚɖɌɓɌɞɑɗɑɕ. 

ɍ ð ȻɌɜɌɝɞɑɜəɌɗɨəɌɫ ɛɚɓɔɢɔɫ, ɖɚɜɚɞɖɌɫ ɚɝɨ. Ⱥɛɜɑɐɑɗɑəɔɑ ɐɔɌɘɑɞɜɚɎ ɛɜɌɎɚɕ ɗɑɏɚɣəɚɕ Ɍɜɞɑɜɔɔ (ɒɑɗɞɌɫ 

ɛɟəɖɞɔɜəɌɫ ɗɔəɔɫ) ɔ ɗɑɎɚɕ ɗɑɏɚɣəɚɕ Ɍɜɞɑɜɔɔ (ɖɜɌɝəɌɫ ɛɟəɖɞɔɜəɌɫ ɗɔəɔɫ) əɌ ɟɜɚɎəɑ ɐɔɝɞɌɗɨəɧɡ ɚɞɐɑɗɚɎ 

ɐɗɫ ɜɌɝɣɑɞɌ ɔəɐɑɖɝɚɎ Nakata ɔ McGoon. 

Ȼɚ ɜɑɓɟɗɨɞɌɞɌɘ ɘɚɜɠɚɘɑɞɜɔɔ ɝɔɝɞɑɘɧ ȷȬ ɘɑɞɚɐɚɘ ɉɁȺ-ȶȯ: z-score ɛȷȬ = -2,04, z -z-score ɗȷɌ = -2,63 (ɏɔ-

ɛɚɛɗɌɓɔɫ ɝɔɝɞɑɘɧ ȷȬ), ɔəɐɑɖɝ Nakata -112 ɘɘ2/ɘ2, ɔəɐɑɖɝ McGoon 1,8. ȹɌ ɚɝəɚɎɌəɔɔ ɉɁȺ-ȶȯ ɛɌɢɔɑəɞɟ 

ɛɚɖɌɓɌəɚ ɛɜɚɎɑɐɑəɔɑ ɛɌɗɗɔɌɞɔɎəɚɏɚ ɩɞɌɛɌ ɖɚɜɜɑɖɢɔɔ ɛɚɜɚɖɌ. Ȯ ɜɌɘɖɌɡ ɛɜɑɐɚɛɑɜɌɢɔɚəəɚɏɚ ɛɗɌəɔɜɚɎɌ-

əɔɫ ɐɗɫ ɟɞɚɣəɑəɔɫ ɝɚɝɞɚɫəɔɫ ɐɔɝɞɌɗɨəɧɡ ɚɞɐɑɗɚɎ ɛɜɌɎɚɕ ɔ ɗɑɎɚɕ ȷȬ, ɝɞɑɛɑəɔ ɎɧɜɌɒɑəəɚɝɞɔ ɏɔɛɚɛɗɌ-

ɓɔɔ ɝɔɝɞɑɘɧ ɗɑɏɚɣəɚɕ Ɍɜɞɑɜɔɔ, Ɍ ɞɌɖɒɑ ɚɢɑəɖɔ ɚɍɦɬɘɚɎ ɔ ɠɟəɖɢɔɔ ɛɜɌɎɚɏɚ ɒɑɗɟɐɚɣɖɌ ɛɌɢɔɑəɞɟ Ɏɧ-

ɛɚɗəɑəɧ ȶȾ ɔ ȸȼȾ ɝɑɜɐɢɌ. Ȯɜɑɘɑəəɚɕ ɛɜɚɘɑɒɟɞɚɖ ɘɑɒɐɟ ɔɝɝɗɑɐɚɎɌəɔɫɘɔ ð 6 ɐəɑɕ.  

Fig. 1.   Patient  A., 5 months  old  (BSA 0.14 m2), Tetralogy  of Fallot . Preoperative morphometry of the 

pulmonary artery system using transthoracic echocardiography . 

Ɍ ð Parasternal view, sh ort -axis. Determination of the diameters of the right pulmonary artery (yellow dashed 

line) and left pulmonary artery (red dashed line) at the level of proximal segments for calculating z -score val-

ues.  

b ð Parasternal view, short -axis. Determination of the  diameters of the right pulmonary artery (yellow dashed 

line) and left pulmonary artery (red dashed line) at the level of distal segments for calculating Nakata and 

McGoon indices.  

Based on echocardiography morphometry of the pulmonary artery system: z -score for right PA = -2.04, z -

score for left PA = -2.63 (hypoplasia of the PA system), Nakata index -112 mm2/m2, McGoon index 1.8. Based 

on the echocardiography findings, the patient was recommended for a palliative operation. As part of preoper-

ative planning  to further assess the condition of the distal segments of the right and left PAs, the severity of 

PA hypoplasia, and the evaluation of right ventricular volumes and function, the patient underwent cardiac 

CT and MRI. The time interval between the examinat ions was 6 days.  
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ȼɔɝ. 2 Ɍ (Fig. 2 Ɍ) 

 

ȼɔɝ. 2 ɍ (Fig. 2 b) 

ȼɔɝ. 2.       Ⱦɚɞ ɒɑ ɛɌɢɔɑəɞ, ɣɞɚ ɔ əɌ ɜɔɝ. 1. ȻɜɑɐɚɛɑɜɌɢɔɚəəɌɫ ɘɚɜɠɚɘɑɞɜɔɫ ɝɔɝɞɑɘɧ ɗɑɏɚɣ-

əɚɕ Ɍɜɞɑɜɔɔ ɘɑɞɚɐɌɘɔ ȶȾ ɔ ȸȼȾ. 

Ɍ ð ȶȾ ɝɑɜɐɢɌ Ɏ ɟɝɗɚɎɔɫɡ ɘɑɐɔɖɌɘɑəɞɚɓəɚɕ ɝɑɐɌɢɔɔ, ɝ ɍɚɗɪɝəɧɘ ɖɚəɞɜɌɝɞəɧɘ ɟɝɔɗɑəɔɑɘ, ɍɑɓ ɉȶȯ-ɝɔəɡɜɚəɔɓɌɢɔɔ. 

ȮɑəɚɓəɌɫ ɠɌɓɌ, ɌɖɝɔɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ. 

Ⱥɛɜɑɐɑɗɑəɧ ɗɑɏɚɣəɧɕ ɝɞɎɚɗ (ɣɑɜəɌɫ ɝɞɜɑɗɖɌ), ɛɜɌɎɌɫ ɗɑɏɚɣəɌɫ Ɍɜɞɑɜɔɫ (ɒɑɗɞɌɫ ɝɞɜɑɗɖɌ), ɗɑɎɌɫ ɗɑɏɚɣəɌɫ Ɍɜɞɑɜɔɫ (ɍɑ-

ɗɌɫ ɝɞɜɑɗɖɌ) əɌ Ɏɝɑɘ ɛɜɚɞɫɒɑəɔɔ. ȻɜɚɎɑɐɑəɌ ɘɚɜɠɚɘɑɞɜɔɫ ɛɜɌɎɚɕ ɔ ɗɑɎɚɕ ɗɑɏɚɣəɧɡ Ɍɜɞɑɜɔɕ əɌ ɛɜɚɖɝɔɘɌɗɨəɚɘ 

ɟɜɚɎəɑ (ɛɟəɖɞɔɜəɧɑ ɗɔəɔɔ) ɐɗɫ ɜɌɝɣɬɞɌ z-score ɛɚɖɌɓɌɞɑɗɫ ɔ əɌ ɐɔɝɞɌɗɨəɚɘ ɟɜɚɎəɑ (ɝɛɗɚɤəɧɑ ɍɑɗɧɑ ɗɔəɔɔ) ɐɗɫ ɜɌɝ-

ɣɑɞɌ ɔəɐɑɖɝɔɜɚɎɌəəɧɡ ɛɚɖɌɓɌɞɑɗɑɕ Nakata ɔ Mcgoon. Ȼɚ ɜɑɓɟɗɨɞɌɞɌɘ ɘɚɜɠɚɘɑɞɜɔɔ ɝɔɝɞɑɘɧ ȷȬ ɘɑɞɚɐɚɘ ȶȾ: z-score 

ɛȷȬ = -0,9, z -score ɗȷȬ = - 1,01 (əɑɎɧɜɌɒɑəəɌɫ ɏɔɛɚɛɗɌɓɔɫ ɝɔɝɞɑɘɧ ȷȬ), ɔəɐɑɖɝ Nakata -159 ɘɘ2/ɘ2, ɔəɐɑɖɝ McGoon 

2,2. ȹɌ ɚɝəɚɎɌəɔɔ ȶȾ ɝɑɜɐɢɌ ɟ ɛɌɢɔɑəɞɌ ɚɞɝɟɞɝɞɎɟɪɞ ɛɜɚɞɔɎɚɛɚɖɌɓɌəɔɫ ɖ Ɏɧɛɚɗəɑəɔɪ ɜɌɐɔɖɌɗɨəɚɕ ɖɚɜɜɑɖɢɔɔ ɛɚ-

ɜɚɖɌ.  

ɍ ð ȸȼȾ ɝɑɜɐɢɌ Ɏ ɟɝɗɚɎɔɫɡ ɘɑɐɔɖɌɘɑəɞɚɓəɚɕ ɝɑɐɌɢɔɔ ɝ ɉȶȯ-ɝɔəɡɜɚəɔɓɌɢɔɑɕ ɔ ɝɔəɡɜɚəɔɓɌɢɔɑɕ ɛɚ ɐɧɡɌəɔɪ, Ɍɖɝɔ-

ɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɜɑɒɔɘ BTFE. 

Ⱥɛɜɑɐɑɗɑəɧ ɗɑɏɚɣəɧɕ ɝɞɎɚɗ (ɣɑɜəɌɫ ɝɞɜɑɗɖɌ), ɛɜɌɎɌɫ ɗɑɏɚɣəɌɫ Ɍɜɞɑɜɔɫ (ɒɑɗɞɌɫ ɝɞɜɑɗɖɌ), ɗɑɎɌɫ ɗɑɏɚɣəɌɫ Ɍɜɞɑɜɔɫ (ɍɑ-

ɗɌɫ ɝɞɜɑɗɖɌ) əɌ Ɏɝɑɘ ɛɜɚɞɫɒɑəɔɔ. ȻɜɚɎɑɐɑəɌ ɘɚɜɠɚɘɑɞɜɔɫ ɛɜɌɎɚɕ ɔ ɗɑɎɚɕ ɗɑɏɚɣəɧɡ Ɍɜɞɑɜɔɕ əɌ ɛɜɚɖɝɔɘɌɗɨəɚɘ 

ɟɜɚɎəɑ (ɛɟəɖɞɔɜəɧɑ ɗɔəɔɔ) ɐɗɫ ɜɌɝɣɬɞɌ z-score ɛɚɖɌɓɌɞɑɗɫ ɔ əɌ ɐɔɝɞɌɗɨəɚɘ ɟɜɚɎəɑ (ɝɛɗɚɤəɧɑ ɍɑɗɧɑ ɗɔəɔɔ) ɐɗɫ ɜɌɝ-

ɣɑɞɌ ɔəɐɑɖɝɔɜɚɎɌəəɧɡ ɛɚɖɌɓɌɞɑɗɑɕ Nakata ɔɗ Mcgoon. Ȼɚ ɜɑɓɟɗɨɞɌɞɌɘ ɘɚɜɠɚɘɑɞɜɔɔ ɝɔɝɞɑɘɧ ȷȬ ɛɚ ȸȼȾ: z-score ɛȷȬ 

= -1,9, z -score ɗȷȬ = - 1,01 (əɑɎɧɜɌɒɑəəɌɫ ɏɔɛɚɛɗɌɓɔɫ ɝɔɝɞɑɘɧ ȷȬ), ɔəɐɑɖɝ Nakata -157 ɘɘ2/ɘ2, ɔəɐɑɖɝ McGoon 2,1. 

ȹɌ ɚɝəɚɎɌəɔɔ ɖɌɜɐɔɚ-ȸȼȾ ɝɑɜɐɢɌ ɟ ɛɌɢɔɑəɞɌ ɚɞɝɟɞɝɞɎɟɪɞ ɛɜɚɞɔɎɚɛɚɖɌɓɌəɔɫ ɖ Ɏɧɛɚɗəɑəɔɪ ɜɌɐɔɖɌɗɨəɚɕ ɖɚɜɜɑɖɢɔɔ 

ɛɚɜɚɖɌ. ȭɧɗɚ ɛɜɔəɫɞɚ ɜɑɤɑəɔɑ ɚ ɛɜɚɎɑɐɑəɔɔ ɜɌɐɔɖɌɗɨəɚɕ ɖɚɜɜɑɖɢɔɔ ɞɑɞɜɌɐɧ ɀɌɗɗɚ ɝ ɛɗɌɝɞɔɖɚɕ ɎɧɎɚɐəɚɏɚ ɚɞɐɑɗɌ 

ɛɜɌɎɚɏɚ ɒɑɗɟɐɚɣɖɌ, ɖɚɗɨɢɌ ɔ ɝɞɎɚɗɌ ɗɑɏɚɣəɚɕ Ɍɜɞɑɜɔɔ Ɏ ɟɝɗɚɎɔɫɡ ɔɝɖɟɝɝɞɎɑəəɚɏɚ ɖɜɚɎɚɚɍɜɌɥɑəɔɫ ɔ ɏɔɛɚɞɑɜɘɔɔ. 

ȴəɞɜɌɚɛɑɜɌɢɔɚəəɚ ɛɚɖɌɓɌɞɑɗɔ z-score ɛȷȬ = -0,7, z -score ɗȷȬ = -0,9 (əɑɎɧɜɌɒɑəəɌɫ ɏɔɛɚɛɗɌɓɔɫ ɝɔɝɞɑɘɧ ȷȬ), ɔəɐɑɖɝ 

Nakata -167 ɘɘ2/ɘ2, ɔəɐɑɖɝ McGoon 2,4.  

Fig. 2.    The same patient as in figure 1. Preoperative morphometry of the pulmonary artery system 

using CT and MRI methods.  

a ð Cardiac CT (medical sedation), co ntrast enhancement. Venous phase, axial plane, MIP.  

The main pulmonary artery (black arrow), right pulmonary artery (yellow arrow), and left pulmonary artery (white arrow) 

are identified throughout their extent. morphometry of the right and left pulmonary arteries is performed at the proximal 

level (dashed lines) for calculating z -score values and at the distal level (solid white lines) for calculating indexed Nakata 

and McGoon values. Based on echocardiography morphometry of the PA system: z -score = -1.9 ( PA system hypoplasia), 

Nakata index -159 mm2/m2, McGoon index 2.4. Based on cardiac CT findings, the patient has no contraindications for 

radical defect correction.  

ɍ ð Cardiac MRI (medical sedation) with ECG -gated and respiratory -gated, axial plane, BTFE mode.  

The main pulmonary artery (black arrow), right pulmonary artery (yellow arrow), and left pulmonary artery (white arrow) 

are identified throughout their extent. Morphometry of the right and left pulmonary arteries is performed at the proximal 

level (d ashed lines) for calculating z -score values and at the distal level (solid white lines) for calculating indexed Nakata 

and McGoon values. Based on MRI morphometry of the PA system: z -score for right PA = -1.9, z -score for left PA = -1.01 

(mild PA system hy poplasia), Nakata index -159 mm2/m2, McGoon index 2.4. Based on cardiac MRI findings, the patient 

has no contraindications for radical defect correction.  Radical surgery of tetralogy of Fallot with right ventricular outflow 

tract and pulmonary artery recon struction with cardiopulmonary bypass and hypothermia. Intraoperatively: z -score pLA = -

0.7, z -score lPA = -0.9 (unexpressed hypoplasia of the PA system), Nakata index -167 mm2/m2, McGoon index 2.4.  
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ɞɜɌɛɑɜɌɢɔɚəəɧɘɔ/Ȭȯ-ɜɑɓɟɗɨɞɌɞɌɘɔ ɛɚɗɟɣɑ-

əɚ əɑ ɍɧɗɚ (ɜɔɝ. 2).  

ȺɢɑəɖɌ ɐɔɌɘɑɞɜɚɎ ɛȷȬ ɔ ɗȷɌ əɌ ɟɜɚɎəɑ 

ɐɔɝɞɌɗɨəɧɡ ɚɞɐɑɗɚɎ ɔ ɔəɐɑɖɝɔɜɚɎɌəəɧɡ ɛɚ-

ɖɌɓɌɞɑɗɑɕ (ɔəɐɑɖɝɧ Nakata ɔ Mcgoon) ɘɑɞɚ-

ɐɌɘɔ ɉɁȺ-ȶȯ, ȶȾ ɔ ȸȼȾ ɝɑɜɐɢɌ.  

Ȯɚɓɘɚɒəɚɝɞɨ ɔɓɘɑɜɑəɔɫ ɐɔɌɘɑɞɜɚɎ ɐɔ-

ɝɞɌɗɨəɧɡ ɚɞɐɑɗɚɎ ɛȷȬ ɔ ɗȷȬ ɔ ɜɌɝɣɑɞ ɔəɐɑɖ-

ɝɚɎ Nakata ɔ McGoon ɛɚ ɉɁȺ-ȶȯ ɍɧɗɔ ɟ 37 

ɛɌɢɔɑəɞɚɎ ɔɓ 72 (51,3%) ɔɓ-ɓɌ ɚɏɜɌəɔɣɑəɔɕ Ɏ 

Ɍɖɟɝɞɔɣɑɝɖɚɘ ɚɖəɑ ɔ ɚɍɦɑɖɞɔɎəɧɘɔ ɝɗɚɒəɚ-

ɝɞɫɘɔ ɎɔɓɟɌɗɔɓɌɢɔɔ ɛȷȬ ɔ ɗȷɌ əɌ ɟɜɚɎəɑ ɔɡ 

ɐɑɗɑəɔɫ əɌ ɐɚɗɑɎɧɑ ɎɑɞɎɔ ɚɝɚɍɑəəɚ Ɏ ɝɗɟɣɌɫɡ 

ɎɧɜɌɒɑəəɚɕ ɏɔɛɚɛɗɌɓɔɔ ɗɑɏɚɣəɚ-

ɌɜɞɑɜɔɌɗɨəɚɏɚ ɜɟɝɗɌ (ɜɔɝ. 1 ɍ). Ȼɚɗɟɣɑəəɧɑ 

ɜɑɓɟɗɨɞɌɞɧ ɔɓɘɑɜɑəɔɕ ɐɔɝɞɌɗɨəɧɡ ɚɞɐɑɗɚɎ 

ɛȷȬ ɔ ɗȷȬ ɟ 37 ɛɌɢɔɑəɞɚɎ ɛɚ ɉɁȺ-ȶȯ ɝɞɌɞɔ-

ɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɚ ɚɞɗɔɣɌɗɔɝɨ ɚɞ ɛɚɖɌɓɌɞɑɗɑɕ 

ȶȾ, ȸȼȾ, ɛɜɫɘɚɕ Ȭȯ ɔ ɔəɞɜɌɚɛɑɜɌɢɔɚəəɧɘɔ 

ɐɌəəɧɘɔ ɝ ɐɚɝɞɚɎɑɜəɧɘ ɓɌəɔɒɑəɔɑɘ ɐɔɌ-

ɘɑɞɜɚɎ ɝɚɝɟɐɚɎ. ȼɑɓɟɗɨɞɌɞɧ ɔɓɘɑɜɑəɔɕ ɐɔ-

ɝɞɌɗɨəɧɡ ɚɞɐɑɗɚɎ ȷȬ ɛɚ ȶȾ ɔ ȸȼȾ Ɏ ɝɜɌɎəɑ-

əɔɔ ɝ ɛɜɫɘɚɕ Ȭȯ/ɔəɞɜɌɚɛɑɜɌɢɔɚəəɧɘɔ ɝɞɌ-

ɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɚ əɑ ɚɞɗɟɣɌɗɔɝɨ (ɜɔɝ. 2). 

ȺɍɌ ɘɑɞɚɐɌ əɑ ɓəɌɣɔɘɚ ɓɌəɔɒɌɗɔ ɐɔɌɘɑɞɜ 

ɝɚɝɟɐɚɎ. ȾɌɖɒɑ əɑ ɍɧɗɚ ɛɚɗɟɣɑəɚ ɓəɌɣɔɘɧɡ 

ɜɌɓɗɔɣɔɕ ɛɜɔ ɝɜɌɎəɑəɔɔ ȶȾ ɔ ȸȼȾ Ɏ ɚɢɑəɖɑ 

ɐɔɌɘɑɞɜɚɎ ɐɔɝɞɌɗɨəɧɡ ɚɞɐɑɗɚɎ ɗɑɏɚɣəɚ-

ɌɜɞɑɜɔɌɗɨəɚɏɚ ɜɟɝɗɌ.  

ȴəɐɑɖɝ McGoon ɜɌɝɝɣɔɞɧɎɌɗɝɫ ɟ 43 

ɛɌɢɔɑəɞɚɎ, ɖɚɞɚɜɧɘ ɍɧɗɌ ɛɜɚɎɑɐɑəɌ ɐɔɌɏəɚ-

ɝɞɔɣɑɝɖɌɫ ɖɌɞɑɞɑɜɔɓɌɢɔɫ ɝ ɛɜɫɘɚɕ Ȭȯ, ɗɔɍɚ 

ɛɌɗɗɔɌɞɔɎəɌɫ ɖɚɜɜɑɖɢɔɫ, Ɏ ɜɌɘɖɌɡ ɖɚɞɚɜɚɕ 

ɍɧɗɌ ɛɜɚɎɑɐɑəɌ ɛɜɫɘɌɫ Ȭȯ ɔ Ɏ ɡɚɐɑ ɖɚɞɚɜɚɕ 

ɜɌɝɝɣɔɞɧɎɌɗɝɫ ɐɔɌɘɑɞɜ əɔɝɡɚɐɫɥɑɕ Ɍɚɜɞɧ 

(əɌ ɟɜɚɎəɑ ɐɔɌɠɜɌɏɘɧ). ȽɜɌɎəɑəɔɑ ɔɓɘɑɜɑ-

əɔɕ ɔəɐɑɖɝɌ McGoon ɘɑɞɚɐɚɘ ɉɁȺ-ȶȯ ɔ 

ɐɌəəɧɘɔ ɛɜɫɘɚɕ Ȭȯ ɍɧɗɚ ɛɜɚɎɑɐɑəɚ ɟ ɐɑɞɑɕ 

ɝ Ɏɚɓɘɚɒəɚɝɞɨɪ ɚɢɑəɖɔ ɐɔɝɞɌɗɨəɧɡ ɚɞɐɑɗɚɎ 

ȷȬ ɛɚ ɉɁȺ-ȶȯ (n=37). ȬəɌɗɔɓ ɚɛɜɑɐɑɗɔɗ ɓəɌ-

ɣɔɘɚɑ ɓɌəɔɒɑəɔɑ ɔəɐɑɖɝɚɎ ɛɚ ɉɁȺ-ȶȯ Ɏ 

ɝɜɌɎəɑəɔɔ ɝ ɛɜɫɘɚɕ Ȭȯ ɔ ȶȾ ɝɑɜɐɢɌ. ȼɌɝɝɣɔ-

ɞɌəəɧɕ ɔəɐɑɖɝ McGoon ɛɜɔ ɛɜɚɎɑɐɑəɔɔ ȶȾ 

ɝɑɜɐɢɌ ɓəɌɣɔɘɚ əɑ ɚɞɗɔɣɌɗɝɫ ɚɞ ɐɌəəɧɡ 

ɛɜɫɘɚɕ Ȭȯ. 

ȴəɐɑɖɝ Nakata ɛɚ ɉɁȺ-ȶȯ ɞɌɖɒɑ ɜɌɝ-

ɝɣɔɞɧɎɌɗɝɫ ɟ ɐɑɞɑɕ ɝ ɞɑɡəɔɣɑɝɖɚɕ Ɏɚɓɘɚɒəɚ-

ɝɞɨɪ ɚɢɑəɖɔ ɐɔɌɘɑɞɜɚɎ ȷȬ əɌ ɐɔɝɞɌɗɨəɚɘ 

ɟɜɚɎəɑ (n=37). Ȼɚ ȶȾ ɔ ȸȼȾ ɔəɐɑɖɝ Nakata 

ɜɌɝɝɣɔɞɧɎɌɗɝɫ ɟ Ɏɝɑɡ ɐɑɞɑɕ, Ɏɖɗɪɣɑəəɧɡ Ɏ 

ɔɝɝɗɑɐɚɎɌəɔɑ. ȽɜɌɎəɑəɔɑ ɔɓɘɑɜɑəɔɕ ɔəɐɑɖɝɌ 

Nakata ɘɑɞɚɐɚɘ ɉɁȺ-ȶȯ ɔ ɐɌəəɧɘɔ ɛɜɫɘɚɕ 

Ȭȯ ɎɧɫɎɔɗɚ ɝɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɧɑ ɜɌɓɗɔ-

ɣɔɫ: ɍɧɗɔ ɓɌɠɔɖɝɔɜɚɎɌəɧ ɛɚəɔɒɑəəɧɑ ɓəɌ-

ɣɑəɔɫ ɔəɐɑɖɝɌ ɛɚ ɉɁȺ-ȶȯ. ȽɜɌɎəɑəɔɑ ɔɓɘɑ-

ɜɑəɔɕ ɔəɐɑɖɝɌ Nakata ɘɑɒɐɟ ɘɑɞɚɐɌɘɔ ɉɁȺ-

ȶȯ ɔ ȶȾ ɝɑɜɐɢɌ ɔ ɉɁȺ-ȶȯ ɔ ɖɌɜɐɔɚ-ȸȼȾ ɓɌ-

ɠɔɖɝɔɜɚɎɌɗɚ ɝɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɚɑ ɓɌəɔ-

ɒɑəɔɑ ɔəɐɑɖɝɌ ɘɑɞɚɐɚɘ ɉɁȺ-ȶȯ Ɏ ɝɜɌɎəɑəɔɔ 

ɝ ȶȾ ɔ ȸȼȾ. ȼɌɝɝɣɔɞɌəəɧɕ ɔəɐɑɖɝ Nakata 

ɛɜɔ ɛɜɚɎɑɐɑəɔɔ ȶȾ ɔ ȸȼȾ ɝɑɜɐɢɌ ɓəɌɣɔɘɚ əɑ 

ɚɞɗɔɣɌɗɝɫ ɚɞ ɐɌəəɧɡ ɛɜɫɘɚɕ Ȭȯ ɔ ɘɑɒɐɟ ɝɚ-

ɍɚɕ. ȽɜɌɎəɑəɔɑ Ɏɝɑɡ ɘɚɜɠɚɘɑɞɜɔɣɑɝɖɔɡ ɛɌ-

ɜɌɘɑɞɜɚɎ ɔ ɔəɐɑɖɝɔɜɚɎɌəəɧɡ ɛɚɖɌɓɌɞɑɗɑɕ 

ɛɜɑɐɝɞɌɎɗɑəɚ Ɏ ɞɌɍɗɔɢɑ ʈ1. 

ȼɌɐɔɖɌɗɨəɌɫ ɖɚɜɜɑɖɢɔɫ ɍɧɗɌ ɛɜɚɎɑɐɑ-

əɌ 38 ɛɌɢɔɑəɞɌɘ, 34 ð ɛɌɗɗɔɌɞɔɎəɌɫ ɚɛɑɜɌ-

ɢɔɫ: ɟ 11 ɛɌɢɔɑəɞɚɎ əɌ ɚɝəɚɎɌəɔɔ ɐɌəəɧɡ 

ɐɚɚɍɝɗɑɐɚɎɌəɔɫ (ȶȾ, ȸȼȾ ɝɑɜɐɢɌ) ɞɌɖɞɔɖɌ 

ɡɔɜɟɜɏɔɣɑɝɖɚɏɚ Ɏɑɐɑəɔɫ ɍɧɗɌ ɔɓɘɑəɑəɌ ɝ 

ɛɌɗɗɔɌɞɔɎəɚɏɚ ɛɚɐɡɚɐɌ əɌ ɜɌɐɔɖɌɗɨəɧɕ (ɜɔɝ. 

1 ɔ ɜɔɝ. 2). 

Based on echocardiography morphometry 

of the pulmonary artery system: z -score for 

righ t PA = -2.04, z -score for left PA = -2.63 (hy-

poplasia of the PA system), Nakata index -112 

mm2/m2, McGoon index 1.8. Based on the 

echocardiography findings, the patient was 

recommended for a palliative operation. As part 

of preoperative planning to further  assess the 

condition of the distal segments of the right 

and left PAs, the severity of PA hypoplasia, and 

the evaluation of right ventricular volumes and 

function, the patient underwent cardiac CT and 

MRI. The time interval between the 

examinations was 6 days.  

Ⱥɍɝɟɒɐɑəɔɑ. 

Ȯɚɓɘɚɒəɚɝɞɨ ɚɖɌɓɌəɔɫ ɛɚɘɚɥɔ ɔ ɛɜɚ-

ɏəɚɓ ɓɌɍɚɗɑɎɌəɔɫ ɟ ɐɑɞɑɕ ɝ Ⱦɀ Ɏ ɛɑɜɎɟɪ ɚɣɑ-

ɜɑɐɨ ɚɛɜɑɐɑɗɫɪɞɝɫ ɝɞɑɛɑəɨɪ ɎɧɜɌɒɑəəɚɝɞɔ 

ɏɔɛɚɛɗɌɓɔɔ ɝɔɝɞɑɘɧ ȷȬ ɔ əɌɗɔɣɔɑɘ ɝɚɣɑɞɌə-

əɧɡ ɔəɞɜɌ- ɔ ɩɖɝɞɜɌɖɌɜɐɔɌɗɨəɧɡ ɌəɚɘɌɗɔɕ 

[2, 3]. ȺɢɑəɖɌ ɜɌɓɎɔɞɔɫ ɝɔɝɞɑɘɧ ȷȬ ɟ ɐɑɞɑɕ 

ɎɚɓɘɚɒəɌ ɝ ɛɚɘɚɥɨɪ ɤɔɜɚɖɚɏɚ ɝɛɑɖɞɜɌ Ɏɔ-

ɓɟɌɗɔɓɌɢɔɚəəɧɡ ɘɑɞɚɐɚɎ: ɉɁȺ-ȶȯ, ȶȾ ɝɑɜɐɢɌ 

ɔ ɖɌɜɐɔɚ-ȸȼȾ, ɚɐəɌɖɚ ɛɜɔ ɖɗɌɝɝɔɣɑɝɖɚɕ 

ɠɚɜɘɑ Ⱦɀ ɝ ɏɔɛɚɛɗɌɓɔɑɕ ɝɔɝɞɑɘɧ ȷȬ Ɏ ɟɝɗɚ-

Ɏɔɫɡ ɚɏɜɌəɔɣɑəəɚɏɚ ɗɑɏɚɣəɚɏɚ ɖɜɚɎɚɞɚɖɌ ɝɟ-

ɥɑɝɞɎɟɑɞ ɞɑəɐɑəɢɔɫ ɖ əɑɐɚɚɢɑəɖɑ ɗɑɏɚɣəɚ-

ɌɜɞɑɜɔɌɗɨəɚɏɚ ɜɟɝɗɌ ɘɑɞɚɐɌɘɔ ɖɌɜɐɔɚɎɔɓɟɌ-

ɗɔɓɌɢɔɔ, ɣɞɚ ɘɚɒɑɞ ɝɟɒɌɞɨ ɛɚɖɌɓɌəɔɫ ɔ 

ɚɏɜɌəɔɣɔɎɌɞɨ Ɏɚɓɘɚɒəɚɝɞɨ ɛɜɚɎɑɐɑəɔɫ ɚɐ-

əɚɘɚɘɑəɞəɚɕ ɜɌɐɔɖɌɗɨəɚɕ ɖɚɜɜɑɖɢɔɔ ɛɚɜɚ-

ɖɌ [10].  

 çȳɚɗɚɞɧɘ ɝɞɌəɐɌɜɞɚɘè Ɏ ɛɜɑɐɚɛɑɜɌɢɔ-

ɚəəɚɕ ɚɢɑəɖɑ ɌəɌɞɚɘɔɔ ȷȬ ɔ ɝɞɑɛɑəɔ ɎɧɜɌ-

ɒɑəəɚɝɞɔ ɑɑ ɏɔɛɚɛɗɌɓɔɔ ɚɝɞɌɑɞɝɫ ɐɔɌɏəɚɝɞɔ-

ɣɑɝɖɌɫ ɖɌɞɑɞɑɜɔɓɌɢɔɫ ɛɚɗɚɝɞɑɕ ɝɑɜɐɢɌ ɝ 

ɛɜɚɎɑɐɑəɔɑɘ ɛɜɫɘɚɕ Ȭȯ [5, 6]. 

ȻɜɚɏɜɑɝɝɔɎəɚɑ ɜɌɓɎɔɞɔɑ əɑɔəɎɌɓɔɎəɧɡ 

ɘɑɞɚɐɔɖ ɐɗɫ ɘɚɜɠɚɠɟəɖɢɔɚəɌɗɨəɚɕ ɚɢɑəɖɔ 

ɝɑɜɐɢɌ Ɏ ɜɌɓəɧɡ ɛɌɞɚɗɚɏɔɣɑɝɖɔɡ ɌɝɛɑɖɞɌɡ 

ɚɍɟɝɗɌɎɗɔɎɌɑɞ ɛɚɎɧɤɑəəɧɕ ɔ ɚɛɜɌɎɐɌəəɧɕ 

ɔəɞɑɜɑɝ ɖ ȶȾ ɔ ȸȼȾ ɝɚ ɝɞɚɜɚəɧ ɖɌɜɐɔɚɗɚɏɚɎ 

ɔ ɖɌɜɐɔɚɡɔɜɟɜɏɚɎ [13]. Ȯ əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ Ɏ 

ɟɝɗɚɎɔɫɡ ɐɚɝɞɟɛəɚɝɞɔ ɔ Ɏɧɝɚɖɚɕ ɞɚɣəɚɝɞɔ 

ɝɚɎɜɑɘɑəəɧɡ əɑɔəɎɌɓɔɎəɧɡ ɔəɝɞɜɟɘɑəɞɚɎ 

ɎɔɓɟɌɗɔɓɌɢɔɔ ɝɑɜɐɢɌ Ɏɚɛɜɚɝ ɢɑɗɑɝɚɚɍɜɌɓəɚ-
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ɝɞɔ ɔ əɑɚɍɡɚɐɔɘɚɝɞɔ ɜɟɞɔəəɚɏɚ ɛɜɔɘɑəɑəɔɫ 

ɛɜɫɘɚɕ Ȭȯ ɟ ɐɑɞɑɕ ɝ Ⱦɀ ɚɝɞɌɑɞɝɫ ɚɞɖɜɧɞɧɘ 

[14]. Ȯ ɛɚɝɗɑɐəɑɑ Ɏɜɑɘɫ ɝɟɥɑɝɞɎɟɑɞ ɞɑəɐɑə-

ɢɔɫ ɖ ɛɜɚɎɑɐɑəɔɪ ɞɚɏɚ ɔɗɔ ɔəɚɏɚ ɞɔɛɌ ɚɛɑ-

ɜɌɞɔɎəɚɕ ɖɚɜɜɑɖɢɔɔ ɛɚɜɚɖɚɎ, ɞɚɗɨɖɚ əɌ ɚɝ-

əɚɎɌəɔɔ ɐɌəəɧɡ ɛɚɗɟɣɑəəɧɡ ɛɚ ɉɁȺ-ȶȯ [9]. 

Ȯ ɛɜɚɎɑɐɑəəɚɘ əɌɘɔ ɔɝɝɗɑɐɚɎɌəɔɔ ɍɧ-

ɗɔ ɚɛɜɑɐɑɗɑəɧ Ɏɚɓɘɚɒəɚɝɞɔ əɑɔəɎɌɓɔɎəɧɡ 

ɘɑɞɚɐɚɎ ɖɌɜɐɔɚɎɔɓɟɌɗɔɓɌɢɔɔ (ɉɁȺ-ȶȯ, ȶȾ ɔ 

ȸȼȾ ɝɑɜɐɢɌ) Ɏ ɚɢɑəɖɑ ɐɔɌɘɑɞɜɚɎ ɔ ɔəɐɑɖɝɔ-

ɜɚɎɌəəɧɡ ɛɚɖɌɓɌɞɑɗɑɕ ɗɑɏɚɣəɚ-ɌɜɞɑɜɔɌɗɨəɚɕ 

ɝɔɝɞɑɘɧ əɌ ɐɚɚɛɑɜɌɢɔɚəəɚɘ ɩɞɌɛɑ ɟ ɐɑɞɑɕ ɝ 

Ⱦɀ. Ȼɚɗɟɣɑəəɧɑ Ɏ ɡɚɐɑ ɉɁȺ-ȶȯ, ȶȾ ɔ ȸȼȾ 

ɝɑɜɐɢɌ ɔɓɘɑɜɑəɔɫ ɝɚɛɚɝɞɌɎɗɫɗɔɝɨ ɝ ɜɑɓɟɗɨ-

ɞɌɞɌɘɔ ɛɜɫɘɚɕ Ȭȯ ɔ/ɔɗɔ ɔəɞɜɌɚɛɑɜɌɢɔɚə-

əɧɘɔ ɐɌəəɧɘɔ. 

ȾɜɌəɝɞɚɜɌɖɌɗɨəɌɫ ɉɁȺ-ȶȯ, ɖɌɖ ɔəɔɢɔ-

Ɍɗɨəɧɕ ɘɑɞɚɐ əɑɔəɎɌɓɔɎəɚɕ ɐɔɌɏəɚɝɞɔɖɔ 

ɝɗɚɒəɧɡ ȮȻȽ ɝ ɏɔɛɚɎɚɗɑɘɔɑɕ ɘɌɗɚɏɚ ɖɜɟɏɌ 

ɖɜɚɎɚɚɍɜɌɥɑəɔɫ, ɔɏɜɌɑɞ ɎɌɒəɟɪ ɜɚɗɨ Ɏ 

ɚɢɑəɖɑ ȷȬ ɟ ɐɑɞɑɕ ɝ Ⱦɀ, ɚɐəɌɖɚ ɔɘɑɑɞ ɚɏɜɌ-

əɔɣɑəɔɫ ɚɢɑəɖɔ ɐɔɌɘɑɞɜɚɎ ɛȷȬ ɔ ɗȷɌ əɌ 

ɛɜɚɞɫɒɑəɔɔ ɔ əɌ ɟɜɚɎəɑ ɚɞɡɚɒɐɑəɔɫ Ɏɑɜɡ-

əɑɐɚɗɑɎɚɕ ɎɑɞɎɔ, ɚɝɚɍɑəəɚ ɟ ɐɑɞɑɕ ɝɞɌɜɤɑ 6 

ɘɑɝɫɢɑɎ, ɛɚ ɘɑɜɑ ɜɚɝɞɌ ɏɜɟɐəɚɕ ɖɗɑɞɖɔ ɔ 

ɟɡɟɐɤɑəɔɫ Ɍɖɟɝɞɔɣɑɝɖɚɏɚ ɚɖəɌ [14]. Ƚɟɒɑəɔɑ 

ɛɜɚɝɎɑɞɌ ɛȷȬ ɔ ɗȷȬ Ɏ ɟɝɞɨɑ ɔ Ɏ ɛɜɚɖɝɔɘɌɗɨ-

əɧɡ ɚɞɐɑɗɌɡ ɛɜɔ ɟɝɗɚɎɔɔ ɚɞɝɟɞɝɞɎɔɫ ɎɧɜɌ-

ɒɑəəɚɕ ɏɔɛɚɛɗɌɓɔɔ əɌ ɟɜɚɎəɑ ɍɔɠɟɜɖɌɢɔɔ 

əɌ ɐɚɗɑɎɧɑ ɎɑɞɎɔ əɑ ɫɎɗɫɑɞɝɫ ɛɜɚɞɔɎɚɛɚɖɌ-

ɓɌəɔɑɘ ɖ ɛɜɚɎɑɐɑəɔɪ ɜɌɐɔɖɌɗɨəɚɕ ɖɚɜɜɑɖ-

ɢɔɔ [15]. ȺɛɔɝɌəəɧɑ ɚɏɜɌəɔɣɑəɔɫ ɘɑɞɚɐɌ Ɏ 

ɚɢɑəɖɑ ȷȬ əɌ ɛɜɚɞɫɒɑəɔɔ ɔ Ɏ ɐɔɝɞɌɗɨəɧɡ 

ɚɞɐɑɗɌɡ ɖɚɜɜɑɗɔɜɟɪɞ ɝ ɛɚɗɟɣɑəəɧɘɔ Ɏ ɡɚɐɑ 

əɌɤɑɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ ɜɑɓɟɗɨɞɌɞɌɘɔ: ɔɓ 72 

ɐɑɞɑɕ ɝ Ⱦɀ ɛɚ ɉɁȺ-ȶȯ ɍɧɗɌ Ɏɚɓɘɚɒəɚɝɞɨ 

ɚɢɑəɖɔ ɐɔɌɘɑɞɜɚɎ ɛȷȬ ɔ ɗȷȬ əɌ ɐɔɝɞɌɗɨəɚɘ 

ɟɜɚɎəɑ ɞɚɗɨɖɚ ɟ 37 ɛɌɢɔɑəɞɚɎ (51,3%). Ȼɜɔ 

ɩɞɚɘ Ɏɚ Ɏɝɑɡ ɝɗɟɣɌɫɡ ɣɑɞɖɌɫ ɎɔɓɟɌɗɔɓɌɢɔɫ 

ɍɧɗɌ ɓɌɞɜɟɐəɑəɌ: ɍɧɗɔ ɛɚɗɟɣɑəɧ ɜɑɓɟɗɨɞɌɞɧ 

ɓəɌɣɔɘɚɏɚ ɓɌəɔɒɑəɔɫ ɐɔɌɘɑɞɜɚɎ ɔ ɔəɐɑɖɝɔ-

ɜɚɎɌəəɧɡ ɛɚɖɌɓɌɞɑɗɑɕ (ɔəɐɑɖɝ McGoon ɔ ɔə-

ɐɑɖɝ Nakata) ɛɚ ɉɁȺ-ȶȯ, ɖɌɖ Ɏ ɝɜɌɎəɑəɔɔ ɝ 

ɛɜɫɘɚɕ Ȭȯ/ɔəɞɜɌɚɛɑɜɌɢɔɚəəɧɘɔ ɐɌəəɧɘɔ, 

ɞɌɖ ɔ Ɏ ɝɜɌɎəɑəɔɔ ɝ ɘɑɞɚɐɌɘɔ ȶȾ ɔ ȸȼȾ 

ɝɑɜɐɢɌ.  ȿ 11 ɛɌɢɔɑəɞɚɎ ɛɚɝɗɑ ɉɁȺ-ȶȯ Ɏ ɡɚɐɑ 

ɐɚɚɍɝɗɑɐɚɎɌəɔɫ Ɏ Ɏɔɐɑ ɛɜɚɎɑɐɑəɔɫ ȶȾ, ȸȼȾ 

ɝɑɜɐɢɌ ɔɗɔ ɛɜɫɘɚɕ Ȭȯ ɞɌɖɞɔɖɌ Ɏɑɐɑəɔɫ ɍɧɗɌ 

ɔɓɘɑəɑəɌ ɝ ɛɌɗɗɔɌɞɔɎəɚɕ əɌ ɜɌɐɔɖɌɗɨəɟɪ 

ɖɚɜɜɑɖɢɔɪ.  

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ɞɜɌəɝɞɚɜɌɖɌɗɨəɌɫ ɉɁȺ-

ȶȯ əɑ ɘɚɒɑɞ ɍɧɞɨ ɚɖɚəɣɌɞɑɗɨəɧɘ ɘɑɞɚɐɚɘ 

ɛɜɑɐɚɛɑɜɌɢɔɚəəɚɕ ɚɢɑəɖɔ ɐɔɌɘɑɞɜɚɎ ɔ ɔə-

ɐɑɖɝɔɜɚɎɌəəɧɡ ɛɚɖɌɓɌɞɑɗɑɕ ɝɔɝɞɑɘɧ ȷȬ ɟ 

ɐɑɞɑɕ ɝ Ⱦɀ, ɔ ɐɌɒɑ ɛɜɔ ɟɝɗɚɎɔɔ ɞɑɡəɔɣɑɝɖɚɕ 

Ɏɚɓɘɚɒəɚɝɞɔ ɛɜɚɎɑɐɑəɔɫ ɔɓɘɑɜɑəɔɕ ɔ ɚɢɑə-

ɖɔ ɐɔɌɘɑɞɜɚɎ ɐɔɝɞɌɗɨəɧɡ ɚɞɐɑɗɚɎ ɛȷȬ ɔ ɗȷȬ 

Ɏɚ Ɏɝɑɡ ɝɗɟɣɌɫɡ ɐɚɗɒəɌ ɐɚɛɚɗəɫɞɨɝɫ ɍɚɗɑɑ 

ɔəɠɚɜɘɌɞɔɎəɧɘɔ ɎɔɓɟɌɗɔɓɌɢɔɚəəɧɘɔ ɘɑɞɚ-

ɐɌɘɔ. 

Ʉɔɜɚɖɚɑ ɜɌɓɎɔɞɔɑ ɞɚɘɚɏɜɌɠɔɣɑɝɖɔɡ 

ɘɑɞɚɐɔɖ (ȶȾ ɔ ȸȼȾ ɝɑɜɐɢɌ), Ɏɚɓɘɚɒəɚɝɞɨ 

Ɏɝɑɝɞɚɜɚəəɑɕ ɚɢɑəɖɔ ɛɌɞɚɗɚɏɔɔ ɝɑɜɐɢɌ ɔ ɝɚ-

ɝɟɐɚɎ ɔ ɘɑəɨɤɔɑ, ɛɚ ɝɜɌɎəɑəɔɪ ɝ ɛɜɫɘɚɕ Ȭȯ 

ɜɔɝɖɔ, ɚɛɜɑɐɑɗɫɪɞ ɌɖɞɟɌɗɨəɚɝɞɨ ɔɓɟɣɑəɔɫ 

Ɏɚɓɘɚɒəɚɝɞɑɕ ɐɌəəɧɡ ɘɑɞɚɐɔɖ Ɏ ɛɜɑɐɚɛɑɜɌ-

ɢɔɚəəɚɕ ɚɢɑəɖɑ ɝɔɝɞɑɘɧ ȷȬ ɟ ɐɑɞɑɕ ɝ ɏɔɛɚ-

Ɏɚɗɑɘɔɑɕ ɘɌɗɚɏɚ ɖɜɟɏɌ ɖɜɚɎɚɚɍɜɌɥɑəɔɫ. Ȼɚ 

ɐɌəəɧɘ ɜɫɐɌ ɌɎɞɚɜɚɎ ȶȾ ɔ ȸȼȾ ɘɑɞɚɐɔɖɔ 

ɞɌɖɒɑ, ɖɌɖ ɔ ɉɁȺ-ȶȯ, ɔɘɑɪɞ ɞɑəɐɑəɢɔɪ ɖ 

əɑɐɚɚɢɑəɖɑ ɝɔɝɞɑɘɧ ȷȬ: ɝɚɚɍɥɌɑɞɝɫ ɚ ɝɞɌɞɔ-

ɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɚɘ ɓɌəɔɒɑəɔɔ ɐɔɌɘɑɞɜɚɎ 

ɛȷȬ, ɗȷȬ ɔ ɔəɐɑɖɝɌ Nakata ɛɜɔ ɛɜɚɎɑɐɑəɔɔ 

ȶȾ ɝɑɜɐɢɌ ɟ ɐɑɞɑɕ [16].  

Ȯɘɑɝɞɑ ɝ ɩɞɔɘ ɝɟɥɑɝɞɎɟɑɞ ɜɫɐ ɜɌɍɚɞ 

ɔəɚɝɞɜɌəəɧɡ ɖɚɗɗɑɏ, ɐɚɖɌɓɧɎɌɪɥɔɡ Ɏɧɝɚɖɔɑ 

ɐɔɌɏəɚɝɞɔɣɑɝɖɔɑ Ɏɚɓɘɚɒəɚɝɞɔ ȶȾ ɔ ȸȼȾ ɘɑ-

ɞɚɐɔɖ Ɏ ɛɜɑɐɚɛɑɜɌɢɔɚəəɚɕ ɚɢɑəɖɑ ɝɔɝɞɑɘɧ 

ȷȬ, ɔɓɘɑɜɑəɔɔ ɐɔɌɘɑɞɜɚɎ ɔ ɔəɐɑɖɝɔɜɚɎɌə-

əɧɡ ɛɚɖɌɓɌɞɑɗɑɕ ɛȷɌ ɔ ɗȷɌ əɌ Ɏɝɬɘ ɔɡ ɛɜɚ-

ɞɫɒɑəɔɔ [16, 17]. Ȯ əɌɝɞɚɫɥɑɘ ɔɝɝɗɑɐɚɎɌəɔɔ 

ɜɑɓɟɗɨɞɌɞɧ ɚɢɑəɖɔ ɜɌɓɎɔɞɔɫ ɝɔɝɞɑɘɧ ȷȬ ɛɚ 

ȶȾ ɔ ȸȼȾ ɝɑɜɐɢɌ (z-score, ɔəɐɑɖɝɧ McGoon ɔ 

Nakata) ɝɚɛɚɝɞɌɎɔɘɧ ɔ ɝɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌ-

ɣɔɘɚ əɑ ɚɞɗɔɣɌɪɞɝɫ ɚɞ ɛɜɫɘɚɕ Ȭȯ, ɣɞɚ ɛɚɓ-

Ɏɚɗɫɑɞ ɝɐɑɗɌɞɨ ɎɌɒəɧɕ ɎɧɎɚɐ ɚ Ɏɚɓɘɚɒəɚɝɞɔ 

ɔɝɛɚɗɨɓɚɎɌəɔɫ əɑɔəɎɌɓɔɎəɧɡ ɞɚɘɚɏɜɌɠɔɣɑ-

ɝɖɔɡ ɘɑɞɚɐɔɖ, ɖɌɖ ɛɚɗəɚɢɑəəɟɪ ɌɗɨɞɑɜəɌɞɔ-

Ɏɟ ɖɌɞɑɞɑɜɔɓɌɢɔɔ ɛɚɗɚɝɞɑɕ ɝɑɜɐɢɌ ɝ ɛɜɚɎɑ-

ɐɑəɔɑɘ ɛɜɫɘɚɕ Ȭȯ. Ȼɜɔ ɛɜɚɎɑɐɑəɔɔ ɛɚɛɌɜ-

əɚɏɚ ɝɜɌɎəɑəɔɫ Ɏɚɓɘɚɒəɚɝɞɑɕ ȶȾ ɔ ȸȼȾ ɘɑ-

ɞɚɐɔɖ Ɏ ɚɢɑəɖɑ ɜɌɓɎɔɞɔɫ ȷȬ ɝɞɌɞɔɝɞɔɣɑɝɖɔ 

ɓəɌɣɔɘɧɡ ɜɌɓɗɔɣɔɕ ɞɌɖɒɑ ɛɚɗɟɣɑəɚ əɑ ɍɧɗɚ.  

ȳɌɖɗɪɣɑəɔɑ. 

ȺɝəɚɎəɧɘ ɘɑɞɚɐɚɘ ɗɑɣɑəɔɫ ɛɌɢɔɑəɞɚɎ 

ɝɚ ɝɗɚɒəɧɘɔ ȮȻȽ, ɎɖɗɪɣɌɫ Ⱦɀ, ɫɎɗɫɑɞɝɫ ɡɔ-

ɜɟɜɏɔɣɑɝɖɌɫ ɖɚɜɜɑɖɢɔɫ ɛɚɜɚɖɌ. Ⱥɐəɔɘ ɔɓ 

ɖɗɪɣɑɎɧɡ ɖɜɔɞɑɜɔɑɎ, Ɏɗɔɫɪɥɔɡ əɌ Ɏɧɍɚɜ 

ɘɑɞɚɐɌ ɖɚɜɜɑɖɢɔɔ Ⱦɀ ɟ ɐɑɞɑɕ ɫɎɗɫɑɞɝɫ ɝɞɑ-

ɛɑəɨ ɎɧɜɌɒɑəəɚɝɞɔ ɏɔɛɚɛɗɌɓɔɔ ɝɔɝɞɑɘɧ ȷȬ.  

ȾɜɌəɝɞɚɜɌɖɌɗɨəɌɫ ɉɁȺ-ȶȯ əɑ ɘɚɒɑɞ 

ɝɣɔɞɌɞɨɝɫ ɚɖɚəɣɌɞɑɗɨəɧɘ ɘɑɞɚɐɚɘ ɛɜɑɐɚɛɑ-

ɜɌɢɔɚəəɚɕ ɚɢɑəɖɔ ɜɌɓɎɔɞɔɫ ɝɔɝɞɑɘɧ ȷȬ ɟ 

ɐɑɞɑɕ ɝ Ⱦɀ ɎɎɔɐɟ ɚɏɜɌəɔɣɑəɔɫ Ɏɚɓɘɚɒəɚɝɞɑɕ 

ɎɔɓɟɌɗɔɓɌɢɔɔ ɐɔɝɞɌɗɨəɧɡ ɚɞɐɑɗɚɎ ɛɜɌɎɚɕ ɔ 

ɗɑɎɚɕ ɗɑɏɚɣəɧɡ Ɍɜɞɑɜɔɕ ɔ ɓəɌɣɔɘɧɘ ɓɌəɔ-

ɒɑəɔɑɘ ɐɔɌɘɑɞɜɚɎ ɔ ɔəɐɑɖɝɔɜɚɎɌəəɧɡ ɛɚ-

ɖɌɓɌɞɑɗɑɕ ɛɚɝɗɑɐəɔɡ.  

ȶȾ ɔ ȸȼȾ ɝɑɜɐɢɌ Ɏ ɛɜɚɎɑɐɑəɔɔ ɘɚɜɠɚ-

ɘɑɞɜɔɔ ɝɔɝɞɑɘɧ ȷȬ ɛɚɖɌɓɌɗɔ ɝɑɍɫ ɜɌɎəɚ-

ɓəɌɣəɚ, ɖɌɖ ɎɧɝɚɖɚɩɠɠɑɖɞɔɎəɧɑ ɔ Ɍɗɨɞɑɜ-

əɌɞɔɎəɧɑ ɛɜɫɘɚɕ ɌəɏɔɚɏɜɌɠɔɔ ɘɑɞɚɐɔɖɔ.  

Ȯɧɍɚɜ ɘɑɒɐɟ ɛɜɑɐɚɛɑɜɌɢɔɚəəɚɕ ȶȾ ɔ 

ȸȼȾ ɝɑɜɐɢɌ ɐɗɫ ɜɑɍɑəɖɌ ɝ Ⱦɀ ɐɚɗɒɑə ɛɜɚɎɚ-

ɐɔɞɨɝɫ Ɏ ɖɌɒɐɚɘ ɖɚəɖɜɑɞəɚɘ ɝɗɟɣɌɑ ɚɞɐɑɗɨ-

əɚ ɝ ɟɣɑɞɚɘ ɚɍɥɑɏɚ ɝɚɝɞɚɫəɔɫ ɛɌɢɔɑəɞɌ, 

əɌɗɔɣɔɫ ɛɜɚɞɔɎɚɛɚɖɌɓɌəɔɕ ɖ ɍɚɗɑɑ ɐɗɔɞɑɗɨ-

əɚɘɟ ɛɜɑɍɧɎɌəɔɪ Ɏ əɌɜɖɚɓɑ ɛɜɔ ɛɜɚɎɑɐɑəɔɔ 
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ȸȼȾ, ɔ/ɔɗɔ ɎɎɑɐɑəɔɪ ɜɑəɞɏɑəɚɖɚəɞɜɌɝɞəɧɡ 

ɛɜɑɛɌɜɌɞɚɎ ɛɜɔ ɛɜɚɎɑɐɑəɔɔ ȶȾ ɝɑɜɐɢɌ.    

ȴɝɞɚɣəɔɖ ɠɔəɌəɝɔɜɚɎɌəɔɫ ɔ ɖɚə-

ɠɗɔɖɞ ɔəɞɑɜɑɝɚɎ. 

ȬɎɞɚɜɧ ɐɌəəɚɕ ɝɞɌɞɨɔ ɛɚɐɞɎɑɜɐɔɗɔ ɚɞ-

ɝɟɞɝɞɎɔɑ ɠɔəɌəɝɚɎɚɕ ɛɚɐɐɑɜɒɖɔ ɔɝɝɗɑɐɚɎɌ-

əɔɫ ɔ ɖɚəɠɗɔɖɞɌ ɔəɞɑɜɑɝɚɎ, ɚ ɖɚɞɚɜɧɡ əɑɚɍ-

ɡɚɐɔɘɚ ɝɚɚɍɥɔɞɨ. 
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ȮȳȬȴȸȺȽȮɋȳɈ ɁȬȼȬȶȾȱȼȴȽȾȴȶ ȻȱȼȴȶȬȼȰȴȬȷɈȹȺȯȺ ȲȴȼȬ Ƚ ȶȷȴȹȴɃȱȽȶȴȸȴ 

ȺȽȺȭȱȹȹȺȽȾɋȸȴ ȽȱȼȰȱɃȹȺ-ȽȺȽȿȰȴȽȾɇɁ ȳȬȭȺȷȱȮȬȹȴȵ 

 

ɃɬɜəɌɫ Ȭ.1, Ȼɣɑɗɔə ȴ.Ɋ.1, ȶɌɘɧɤɌəɝɖɌɫ ȴ.ȯ.1,3, ȻɜɔɐɎɔɒɖɔəɌ Ⱦ.Ƚ.2 
 

1 ð ɀȯȭȺȿ ȮȺ çȽɌəɖɞ-Ȼɑɞɑɜɍɟɜɏɝɖɔɕ ɏɚɝɟɐɌɜɝɞɎɑəəɧɕ ɟəɔɎɑɜɝɔɞɑɞè. ɏ. ȽɌəɖɞ-Ȼɑɞɑɜɍɟɜɏ, ȼɚɝɝɔɫ. 

2 ð ȶɗɔəɔɖɌ Ɏɧɝɚɖɔɡ ɘɑɐɔɢɔəɝɖɔɡ ɞɑɡəɚɗɚɏɔɕ ɔɘ. ȹ. ȴ. ȻɔɜɚɏɚɎɌ ȽȻɍȯȿ. ɏ. ȽɌəɖɞ-Ȼɑɞɑɜɍɟɜɏ, ȼɚɝɝɔɫ. 

3 ð ȽȻɍ ȯȭȿȳ çȯɚɜɚɐɝɖɌɫ ȸɌɜɔɔəɝɖɌɫ ɍɚɗɨəɔɢɌè. ɏ. ȽɌəɖɞ-Ȼɑɞɑɜɍɟɜɏ, ȼɚɝɝɔɫ. 

 

ɑɗɨ ɔɝɝɗɑɐɚɎɌəɔɫ. ȴɓɟɣɔɞɨ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɔ ɔɡ ɎɓɌɔɘɚ-

ɝɎɫɓɨ ɝ ɖɗɔəɔɖɚ-ɗɌɍɚɜɌɞɚɜəɧɘɔ ɛɚɖɌɓɌɞɑɗɫɘɔ ɟ ɛɌɢɔɑəɞɚɎ ɝ ɔɤɑɘɔɣɑɝɖɚɕ ɍɚɗɑɓəɨɪ 

ɝɑɜɐɢɌ (ȴȭȽ) ɔ ɛɌɢɔɑəɞɚɎ ɍɑɓ ɝɑɜɐɑɣəɚ-ɝɚɝɟɐɔɝɞɧɡ ɓɌɍɚɗɑɎɌəɔɕ (ȽȽȳ). 

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. Ȯɧɛɚɗəɑə ɌəɌɗɔɓ ɐɌəəɧɡ 186 ɛɌɢɔɑəɞɚɎ: 113 ð ɝ ȴȭȽ ɔ 73 ð 

ɍɑɓ ȽȽȳ. Ȱɗɫ ɔɓɘɑɜɑəɔɫ ɛɌɜɌɘɑɞɜɚɎ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɕ ɒɔɜɚɎɚɕ ɞɖɌəɔ (ȻȲȾ) ɛɜɔɘɑ-

əɫɗɌɝɨ ɖɚɘɛɨɪɞɑɜəɌɫ ɞɚɘɚɏɜɌɠɔɫ ɝɚ ɝɖɌəɌɘɔ, Ɏɓɫɞɧɘɔ Ɏ ɌɖɝɔɌɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ ɔ ɝɜɑɐɚɝɞɑəəɚɘ 

ɜɑɒɔɘɑ. ȽɞɌɞɔɝɞɔɣɑɝɖɔɕ ɌəɌɗɔɓ ɛɜɚɎɚɐɔɗɝɫ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɛɜɚɏɜɌɘɘɧ SPSS v.23, ɛɜɔɘɑəɫ-

ɗɔ ɖɜɔɞɑɜɔɕ ȽɞɨɪɐɑəɞɌ, ɖɚɩɠɠɔɢɔɑəɞɧ ɖɚɜɜɑɗɫɢɔɔ ȻɔɜɝɚəɌ (r) ɔ ȽɛɔɜɘɑəɌ (rs). 

ȼɑɓɟɗɨɞɌɞɧ. Ⱥɍɦɑɘ ɔ ɛɗɚɞəɚɝɞɨ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɕ ɒɔɜɚɎɚɕ ɞɖɌəɔ ɟ ɛɌɢɔɑəɞɚɎ ɝ ȴȭȽ 

ɍɧɗɔ ɓəɌɣɔɘɚ Ɏɧɤɑ, ɣɑɘ ɟ ɛɌɢɔɑəɞɚɎ ɍɑɓ ɐɌəəɚɕ ɛɌɞɚɗɚɏɔɔ. ȾɌɖ ɚɍɦɬɘ ȻȲȾ ɝɚɝɞɌɎɔɗ 

92,66Ñ41,66 ɝɘ3 ɛɜɚɞɔɎ 55,30Ñ32,16 ɝɘ3, ɜ<0,001, ɛɗɚɞəɚɝɞɨ ɒɔɜɌ  - 64,46Ñ24,71 HU ɛɜɚɞɔɎ  -

84,90Ñ34,59 HU, ɜ<0,001. ȿ ɛɌɢɔɑəɞɚɎ ɝ ɠɔɍɜɔɗɗɫɢɔɑɕ ɛɜɑɐɝɑɜɐɔɕ (ɀȻ) ɓəɌɣɑəɔɫ ɚɍɦɬɘɌ ȻȲȾ 

ɍɧɗɔ ɍɚɗɨɤɑ: 103,29Ñ44,49 ɝɘ3 ɛɜɚɞɔɎ 85,63Ñ38,41 ɝɘ3, ɜ=0,027. Ƚɜɑɐɔ ɛɌɢɔɑəɞɚɎ, ɛɜɔəɔɘɌ-

ɪɥɔɡ ɏɔɛɚɗɔɛɔɐɑɘɔɣɑɝɖɔɑ ɛɜɑɛɌɜɌɞɧ, ɛɚɖɌɓɌɞɑɗɔ ɛɗɚɞəɚɝɞɔ ȻȲȾ ɍɧɗɔ əɔɒɑ: -73,60Ñ21,28 HU 

ɔ -62,15Ñ21,68 HU, p = 0,012. ȺɍəɌɜɟɒɑəɧ ɛɚɗɚɒɔɞɑɗɨəɧɑ ɖɚɜɜɑɗɫɢɔɔ ɚɍɦɑɘɌ ȻȲȾ ɝ ȴȸȾ (ɔə-

ɐɑɖɝ ɘɌɝɝɧ ɞɑɗɌ) (r = 0,698 (p<0,001) ɔ r = 0,384 (p = 0,009)) ɔ ɏɗɪɖɚɓɚɕ (rs = 0,242 (p = 0,049)  ɔ r 

= 0,303 (p = 0,043)) ɟ ɘɟɒɣɔə ɔ ɒɑəɥɔə ɝɚɚɞɎɑɞɝɞɎɑəəɚ. ȺɞɜɔɢɌɞɑɗɨəɧɑ ɖɚɜɜɑɗɫɢɔɔ ɛɗɚɞəɚɝɞɔ 

ɝ ȴȸȾ (r = -0,247, p = 0,045), ɚɍɥɔɘ ɡɚɗɑɝɞɑɜɔəɚɘ (r = -0,258, p = 0,038), ɞɜɔɏɗɔɢɑɜɔɐɌɘɔ (r = -

0,271, p = 0,036), ȷȻȮȻ (r = -0,302, p = 0,032) ɎɧɫɎɗɑəɧ ɞɚɗɨɖɚ ɟ ɘɟɒɣɔə.  

Ⱥɍɝɟɒɐɑəɔɑ. ȸɑɞɌɍɚɗɔɣɑɝɖɌɫ ɌɖɞɔɎəɚɝɞɨ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɕ ɒɔɜɚɎɚɕ ɞɖɌəɔ ɝɎɫɓɌəɌ ɝ 

ɔɓɘɑəɑəɔɑɘ ɩɖɝɛɜɑɝɝɔɔ ɛɜɚɌɞɑɜɚɏɑəəɧɡ ɔ ɛɜɚɠɔɍɜɚɞɔɣɑɝɖɔɡ ɏɑəɚɎ. ɉɞɚ ɝɗɟɒɔɞ ɠɚəɚɘ ɐɗɫ 

ɠɚɜɘɔɜɚɎɌəɔɫ ɝɑɜɐɑɣəɚ-ɝɚɝɟɐɔɝɞɧɡ ɓɌɍɚɗɑɎɌəɔɕ. 

ȳɌɖɗɪɣɑəɔɑ. Ⱥɍɦɑɘ ɔ ɛɗɚɞəɚɝɞɨ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɕ ɒɔɜɚɎɚɕ ɞɖɌəɔ ɜɌɓɗɔɣəɧ ɟ ɛɌɢɔɑəɞɚɎ 

ɝ ȴȭȽ ɔ ɍɑɓ əɑɬ. ȮɧɫɎɗɑəɚ Ɏɚɓɘɚɒəɚɑ Ɏɗɔɫəɔɑ ɏɔɛɚɗɔɛɔɐɑɘɔɣɑɝɖɚɕ ɞɑɜɌɛɔɔ əɌ ɛɗɚɞəɚɝɞɨ ȻȲȾ. 

Ⱥɛɜɑɐɑɗɑəɧ ɖɚɗɔɣɑɝɞɎɑəəɧɑ ɔɓɘɑəɑəɔɫ ȻȲȾ ɛɜɔ ɀȻ. ȺɍəɌɜɟɒɑəɧ ɖɚɜɜɑɗɫɢɔɔ ɡɌɜɌɖɞɑɜɔɝɞɔɖ 

ȻȲȾ ɝ ɖɗɔəɔɖɚ-ɗɌɍɚɜɌɞɚɜəɧɘɔ ɛɚɖɌɓɌɞɑɗɫɘɔ. 

 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɛɑɜɔɖɌɜɐɔɌɗɨəɧɕ ɒɔɜ, ɖɚɘɛɨɪɞɑɜəɌɫ ɞɚɘɚɏɜɌɠɔɫ, ɔɤɑɘɔɣɑɝɖɌɫ ɍɚ-

ɗɑɓəɨ ɝɑɜɐɢɌ, ɚɍɦɑɘ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ, ɛɗɚɞəɚɝɞɨ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ, ɝɑɜɐɑɣəɚ-

ɝɚɝɟɐɔɝɞɧɑ ɝɚɍɧɞɔɫ. 
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urpose . To study the characteristics of pericardial fat and their relationship with clinical 

and laboratory parameters in patients with coronary heart disease (CHD) and patients 

without cardiovascular diseases (CVD).  

Patients and methods . Data analysis of 186 pa tients was performed: 113 ð with CHD and 

73 ð without CVD. The computed tomography was used with scans in axial projection and mediasti-

nal mode to measure the parameters of pericardial fat (PF). Statistical analysis was performed using 

the SPSS v.23 progra m. Student's criterion, Pearson (r) and Spearman (rs) correlation coefficients 

were applied.  

Results. The volume and density of the PF in patients with CHD were significantly higher than 

in patients without this pathology. Thus, the volume of the PF was 92 .66Ñ41.66 cm3 versus 

55.30Ñ32.16 cm3, p<0.001, fat density was 64.46Ñ24.71 HU versus -84.90Ñ34.59 HU, p<0.001. In 

patients with atrial fibrillation (AF), the values of the volume of the PF were greater: 103.29Ñ44.49 

cm3 versus 85.63Ñ38.41 cm3, p=0.027. Among patients taking lopid -lowering drugs, the indices of 

PF density were lower: -73.60Ñ21.28 HU and -62.15Ñ21.68 HU, p = 0.012. Positive correlations of PF 

volume with BMI (body mass index) were found (r = 0.698 (p<0.001) and r = 0.384 (p = 0.009)) and 

gluc ose (rs = 0.242 (p = 0.049) and r = 0.303 (p = 0.043)) in men and women, respectively. Negative 

correlations of density with BMI (r = -0.247, p = 0.045), total cholesterol (r = -0.258, p = 0.038), tri-

glycerides (r = -0.271, p = 0.036), HDL (r = -0.302, p =  0.032) were found only in men.  

Discussion. The metabolic activity of the PF is associated with changes in the expression of 

proatherogenic and profibrotic genes. This provides a background for the formation of CVD.  

Conclusion . The volume and density of th e pericardial fat tissue are different in patients with 

and without coronary artery disease. A possible effect on the density of pericardial fat was revealed 

due to lipid -lowering therapy in CHD. Quantitative changes of the pericardial fat in AF were deter-

mined. Correlations of PF characteristics with clinical and laboratory parameters were found. . 
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ɗɚɍɌɗɨəɚɕ ɩɛɔɐɑɘɔɑɕ XXI ɎɑɖɌ ɝɞɌɗɚ 

ɚɒɔɜɑəɔɑ. Ⱥəɚ ɌɝɝɚɢɔɔɜɚɎɌəɚ ɝ ɜɑ-

ɓɔɝɞɑəɞəɚɝɞɨɪ ɖ ɔəɝɟɗɔəɟ, ɝɌɡɌɜəɧɘ 

ɐɔɌɍɑɞɚɘ 2 ɞɔɛɌ, ɝɑɜɐɑɣəɚ-

ɝɚɝɟɐɔɝɞɧɘɔ ɓɌɍɚɗɑɎɌəɔɫɘɔ, əɌɜɟ-

ɤɑəɔɑɘ ɐɧɡɌəɔɫ Ɏɚ ɝəɑ ɔ əɑɖɚɞɚɜɧɘɔ ɎɔɐɌ-

ɘɔ ɜɌɖɌ, Ɍ ɞɌɖɒɑ, ɛɚ ɐɌəəɧɘ ɩɛɔɐɑɘɔɚɗɚɏɔ-

ɣɑɝɖɔɡ ɔɝɝɗɑɐɚɎɌəɔɕ, ɚɒɔɜɑəɔɑ ɫɎɗɫɑɞɝɫ əɑ-

ɓɌɎɔɝɔɘɧɘ ɠɌɖɞɚɜɚɘ ɜɔɝɖɌ ɓɌɍɚɗɑɎɌɑɘɚɝɞɔ 

ɔ ɝɘɑɜɞəɚɝɞɔ ɚɞ Ɏɝɑɡ ɛɜɔɣɔə [1]. C 1980 ɏɚɐɌ 

ɣɔɝɗɚ ɗɔɢ Ɏɚ Ɏɝɑɘ ɘɔɜɑ, ɝɞɜɌɐɌɪɥɔɡ ɚɒɔɜɑ-

əɔɑɘ, Ɏɚɓɜɚɝɗɚ ɍɚɗɑɑ ɣɑɘ Ɏ 2 ɜɌɓɌ. Ȼɚ ɐɌə-

əɧɘ 2014 ɏɚɐɌ, 39% ɗɪɐɑɕ Ɏ ɎɚɓɜɌɝɞɑ 18 ɗɑɞ 

ɔ ɝɞɌɜɤɑ ɔɘɑɪɞ ɔɓɍɧɞɚɣəɧɕ Ɏɑɝ, Ɍ 13% 

ɝɞɜɌɐɌɪɞ ɚɞ ɚɒɔɜɑəɔɫ. ȽɗɑɐɚɎɌɞɑɗɨəɚ, Ɏ 

əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ ɝɟɥɑɝɞɎɟɑɞ ɞɑəɐɑəɢɔɫ ɖ 

əɌɍɚɜɟ ɘɌɝɝɧ ɞɑɗɌ ɝɜɑɐɔ əɌɝɑɗɑəɔɫ [2]. ȼɑɏɔ-

ɚəɌɜəɚɑ ɜɌɝɛɜɑɐɑɗɑəɔɑ ɒɔɜɚɎɚɕ ɞɖɌəɔ ɔɏɜɌ-

ɑɞ ɓəɌɣɔɘɟɪ ɜɚɗɨ Ɏ ɜɌɓɎɔɞɔɔ ɝɑɜɐɑɣəɚ-

ɝɚɝɟɐɔɝɞɧɡ ɓɌɍɚɗɑɎɌəɔɕ. Ⱥɒɔɜɑəɔɑ Ɏɧɝɞɟ-

ɛɌɑɞ əɑɓɌɎɔɝɔɘɧɘ ɠɌɖɞɚɜɚɘ ɜɔɝɖɌ ɝɑɜɐɑɣ-

əɚ-ɝɚɝɟɐɔɝɞɧɡ ɓɌɍɚɗɑɎɌəɔɕ ɓɌ ɝɣɑɞ ɝɛɚɝɚɍəɚ-

ɝɞɔ ɒɔɜɚɎɚɕ ɞɖɌəɔ ɛɚɐɐɑɜɒɔɎɌɞɨ ɡɜɚəɔɣɑ 

ɝɖɔɕ ɎɚɝɛɌɗɔɞɑɗɨəɧɕ ɛɜɚɢɑɝɝ. Ȼɜɔ ɩɞɚɘ 

əɑɏɌɞɔɎəɧɑ ɛɚɝɗɑɐɝɞɎɔɫ ɚɒɔɜɑəɔɫ ɝɎɫɓɌəɧ 

əɑ ɝɞɚɗɨɖɚ ɝ ɟɎɑɗɔɣɑəɔɑɘ ɚɍɥɑɏɚ ɖɚɗɔɣɑɝɞɎɌ 

ɒɔɜɚɎɚɕ ɞɖɌəɔ, ɝɖɚɗɨɖɚ ɝ ɟɎɑɗɔɣɑəɔɑɘ ɖɚɗɔ-

ɣɑɝɞɎɌ ɒɔɜɚɎɚɕ ɞɖɌəɔ, ɚɖɜɟɒɌɪɥɑɕ Ɏəɟɞ-

ɜɑəəɔɑ ɚɜɏɌəɧ. ȹɑɝɘɚɞɜɫ əɌ ɜɌɓɎɔɞɔɑ ɘɑɞɚ-

ɐɚɎ ɖɚəɝɑɜɎɌɞɔɎəɚɏɚ ɗɑɣɑəɔɫ ɔ ɝɞɜɌɞɑɏɔɕ 

ɜɑɎɌɝɖɟɗɫɜɔɓɌɢɔɔ, ɝɑɜɐɑɣəɚ-ɝɚɝɟɐɔɝɞɧɑ ɛɌ-

ɞɚɗɚɏɔɔ ɚɝɞɌɪɞɝɫ əɌ ɛɑɜɎɚɘ ɘɑɝɞɑ ɝɜɑɐɔ 

ɛɜɔɣɔə ɝɘɑɜɞəɚɝɞɔ. ȭɚɗɨɤɌɫ ɣɌɝɞɨ əɌɤɑɏɚ 

ɛɚəɔɘɌəɔɫ ɚ ɜɚɗɔ ɎɔɝɢɑɜɌɗɨəɚɕ ɒɔɜɚɎɚɕ 

ɞɖɌəɔ ɍɧɗɌ ɛɚɗɟɣɑəɌ ɍɗɌɏɚɐɌɜɫ ɔɓɟɣɑəɔɪ 

ɒɔɜɚɎɧɡ ɚɞɗɚɒɑəɔɕ Ɏ ɍɜɪɤəɚɕ ɛɚɗɚɝɞɔ [3, 

4]. ȶ əɌɝɞɚɫɥɑɘɟ ɘɚɘɑəɞɟ ɐɚɖɌɓɌəɚ, ɣɞɚ ɜɌ-

əɑɑ ɝɣɔɞɌɎɤɔɕɝɫ əɑɓəɌɣɔɘɧɘ ɔɗɔ ɝɗɟɣɌɕəɚ 

əɌɕɐɑəəɧɘ ɒɔɜ, ɚɖɜɟɒɌɪɥɔɕ ɝɑɜɐɢɑ, ɛɜɔ-

əɌɐɗɑɒɔɞ ɖ əɑɓɌɎɔɝɔɘɧɘ, ɖɚɗɔɣɑɝɞɎɑəəɚ 

ɔɓɘɑɜɫɑɘɧɘ ɠɌɖɞɚɜɌɘ ɝɑɜɐɑɣəɚ-ɝɚɝɟɐɔɝɞɚɏɚ 

ɜɔɝɖɌ [5]. ȴɓɟɣɑəɔɑ ɩɞɚɕ ɞɖɌəɔ əɌɣɌɗɚɝɨ Ɏ 

əɌɣɌɗɑ 2000-ɡ ɏɚɐɚɎ ɝɜɑɐɔ ɘɟɗɨɞɔɐɔɝɢɔɛɗɔ-

əɌɜəɚɕ Ɍɟɐɔɞɚɜɔɔ, ɎɖɗɪɣɌɫ ɝɛɑɢɔɌɗɔɝɞɚɎ Ɏ 

ɚɍɗɌɝɞɔ ɖɌɜɐɔɚɗɚɏɔɔ, ɞɑɜɌɛɔɔ, Ɍ ɞɌɖɒɑ ɠɟə-

ɐɌɘɑəɞɌɗɨəɚɕ ɘɑɐɔɢɔəɧ. Ȼɜɚɔɓɚɤɗɚ ɝɘɑɥɑ-

əɔɑ ɝɠɑɜɧ ɔəɞɑɜɑɝɌ ɚɞ ɚɍɥɑɏɚ ɚɒɔɜɑəɔɫ ɖ 

ɚɜɏɌəɚɝɛɑɢɔɠɔɣəɚɘɟ. ȻɑɜɔɖɌɜɐɔɌɗɨəɧɕ 

ɒɔɜ ɝɞɌəɚɎɔɞɝɫ ɘəɚɏɚɏɜɌəəɚɕ ɞɑɘɚɕ ɐɗɫ ɔɝ-

ɝɗɑɐɚɎɌəɔɕ ɔ ɔɓɟɣɑəɔɫ Ɏ ɝɚɎɜɑɘɑəəɚɕ ɘɑɐɔ-

ɢɔəɑ. Ȯ ɛɚɝɗɑɐəɔɑ ɐɎɌ ɐɑɝɫɞɔɗɑɞɔɫ ɝɚɚɍɥɌ-

ɑɞɝɫ, ɣɞɚ ɚɞɗɚɒɑəɔɑ ɒɔɜɌ Ɏ ɛɑɜɔɖɌɜɐɑ ɔɏɜɌ-

ɑɞ ɎɌɒəɟɪ ɠɔɓɔɚɗɚɏɔɣɑɝɖɟɪ ɔ ɘɑɞɌɍɚɗɔɣɑ-

ɝɖɟɪ ɜɚɗɨ Ɏ ɛɌɞɚɏɑəɑɓɑ ɖɚɜɚəɌɜəɚɏɚ Ɍɞɑɜɚ-

ɝɖɗɑɜɚɓɌ ɔ ȴȭȽ, ɖɌɖ ɓɌ ɝɣɬɞ ɗɚɖɌɗɨəɚɕ ɍɗɔ-

ɓɚɝɞɔ ɖ ɖɚɜɚəɌɜəɧɘ ɝɚɝɟɐɌɘ, ɞɌɖ ɔ ɓɌ ɝɣɬɞ 

ɝɔɝɞɑɘəɚɏɚ Ɏɗɔɫəɔɫ ɍɔɚɗɚɏɔɣɑɝɖɔ ɌɖɞɔɎəɧɡ 

ɎɑɥɑɝɞɎ, Ɏɧɐɑɗɫɑɘɧɡ ɒɔɜɚɎɧɘɔ ɖɗɑɞɖɌɘɔ 

ɛɑɜɔɖɌɜɐɌ [6]. ȻɑɜɔɖɌɜɐɔɌɗɨəɌɫ ɒɔɜɚɎɌɫ 

ɞɖɌəɨ ɝɣɔɞɌɑɞɝɫ ɘɑɞɌɍɚɗɔɣɑɝɖɔ ɌɖɞɔɎəɧɘ 

ɚɜɏɌəɚɘ, ɚɖɜɟɒɌɪɥɔɘ ɝɑɜɐɢɑ ɔ ɛɜɔɗɑɏɌɪ-

ɥɔɑ ɝɚɝɟɐɧ [7]. 

ɂɑɗɨ ɔɝɝɗɑɐɚɎɌəɔɫ. 

ȴɓɟɣɔɞɨ ɡɌɜɌɖɞɑɜɔɝɞɔɖɔ ɛɑɜɔɖɌɜ-

ɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɔ ɔɡ ɎɓɌɔɘɚɝɎɫɓɨ ɝ ɖɗɔəɔɖɚ-

ɗɌɍɚɜɌɞɚɜəɧɘɔ ɛɚɖɌɓɌɞɑɗɫɘɔ Ɏ ɏɜɟɛɛɌɡ ɛɌ-

ɢɔɑəɞɚɎ ɝɚ ɝɞɌɍɔɗɨəɚɕ ȴȭȽ ɔ ɛɌɢɔɑəɞɚɎ, əɑ 

ɝɞɜɌɐɌɪɥɔɡ ɝɑɜɐɑɣəɚ-ɝɚɝɟɐɔɝɞɧɘɔ ɓɌɍɚɗɑ-

ɎɌəɔɫɘɔ. 

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. 

ȼɌɍɚɞɌ ɎɧɛɚɗəɑəɌ əɌ ɚɝəɚɎɑ ɜɑɞɜɚ-

ɝɛɑɖɞɔɎəɚɏɚ ɌəɌɗɔɓɌ ɐɌəəɧɡ 186 ɛɌɢɔɑəɞɚɎ 

Ɏ ɎɚɓɜɌɝɞɑ ɚɞ 45 ɐɚ 86 ɗɑɞ, ɛɜɚɡɚɐɔɎɤɔɡ ɗɑ-

ɣɑəɔɑ Ɏ ȽȻɍ ȯȭȿȳ çȯɚɜɚɐɝɖɌɫ ȸɌɜɔɔəɝɖɌɫ 

ɍɚɗɨəɔɢɌè ɔ ȶȮȸȾ ɔɘ. ȹ.ȴ. ȻɔɜɚɏɚɎɌ ȽȻɍȯȿ 

ɝ 09.2021 ɏ. ɛɚ 12.2022 ɏ., ɖɚɞɚɜɧɘ Ɏɚ Ɏɜɑɘɫ 

ɐɌəəɚɕ ɏɚɝɛɔɞɌɗɔɓɌɢɔɔ ɍɧɗɌ ɎɧɛɚɗəɑəɌ 

ɖɚɘɛɨɪɞɑɜəɌɫ ɞɚɘɚɏɜɌɠɔɫ (ȶȾ) ɚɜɏɌəɚɎ 

ɏɜɟɐəɚɕ ɛɚɗɚɝɞɔ. Ƚɜɑɐəɔɕ ɎɚɓɜɌɝɞ ɛɌɢɔɑə-

ɞɚɎ ɝɚɝɞɌɎɔɗ 64,0Ñ11,7 ɗɑɞ.  

ȻɌɢɔɑəɞɧ ɍɧɗɔ ɜɌɓɐɑɗɑəɧ əɌ ɚɝəɚɎəɟɪ 

ɔ ɖɚəɞɜɚɗɨəɟɪ ɏɜɟɛɛɧ. ȺɝəɚɎəɌɫ ɏɜɟɛɛɌ 

ɎɖɗɪɣɔɗɌ 113 ɛɌɢɔɑəɞɚɎ ɝ ȴȭȽ, Ɏ ɞɚɘ ɣɔɝɗɑ 

68 ɘɟɒɣɔə ɔ 45 ɒɑəɥɔə. ȶɚəɞɜɚɗɨəɌɫ ɏɜɟɛ-

ɛɌ ɝɚɝɞɚɫɗɌ ɔɓ 73 ɛɌɢɔɑəɞɚɎ ɍɑɓ ȴȭȽ, Ɏ ɞɚɘ 

ɣɔɝɗɑ 33 ɘɟɒɣɔə ɔ 40 ɒɑəɥɔə. ȯɜɟɛɛɧ ɍɧɗɔ 

ɝɚɛɚɝɞɌɎɔɘɧ ɛɚ ɛɚɗɟ.  

Ȱɗɫ ɛɜɚɎɑɐɑəɔɫ ɛɚɗəɚɢɑəəɚɏɚ ɌəɌɗɔɓɌ 

ɛɌɢɔɑəɞɧ ɔɓ ɚɝəɚɎəɚɕ  ɏɜɟɛɛɧ  ɍɧɗɔ  ɐɚɛɚɗ- 

ȯ 

 

ȼɔɝ. 1 (Fig. 1) 

ȼɔɝ. 1.    ȰɔɌɏɜɌɘɘɌ.  

Ƚɚɚɞəɚɤɑəɔɑ ɛɌɢɔɑəɞɚɎ ɔɓ ɏɜɟɛɛɧ ɝ ɔɤɑɘɔɣɑ-

ɝɖɚɕ ɍɚɗɑɓəɨɪ ɝɑɜɐɢɌ. ȽȽȽ ð ɝɑɜɐɑɣəɚ-

ɝɚɝɟɐɔɝɞɧɑ ɓɌɍɚɗɑɎɌəɔɫ, Ⱥȹȸȶ ð ɚɝɞɜɚɑ əɌɜɟ-

ɤɑəɔɑ ɘɚɓɏɚɎɚɏɚ ɖɜɚɎɚɚɍɜɌɥɑəɔɫ, ȴȸ ð ɔə-

ɠɌɜɖɞ ɘɔɚɖɌɜɐɌ. 

Fig. 1.    Diagram.  

The distribution of patients with coronary heart 

di sease. CVD ð cardiovascular diseases, ACA ð 

acute cerebrovascular event, MI ð myocardial in-

farction.  

http://www.rejr.ru/


 

 

   RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY  

| www.rejr.ru | REJR. 2023; 13 (3):51-63       DOI: 10.21569/2222-7415-2023-13-3-51-63                     54 
 

 

 

 

ȼɔɝ. 2 Ɍ (Fig. 2 Ɍ) 

 

ȼɔɝ. 2 ɍ (Fig. 2 b) 

 

ȼɔɝ. 2 Ɏ (Fig. 2 ɝ) 

ȼɔɝ. 2.      ȶȾ ɚɜɏɌəɚɎ ɏɜɟɐəɚɕ ɛɚɗɚɝɞɔ, ɘɑɐɔɌɝɞɔəɌɗɨəɧɕ ɜɑɒɔɘ. 

ȸɑɞɚɐɔɖɌ ɔɓɘɑɜɑəɔɫ ɚɍɦɑɘɌ ɔ ɛɗɚɞəɚɝɞɔ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ əɌ ɜɌɓəɧɡ ɟɜɚɎəɫɡ: Ɍ ð Ɏɧɐɑɗɑəɔɑ ɛɑ-

ɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ əɌ ɟɜɚɎəɑ 15 ɘɘ Ɏɧɤɑ ɝɞɎɚɗɌ ɗɑɎɚɕ ɖɚɜɚəɌɜəɚɕ Ɍɜɞɑɜɔɔ, ɍ ð Ɏɧɐɑɗɑəɔɑ ɛɑɜɔɖɌɜ-

ɐɔɌɗɨəɚɏɚ ɒɔɜɌ əɌ ɟɜɚɎəɑ ɝɞɎɚɗɌ ɗɑɎɚɕ ɖɚɜɚəɌɜəɚɕ Ɍɜɞɑɜɔɔ, Ɏ ðɎɧɐɑɗɑəɔɑ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ əɌ 

ɟɜɚɎəɑ 30 ɘɘ əɔɒɑ ɝɞɎɚɗɌ ɗɑɎɚɕ ɖɚɜɚəɌɜəɚɕ Ɍɜɞɑɜɔɔ.  

Fig. 2.   CT, che st, soft tissue mode.  

The method of measuring the volume and density of pericardial fat at different levels: a ð selecting of the peri-

cardial fat at the level of 15 mm above the trunk of the left coronary artery, b ð selecting of the pericardial fat 

at th e level of the left coronary artery, c ð selecting of the PF at the level of 30 mm below the trunk of the left 

coronary artery.  
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əɔɞɑɗɨəɚ ɜɌɓɐɑɗɑəɧ əɌ ɞɑɡ, ɟ ɖɚɏɚ ɟɒɑ ɛɜɚ-

ɔɓɚɤɗɔ ɝɑɜɐɑɣəɚ-ɝɚɝɟɐɔɝɞɧɑ ɝɚɍɧɞɔɫ (ȽȽȽ) 

ɔ ɟ ɖɚɏɚ ɚəɔ əɑ ɛɜɚɔɓɚɤɗɔ. ȻɚɐɏɜɟɛɛɌ ɛɌɢɔ-

ɑəɞɚɎ ɝ ȽȽȽ ɝɚɝɞɚɫɗɌ ɔɓ 45 ɣɑɗɚɎɑɖ (ɔɓ əɔɡ 

27 ɘɟɒɣɔə ɔ 18 ɒɑəɥɔə), ɎɞɚɜɌɫ ɛɚɐɏɜɟɛɛɌ 

ɎɖɗɪɣɔɗɌ 68 ɣɑɗɚɎɑɖ (ɔɓ əɔɡ 41 ɘɟɒɣɔə, 27 

ɒɑəɥɔə). ȽɞɜɟɖɞɟɜɌ ɚɝəɚɎəɚɕ ɏɜɟɛɛɧ ɛɜɑɐ-

ɝɞɌɎɗɑəɌ əɌ ɜɔɝ. 1. 

ȶɜɔɞɑɜɔɑɘ ɐɗɫ Ɏɖɗɪɣɑəɔɫ Ɏ ɚɝəɚɎəɟɪ 

ɏɜɟɛɛɟ ɫɎɗɫɗɚɝɨ əɌɗɔɣɔɑ ɝɞɌɍɔɗɨəɚɕ ȴȭȽ. 

ȹɌɗɔɣɔɑ ȴȭȽ ɟɝɞɌəɌɎɗɔɎɌɗɚɝɨ əɌ ɚɝəɚɎɌəɔɔ 

ɝɚɎɚɖɟɛəɚɝɞɔ ɒɌɗɚɍ (ɖɗɔəɔɣɑɝɖɌɫ ɖɌɜɞɔəɌ 

ɝɞɑəɚɖɌɜɐɔɔ), ɐɌəəɧɡ ɌəɌɘəɑɓɌ (ɠɌɖɞɚɜɧ 

ɝɑɜɐɑɣəɚ-ɝɚɝɟɐɔɝɞɚɏɚ ɜɔɝɖɌ), ɎɧɫɎɗɑəɔɫ ɝ 

ɛɚɘɚɥɨɪ ɐɔɌɏəɚɝɞɔɣɑɝɖɔɡ ɘɑɞɚɐɚɎ ɚɍɝɗɑɐɚ-

ɎɌəɔɫ ɝɖɜɧɞɚɕ ɖɚɜɚəɌɜəɚɕ əɑɐɚɝɞɌɞɚɣəɚɝɞɔ 

ɝ ɛɚɘɚɥɨɪ ɝɞɜɑɝɝ-ɞɑɝɞɚɎ ɔ ɖɚɜɚəɌɜɚɌəɏɔɚ-

ɏɜɌɠɔɔ. ȶɜɔɞɑɜɔɫɘɔ ɔɝɖɗɪɣɑəɔɫ ɫɎɗɫɗɔɝɨ: 

ɎɚɓɜɌɝɞ ɝɞɌɜɤɑ 90 ɗɑɞ ɔ ɘɚɗɚɒɑ 40 ɗɑɞ, ɍɑ-

ɜɑɘɑəəɚɝɞɨ ɔ ɛɑɜɔɚɐ ɗɌɖɞɌɢɔɔ, ɏɔɐɜɚɛɑɜɔ-

ɖɌɜɐ, ɛɑɜɔɖɌɜɐɔɞ, ɚɞɖɜɧɞɧɑ ɚɛɑɜɌɢɔɔ əɌ 

ɝɑɜɐɢɑ ɔ ɛɜɔɝɑɜɐɑɣəɧɡ ɝɚɝɟɐɌɡ, ɏɑɘɚɐɔɌɗɔɓ 

Ɏ ɌəɌɘəɑɓɑ, əɑɣɔɞɌɑɘɧɑ ȶȾ ɔɓɚɍɜɌɒɑəɔɫ Ɏ 

ɘɑɐɔɌɝɞɔəɌɗɨəɚɘ ɜɑɒɔɘɑ. 

Ȯ ɛɚɐɏɜɟɛɛɟ ɛɌɢɔɑəɞɚɎ, ɛɑɜɑəɑɝɤɔɡ 

ɝɑɜɐɑɣəɚ-ɝɚɝɟɐɔɝɞɧɑ ɝɚɍɧɞɔɫ, ɍɧɗɔ Ɏɖɗɪɣɑ-

əɧ ɛɌɢɔɑəɞɧ, ɛɑɜɑəɑɝɤɔɑ ɚɝɞɜɚɑ əɌɜɟɤɑəɔɑ 

ɘɚɓɏɚɎɚɏɚ ɖɜɚɎɚɚɍɜɌɥɑəɔɫ (Ⱥȹȸȶ) ɔ əɑɠɌ-

ɞɌɗɨəɧɕ ɔəɠɌɜɖɞ ɘɔɚɖɌɜɐɌ (ȴȸ) ɓɌ ɛɚɝɗɑɐ-

əɔɑ 5 ɗɑɞ.  

ȿ ɛɌɢɔɑəɞɚɎ ɔɓ ɚɝəɚɎəɚɕ ɏɜɟɛɛɧ ɍɧɗɔ 

ɟɣɞɑəɧ ɞɌɖɔɑ ɛɌɜɌɘɑɞɜɧ, ɖɌɖ ɖɟɜɑəɔɑ, ɟɛɚ-

ɞɜɑɍɗɑəɔɑ Ɍɗɖɚɏɚɗɫ, ɛɜɔɑɘ ɗɑɖɌɜɝɞɎɑəəɧɡ 

ɏɔɛɚɏɗɔɖɑɘɔɣɑɝɖɔɡ ɔ ɏɔɛɚɗɔɛɔɐɑɘɔɣɑɝɖɔɡ 

ɛɜɑɛɌɜɌɞɚɎ ɔ əɌɗɔɣɔɑ ɝɚɛɟɞɝɞɎɟɪɥɔɡ ɓɌɍɚ-

ɗɑɎɌəɔɕ ɔ ɚɝɗɚɒəɑəɔɕ ɓɌɍɚɗɑɎɌəɔɕ, Ɏ ɣɌɝɞ-

əɚɝɞɔ, ɠɔɍɜɔɗɗɫɢɔɔ ɛɜɑɐɝɑɜɐɔɕ ð ɛɌɜɚɖɝɔɓ-

ɘɌɗɨəɌɫ ɔ ɛɚɝɞɚɫəəɌɫ ɠɚɜɘɧ, ɝɌɡɌɜəɚɏɚ 

ɐɔɌɍɑɞɌ (ȽȰ) 1 ɔ 2 ɞɔɛɌ. ȻɜɚɔɓɎɑɐɑə ɜɌɝɣɑɞ 

ɝɜɑɐəɑɏɚ ɝɔɝɞɚɗɔɣɑɝɖɚɏɚ (ȽȬȰ) ɔ ɐɔɌɝɞɚɗɔɣɑ-

ɝɖɚɏɚ (ȰȬȰ) ɌɜɞɑɜɔɌɗɨəɚɏɚ ɐɌɎɗɑəɔɫ ɛɚ ɐɌə-

əɧɘ ɐəɑɎəɔɖɚɎɧɡ ɓɌɛɔɝɑɕ. ȺɢɑəɔɎɌɗɔɝɨ Ɍə-

ɞɜɚɛɚɘɑɞɜɔɣɑɝɖɔɑ ɐɌəəɧɑ: ɜɚɝɞ, ɘɌɝɝɌ ɞɑɗɌ. 

ȭɧɗ ɛɜɚɔɓɎɑɐɑə ɜɌɝɣɑɞ ɔəɐɑɖɝɌ ɘɌɝɝɧ ɞɑɗɌ 

(ȴȸȾ) ɛɚ ɠɚɜɘɟɗɑ: ȴȸȾ = Ɏɑɝ (ɖɏ) / ɜɚɝɞİ (ɘ). 

ȿ ɛɌɢɔɑəɞɚɎ ɍɧɗɔ ɚɢɑəɑəɧ ɗɌɍɚɜɌɞɚɜəɧɑ 

ɛɌɜɌɘɑɞɜɧ: ɟɜɚɎɑəɨ ɚɍɥɑɏɚ ɡɚɗɑɝɞɑɜɔəɌ 

(ȺɁ), ɞɜɔɏɗɔɢɑɜɔɐɚɎ (Ⱦȯ), ɡɚɗɑɝɞɑɜɔəɌ ɗɔɛɚ-

ɛɜɚɞɑɔəɚɎ əɔɓɖɚɕ (ȷȻȹȻ), ɚɣɑəɨ əɔɓɖɚɕ 

(ȷȻȺȹȻ), Ɏɧɝɚɖɚɕ (ȷȻȮȻ) ɛɗɚɞəɚɝɞɑɕ, ɟɜɚ-

Ɏɑəɨ ɖɜɑɌɞɔəɔəɌ ɔ ɏɗɪɖɚɓɧ, Ɍ ɞɌɖɒɑ ɜɌɝɝɣɔ-

ɞɧɎɌɗɝɫ ɖɚɩɠɠɔɢɔɑəɞ Ɍɞɑɜɚɏɑəəɚɝɞɔ. 

Ȱɗɫ ɔɓɘɑɜɑəɔɫ ɛɌɜɌɘɑɞɜɚɎ ɛɑɜɔɖɌɜ-

ɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɔɝɛɚɗɨɓɚɎɌɗɔ ɖɚɘɛɨɪɞɑɜəɟɪ 

ɞɚɘɚɏɜɌɠɔɪ ɍɑɓ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɫ. ȬəɌɗɔ-

ɓɔɜɚɎɌɗɔ ȶȾ-ɝɖɌəɧ ɚɜɏɌəɚɎ ɏɜɟɐəɚɕ ɖɗɑɞɖɔ Ɏ 

ɌɖɝɔɌɗɨəɚɕ ɛɜɚɑɖɢɔɔ Ɏ ɝɜɑɐɚɝɞɑəəɚɘ ɚɖəɑ 

ɛɗɚɞəɚɝɞɑɕ. Ⱥɍɦɬɘ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ 

ɚɢɑəɔɎɌɗɔ ɛɚɗɟɌɎɞɚɘɌɞɔɣɑɝɖɔɘ ɝɛɚɝɚɍɚɘ ɝ 

Ɏɧɐɑɗɑəɔɑɘ ɚɍɗɌɝɞɔ ɔəɞɑɜɑɝɌ əɌ ɓɌɐɌəəɚɘ 

ɟɜɚɎəɑ ɚɞəɚɝɔɞɑɗɨəɚ çəɟɗɑɎɚɕè ɞɚɣɖɔ ð ɝɞɎɚɗɌ 

ɗɑɎɚɕ ɖɚɜɚəɌɜəɚɕ Ɍɜɞɑɜɔɔ (ȷȶȬ). Ȯ ɔɓɘɑɜɑ-

əɔɑ Ɏɚɤɗɔ ɔɓɚɍɜɌɒɑəɔɫ, əɌɡɚɐɔɎɤɔɑɝɫ Ɏ 

ɛɜɚɘɑɒɟɞɖɑ əɌ 15 ɘɘ Ɏɧɤɑ ɔ əɌ 30 ɘɘ əɔɒɑ 

ɞɚɣɖɔ ɚɞɝɣɑɞɌ (ɜɔɝ. 2). Ƚɜɑɐəɫɫ ɛɗɚɞəɚɝɞɨ 

ɒɔɜɚɎɚɕ ɞɖɌəɔ Ɏɧɐɑɗɑəəɚɕ ɚɍɗɌɝɞɔ ɍɧɗɌ 

ɚɛɜɑɐɑɗɑəɌ ɌɎɞɚɘɌɞɔɣɑɝɖɔɘ ɛɟɞɑɘ. Ȱɗɫ 

əɌɍɚɜɌ ɐɌəəɧɡ ɔɝɛɚɗɨɓɚɎɌɗɔɝɨ ɘɟɗɨɞɔɝɛɔ-

ɜɌɗɨəɧɑ ɖɚɘɛɨɪɞɑɜəɧɑ ɞɚɘɚɏɜɌɠɧ: Toshiba 

Aquilion 64, Somatom Definition AS64, 

Revolution CT 512 ɝ ɤɌɏɚɘ ɝɜɑɓɌ 0,5 ɘɘ.  

ȽɞɌɞɔɝɞɔɣɑɝɖɔɕ ɌəɌɗɔɓ ɔ ɎɔɓɟɌɗɔɓɌ-

ɢɔɪ ɐɌəəɧɡ ɛɜɚɎɚɐɔɗɔ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ 

ɛɜɚɏɜɌɘɘɧ SPSS v.23. ȸɑɞɚɐɧ ɚɛɔɝɌɞɑɗɨəɚɕ 

ɝɞɌɞɔɝɞɔɖɔ ɎɖɗɪɣɌɗɔ ɚɢɑəɖɟ ɝɜɑɐəɑɏɚ 

Ɍɜɔɠɘɑɞɔɣɑɝɖɚɏɚ (ȸ), ɝɞɌəɐɌɜɞəɚɑ ɚɞɖɗɚəɑ-

əɔɑ (sdx).  Ȱɗɫ ɝɜɌɎəɑəɔɫ ɔɝɝɗɑɐɟɑɘɧɡ ɛɜɔ-

ɓəɌɖɚɎ Ɏ ɏɜɟɛɛɌɡ ɔɝɛɚɗɨɓɚɎɌɗɔ ɖɜɔɞɑɜɔɕ 

ȽɞɨɪɐɑəɞɌ, Ȗ-ɖɎɌɐɜɌɞ. 

Ȱɗɫ ɎɧɫɎɗɑəɔɫ əɌɗɔɣɔɫ ɝɞɌɞɔɝɞɔɣɑɝɖɔ 

ɓəɌɣɔɘɚɕ ɖɚɜɜɑɗɫɢɔɔ ɘɑɒɐɟ ɖɚɗɔɣɑɝɞɎɑə-

əɧɘɔ ɛɜɔɓəɌɖɌɘɔ ɔɝɛɚɗɨɓɚɎɌɗɔ ɝɞɌɞɔɝɞɔɣɑ-

ɝɖɔɕ ɘɑɞɚɐ ɝ ɛɜɔɘɑəɑəɔɑɘ ɖɜɔɞɑɜɔɫ Ȼɔɜɝɚ-

əɌ (r, Ɏ ɝɗɟɣɌɑ əɚɜɘɌɗɨəɚɏɚ ɜɌɝɛɜɑɐɑɗɑəɔɫ) ɔ 

ȽɛɔɜɘɑəɌ (rs, Ɏ ɝɗɟɣɌɑ əɑəɚɜɘɌɗɨəɚɏɚ ɜɌɝ-

ɛɜɑɐɑɗɑəɔɫ). 

ȶɜɔɞɔɣɑɝɖɔɕ ɟɜɚɎɑəɨ ɐɚɝɞɚɎɑɜəɚɝɞɔ 

əɟɗɑɎɚɕ ɝɞɌɞɔɝɞɔɣɑɝɖɚɕ ɏɔɛɚɞɑɓɧ ɛɜɔəɔɘɌɗɔ 

ɜɌɎəɧɘ 0,05. 

ȼɑɓɟɗɨɞɌɞɧ. 

ȭɧɗɔ ɛɜɚɔɓɎɑɐɑəɧ ɔɓɘɑɜɑəɔɫ ɚɍɦɬɘɌ ɔ 

ɛɗɚɞəɚɝɞɔ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ Ɏ ɚɝəɚɎ-

əɚɕ ɔ ɖɚəɞɜɚɗɨəɚɕ ɏɜɟɛɛɑ. Ȯ ɏɜɟɛɛɑ ɛɌɢɔɑə-

ɞɚɎ ɝ ȴȭȽ ɩɞɔ ɓəɌɣɑəɔɫ ɍɧɗɔ ɜɌɎəɧ 

92,66Ñ41,66 ɝɘ3, -64,46Ñ24,71 HU, Ɍ Ɏ ɏɜɟɛɛɑ 

ɍɑɓ ɐɔɌɏəɚɝɞɔɜɚɎɌəəɚɕ ȴȭȽ ð 55,30Ñ32,16 

ɝɘ3 ɔ -84,90Ñ34,59 HU ɝɚɚɞɎɑɞɝɞɎɑəəɚ. ȶɚ-

ɗɔɣɑɝɞɎɚ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɟ ɛɌɢɔɑə-

ɞɚɎ ɝ ɔɤɑɘɔɣɑɝɖɚɕ ɍɚɗɑɓəɨɪ ɝɑɜɐɢɌ ɍɧɗɚ 

ɓəɌɣɔɘɚ Ɏɧɤɑ, ɣɑɘ ɟ ɛɌɢɔɑəɞɚɎ, əɑ ɝɞɜɌɐɌ-

ɪɥɔɡ ɐɌəəɚɕ ɛɌɞɚɗɚɏɔɑɕ (ɜ<0,001). Ȼɜɔ ɩɞɚɘ 

ɐɌəəɧɑ ɏɜɟɛɛɧ əɑ ɜɌɓɗɔɣɌɗɔɝɨ ɛɚ Ɍəɞɜɚɛɚ-

ɘɑɞɜɔɣɑɝɖɚɘɟ ɛɚɖɌɓɌɞɑɗɪ ȴȸȾ (28,65Ñ6,05 

ɖɏ/ɘ2 ð Ɏ ɚɝəɚɎəɚɕ, 28,09Ñ5,88 ɖɏ/ɘ2 ð Ɏ 

ɖɚəɞɜɚɗɨəɚɕ, ɜ = 0,547). Ȼɜɔ ɝɜɌɎəɑəɔɔ 

ɝɜɑɐəɔɡ ɓəɌɣɑəɔɕ ɛɗɚɞəɚɝɞɑɕ ɎɧɫɎɗɑəɚ, ɣɞɚ 

ɟ ɛɌɢɔɑəɞɚɎ ɝ ȴȭȽ ɚəɌ Ɏɧɤɑ, ɣɑɘ Ɏ ɖɚə-

ɞɜɚɗɨəɚɕ (ɜ < 0,001). 

Ƚɜɑɐɔ ɛɌɢɔɑəɞɚɎ ɝ ȴȭȽ ɟ 45 (39,82%) 

ɜɑɏɔɝɞɜɔɜɚɎɌɗɌɝɨ ɠɔɍɜɔɗɗɫɢɔɫ ɛɜɑɐɝɑɜɐɔɕ 

(ɀȻ) ð ɛɌɜɚɖɝɔɓɘɌɗɨəɌɫ ɔ ɛɚɝɞɚɫəəɌɫ ɠɚɜ-

ɘɧ. Ȼɜɔ ɝɜɌɎəɑəɔɔ ɝɜɑɐəɔɡ ɛɚɖɌɓɌɞɑɗɑɕ ɡɌ-

ɜɌɖɞɑɜɔɝɞɔɖ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɍɧɗɚ 

ɎɧɫɎɗɑəɚ, ɣɞɚ ɟ ɛɌɢɔɑəɞɚɎ ɝ ɀȻ ɛɜɑɚɍɗɌɐɌ-

ɪɞ ɍɚɗɨɤɔɑ ɓəɌɣɑəɔɫ ɚɍɦɑɘɌ ɛɑɜɔɖɌɜɐɔɌɗɨ-

əɚɏɚ ɒɔɜɌ:103,29Ñ44,49 ɝɘ3 ɛɜɚɞɔɎ 

85,63Ñ38,41 ɝɘ3, ɜ = 0,027. Ȼɗɚɞəɚɝɞɔ ɝɞɌɞɔ-

ɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɚ əɑ ɜɌɓɗɔɣɌɗɔɝɨ:  
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ȼɔɝ. 3 Ɍ (Fig. 3 Ɍ) 

 

ȼɔɝ. 3 ɍ (Fig. 3 b) 

ȼɔɝ. 3.   ȰɔɌɏɜɌɘɘɧ.  

ȶɚɜɜɑɗɫɢɔɔ ɛɚɖɌɓɌɞɑɗɫ ɚɍɦɑɘɌ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɝ ɔəɐɑɖɝɚɘ ɘɌɝɝɧ ɞɑɗɌ (Ȭ) ɔ ɏɗɪɖɚɓɚɕ (ȭ) ɟ 

ɘɟɒɣɔə ɔ ɒɑəɥɔə ɝ ɔɤɑɘɔɣɑɝɖɚɕ ɍɚɗɑɓəɨɪ ɝɑɜɐɢɌ. ȴȸȾ ð ɔəɐɑɖɝ ɘɌɝɝɧ ɞɑɗɌ, ȻȲȾ ð ɛɑɜɔɖɌɜɐɔɌɗɨəɌɫ 

ɒɔɜɚɎɌɫ ɞɖɌəɨ. 

Fig. 3.    Diagrams .   

The correlation between the pericardial fat volume and body mass index (A) and glucose ( B) in men and wom-

en with cardiovascular diseases. BMI ð body mass index, PF - pericardial fat.  
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ȼɔɝ. 4 Ɍ (Fig. 4 Ɍ) 

 

ȼɔɝ. 4 ɍ (Fig. 4 b) 
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ȼɔɝ. 4 Ɏ (Fig. 4 ɝ) 

 

ȼɔɝ. 4 ɏ (Fig. 3 d) 

ȼɔɝ. 4.   ȰɔɌɏɜɌɘɘɧ.  

ȶɚɜɜɑɗɫɢɔɔ ɓəɌɣɑəɔɕ ɛɗɚɞəɚɝɞɔ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɝ ɔəɐɑɖɝɚɘ ɘɌɝɝɧ ɞɑɗɌ (Ȭ), ɚɍɥɔɘ ɡɚɗɑɝɞɑɜɔ-

əɚɘ (ȭ), ɞɜɔɏɗɔɢɑɜɔɐɌɘɔ (Ȯ), ɡɚɗɑɝɞɑɜɔəɚɘ ȷȻȮȻ (ȯ) ɟ ɘɟɒɣɔə ɔ ɒɑəɥɔə ɝ ɔɤɑɘɔɣɑɝɖɚɕ ɍɚɗɑɓəɨɪ 

ɝɑɜɐɢɌ. ȴȸȾ ð ɔəɐɑɖɝ ɘɌɝɝɧ ɞɑɗɌ, ȻȲȾ ð ɛɑɜɔɖɌɜɐɔɌɗɨəɌɫ ɒɔɜɚɎɌɫ ɞɖɌəɨ. 

Fig. 4.    Diagrams .   

The correlation b etween the pericardial fat density and body mass index (A), total cholesterol (B), triglycerides 

(C), high density lipoproteins (D) in men and women with cardiovascular diseases. BMI ð body mass index, PF 

ð pericardial fat. .  
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-67,14Ñ22,18 HU ɟ ɛɌɢɔɑəɞɚɎ ɝ ɀȻ ɔ -

62,69Ñ26,25 HU ɍɑɓ ɀȻ, ɜ = 0,351. 

ȮɧɫɎɗɑəɚ, ɣɞɚ ɗɔɤɨ 31 ɣɑɗɚɎɑɖ 

(27,67%) ɝ ȴȭȽ əɌ ɛɚɝɞɚɫəəɚɕ ɚɝəɚɎɑ ɛɜɔ-

əɔɘɌɪɞ ɏɔɛɚɗɔɛɔɐɑɘɔɣɑɝɖɔɑ ɛɜɑɛɌɜɌɞɧ. ȿ 

ɩɞɔɡ ɛɌɢɔɑəɞɚɎ ɚɍəɌɜɟɒɑəɌ ɘɑəɨɤɌɫ ɛɗɚɞ-

əɚɝɞɨ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɕ ɒɔɜɚɎɚɕ ɞɖɌəɔ -

73,60Ñ21,28 HU ɔ -62,15Ñ21,68 HU, p = 

0,012, ɡɚɞɫ ɚɍɦɑɘɧ ɒɔɜɌ ɚɝɞɌɎɌɗɔɝɨ ɝɞɌɞɔ-

ɝɞɔɣɑɝɖɔ ɝɚɛɚɝɞɌɎɔɘɧ 95,72Ñ44,96 ɝɘ3 ɔ 

91,46Ñ40,52 ɝɘ3, ɜ = 0,626, ɝɜɑɐɔ ɛɜɔəɔɘɌ-

ɪɥɔɡ ɔ əɑ ɛɜɔəɔɘɌɪɥɔɡ ɞɑɜɌɛɔɪ ɝɚɚɞɎɑɞ-

ɝɞɎɑəəɚ. 

 Ȯ ɛɚɐɏɜɟɛɛɟ ɛɌɢɔɑəɞɚɎ ɝ ȴȭȽ ɔ əɌɗɔ-

ɣɔɑɘ Ɏ ɌəɌɘəɑɓɑ ɔəɠɌɜɖɞɌ ɘɔɚɖɌɜɐɌ ɔ/ ɔɗɔ 

ɚɝɞɜɚɏɚ əɌɜɟɤɑəɔɫ ɘɚɓɏɚɎɚɏɚ ɖɜɚɎɚɚɍɜɌɥɑ-

əɔɫ Ɏɚɤɗɔ 45 ɣɑɗɚɎɑɖ: 27 ɘɟɒɣɔə (60%), 18 

ɒɑəɥɔə (40%). Ƚɜɑɐɔ 68 ɚɝɞɌɎɤɔɡɝɫ ɛɌɢɔ-

ɑəɞɚɎ ɍɑɓ ȽȽȽ: 41 ɘɟɒɣɔəɌ (60,29%) ɔ 27 

ɒɑəɥɔə (39,71%). ȭɧɗɚ ɛɜɚɎɑɐɑəɚ ɘɑɒɏɜɟɛ-

ɛɚɎɚɑ ɔ ɎəɟɞɜɔɏɜɟɛɛɚɎɚɑ ɝɜɌɎəɑəɔɑ ɜɑəɞɏɑ-

əɚɗɚɏɔɣɑɝɖɔɡ ɔ ɖɗɔəɔɖɚ-ɗɌɍɚɜɌɞɚɜəɧɡ ɛɚɖɌ-

ɓɌɞɑɗɑɕ Ɏ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɛɚɗɚɎɚɏɚ ɛɜɔɓəɌɖɌ. 

ȭɧɗɚ ɚɍəɌɜɟɒɑəɚ, ɣɞɚ ɟ ɘɟɒɣɔə ɖɌɣɑɝɞɎɑə-

əɌɫ ɡɌɜɌɖɞɑɜɔɝɞɔɖɌ Ɏ Ɏɔɐɑ ɛɗɚɞəɚɝɞɔ ɛɑɜɔ-

ɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɚɝɞɌɑɞɝɫ əɑɔɓɘɑəəɚɕ ɛɜɔ 

ɜɌɓɎɔɞɔɔ əɑɠɌɞɌɗɨəɧɡ ɝɑɜɐɑɣəɚ-ɝɚɝɟɐɔɝɞɧɡ 

ɝɚɍɧɞɔɕ (-61,24Ñ21,49 HU ɟ ɛɌɢɔɑəɞɚɎ ɍɑɓ 

ȽȽȽ ɛɜɚɞɔɎ -66,77Ñ23,27 HU ɟ ɛɌɢɔɑəɞɚɎ ɝ 

ȽȽȽ, p = 0,718), ɞɚɏɐɌ ɖɌɖ ɜɑəɞɏɑəɚɗɚɏɔɣɑ-

ɝɖɌɫ ɛɗɚɞəɚɝɞɨ ɒɔɜɌ, ɚɖɜɟɒɌɪɥɑɏɚ ɝɑɜɐɢɑ, ɟ 

ɒɑəɥɔə əɌ ɠɚəɑ ɟɒɑ ɜɌɓɎɔɎɤɑɏɚɝɫ Ⱥȹȸȶ 

ɔɗɔ ɔəɠɌɜɖɞɌ ɘɔɚɖɌɜɐɌ ɌɝɝɚɢɔɔɜɚɎɌəɌ ɝ 

ɍɚɗɑɑ əɔɓɖɔɘɔ ɓəɌɣɑəɔɫɘɔ (-59,92Ñ20,12 HU 

ɟ ɒɑəɥɔə ɍɑɓ ȽȽȽ ɛɜɚɞɔɎ -81,03Ñ18,20 HU ɟ 

ɒɑəɥɔə ɝ ȽȽȽ, p = 0,007). Ȼɚ ɚɝɞɌɗɨəɧɘ ɛɌ-

ɜɌɘɑɞɜɌɘ ɏɜɟɛɛɧ ɍɧɗɔ ɝɚɛɚɝɞɌɎɔɘɧ. 

ȭɧɗ ɛɜɚɎɑɐɑə ɝɞɌɞɔɝɞɔɣɑɝɖɔɕ ɖɚɜɜɑɗɫ-

ɢɔɚəəɧɕ ɌəɌɗɔɓ ɎɓɌɔɘɚɝɎɫɓɔ ɚɍɦɑɘɌ ɛɑɜɔ-

ɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɝ ɚɝɞɌɗɨəɧɘɔ ɖɗɔəɔɖɚ-

ɗɌɍɚɜɌɞɚɜəɧɘɔ ɐɌəəɧɘɔ ɚɝəɚɎəɚɕ ɏɜɟɛɛɧ. 

ȮɧɫɎɗɑəɌ ɛɚɗɚɒɔɞɑɗɨəɌɫ ɖɚɜɜɑɗɫɢɔɚəəɌɫ 

ɝɎɫɓɨ ɚɍɦɑɘɌ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɝ Ɍə-

ɞɜɚɛɚɘɑɞɜɔɣɑɝɖɔɘ ɛɚɖɌɓɌɞɑɗɑɘ ȴȸȾ ɖɌɖ ɟ 

ɘɟɒɣɔə, ɞɌɖ ɔ ɟ ɒɑəɥɔə. Ȼɜɔ ɩɞɚɘ ɐɌəəɌɫ 

ɎɓɌɔɘɚɝɎɫɓɨ ɟ ɘɟɒɝɖɚɕ ɔ ɒɑəɝɖɚɕ ɣɌɝɞɔ ɍɧ-

ɗɌ ɝɜɑɐəɑɕ ɝɔɗɧ ɛɜɔ r = 0,698 (p < 0,001) ɔ r 

= 0,384 ( p = 0,009) ɝɚɚɞɎɑɞɝɞɎɑəəɚ. ȾɌɖɔɘ 

ɚɍɜɌɓɚɘ, ɛɚɖɌɓɌɞɑɗɨ ɚɍɦɑɘɌ ɛɑɜɔɖɌɜɐɔɌɗɨəɚ-

ɏɚ ɒɔɜɌ ɚɍɗɌɐɌɑɞ ɛɚɗɚɒɔɞɑɗɨəɚɕ ɖɚɜɜɑɗɫɢɔ-

ɚəəɚɕ ɝɎɫɓɨɪ ɝ ȴȸȾ, ɛɜɔɣɑɘ ɩɞɌ ɝɎɫɓɨ ɟ 

ɘɟɒɣɔə ɎɧɜɌɒɑəɌ ɓəɌɣɔɞɑɗɨəɚ ɝɔɗɨəɑɑ, ɣɑɘ 

ɟ ɒɑəɥɔə ɝ ȴȭȽ. Ȼɚɘɔɘɚ ɛɜɑɐɧɐɟɥɔɡ ɜɑ-

ɓɟɗɨɞɌɞɚɎ, ɍɧɗɌ ɚɍəɌɜɟɒɑəɌ ɛɚɗɚɒɔɞɑɗɨəɌɫ 

ɖɚɜɜɑɗɫɢɔɚəəɌɫ ɝɎɫɓɨ ɚɍɦɑɘɌ ɛɑɜɔɖɌɜ-

ɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɝ ɟɜɚɎəɑɘ ɏɗɪɖɚɓɧ Ɏɑəɚɓəɚɕ 

ɖɜɚɎɔ ɟ ɝɞɜɌɐɌɪɥɔɡ ɔɤɑɘɔɣɑɝɖɚɕ ɍɚɗɑɓəɨɪ 

ɝɑɜɐɢɌ (ɜɔɝ. 3). ȿ ɘɟɒɣɔə ɔ ɒɑəɥɔə ɩɞɌ ɎɓɌ-

ɔɘɚɝɎɫɓɨ ɍɧɗɌ ɝɚɜɌɓɘɑɜəɌ. 

Ȯ ɡɚɐɑ ɔɝɝɗɑɐɚɎɌəɔɫ ɓɌɎɔɝɔɘɚɝɞɔ 

ɛɗɚɞəɚɝɞɔ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɚɞ ɐɜɟɏɔɡ 

Ɏɑɗɔɣɔə ɟ ɘɟɒɣɔə ɔ ɒɑəɥɔə ɝ ȴȭȽ ɍɧɗɌ ɚɍ-

əɌɜɟɒɑəɌ ɚɞɜɔɢɌɞɑɗɨəɌɫ ɖɚɜɜɑɗɫɢɔɚəəɌɫ 

ɝɎɫɓɨ ɛɗɚɞəɚɝɞɔ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɝ 

ȴȸȾ ɟ ɘɟɒɣɔə (r = -0,247, p = 0,045), ɞɚ ɑɝɞɨ 

ɘɑəɨɤɌɫ ɜɑəɞɏɑəɚɗɚɏɔɣɑɝɖɌɫ ɛɗɚɞəɚɝɞɨ ɒɔ-

ɜɌ ɟ ɗɔɢ ɝ ɍɚɗɑɑ Ɏɧɝɚɖɔɘ ȴȸȾ. ȿ ɒɑəɥɔə 

ɐɌəəɌɫ ɝɎɫɓɨ əɑ ɚɖɌɓɌɗɌɝɨ ɓəɌɣɔɘɚɕ (r = 

0,027, p = 0,862) (ɜɔɝ. 4). Ȯ ɘɟɒɝɖɚɕ ɛɚɐ-

ɏɜɟɛɛɑ ɓəɌɣɑəɔɫ ɛɗɚɞəɚɝɞɔ ɛɑɜɔɖɌɜɐɔɌɗɨəɚ-

ɏɚ ɒɔɜɌ ɞɌɖɒɑ ɖɚɜɜɑɗɔɜɚɎɌɗɔ ɝɚ ɓəɌɣɑəɔɑɘ 

ɚɍɥɑɏɚ ɡɚɗɑɝɞɑɜɔəɌ, r = -0,258 (p = 0,038), 

ɣɑɏɚ əɑ ɍɧɗɚ ɚɍəɌɜɟɒɑəɚ Ɏ ɛɚɐɏɜɟɛɛɑ ɒɑə-

ɥɔə, r = -0,261 (p = 0,091). ȽɗɑɐɚɎɌɞɑɗɨəɚ, 

ɛɜɔ ɔɓɘɑəɑəɔɫɡ Ɏ ɝɞɚɜɚəɟ ɛɚɎɧɤɑəɔɫ ɚɍɥɑ-

ɏɚ ɡɚɗɑɝɞɑɜɔəɌ Ɏ ɛɗɌɓɘɑ ɖɜɚɎɔ, ɝɗɑɐɟɑɞ ɚɒɔ-

ɐɌɞɨ ɝəɔɒɑəɔɑ ɛɗɚɞəɚɝɞɔ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ 

ɒɔɜɌ. ȺɞɜɔɢɌɞɑɗɨəɌɫ ɖɚɜɜɑɗɫɢɔɚəəɌɫ ɝɎɫɓɨ 

ɎɧɫɎɗɑəɌ ɞɌɖɒɑ ɟ ɘɟɒɣɔə ɘɑɒɐɟ ɛɗɚɞəɚɝɞɨɪ 

ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɔ ɟɜɚɎəɑɘ Ⱦȯ (r = -

0,271, p = 0,036) ɔ ȷȻȮȻ r = -0,302 (p = 

0,032). ȮɓɌɔɘɚɝɎɫɓɨ ɩɞɔɡ ɛɌɜɌɘɑɞɜɚɎ ɟ ɒɑə-

ɥɔə ɚɖɌɓɌɗɌɝɨ ɚɣɑəɨ ɝɗɌɍɚɕ ɐɗɫ ɠɚɜɘɔɜɚɎɌ-

əɔɫ ɝɞɌɞɔɝɞɔɣɑɝɖɚɕ ɓəɌɣɔɘɚɝɞɔ r = -0,183, p 

= 0,272 ɐɗɫ Ⱦȯ ɔ r = -0,095, p = 0,567 ɐɗɫ 

ȷȻȮȻ. ȺɞɜɔɢɌɞɑɗɨəɌɫ ɖɚɜɜɑɗɫɢɔɫ ɓəɌɣɑəɔɫ 

ɛɗɚɞəɚɝɞɔ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɝ ȷȻȮȻ Ɏ 

ɏɜɟɛɛɑ ɝ ȴȭȽ ɝɚɏɗɌɝɟɑɞɝɫ ɝ ɐɌəəɧɘɔ ɔɝɝɗɑ-

ɐɚɎɌəɔɫ [8], Ɏ ɖɚɞɚɜɚɘ ɞɌɖɒɑ ɍɧɗɌ ɎɧɫɎɗɑəɌ 

ɚɞɜɔɢɌɞɑɗɨəɌɫ ɖɚɜɜɑɗɫɢɔɫ ɝ ȷȻȮȻ. 

Ⱥɍɝɟɒɐɑəɔɑ. 

Ȯ əɌɝɞɚɫɥɑɑ Ɏɜɑɘɫ əɑɞ əɔɖɌɖɔɡ ɝɚɘəɑ-

əɔɕ Ɏ əɌɗɔɣɔɔ ɝɎɫɓɔ ɘɑɒɐɟ ɚɒɔɜɑəɔɑɘ ɔ 

ɎɚɝɛɌɗɑəɔɑɘ, ɖɚɞɚɜɧɑ ɝɌɘɔ ɛɚ ɝɑɍɑ ɫɎɗɫɪɞɝɫ 

ɛɜɑɐɜɌɝɛɚɗɌɏɌɪɥɔɘɔ ɠɌɖɞɚɜɌɘɔ ɖ ɜɌɓɎɔ-

ɞɔɪ ɝɑɜɐɑɣəɚ-ɝɚɝɟɐɔɝɞɧɡ ɓɌɍɚɗɑɎɌəɔɕ. Ⱥɝɚ-

ɍɚɑ ɎəɔɘɌəɔɑ ɟɐɑɗɫɑɞɝɫ ɎɔɝɢɑɜɌɗɨəɚɘɟ ɒɔ-

ɜɟ, ɚɍɦɑɘ ɔ ɜɌɝɛɜɑɐɑɗɑəɔɑ ɖɚɞɚɜɚɏɚ ɚɛɜɑɐɑ-

ɗɫɪɞ ɓɐɚɜɚɎɨɑ ɣɑɗɚɎɑɖɌ. 

Ȯ əɌɤɑɕ ɜɌɍɚɞɑ ɘɧ ɎɧɫɎɔɗɔ ɍɚɗɨɤɔɕ 

ɚɍɦɑɘ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɔɘɑəəɚ ɟ ɞɑɡ 

ɛɌɢɔɑəɞɚɎ, ɖɚɞɚɜɧɑ ɝɞɜɌɐɌɪɞ ȴȭȽ, ɣɞɚ ɛɚɐ-

ɞɎɑɜɒɐɌɑɞɝɫ ɛɜɑɐɧɐɟɥɔɘɔ ɜɌɍɚɞɌɘɔ [5, 9 - 

12]. ȰɌəəɌɫ ɝɎɫɓɨ ɔɘɑɑɞ ɛɌɞɚɏɑəɑɞɔɣɑɝɖɚɑ 

ɚɍɦɫɝəɑəɔɑ. ȽɣɔɞɌɑɞɝɫ, ɣɞɚ ɏɔɛɑɜɞɜɚɠɔɫ 

ɩɞɚɏɚ ɒɔɜɚɎɚɏɚ ɐɑɛɚ ɛɜɔɎɚɐɔɞ ɖ ɩɖɝɛɜɑɝɝɔɔ 

ɛɜɚɌɞɑɜɚɏɑəəɧɡ ɠɌɖɞɚɜɚɎ, ɟɎɑɗɔɣɔɎɌɑɞɝɫ 

ɘɔɏɜɌɢɔɫ ɗɔɛɔɐɚɎ Ɏ ɝɞɑəɖɔ ɔ ɛɜɚɝɎɑɞ ɖɚɜɚ-

əɌɜəɧɡ ɝɚɝɟɐɚɎ, ɣɞɚ ɝɛɚɝɚɍɝɞɎɟɑɞ ɠɚɜɘɔɜɚ-

ɎɌəɔɪ Ɍɞɑɜɚɝɖɗɑɜɚɞɔɣɑɝɖɔɡ ɍɗɫɤɑɖ ð ɚɝəɚɎ-

əɚɏɚ ɛɌɞɚɏɑəɑɞɔɣɑɝɖɚɏɚ ɓɎɑəɌ ɔɤɑɘɔɣɑɝɖɚɕ 

ɍɚɗɑɓəɔ ɝɑɜɐɢɌ. ȿ ɛɌɢɔɑəɞɚɎ ɝ ɠɔɍɜɔɗɗɫɢɔɑɕ 

ɛɜɑɐɝɑɜɐɔɕ ɩɞɚɞ ɛɚɖɌɓɌɞɑɗɨ ɞɚɒɑ ɍɧɗ Ɏɧɤɑ, 

ɣɑɘ ɟ ɓɐɚɜɚɎɧɡ ɗɔɢ. ȲɔɜɚɎɌɫ ɞɖɌəɨ ɝɛɚɝɚɍ-

əɌ ɔəɠɔɗɨɞɜɔɜɚɎɌɞɨ ɘɔɚɖɌɜɐ, əɌɜɟɤɌɫ ɑɏɚ 

əɑɛɜɑɜɧɎəɚɝɞɨ ɔ ɛɜɚɎɑɐɑəɔɑ ɔɘɛɟɗɨɝɌ ɔɓ-ɓɌ 

ɟɣɌɝɞɖɚɎ ɝ ɜɌɓəɧɘ ɝɚɛɜɚɞɔɎɗɑəɔɑɘ [11, 13 -

19]. ȰɌəəɧɕ ɘɑɡɌəɔɓɘ ɘɚɒɑɞ ɛɚɝɗɟɒɔɞɨ 
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ɠɚɜɘɔɜɚɎɌəɔɪ ɛɑɞɗɔ re-entry. Ȱɔɝɠɟəɖɢɔɫ 

ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɌɖɞɔɎɔɜɟɑɞ ɩɖɝɛɜɑɝ-

ɝɔɪ ɏɑəɚɎ, ɖɚɐɔɜɟɪɥɔɡ ɍɑɗɖɔ ɝ ɛɜɚɠɔɍɜɚ-

ɞɔɣɑɝɖɚɕ ɔ ɛɜɚɎɚɝɛɌɗɔɞɑɗɨəɚɕ ɌɖɞɔɎəɚɝɞɨɪ, 

ɖɚɞɚɜɧɑ ɝɗɟɒɌɞ ɐɚɛɚɗəɔɞɑɗɨəɧɘ ɠɌɖɞɚɜɚɘ Ɏ 

ɜɌɓɎɔɞɔɔ Ɍɜɔɞɘɔɔ [20]. ȾɌɖɒɑ ɍɧɗɚ Ɏɧɫɝəɑ-

əɚ, ɣɞɚ ɛɌɢɔɑəɞɧ ɝ ɖɚɜɚəɌɜəɧɘ Ɍɞɑɜɚɝɖɗɑ-

ɜɚɓɚɘ ɚɞɗɔɣɌɪɞɝɫ ɍɚɗɨɤɑɕ ɛɗɚɞəɚɝɞɨɪ ɛɑɜɔ-

ɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ Ɏ ɚɞɗɔɣɔɑ ɚɞ ɓɐɚɜɚɎɧɡ Ɏ 

ɩɞɚɘ Ɍɝɛɑɖɞɑ ɗɪɐɑɕ. ȼɌɓəɔɢɌ ɞɌɖɚɕ ɡɌɜɌɖɞɑ-

ɜɔɝɞɔɖɔ ɒɔɜɚɎɚɕ ɞɖɌəɔ ɘɚɒɑɞ ɝɎɔɐɑɞɑɗɨ-

ɝɞɎɚɎɌɞɨ ɚɍ ɔɓɘɑəɑəɔɔ ɑɬ ɍɔɚɡɔɘɔɣɑɝɖɔɡ 

ɝɎɚɕɝɞɎ, Ɏ ɐɌəəɚɘ ɝɗɟɣɌɑ ɛɚɐɚɓɜɑɎɌɑɞɝɫ ɡɜɚ-

əɔɣɑɝɖɔɕ ɎɚɝɛɌɗɔɞɑɗɨəɧɕ ɛɜɚɢɑɝɝ Ɏ ɞɖɌəɔ. 

ȾɌɖɚɕ ɒɔɜ ɝɛɚɝɚɍɑə Ɏɧɐɑɗɫɞɨ ɍɚɗɨɤɑɑ ɖɚɗɔ-

ɣɑɝɞɎɚ ɞɌɖɔɡ ɢɔɞɚɖɔəɚɎ ɔ ɡɑɘɚɖɔəɚɎ, ɖɌɖ IL-

1ȁ, -6, -8 ɔ -10, TNF -Ȁ [10, 19, 21 - 23]. ȭɧɗɌ 

ɛɜɚɎɑɐɑəɌ ɚɢɑəɖɌ ɛɚɖɌɓɌɞɑɗɑɕ ɛɑɜɔɖɌɜ-

ɐɔɌɗɨəɚɏɚ ɒɔɜɌ Ɏ ɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɛɜɔɑɘɌ 

ɛɜɑɛɌɜɌɞɚɎ, Ɏɗɔɫɪɥɔɡ əɌ ɒɔɜɚɎɚɕ ɚɍɘɑə ɔ 

ɟɜɚɎɑəɨ ɡɚɗɑɝɞɑɜɔəɌ Ɏ ɚɜɏɌəɔɓɘɑ. Ȯɧɫɝəɔ-

ɗɚɝɨ, ɣɞɚ ɟ ɛɌɢɔɑəɞɚɎ, ɛɜɔəɔɘɌɪɥɔɡ ɏɔɛɚ-

ɗɔɛɔɐɑɘɔɣɑɝɖɔɑ ɛɜɑɛɌɜɌɞɧ ɛɚɖɌɓɌɞɑɗɔ 

ɛɗɚɞəɚɝɞɔ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɍɚɗɑɑ 

əɔɓɖɔɑ. ȳəɌɣɑəɔɫ ɟ ɞɌɖɔɡ ɛɌɢɔɑəɞɚɎ ɛɜɔ-

ɍɗɔɒɌɪɞɝɫ ɖ ɓəɌɣɑəɔɫɘ ɛɗɚɞəɚɝɞɑɕ ɟ ɗɪɐɑɕ, 

əɑ ɝɞɜɌɐɌɪɥɔɡ ȴȭȽ, ɣɞɚ ɘɚɒɑɞ ɍɧɞɨ ɝɎɫɓɌ-

əɚ ɝ ɔɓɘɑəɑəɔɑɘ ɖɌɣɑɝɞɎɑəəɚɏɚ ɝɚɝɞɌɎɌ ɩɞɚɕ 

ɞɖɌəɔ Ɏ ɝɞɚɜɚəɟ ɠɔɓɔɚɗɚɏɔɣɑɝɖɚɏɚ. ȼɑɓɟɗɨɞɌ-

ɞɧ əɌɤɑɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ ɝɚɏɗɌɝɟɪɞɝɫ ɝ ɐɌə-

əɧɘɔ ɜɌɍɚɞɧ ȼ. Raggi et al., Ɏ ɖɚɞɚɜɚɕ ɛɚ ɔɝ-

ɞɑɣɑəɔɔ ɏɚɐɌ ɛɜɔɑɘɌ ɝɞɌɞɔəɚɎ ɖɌɜɐɔɚɗɚɏɔ-

ɣɑɝɖɔɘɔ ɛɌɢɔɑəɞɌɘɔ ɚɢɑəɔɎɌɗɚɝɨ ɔɓɘɑəɑəɔɑ 

ɛɗɚɞəɚɝɞɔ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɕ ɒɔɜɚɎɚɕ ɞɖɌəɔ, 

Ɍ ɞɌɖɒɑ ɝ ɜɑɓɟɗɨɞɌɞɌɘɔ ɐɜɟɏɔɡ ɔɝɝɗɑɐɚɎɌəɔɕ 

[24 - 27]. Ⱥɍɦɫɝəɫɪɞ ɐɌəəɚɑ ɫɎɗɑəɔɑ ɛɜɚɞɔ-

ɎɚɎɚɝɛɌɗɔɞɑɗɨəɧɘ ɩɠɠɑɖɞɚɘ ɝɞɌɞɔəɚɎ ɛɚ 

ɚɞəɚɤɑəɔɪ ɖ ɎɔɝɢɑɜɌɗɨəɚɕ ɒɔɜɚɎɚɕ ɞɖɌəɔ, 

əɚ əɑ ɛɚɐɖɚɒəɚɕ, ɣɞɚ ɘɚɒɑɞ ɍɧɞɨ ɚɍəɌɜɟɒɑ-

əɚ əɌ ȶȾ Ɏ Ɏɔɐɑ ɔɓɘɑəɑəɔɫ ɐɑəɝɔɞɚɘɑɞɜɔɣɑ-

ɝɖɚɕ ɛɗɚɞəɚɝɞɔ. Ⱦɑɖɟɥɔɑ ɜɑɓɟɗɨɞɌɞɧ ɘɚɒəɚ 

ɚɢɑəɔɎɌɞɨ ɖɌɖ ɛɚɗɚɒɔɞɑɗɨəɚɑ ɛɗɑɕɚɞɜɚɛəɚɑ 

ɐɑɕɝɞɎɔɑ ɝɞɌɞɔəɚɎ. ȿ ɘɟɒɣɔə ɔ ɒɑəɥɔə ɝ 

ȴȭȽ ɚɍɦɑɘ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɛɚɗɚɒɔ-

ɞɑɗɨəɚ ɖɚɜɜɑɗɔɜɟɑɞ ɝ ȴȸȾ ɔ ɟɜɚɎəɑɘ ɏɗɪɖɚ-

ɓɧ əɌɞɚɥɌɖ. Ȼɜɑɐɧɐɟɥɔɑ ɔɝɝɗɑɐɚɎɌəɔɫ ɛɚ-

ɖɌɓɌɗɔ, ɣɞɚ ɟ ɛɌɢɔɑəɞɚɎ, ɝɞɜɌɐɌɪɥɔɡ ɝɌɡɌɜ-

əɧɘ ɐɔɌɍɑɞɚɘ (ȽȰ) ɖɌɖ 1-ɏɚ, ɞɌɖ ɔ 2-ɏɚ ɞɔɛɌ, 

ɖɚɗɔɣɑɝɞɎɚ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɓəɌɣɔ-

ɞɑɗɨəɚ ɟɎɑɗɔɣɑəɚ [28 - 34]. ȾɌɖɌɫ ɌɝɝɚɢɔɌɢɔɫ 

ɛɜɑɐɛɚɗɚɒɔɞɑɗɨəɚ ɝɎɫɓɌəɌ ɝɚ ɝɛɚɝɚɍəɚɝɞɨɪ 

ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɎɚɎɗɑɖɌɞɨɝɫ Ɏ ɛɜɚ-

ɢɑɝɝ ɠɚɜɘɔɜɚɎɌəɔɫ ɜɑɓɔɝɞɑəɞəɚɝɞɔ ɞɖɌəɑɕ ɖ 

ɔəɝɟɗɔəɟ. ȰɌəəɧɑ ɜɑɓɟɗɨɞɌɞɧ ɔɘɑɪɞ ɚɝɚɍɚɑ 

ɓəɌɣɑəɔɑ ɐɗɫ ɛɚɔɝɖɌ əɚɎɧɡ ɛɚɐɡɚɐɚɎ ɖ ɚɢɑə-

ɖɑ ɞɑɣɑəɔɫ ɔ ɩɠɠɑɖɞɔɎəɚɝɞɔ ɞɑɜɌɛɔɔ ȽȰ. 

ȳɌɖɗɪɣɑəɔɑ. 

1.  Ȱɗɫ ɛɌɢɔɑəɞɚɎ, ɝɞɜɌɐɌɪɥɔɡ ȴȭȽ, 

ɡɌɜɌɖɞɑɜəɧ ɍɚɗɨɤɔɕ ɚɍɦɑɘ ɔ ɍ·ɗɨɤɌɫ ɛɗɚɞ-

əɚɝɞɨ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ Ɏ ɝɜɌɎəɑəɔɔ ɝ 

ɗɔɢɌɘɔ ɍɑɓ ɝɑɜɐɑɣəɚ-ɝɚɝɟɐɔɝɞɚɕ ɛɌɞɚɗɚɏɔɔ, 

ɔɘɑɪɥɔɘɔ ɝɚɛɚɝɞɌɎɔɘɧɑ ɓəɌɣɑəɔɫ ɔəɐɑɖɝɌ 

ɘɌɝɝɧ ɞɑɗɌ. 

2.  ȿ ɛɌɢɔɑəɞɚɎ, ɛɚɗɟɣɌɪɥɔɡ ɏɔɛɚɗɔɛɔ-

ɐɑɘɔɣɑɝɖɟɪ ɞɑɜɌɛɔɪ, əɌɍɗɪɐɌɪɞɝɫ ɍɚɗɑɑ 

əɔɓɖɔɑ ɛɚɖɌɓɌɞɑɗɔ ɛɗɚɞəɚɝɞɔ ɛɑɜɔɖɌɜɐɔɌɗɨ-

əɚɏɚ ɒɔɜɌ. 

3.  ȹɌɗɔɣɔɑ ɛɚɝɞɚɫəəɚɕ ɔɗɔ ɛɌɜɚɖɝɔɓ-

ɘɌɗɨəɚɕ ɠɚɜɘɧ ɠɔɍɜɔɗɗɫɢɔɔ ɛɜɑɐɝɑɜɐɔɕ ɟ 

ɛɌɢɔɑəɞɚɎ ɝ ȴȭȽ ɌɝɝɚɢɔɔɜɚɎɌəɚ ɝ ɟɎɑɗɔɣɑ-

əɔɑɘ ɚɍɦɑɘɌ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ. 

4.  Ȯ ɏɜɟɛɛɑ ɛɌɢɔɑəɞɚɎ ɝ ȴȭȽ ɟ ɘɟɒɣɔə 

ɔ ɒɑəɥɔə ɚɍɦɑɘ ɛɑɜɔɖɌɜɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɛɚ-

ɗɚɒɔɞɑɗɨəɚ ɖɚɜɜɑɗɔɜɟɑɞ ɝ ɔəɐɑɖɝɚɘ ɘɌɝɝɧ 

ɞɑɗɌ ɔ ɟɜɚɎəɑɘ ɏɗɪɖɚɓɧ əɌɞɚɥɌɖ. 

5.  ȿ ɘɟɒɣɔə ɝ ȴȭȽ ɛɗɚɞəɚɝɞɨ ɛɑɜɔɖɌɜ-

ɐɔɌɗɨəɚɏɚ ɒɔɜɌ ɚɞɜɔɢɌɞɑɗɨəɚ ɖɚɜɜɑɗɔɜɟɑɞ ɝ 

ɞɌɖɔɘɔ ɛɚɖɌɓɌɞɑɗɫɘɔ, ɖɌɖ ɔəɐɑɖɝ ɘɌɝɝɧ ɞɑ-

ɗɌ, ɐɔɌɝɞɚɗɔɣɑɝɖɚɑ ɌɜɞɑɜɔɌɗɨəɚɑ ɐɌɎɗɑəɔɑ, 

ɝɧɎɚɜɚɞɚɣəɧɑ ɟɜɚɎəɔ ɚɍɥɑɏɚ ɡɚɗɑɝɞɑɜɔəɌ, 

ɞɜɔɏɗɔɢɑɜɔɐɚɎ ɔ ɡɚɗɑɝɞɑɜɔəɌ ȷȻȮȻ. Ȱɗɫ 

ɒɑəɥɔə ɝ ȴȭȽ ɞɌɖɔɑ ɎɓɌɔɘɚɝɎɫɓɔ əɑ ɡɌɜɌɖ-

ɞɑɜəɧ.  

ȴɝɞɚɣəɔɖ ɠɔəɌəɝɔɜɚɎɌəɔɫ ɔ ɖɚə-

ɠɗɔɖɞ ɔəɞɑɜɑɝɚɎ. 

ȬɎɞɚɜɧ ɐɌəəɚɕ ɝɞɌɞɨɔ ɛɚɐɞɎɑɜɐɔɗɔ ɚɞ-

ɝɟɞɝɞɎɔɑ ɠɔəɌəɝɚɎɚɕ ɛɚɐɐɑɜɒɖɔ ɔɝɝɗɑɐɚɎɌ-

əɔɫ ɔ ɖɚəɠɗɔɖɞɌ ɔəɞɑɜɑɝɚɎ, ɚ ɖɚɞɚɜɧɡ əɑɚɍ-

ɡɚɐɔɘɚ ɝɚɚɍɥɔɞɨ. 
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ɐɑɗɑəəɧɘ ɜɑɓɟɗɨɞɌɞɚɘ ɖɚəɎɑəɢɔɌɗɨəɚɕ ȸȼȾ, ɟ 8 ɔɓ ɖɚɞɚɜɧɡ ɛɜɔ ɖɚɘɛɗɑɖɝəɚɘ ɖɗɔəɔɖɚ-

ɐɔɌɏəɚɝɞɔɣɑɝɖɚɘ ɚɍɝɗɑɐɚɎɌəɔɔ ɍɧɗɚ ɛɚɐɞɎɑɜɒɐɑəɚ əɌɗɔɣɔɑ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɔ ɌəɌɝɞɚɘɚɓɌ. ȸȼȾ 

ɝ ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓɘɚɕ ɛɜɚɎɚɐɔɗɔ ɛɜɔɢɑɗɨəɧɘ ɎɎɑɐɑəɔɑɘ ɏɌɐɚɗɔəɔɕɝɚɐɑɜɒɌɥɑɏɚ ɖɚəɞɜɌɝɞəɚɏɚ 

ɝɜɑɐɝɞɎɌ Ɏ ɚɍɦɑɘɑ 20-50 ɘɗ Ɏ ɓɚəɟ ɌəɌɝɞɚɘɚɓɌ, ɛɚɝɗɑ ɣɑɏɚ ɑɬ ɝɖɌəɔɜɚɎɌɗɔ Ɏ ɞɜɑɡ ɚɜɞɚɏɚəɌɗɨəɧɡ 

ɛɗɚɝɖɚɝɞɫɡ ɝ ɛɚɗɟɣɑəɔɑɘ Ⱦ1-ɎɓɎɑɤɑəəɚɏɚ ɔɓɚɍɜɌɒɑəɔɫ ɝ ɛɚɐɌɎɗɑəɔɑɘ ɒɔɜɌ. 

ȼɑɓɟɗɨɞɌɞɧ. Ȯɚ Ɏɝɑɡ ɝɗɟɣɌɫɡ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɔ ɌəɌɝɞɚɘɚɓɌ ɛɚɝɗɑ ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓɘɧ 

ɍɧɗ ɎɧɫɎɗɑə Ɏɧɡɚɐ ɖɚəɞɜɌɝɞəɚɏɚ ɝɜɑɐɝɞɎɌ ɓɌ ɛɜɑɐɑɗɧ ɖɔɤɑɣəɚɕ ɝɞɑəɖɔ. ȿ 4 ɛɌɢɔɑəɞɚɎ ɝ əɑ-

ɛɚɐɞɎɑɜɐɔɎɤɑɕɝɫ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɨɪ ɌəɌɝɞɚɘɚɓɌ ɎɧɡɚɐɌ ɖɚəɞɜɌɝɞəɚɏɚ ɝɜɑɐɝɞɎɌ ɓɌ ɛɜɑɐɑɗɧ 

ɖɔɤɖɔ əɑ əɌɍɗɪɐɌɗɚɝɨ. 

Ⱥɍɝɟɒɐɑəɔɑ. Ȯ ɗɔɞɑɜɌɞɟɜɑ ɔɘɑɑɞɝɫ əɑɍɚɗɨɤɚɑ ɖɚɗɔɣɑɝɞɎɚ ɜɌɍɚɞ, ɚɛɔɝɧɎɌɪɥɔɡ ɛɜɔɘɑ-

əɑəɔɑ ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓɘɧ ɛɜɔ ȸȼȾ. ȼɌɓɜɌɍɚɞɌəəɧɕ əɌɘɔ ɘɑɞɚɐ ɛɜɑɐɛɚɗɌɏɌɑɞ ɛɜɔɢɑɗɨəɚɑ ɎɎɑ-

ɐɑəɔɑ əɑɍɚɗɨɤɚɏɚ ɚɍɦɑɘɌ ɖɚəɞɜɌɝɞəɚɏɚ ɎɑɥɑɝɞɎɌ Ɏ ɓɚəɟ ɌəɌɝɞɚɘɚɓɌ, ɣɞɚ ɛɚɓɎɚɗɫɑɞ ɔɓɍɑɒɌɞɨ ɑɏɚ 

ɞɜɌɎɘɌɞɔɓɌɢɔɔ ɔ ɚɍɑɝɛɑɣɔɎɌɑɞ əɌɐɑɒəɧɕ Ɏɧɡɚɐ ɖɚəɞɜɌɝɞəɚɏɚ ɝɜɑɐɝɞɎɌ ɣɑɜɑɓ ɐɑɠɑɖɞ. Ⱦɑɝɞɔɜɚ-

ɎɌəɔɑ ɔɝɛɚɗɨɓɚɎɌəɔɫ ɘɑɞɚɐɔɖɔ ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓɘɧ ɛɚɖɌɓɌɗɚ ɑɑ ɡɚɜɚɤɟɪ ɛɑɜɑəɚɝɔɘɚɝɞɨ ɔ ɩɠ-

ɠɑɖɞɔɎəɚɝɞɨ ɎɧɫɎɗɑəɔɫ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɔ ɌəɌɝɞɚɘɚɓɌ ɛɜɔ əɌɗɔɣɔɔ əɑɍɚɗɨɤɔɡ ɥɑɗɑɎɔɐəɧɡ 

ɐɑɠɑɖɞɚɎ. 

ȳɌɖɗɪɣɑəɔɑ. Ȼɚɗɟɣɑəəɧɑ əɌɘɔ ɜɑɓɟɗɨɞɌɞɧ ɔɝɛɚɗɨɓɚɎɌəɔɫ  ȸȼȾ ɝ ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓɘɚɕ 

ɛɚɓɎɚɗɫɪɞ ɜɌɝɝɘɌɞɜɔɎɌɞɨ ɑɑ ɖɌɖ ɍɑɓɚɛɌɝəɧɕ ɟɞɚɣəɫɪɥɔɕ ɘɑɞɚɐ Ɏ ɝɗɚɒəɧɡ ɝɔɞɟɌɢɔɫɡ, ɞɜɑɍɟ-

ɪɥɔɡ ɛɚɐɞɎɑɜɒɐɑəɔɫ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɔ ɌəɌɝɞɚɘɚɓɌ ɛɟɞɑɘ ɛɜɫɘɚɕ ɜɑɏɔɝɞɜɌɢɔɔ ɎɧɡɚɐɌ ɖɚə-

ɞɜɌɝɞəɚɏɚ ɝɜɑɐɝɞɎɌ ɓɌ ɛɜɑɐɑɗɧ ɝɞɑəɖɔ ɖɔɤɖɔ, ɖɚɞɚɜɧɘ Ɏ ɛɑɜɝɛɑɖɞɔɎɑ ɘɚɒəɚ ɐɚɛɚɗəɔɞɨ ɛɜɚɢɑ-

ɐɟɜɟ ɖɚəɎɑəɢɔɌɗɨəɚɕ ȸȼȾ. 
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MAGNETIC RESONANCE IMAGING WITH CONTRAST ENEMA IN DETECTING  

THE COLORECTAL ANASTOMOSIS FAILURE   
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urpose.  To test the usage of a contrast enema in the detection of anastomosis failure with 

magnetic resonance imaging (MRI) in patients who have undergone rectal resection.  

M aterial and methods . MRI with a contrast enema was performed at the A. Tsyb MRRC ð 

the branch of the FSBI "NMRRC" of the Ministry of Health of the Russian Federation in the 

period from 2020 to 2022. The study prospectively included 12 patients after surgic al treatment in 

the volume of rectal resection with the formation of colorectal/coloanal anastomosis and an uncer-

tain result of conventional MRI, in 8 of whom, during a comprehensive clinical diagnostic examina-

tion, the presence of anastomosis failure was confirmed. MRI with a contrast enema was performed 

by targeted injection of a gadolinium -containing contrast agent in the volume of 20 -50 ml into the 

anastomosis zone, after which a T1 -weighted image was obtained with suppression of fat in this area 

in thr ee orthogonal planes.  

Results.  In all cases of anastomotic failure after a contrast enema, the leakage of the contrast 

agent beyond the intestinal wall was detected. In 4 patients with unconfirmed anastomotic failure, 

no leakage of the contrast agent was o bserved.   

Discussion.  There is a small number of works in the literature describing the use of a contrast 

enema in MRI. The developed method by our team involves the targeted introduction of a small vol-

ume of contrast agent into the anastomosis zone, whic h avoids its traumatization and provides a 

more reliable contrast agent output through the defect. Testing of the usage of the contrast enema 

technique showed its good tolerability and the effectiveness of detection in the presence of small slit -

like defec ts.  

Conclusion.  The results obtained by us of using MRI with a contrast enema allow to consider 

it a safe clarifying method in difficult situations requiring confirmation of the anastomosis failure by 

directly registering the leakage of the contrast agent beyond the intestinal wall, which in the future 

can complement the conventional MRI examination.  

 

Keywords: magnetic resonance imaging, anastomosis failure, contrast enema, colorectal anas-

tomosis, coloanal anastomosis, rectal cancer.  
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ɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɨ ɌəɌɝɞɚɘɚɓɌ ɫɎɗɫ-

ɑɞɝɫ ɝɑɜɨɑɓəɧɘ ɚɝɗɚɒəɑəɔɑɘ Ɏ ɖɚ-

ɗɚɜɑɖɞɌɗɨəɚɕ ɡɔɜɟɜɏɔɔ, ɝɟɥɑ-

ɝɞɎɑəəɚ ɟɎɑɗɔɣɔɎɌɪɥɔɘ ɛɚɝɗɑ-

ɚɛɑɜɌɢɔɚəəɟɪ ɗɑɞɌɗɨəɚɝɞɨ, ɟɡɟɐ-

ɤɌɪɥɔɘ ɠɟəɖɢɔɚəɌɗɨəɧɑ ɔ ɚəɖɚɗɚɏɔɣɑɝɖɔɑ 

ɜɑɓɟɗɨɞɌɞɧ ɗɑɣɑəɔɫ ɔ ɛɜɔɎɚɐɫɥɔɘ ɖ ɟɎɑɗɔ-

ɣɑəɔɪ ɓɌɞɜɌɞ əɌ ɜɑɌɍɔɗɔɞɌɢɔɪ [1 - 3]. Ȼɚ-

ɩɞɚɘɟ ɝɎɚɑɎɜɑɘɑəəɚɑ ɎɧɫɎɗɑəɔɑ əɑɝɚɝɞɚɫ-

ɞɑɗɨəɚɝɞɔ ɌəɌɝɞɚɘɚɓɌ ɛɚɓɎɚɗɫɑɞ ɘɔəɔɘɔɓɔ-

ɜɚɎɌɞɨ əɑɏɌɞɔɎəɧɑ ɛɚɝɗɑɐɝɞɎɔɫ ɔ ɚɖɌɓɧɎɌɑɞ 

ɛɚɗɚɒɔɞɑɗɨəɚɑ Ɏɗɔɫəɔɑ əɌ ɐɌɗɨəɑɕɤɑɑ ɞɑɣɑ-

əɔɑ ɔ ɛɜɚɏəɚɓ ɚɝəɚɎəɚɏɚ ɓɌɍɚɗɑɎɌəɔɫ. 

ȳɌɛɚɐɚɓɜɔɞɨ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɨ ɌəɌ-

ɝɞɚɘɚɓɌ ɛɚɓɎɚɗɫɪɞ ɐɌəəɧɑ ɖɗɔəɔɖɚ-

ɗɌɍɚɜɌɞɚɜəɧɡ ɔɝɝɗɑɐɚɎɌəɔɕ, ɐɗɫ ɛɚɐɞɎɑɜ-

ɒɐɑəɔɫ ɖɚɞɚɜɧɡ ɔɝɛɚɗɨɓɟɪɞɝɫ ɘɑɞɚɐɧ ɗɟɣɑ-

Ɏɚɕ ɐɔɌɏəɚɝɞɔɖɔ, ɎɖɗɪɣɌɪɥɔɑ ɛɜɚɖɞɚɏɜɌ-

ɠɔɪ ɔ ȶȾ ɝ ɞɜɌəɝɜɑɖɞɌɗɨəɧɘ ɖɚəɞɜɌɝɞɔɜɚ-

ɎɌəɔɑɘ. 

ȺɛɞɔɘɌɗɨəɧɘ ɗɟɣɑɎɧɘ ɘɑɞɚɐɚɘ ɔɝɝɗɑ-

ɐɚɎɌəɔɫ ɘɌɗɚɏɚ ɞɌɓɌ ɫɎɗɫɑɞɝɫ ɘɌɏəɔɞəɚ-

ɜɑɓɚəɌəɝəɌɫ ɞɚɘɚɏɜɌɠɔɫ (ȸȼȾ), əɑ ɝɎɫɓɌəəɌɫ 

ɝ ɗɟɣɑɎɚɕ əɌɏɜɟɓɖɚɕ ɔ ɛɚɓɎɚɗɫɪɥɌɫ ɝ Ɏɧɝɚ-

ɖɚɕ ɞɚɣəɚɝɞɨɪ ɎɧɫɎɔɞɨ ɗɪɍɧɑ ɚɝɗɚɒəɑəɔɫ 

ɛɚɝɗɑ ɛɜɚɎɑɐɑəəɚɏɚ ɡɔɜɟɜɏɔɣɑɝɖɚɏɚ ɗɑɣɑəɔɫ 

ɖɌɖ ɜɌəəɑɏɚ (ɐɚ 30 ɐəɑɕ), ɞɌɖ ɔ ɛɚɓɐəɑɏɚ (ɍɚ-

ɗɑɑ 30 ɐəɑɕ) ɛɚɝɗɑɚɛɑɜɌɢɔɚəəɚɏɚ ɛɑɜɔɚɐɌ, Ɏ 

ɞɚɘ ɣɔɝɗɑ ɚɛɜɑɐɑɗɔɞɨ ɐɑɠɑɖɞ ɌəɌɝɞɚɘɚɓɌ ɖɌɖ 

ɓɌ ɝɣɑɞ ɛɜɫɘɧɡ (əɌɗɔɣɔɑ ɐɑɠɑɖɞɌ ɝɞɑəɖɔ 

ɖɔɤɖɔ ɝ ɒɔɐɖɚɝɞəɧɘ ɝɚɐɑɜɒɔɘɧɘ ɚɞ ɛɜɚ-

ɝɎɑɞɌ), ɞɌɖ ɔ  ɖɚɝɎɑəəɧɡ ɛɜɔɓəɌɖɚɎ (ɚɞɏɜɌ-

əɔɣɑəəɚɑ ɝɖɚɛɗɑəɔɑ ɒɔɐɖɚɝɞɔ, ɝɚɚɍɥɌɪɥɑɑ-

ɝɫ ɝ ɓɚəɚɕ ɌəɌɝɞɚɘɚɓɌ), ɝ Ɏɚɓɘɚɒəɚɝɞɨɪ ɐɔ-

əɌɘɔɣɑɝɖɚɏɚ ɖɚəɞɜɚɗɫ əɌ Ɏɝɑɡ ɩɞɌɛɌɡ ɗɑɣɑ-

əɔɫ. 

ȺɐəɌɖɚ ɛɜɔ əɌɗɔɣɔɔ ɥɑɗɑɎɔɐəɧɡ ɐɑ-

ɠɑɖɞɚɎ ɌəɌɝɞɚɘɚɓɌ ɜɑɓɟɗɨɞɌɞ ȸȼȾ ɘɚɒɑɞ 

ɍɧɞɨ ɝɚɘəɔɞɑɗɨəɧɘ. Ȯ ɞɌɖɔɡ ɝɗɟɣɌɫɡ ɐɚɛɚɗ-

əɑəɔɑ ɝɞɌəɐɌɜɞəɚɕ ȸȼȾ ɞɌɓɌ ɖɚəɞɜɌɝɞəɚɕ 

ɖɗɔɓɘɚɕ ɛɚɓɎɚɗɫɑɞ ɟɝɞɌəɚɎɔɞɨ Ɏɧɡɚɐ ɖɚə-

ɞɜɌɝɞəɚɏɚ ɝɜɑɐɝɞɎɌ ɓɌ ɛɜɑɐɑɗɧ ɝɞɑəɚɖ ɌəɌ-

ɝɞɚɘɚɓɌ, ɣɞɚ ɛɚɎɧɤɌɑɞ ɟɎɑɜɑəəɚɝɞɨ Ɏ ɐɔɌ-

ɏəɚɓɑ. 

ɂɑɗɨ ɔɝɝɗɑɐɚɎɌəɔɫ. ȻɜɚɞɑɝɞɔɜɚɎɌɞɨ 

ɔɝɛɚɗɨɓɚɎɌəɔɑ ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓɘɧ Ɏ ɎɧɫɎ-

ɗɑəɔɔ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɔ ɌəɌɝɞɚɘɚɓɌ  ɛɜɔ 

ɘɌɏəɔɞəɚ-ɜɑɓɚəɌəɝəɚɕ ɞɚɘɚɏɜɌɠɔɔ  ɟ ɍɚɗɨ-

əɧɡ, ɛɑɜɑəɑɝɤɔɡ ɜɑɓɑɖɢɔɪ ɛɜɫɘɚɕ ɖɔɤɖɔ. 

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. 

Ȯɧɛɚɗəɑəɔɑ ȸȼȾ ɝ ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓ-

ɘɚɕ ɐɗɫ ɎɧɫɎɗɑəɔɫ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɔ ɖɚɗɚ-

ɜɑɖɞɌɗɨəɚɏɚ/ɖɚɗɚɌəɌɗɨəɚɏɚ  ɌəɌɝɞɚɘɚɓɌ ɍɧɗɚ 

ɛɜɚɎɑɐɑəɚ Ɏ  ȸȼȹɂ ɔɘ. Ȭ. ɀ. ɂɧɍɌ ð ɠɔɗɔɌɗ 

ɀȯȭȿ çȹȸȴɂ ɜɌɐɔɚɗɚɏɔɔè ȸȳ ȼɀ Ɏ ɛɑɜɔɚɐ ɝ 

2020 ɏ. ɛɚ 2022 ɏ. Ȱɗɫ Ɏɖɗɪɣɑəɔɫ Ɏ ɔɝɝɗɑɐɚ-

ɎɌəɔɑ ɛɜɚɝɛɑɖɞɔɎəɚ ɚɞɍɔɜɌɗɔ ɛɌɢɔɑəɞɚɎ,  

ɛɜɚɤɑɐɤɔɡ Ɏ ɖɗɔəɔɖɑ ɂɑəɞɜɌ  ɡɔɜɟɜɏɔɣɑ-

ɝɖɚɑ ɗɑɣɑəɔɑ Ɏ ɚɍɦɑɘɑ ɜɑɓɑɖɢɔɔ ɛɜɫɘɚɕ 

ɖɔɤɖɔ. 

ȶɜɔɞɑɜɔɫɘɔ Ɏɖɗɪɣɑəɔɫ ɍɧɗɔ:  

Ɍ) ɛɜɑɐɤɑɝɞɎɟɪɥɑɑ ɡɔɜɟɜɏɔɣɑɝɖɚɑ ɗɑ-

ɣɑəɔɑ ɝ ɠɚɜɘɔɜɚɎɌəɔɑɘ ɖɚɗɚɜɑɖɞɌɗɨəɚ-

ɏɚ/ɖɚɗɚɌəɌɗɨəɚɏɚ ɌəɌɝɞɚɘɚɓɌ;  

ɍ) əɑɚɛɜɑɐɑɗɑəəɧɕ ɜɑɓɟɗɨɞɌɞ ɐɔɌɏəɚ-

ɝɞɔɖɔ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɔ ɌəɌɝɞɚɘɚɓɌ ɛɜɔ 

Ɏɧɛɚɗəɑəɔɔ ɖɚəɎɑəɢɔɌɗɨəɚɕ ȸȼȾ.  

ȶɜɔɞɑɜɔɫɘɔ ɔɝɖɗɪɣɑəɔɫ ɍɧɗɔ: əɌɗɔɣɔɑ 

ɎɧɜɌɒɑəəɧɡ ɌɜɞɑɠɌɖɞɚɎ ȸȼ-ɔɓɚɍɜɌɒɑəɔɫ, 

ɛɜɑɛɫɞɝɞɎɚɎɌɎɤɑɑ ɑɏɚ ɌɐɑɖɎɌɞəɚɕ ɔəɞɑɜɛɜɑ-

ɞɌɢɔɔ; ɚɞɝɟɞɝɞɎɔɑ ɐɌəəɧɡ ɖɗɔəɔɖɚ-

ɗɌɍɚɜɌɞɚɜəɚɏɚ əɌɍɗɪɐɑəɔɫ. 

Ȯ ɔɝɝɗɑɐɚɎɌəɔɑ ɍɧɗɚ Ɏɖɗɪɣɑəɚ 12 

ɍɚɗɨəɧɡ (9 ɘɟɒɣɔə ɔ 3 ɒɑəɥɔəɧ Ɏ ɎɚɓɜɌɝɞɑ 

ɚɞ 37 ɐɚ 73 ɗɑɞ), ɚɛɑɜɔɜɚɎɌəəɧɡ ɛɚ ɛɚɎɚɐɟ 

ɜɌɖɌ ɛɜɫɘɚɕ ɖɔɤɖɔ (ȼȻȶ) (11) ɔ ɚɝɗɚɒəɑəəɚ-

ɏɚ ɐɔɎɑɜɞɔɖɟɗɌ ɝɔɏɘɚɎɔɐəɚɕ ɖɔɤɖɔ (1). Ȯ 

ɛɜɑɐɚɛɑɜɌɢɔɚəəɚɘ ɛɑɜɔɚɐɑ 6 ɛɌɢɔɑəɞɚɎ ɛɚ-

ɗɟɣɌɗɔ ɐɚɛɚɗəɔɞɑɗɨəɚɑ ɗɑɣɑəɔɑ Ɏ ɚɍɦɑɘɑ ɡɔ-

ɘɔɚɗɟɣɑɎɚɕ ɞɑɜɌɛɔɔ, 1 ɛɌɢɔɑəɞ ɛɚɗɟɣɔɗ ɡɔ-

ɘɔɚɞɑɜɌɛɑɎɞɔɣɑɝɖɚɑ ɗɑɣɑəɔɑ. ȿ Ɏɝɑɡ ɛɌɢɔɑə-

ɞɚɎ ɍɧɗ ɝɠɚɜɘɔɜɚɎɌə ɘɑɒɖɔɤɑɣəɧɕ ɌəɌ-

ɝɞɚɘɚɓ ɛɚ ɞɔɛɟ çɖɚəɑɢ-Ɏ-ɖɚəɑɢè ɔ ɛɜɑɎɑəɞɔɎ-

əɌɫ (ɜɌɓɏɜɟɓɚɣəɌɫ) ɖɚɗɚɝɞɚɘɌ. 

Ȱɗɫ ɛɚɐɞɎɑɜɒɐɑəɔɫ ɐɔɌɏəɚɓɌ əɑɝɚɝɞɚɫ-

ɞɑɗɨəɚɝɞɔ ɌəɌɝɞɚɘɚɓɌ ɟ ɛɌɢɔɑəɞɚɎ, Ɏɖɗɪɣɑə-

əɧɡ Ɏ ɔɝɝɗɑɐɚɎɌəɔɑ, ɍɧɗɔ ɔɝɛɚɗɨɓɚɎɌəɧ ɜɑ-

ɓɟɗɨɞɌɞɧ ɖɚɘɛɗɑɖɝəɚɏɚ ɖɗɔəɔɖɚ-

ɗɌɍɚɜɌɞɚɜəɚɏɚ ɚɍɝɗɑɐɚɎɌəɔɫ, Ɏ ɞɚɘ ɣɔɝɗɑ 

ɖɚɘɛɨɪɞɑɜəɚɕ ɞɚɘɚɏɜɌɠɔɔ (ȶȾ), ɛɜɚɖɞɚɏɜɌ-

ɠɔɔ,  ɩəɐɚɝɖɚɛɔɔ, Ɍ ɞɌɖɒɑ ɜɑɗɌɛɌɜɚɞɚɘɔɔ, 

əɌ ɚɝəɚɎɌəɔɔ ɖɚɞɚɜɧɡ əɌɗɔɣɔɑ əɑɝɚɝɞɚɫ-

ɞɑɗɨəɚɝɞɔ ɌəɌɝɞɚɘɚɓɌ ɟɝɞɌəɚɎɗɑəɚ ɟ 8 ɛɌɢɔ-

ɑəɞɚɎ, Ɍ ɑɑ ɚɞɝɟɞɝɞɎɔɑ ð ɟ 4. 

ȶɚəɎɑəɢɔɌɗɨəɌɫ ȸȼȾ ɎɖɗɪɣɌɗɌ Ⱦ2-Ȯȴ 

ɞɌɓɌ Ɏ ɞɜɑɡ ɚɜɞɚɏɚəɌɗɨəɧɡ ɛɗɚɝɖɚɝɞɫɡ, ɝ 

ɛɜɔɢɑɗɨəɧɘ ɛɚɗɟɣɑəɔɑɘ Ⱦ2-Ȯȴ Ɏ ɌɖɝɔɌɗɨəɚɕ 

ɛɗɚɝɖɚɝɞɔ ɝ Ɏɧɝɚɖɔɘ ɛɜɚɝɞɜɌəɝɞɎɑəəɧɘ 

ɜɌɓɜɑɤɑəɔɑɘ əɌ ɟɜɚɎəɑ ɌəɌɝɞɚɘɚɓɌ. 

ȿ 10 ɛɌɢɔɑəɞɚɎ ȸȼȾ ɍɧɗɌ ɛɜɚɎɑɐɑəɌ Ɏ 

ɝɜɚɖɔ ɚɞ  3 ɐəɑɕ  ɐɚ 6 ɘɑɝɫɢɑɎ ɛɚɝɗɑ ɚɛɑɜɌ-

ɢɔɔ Ɏ ɝɎɫɓɔ ɝ əɌɗɔɣɔɑɘ ɖɗɔəɔɣɑɝɖɔɡ ɛɜɔ-

ɓəɌɖɚɎ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɔ ɌəɌɝɞɚɘɚɓɌ (ɚɞɐɑ-

ɗɫɑɘɚɑ ɝ ɛɌɞɚɗɚɏɔɣɑɝɖɔɘɔ ɛɜɔɘɑɝɫɘɔ ɛɚ 

ɐɜɑəɌɒɌɘ, ɜɚɝɞ Ƚȼȭ, ɏɔɛɑɜɞɑɜɘɔɫ ɔ ɛɜ.).  

ȿ 2 ɛɌɢɔɑəɞɚɎ ɖɚəɎɑəɢɔɌɗɨəɌɫ ȸȼȾ, 

ɛɚɖɌɓɌɎɤɌɫ ɝɚɘəɔɞɑɗɨəɧɕ ɜɑɓɟɗɨɞɌɞ, ɍɧɗɌ 

ɎɧɛɚɗəɑəɌ Ɏ ɜɌɘɖɌɡ ɖɚəɞɜɚɗɨəɚɏɚ ɚɍɝɗɑɐɚ-

ɎɌəɔɫ ɛɑɜɑɐ ɜɑɖɚəɝɞɜɟɖɞɔɎəɚ-

ɎɚɝɝɞɌəɚɎɔɞɑɗɨəɚɕ ɚɛɑɜɌɢɔɑɕ əɌ ɞɚɗɝɞɚɕ 

ɖɔɤɖɑ (ɓɌɖɜɧɞɔɑ ɛɜɑɎɑəɞɔɎəɚɕ ɖɚɗɚɝɞɚɘɧ). 

Ȯɜɑɘɑəəɚɕ ɛɜɚɘɑɒɟɞɚɖ ɘɑɒɐɟ ɖɚəɎɑə-

ɢɔɌɗɨəɚɕ ȸȼȾ ɔ ȸȼȾ ɝ ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓɘɚɕ 

ɝɚɝɞɌɎɗɫɗ ɚɞ 0 ɐɚ 12 ɐəɑɕ. 

ȸɑɞɚɐɔɖɌ ȸȼȾ ɔɝɝɗɑɐɚɎɌəɔɫ ɝ ɖɚə-

ɞɜɌɝɞəɚɕ ɖɗɔɓɘɚɕ.  

ȸȼȾ    ɛɜɚɎɚɐɔɗɌɝɨ    əɌ     1,5 Ⱦɗ   ȸȼ- 

ȹ 
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ɞɚɘɚɏɜɌɠɑ, ɝɖɌəɔɜɚɎɌəɔɑ əɌ ɟɜɚɎəɑ ɌəɌɝɞɚ-

ɘɚɓɌ ɛɜɚɎɚɐɔɗɔ Ɏ ɞɜɑɡ ɚɜɞɚɏɚəɌɗɨəɧɡ ɛɗɚɝ-

ɖɚɝɞɫɡ ɝ Ɏɧɝɚɖɔɘ ɛɜɚɝɞɜɌəɝɞɎɑəəɧɘ ɜɌɓɜɑ-

ɤɑəɔɑɘ ɔ ɛɚɗɟɣɑəɔɑɘ Ⱦ2-ɎɓɎɑɤɑəəɧɡ ɔɓɚɍ-

ɜɌɒɑəɔɕ  (Ⱦ2-Ȯȴ), ɔɘɛɟɗɨɝəɌɫ ɛɚɝɗɑɐɚɎɌ-

ɞɑɗɨəɚɝɞɨ Turbo-Spin -Echo ð ɍɧɝɞɜɚɑ ɝɛɔəɚ-

Ɏɚɑ ɩɡɚ ɔ T1-ɎɓɎɑɤɑəəɧɡ ɔɓɚɍɜɌɒɑəɔɕ (Ⱦ1-

Ȯȴ) ɝ ɛɚɐɌɎɗɑəɔɑɘ ɒɔɜɌ (FS), ȴȻ Fast-Field -

Echo ð ɍɧɝɞɜɚɑ ɛɚɗɑɎɚɑ ɩɡɚ. ȳɌɞɑɘ Ɏ  ɛɜɚɝɎɑɞ 

ɛɜɫɘɚɕ ɖɔɤɖɔ əɌ ɟɜɚɎəɑ ɌəɌɝɞɚɘɚɓɌ ɎɎɚɐɔ-

ɗɚɝɨ ɚɐəɚɘɚɗɫɜəɚɑ ɏɌɐɚɗɔəɔɕɝɚɐɑɜɒɌɥɑɑ 

ɖɚəɞɜɌɝɞəɚɑ ɝɜɑɐɝɞɎɚ Ɏ ɜɌɓɎɑɐɑəɔɔ 1:100. 

ȰɌəəɌɫ ɖɚəɢɑəɞɜɌɢɔɫ ɍɧɗɌ ɚɛɜɑɐɑɗɑəɌ 

ɚɛɧɞəɧɘ ɛɟɞɑɘ. Ⱥɍɦɑɘ ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓɘɧ 

ɝɚɝɞɌɎɗɫɗ 20 - 50 ɘɗ.  Ⱥɍɥɑɑ ɖɚɗɔɣɑɝɞɎɚ ɏɌ-

ɐɚɗɔəɔɕɝɚɐɑɜɒɌɥɑɏɚ ɖɚəɞɜɌɝɞəɚɏɚ ɝɜɑɐɝɞɎɌ, 

əɑɚɍɡɚɐɔɘɚɏɚ ɐɗɫ ɛɜɔɏɚɞɚɎɗɑəɔɫ ɖɚəɞɜɌɝɞ-

əɚɕ ɖɗɔɓɘɧ, əɌɡɚɐɔɗɚɝɨ Ɏ ɛɜɑɐɑɗɌɡ ɚɞ 0,1 ɘɗ 

ɐɚ 0,5 ɘɗ [4]. Ȱɗɫ ɎɎɑɐɑəɔɫ ɜɌɝɞɎɚɜɌ ɖɚə-

ɞɜɌɝɞəɚɏɚ ɝɜɑɐɝɞɎɌ Ɏ ɛɜɫɘɟɪ ɖɔɤɖɟ ɔɝɛɚɗɨ-

ɓɚɎɌɗɔ ɤɛɜɔɢ ɝ ɛɜɔɝɚɑɐɔəɑəəɧɘ ɖ əɑɘɟ ɖɌ-

ɞɑɞɑɜɚɘ ȹɑɗɌɞɚəɌ ɐɔɌɘɑɞɜɚɘ ɚɞ 14 ɐɚ 16 ɘɘ. 

ȯɗɟɍɔəɟ ɎɎɑɐɑəɔɫ ɚɛɜɑɐɑɗɫɗɔ əɌ ɝɌɏɔɞɞɌɗɨ-

əɧɡ Ⱦ2-Ȯȴ ɛɟɞɑɘ ɔɓɘɑɜɑəɔɫ ɜɌɝɝɞɚɫəɔɫ ɚɞ 

ɌəɌɗɨəɚɏɚ ɖɜɌɫ (ɘɑɒɝɠɔəɖɞɑɜəɚɕ ɍɚɜɚɓɐɧ) 

ɐɚ ɟɜɚɎəɫ ɌəɌɝɞɚɘɚɓɌ ɛɚ ɢɑəɞɜɟ ɛɜɚɝɎɑɞɌ 

ɛɜɫɘɚɕ ɖɔɤɖɔ. ȬəɌɝɞɚɘɚɓ ɎɔɓɟɌɗɔɓɔɜɚɎɌɗɝɫ 

əɌ ɞɚɘɚɏɜɌɘɘɌɡ ɓɌ ɝɣɑɞ ɌɜɞɑɠɌɖɞɚɎ ɘɌɏəɔɞ-

əɚɕ ɎɚɝɛɜɔɔɘɣɔɎɚɝɞɔ ɚɞ ɝɞɑɛɗɑɜəɚɏɚ ɤɎɌ. 

ȹɌɖɚəɑɣəɔɖ ɖɌɞɑɞɑɜɌ ɎɎɚɐɔɗɔ Ɏ ɛɜɫɘɟɪ 

ɖɔɤɖɟ ɐɚ ɘɑɞɖɔ, əɌəɑɝɑəəɚɕ əɌ ɖɌɞɑɞɑɜɑ əɌ 

ɜɌɝɝɞɚɫəɔɔ əɌ 1 ɝɘ ɘɑəɨɤɑɘ, ɣɑɘ ɔɓɘɑɜɑə-

əɚɑ ɜɌɝɝɞɚɫəɔɑ ɐɚ ɌəɌɝɞɚɘɚɓɌ. ɉɞɚ ɚɍɑɝɛɑɣɔ-

ɎɌɗɚ ɛɜɔɢɑɗɨəɚɑ ɛɚɛɌɐɌəɔɑ ɖɚəɞɜɌɝɞəɚɏɚ 

ɝɜɑɐɝɞɎɌ Ɏ ɓɚəɟ ɌəɌɝɞɚɘɚɓɌ. Ȼɚɝɗɑ ɖɚəɞɜɌɝɞ-

əɚɕ ɖɗɔɓɘɧ ɛɚɎɞɚɜɫɗɔ  ɛɚɗɟɣɑəɔɑ T1-Ȯȴ FS 

Ɏ ɞɜɑɡ ɚɜɞɚɏɚəɌɗɨəɧɡ ɛɗɚɝɖɚɝɞɫɡ. [4]. 

ȬəɌɗɔɓ ɔɓɚɍɜɌɒɑəɔɫ.  

Ȼɜɔ ȸȼȾ ɝ ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓɘɚɕ ɛɜɫ-

ɘɧɘ ɛɜɔɓəɌɖɚɘ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɔ ɌəɌɝɞɚ-

ɘɚɓɌ ɝɣɔɞɌɗɔ Ɏɧɡɚɐ ɖɚəɞɜɌɝɞəɚɏɚ ɝɜɑɐɝɞɎɌ 

ɓɌ ɛɜɑɐɑɗɧ ɝɞɑəɖɔ ɖɔɤɖɔ, ɟɝɞɌəɚɎɗɑəəɧɕ 

ɛɜɔ ɝɜɌɎəɑəɔɔ ɝ əɌɞɔɎəɧɘɔ Ⱦ1-Ȯȴ FS. Ȼɜɔ 

əɌɗɔɣɔɔ  ɩɞɚɏɚ ɛɜɔɓəɌɖɌ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɨ 
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ȼɔɝ. 1 Ɏ (Fig. 1 ɝ) 

ȼɔɝ. 1.  ȻɌɢɔɑəɞ ȷ., 53 ɏɚɐɌ. ȸȼȾ ɞɌɓɌ ɣɑɜɑɓ 2 ɘɑɝɫɢɌ ɛɚɝɗɑ ɖɚɘɍɔəɔɜɚɎɌəəɚɕ ɜɑɓɑɖɢɔɔ ɝɔɏɘɚ-

Ɏɔɐəɚɕ ɖɔɤɖɔ ɝ ɠɚɜɘɔɜɚɎɌəɔɑɘ ɖɚɗɚɜɑɖɞɌɗɨəɚɏɚ ɌəɌɝɞɚɘɚɓɌ ɛɚ ɞɔɛɟ çɖɚəɑɢ-Ɏ-ɖɚəɑɢè.  

ȶɜɌɝəɌɫ ɝɞɜɑɗɖɌ ð ɟɜɚɎɑəɨ ɌəɌɝɞɚɘɚɓɌ; ɒɑɗɞɌɫ ɝɞɜɑɗɖɌ ð ɛɑɜɔɌəɌɝɞɚɘɚɞɔɣɑɝɖɌɫ ɛɚɗɚɝɞɨ:  a ð Ⱦ2-Ȯȴ Ɏ ɝɌ-

ɏɔɞɞɌɗɨəɚɕ ɛɜɚɑɖɢɔɔ; ɍ ð Ⱦ1-Ȯȴ FS Ɏ ɝɌɏɔɞɞɌɗɨəɚɕ ɛɜɚɑɖɢɔɔ ɐɚ ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓɘɧ; Ɏ ð Ⱦ1-Ȯȴ FS Ɏ ɝɌ-

ɏɔɞɞɌɗɨəɚɕ ɛɜɚɑɖɢɔɔ ɛɚɝɗɑ ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓɘɧ. Ⱥɛɜɑɐɑɗɫɑɞɝɫ Ɏɧɡɚɐ ɖɚəɞɜɌɝɞəɚɏɚ ɝɜɑɐɝɞɎɌ ɣɑɜɑɓ ɞɚ-

ɣɑɣəɧɕ ɐɑɠɑɖɞ Ɏ ɓɌɐəɑɕ ɝɞɑəɖɑ ɌəɌɝɞɚɘɚɓɌ.  

Fig. 1.   Patient L., 53-year -old. MRI was performed 2 months later a fter combined resection of the 

sigmoid colon with the formation of an çend-to-endè colorectal anastomosis. 

Red arrow ð level of anastomosis; yellow arrow ð functioning drainage tube: a ð T2WI in sagittal projection; b ð 

T1WI FS in sagittal projection befor e contrast enema; c ð T1WI FS in sagittal projection after contrast enema. 

The leakage of a contrast agent outside the walls of the anastomosis into the lumen of the drainage tube is de-

termined.  
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ɌəɌɝɞɚɘɚɓɌ ɝɣɔɞɌɗɔ ɛɚɐɞɎɑɜɒɐɬəəɚɕ; Ɍ ɛɜɔ 

ɑɏɚ ɚɞɝɟɞɝɞɎɔɔ ð əɑɛɚɐɞɎɑɜɒɐɑəəɚɕ. 

ȼɑɓɟɗɨɞɌɞɧ. 

Ȼɜɔ ɜɑɖɞɌɗɨəɚɘ ɎɎɑɐɑəɔɔ ɖɚəɞɜɌɝɞəɚɏɚ 

ɝɜɑɐɝɞɎɌ ɚɛɔɝɌəəɧɘ əɌɘɔ ɝɛɚɝɚɍɚɘ ɘɧ əɑ 

Ɏɝɞɜɑɞɔɗɔ ɚɝɗɚɒəɑəɔɕ ɛɜɔ ɛɜɚɎɑɐɑəɔɔ ɛɜɚ-

ɢɑɐɟɜɧ, ɚəɌ ɡɚɜɚɤɚ ɛɑɜɑəɚɝɔɗɌɝɨ Ɏɝɑɘɔ ɛɌ-

ɢɔɑəɞɌɘɔ. 

Ȯɧɡɚɐ ɖɚəɞɜɌɝɞəɚɏɚ ɝɜɑɐɝɞɎɌ ɓɌ ɛɜɑɐɑ-

ɗɧ ɝɞɑəɖɔ ɌəɌɝɞɚɘɚɓɌ ɍɧɗ ɚɍəɌɜɟɒɑə Ɏɚ Ɏɝɑɡ 

8 ɝɗɟɣɌɫɡ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɔ, ɛɚɐɞɎɑɜɒɐɑə-

əɚɕ ɐɜɟɏɔɘɔ ɘɑɞɚɐɌɘɔ ɗɟɣɑɎɚɕ ɐɔɌɏəɚɝɞɔɖɔ 

ɔɗɔ ɛɜɔ ɡɔɜɟɜɏɔɣɑɝɖɚɘ ɗɑɣɑəɔɔ. ȼɌɝɝɞɚɫəɔɑ 

ɚɞ ɌəɌɗɨəɚɏɚ ɖɜɌɫ ɐɚ ɟɜɚɎəɫ ɌəɌɝɞɚɘɚɓɌ ɎɌ-

ɜɨɔɜɚɎɌɗɚɝɨ ɚɞ 1 ɝɘ ɐɚ 13 ɝɘ. Ȯ ɜɌəəɑɘ ɛɚ-

ɝɗɑɚɛɑɜɌɢɔɚəəɚɘ ɛɑɜɔɚɐɑ (Ɏ ɝɜɚɖɔ ɚɞ 8 ɐɚ 11 

ɐəɑɕ ɛɚɝɗɑ ɚɛɑɜɌɢɔɔ) əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɨ ɌəɌ-

ɝɞɚɘɚɓɌ ɍɧɗɌ ɎɧɫɎɗɑəɌ ɟ 4 ɛɌɢɔɑəɞɚɎ,  ɑɥɑ ɟ 

4 ɛɌɢɔɑəɞɚɎ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɨ ɌəɌɝɞɚɘɚɓɌ 

ɚɍəɌɜɟɒɑəɌ əɌ ɝɜɚɖɌɡ 2-4 ɘɑɝɫɢɌ ɛɚɝɗɑ ɚɛɑ-

ɜɌɢɔɔ.  ȿ 5 ɛɌɢɔɑəɞɚɎ ɜɑɓɟɗɨɞɌɞɧ ɖɚəɎɑəɢɔ-

Ɍɗɨəɚɕ ȸȼȾ ɛɚɖɌɓɌɗɔ əɌɗɔɣɔɑ ɝɖɚɛɗɑəɔɫ  

ɒɔɐɖɚɝɞɔ Ɏ ɓɚəɑ ɌəɌɝɞɚɘɚɓɌ,  ɟ ɚɐəɚɏɚ ɛɌɢɔ-

ɑəɞɌ ɍɧɗɌ ɎɧɫɎɗɑəɌ ɛɑɜɔɌəɌɝɞɚɘɚɞɔɣɑɝɖɌɫ 

ɎɚɓɐɟɤəɌɫ ɛɚɗɚɝɞɨ ɔ ɟ 2 ɛɌɢɔɑəɞɚɎ ð ɠɟəɖ-

ɢɔɚəɔɜɟɪɥɌɫ ɐɜɑəɌɒəɌɫ ɞɜɟɍɖɌ əɌ ɟɜɚɎəɑ 

ɌəɌɝɞɚɘɚɓɌ. ȸɑɝɞɚ ɟɞɑɣɖɔ ȶȽ ɗɚɖɌɗɔɓɚɎɌɗɚɝɨ 

ɛɚ ɓɌɐəɑɕ ɝɞɑəɖɑ ɟ 6 ɛɌɢɔɑəɞɚɎ (ɜɔɝ. 1), ɛɚ 

ɛɑɜɑɐəɑɕ ɝɞɑəɖɑ ð ɟ ɐɎɚɔɡ. Ȯɧɡɚɐ ɖɚəɞɜɌɝɞ-

əɚɏɚ ɝɜɑɐɝɞɎɌ Ɏ ɛɑɜɔɌəɌɝɞɚɘɚɞɔɣɑɝɖɚɑ ɛɜɚ-

ɝɞɜɌəɝɞɎɚ əɌɍɗɪɐɌɗɝɫ ɟ 6 ɛɌɢɔɑəɞɚɎ, ɓɌɞɑ-

ɖɌəɔɑ ɖɚəɞɜɌɝɞəɚɏɚ ɝɜɑɐɝɞɎɌ Ɏ ɛɜɔɗɑɒɌɥɔɕ 

ɖ ɓɚəɑ ɌəɌɝɞɚɘɚɓɌ ɐɜɑəɌɒəɧɕ ɖɌɞɑɞɑɜ ɚɞɘɑ-

ɣɑəɚ ɟ 2 ɛɌɢɔɑəɞɚɎ (ɜɔɝ. 2).  

ȿ 4 ɛɌɢɔɑəɞɚɎ ɛɚ ɐɌəəɧɘ ȸȼȾ ɝ ɖɚə-

ɞɜɌɝɞəɚɕ ɖɗɔɓɘɚɕ ɛɜɔɓəɌɖɚɎ ɎɧɡɚɐɌ ɖɚə-

ɞɜɌɝɞəɚɏɚ ɝɜɑɐɝɞɎɌ ɓɌ ɛɜɑɐɑɗɧ ɝɞɑəɖɔ ɖɔɤɖɔ 

əɑ ɍɧɗɚ ɎɧɫɎɗɑəɚ. Ȼɜɔ ɖɚəɎɑəɢɔɌɗɨəɚɕ ȸȼȾ 

ɌəɌɝɞɚɘɚɓ, ɝɠɚɜɘɔɜɚɎɌəəɧɕ ɛɚ ɞɔɛɟ çɖɚəɑɢ-

Ɏ-ɖɚəɑɢè, əɑ ɔɘɑɗ ɫɎəɧɡ ɛɜɔɓəɌɖɚɎ əɌɜɟɤɑ-

əɔɫ ɢɑɗɚɝɞəɚɝɞɔ (ɜɔɝ. 3 Ɍ), ɚɐəɌɖɚ ɚɛɜɑɐɑɗɫ-

ɗɔɝɨ ɖɚɝɎɑəəɧɑ ɛɜɔɓəɌɖɔ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɔ 

ɌəɌɝɞɚɘɚɓɌ: ɟ ɐɎɚɔɡ ɍɧɗɌ ɎɧɫɎɗɑəɌ ɛɜɑɝɌ-

ɖɜɌɗɨəɌɫ ɒɔɐɖɚɝɞəɌɫ ɛɚɗɚɝɞɨ, ɟ ɞɜɑɞɨɑɏɚ ð 

ɛɑɜɔɌəɌɝɞɚɘɚɞɔɣɑɝɖɌɫ ɎɚɓɐɟɤəɌɫ ɛɚɗɚɝɞɨ, ɟ 

ɣɑɞɎɑɜɞɚɏɚ ð ɠɟəɖɢɔɚəɔɜɟɪɥɌɫ ɐɜɑəɌɒəɌɫ 

ɞɜɟɍɖɌ əɌ ɟɜɚɎəɑ ɌəɌɝɞɚɘɚɓɌ. ȺɞɝɟɞɝɞɎɔɑ 

ɎɧɡɚɐɌ ɖɚəɞɜɌɝɞəɚɏɚ ɝɜɑɐɝɞɎɌ ɓɌ ɛɜɑɐɑɗɧ 

ɝɞɑəɖɔ ɌəɌɝɞɚɘɚɓɌ  ɟ ɩɞɔɡ ɛɌɢɔɑəɞɚɎ ɛɚɓɎɚ-

ɗɔɗɚ ɔɝɖɗɪɣɔɞɨ əɌɗɔɣɔɑ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɔ 

(ɜɔɝ. 3 b, c).  

ȶɗɔəɔɣɑɝɖɔɑ ɛɜɚɫɎɗɑəɔɫ ɝɔɝɞɑɘəɚɏɚ 

 

ȼɔɝ. 2 Ɍ (Fig. 2 Ɍ) 

 

ȼɔɝ. 2 ɍ (Fig. 2 b) 

 

ȼɔɝ. 2 Ɏ (Fig. 2 ɝ) 

ȼɔɝ. 2.   ȻɌɢɔɑəɞ ȶ.,  58 ɗɑɞ. ȸȼȾ ɞɌɓɌ ɣɑɜɑɓ 4 ɘɑɝɫɢɌ  ɛɚɝɗɑ ɜɑɓɑɖɢɔɔ ɛɜɫɘɚɕ ɖɔɤɖɔ ɝ ɠɚɜ-

ɘɔɜɚɎɌəɔɑɘ ɖɚɗɚɜɑɖɞɌɗɨəɚɏɚ ɌəɌɝɞɚɘɚɓɌ ɛɚ ɞɔɛɟ çɖɚəɑɢ-Ɏ-ɖɚəɑɢè.  

ȶɜɌɝəɌɫ ɝɞɜɑɗɖɌ ð ɟɜɚɎɑəɨ ɌəɌɝɞɚɘɚɓɌ; ɒɑɗɞɌɫ ɝɞɜɑɗɖɌ ð ɠɟəɖɢɔɚəɔɜɟɪɥɌɫ ɐɜɑəɌɒəɌɫ ɞɜɟɍɖɌ: a ð Ⱦ2-

Ȯȴ Ɏ ɝɌɏɔɞɞɌɗɨəɚɕ ɛɜɚɑɖɢɔɔ;  ɍ ð Ⱦ1-Ȯȴ FS Ɏ ɝɌɏɔɞɞɌɗɨəɚɕ ɛɜɚɑɖɢɔɔ ɐɚ ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓɘɧ; Ɏ ð Ⱦ1-Ȯȴ 

FS Ɏ ɝɌɏɔɞɞɌɗɨəɚɕ ɛɜɚɑɖɢɔɔ ɛɚɝɗɑ ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓɘɧ. Ⱥɛɜɑɐɑɗɫɑɞɝɫ ɛɚɛɌɐɌəɔɑ ɖɚəɞɜɌɝɞəɚɏɚ ɝɜɑɐɝɞɎɌ 

ɓɌ ɛɜɑɐɑɗɧ ɝɞɑəɚɖ ɖɔɤɖɔ Ɏ ɛɜɚɝɎɑɞ ɐɜɑəɌɒəɚɕ ɞɜɟɍɖɔ.  

Fig. 2.    Patient K., 58 -year -old. MRI was performed 4 months later after rectal resection with the for-

mation of çend-to-endè colorectal anastomosis. 

Red arrow ð level of anastomosis; yellow  arrow ð perianastomotic cavity: a ð T2WI in the sagittal projection; b 

ð T1WI FS in sagittal projection before contrast enema; c ð T1WI FS in sagittal projection after contrast ene-

ma.  The leakage of a contrast agent is determined through a point defect i n the posterior wall of the anasto-

mosis.  
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ɎɚɝɛɌɗɔɞɑɗɨəɚɏɚ ɚɞɎɑɞɌ Ɏ ɜɌəəɑɘ ɛɚɝɗɑɚɛɑ-

ɜɌɢɔɚəəɚɘ ɛɑɜɔɚɐɑ Ɏ ɚɐəɚɘ ɔɓ ɩɞɔɡ ɝɗɟɣɌɑɎ 

ɍɧɗɔ ɚɍɟɝɗɚɎɗɑəɧ əɑɖɜɚɓɚɘ əɔɓɎɑɐɑəəɚɏɚ Ɏ 

ɞɌɓ ɟɣɌɝɞɖɌ ɖɔɤɖɔ, ɖɚɞɚɜɧɕ ɍɧɗ ɜɑɓɑɢɔɜɚ-

ɎɌə ɛɚɝɗɑ ɜɌɓɚɍɥɑəɔɫ ɌəɌɝɞɚɘɚɓɌ Ɏ ɡɚɐɑ ɜɑ-

ɗɌɛɌɜɚɞɚɘɔɔ ɔ ɜɑɎɔɓɔɔ ɛɚɗɚɝɞɔ ɞɌɓɌ. 

ȾɌɖɔɘ ɚɍɜɌɓɚɘ, ȸȼȾ ɝ ɖɚəɞɜɌɝɞəɚɕ 

ɖɗɔɓɘɚɕ Ɏ ɚɍɝɗɑɐɚɎɌəəɚɕ ɏɜɟɛɛɑ ɛɌɢɔɑəɞɚɎ 

ɍɧɗɌ ɟɝɛɑɤəɚ ɎɧɛɚɗəɑəɌ Ɏɚ Ɏɝɑɡ ɝɗɟɣɌɫɡ,  

ɡɚɜɚɤɚ ɛɑɜɑəɚɝɔɗɌɝɨ ɛɌɢɔɑəɞɌɘɔ ɔ ɛɚɓɎɚɗɔ-

ɗɌ ɎɧɫɎɔɞɨ Ɏɝɑ ɝɗɟɣɌɔ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɔ 

ɌəɌɝɞɚɘɚɓɌ, əɑɓɌɎɔɝɔɘɚ ɚɞ ɟɜɚɎəɫ ɌəɌɝɞɚɘɚ-

ɓɌ, ɗɚɖɌɗɔɓɌɢɔɔ ɐɑɠɑɖɞɌ ɔ ɝɜɚɖɚɎ ɛɚɝɗɑ ɡɔ-

ɜɟɜɏɔɣɑɝɖɚɏɚ ɗɑɣɑəɔɫ. ȳɌɛɚɐɚɓɜɑəəɌɫ ɛɜɔ 

ɖɚəɎɑəɢɔɌɗɨəɚɕ  ȸȼȾ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɨ 

ɌəɌɝɞɚɘɚɓɌ ɍɧɗɌ ɛɚɐɞɎɑɜɒɐɑəɌ ɟ 8 ɔɓ 12 ɛɌ-

ɢɔɑəɞɚɎ, ɣɞɚ ɝɚɝɞɌɎɔɗɚ 2/3 ɝɚɘəɔɞɑɗɨəɧɡ 

ɝɗɟɣɌɑɎ. ȴɓ 4 ɝɗɟɣɌɑɎ ɝ ɚɞɜɔɢɌɞɑɗɨəɧɘ ɜɑ-

ɓɟɗɨɞɌɞɚɘ, Ɏ ɚɐəɚɘ ð ɛɜɔ ɚɞɝɟɞɝɞɎɔɔ əɑɝɚ-

ɝɞɚɫɞɑɗɨəɚɝɞɔ ɌəɌɝɞɚɘɚɓɌ, ɔɘɑɗɚ ɘɑɝɞɚ 

əɌɜɟɤɑəɔɑ ɖɜɚɎɚɝəɌɍɒɑəɔɫ əɔɓɎɑɐɑəəɚɏɚ 

ɟɣɌɝɞɖɌ ɖɔɤɖɔ ɝ ɛɚɝɗɑɐɟɪɥɔɘ ɜɌɓɎɔɞɔɑɘ 

əɑɖɜɚɓɌ. Ȱɗɫ ɎɧɫɎɗɑəɔɫ ɩɞɚɏɚ ɚɝɗɚɒəɑəɔɫ 

ɛɚɝɗɑɚɛɑɜɌɢɔɚəəɚɏɚ ɛɑɜɔɚɐɌ əɑɚɍɡɚɐɔɘɚ 

ɎəɟɞɜɔɎɑəəɚɑ ɖɚəɞɜɌɝɞɔɜɚɎɌəɔɑ. 

Ⱥɍɝɟɒɐɑəɔɑ.  

ȹɌ ɝɑɏɚɐəɫɤəɔɕ ɐɑəɨ əɑ ɝɟɥɑɝɞɎɟɑɞ 

ɑɐɔəɚɏɚ ɘəɑəɔɫ ɚɞəɚɝɔɞɑɗɨəɚ ɚɛɞɔɘɌɗɨəɚɏɚ 

ɘɑɞɚɐɌ ɐɔɌɏəɚɝɞɔɖɔ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɔ ɌəɌ-

ɝɞɚɘɚɓɌ ɟ ɛɌɢɔɑəɞɚɎ, ɛɑɜɑəɑɝɤɔɡ ɜɑɓɑɖɢɔɪ 

ɛɜɫɘɚɕ ɖɔɤɖɔ. 

ȾɜɌɐɔɢɔɚəəɚ ɔɝɛɚɗɨɓɟɑɘɌɫ ɐɗɫ ɩɞɚɕ 

ɢɑɗɔ ɖɚəɞɜɌɝɞəɌɫ ɜɑəɞɏɑəɚɎɝɖɌɫ ɖɗɔɓɘɌ 

(ɛɜɚɖɞɚɏɜɌɠɔɫ) ɛɚ ɐɌəəɧɘ Habib, K.ɔ ɝɚɌɎɞ. 

[5] ɚɍɗɌɐɌɑɞ Ɏɧɝɚɖɚɕ ɝɛɑɢɔɠɔɣəɚɝɞɨɪ (95,4; 

95%  ɐɚɎɑɜɔɞɑɗɨəɧɕ ɔəɞɑɜɎɌɗ 92,0ð97,4) ɔ 

ɚɞɜɔɢɌɞɑɗɨəɚɕ ɛɜɚɏəɚɝɞɔɣɑɝɖɚɕ ɢɑəəɚɝɞɨɪ 

(98,4; 97,4 ð99,1), Ɍ ɞɌɖɒɑ ɟɘɑɜɑəəɚɕ ɣɟɎ-

ɝɞɎɔɞɑɗɨəɚɝɞɨɪ (79,9; 63,9ð89,9) ɔ ɛɚɗɚɒɔ-

ɞɑɗɨəɚɕ ɛɜɚɏəɚɝɞɔɣɑɝɖɚɕ ɢɑəəɚɝɞɨɪ (64,6; 

55,5ð72,9) ɐɗɫ ɎɧɫɎɗɑəɔɫ ɖɗɔəɔɣɑɝɖɔ ɓəɌɣɔ-

ɘɧɡ ɛɜɚɍɗɑɘ ɝ ɌəɌɝɞɚɘɚɓɚɘ.  

ȬəɌɗɔɓ ɗɔɞɑɜɌɞɟɜəɧɡ ɐɌəəɧɡ ɛɚ ɜɟ-

ɞɔəəɚɕ ɚɢɑəɖɑ ɢɑɗɚɝɞəɚɝɞɔ ɖɚɗɚɜɑɖɞɌɗɨəɚɏɚ 

ɌəɌɝɞɚɘɚɓɌ ɛɑɜɑɐ ɓɌɖɜɧɞɔɑɘ ɛɜɑɎɑəɞɔɎəɚɕ 

ɝɞɚɘɧ ɛɚɖɌɓɌɗ ɛɜɑɔɘɟɥɑɝɞɎɚ ɩəɐɚɝɖɚɛɔɣɑ-

ɝɖɚɏɚ ɔ ɛɌɗɨɢɑɎɚɏɚ ɜɑɖɞɌɗɨəɚɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ 

Ɏ ɝɜɌɎəɑəɔɔ ɝ ɎɚɐɚɜɌɝɞɎɚɜɔɘɚɕ ɜɑəɞɏɑəɚ-

ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓɘɚɕ [6]. 

ȹɑɐɌɎəɔɑ ɔɝɝɗɑɐɚɎɌəɔɫ Yu ɔ ɐɜ. ɝ ɔɝ-

ɛɚɗɨɓɚɎɌəɔɑɘ ɖɚəɎɑəɢɔɌɗɨəɚɕ ȸȼȾ [7] ɐɚɖɌ-

ɓɌɗɔ ɑɏɚ Ɏɧɝɚɖɟɪ ɩɠɠɑɖɞɔɎəɚɝɞɨ ɐɗɫ ɎɧɫɎ-

ɗɑəɔɫ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɔ ɌəɌɝɞɚɘɚɓɌ Ɏ ɝɜɌɎ-

əɑəɔɔ ɝ ɘɑɞɚɐɌɘɔ ɖɚɘɛɨɪɞɑɜəɚɕ ɞɚɘɚɏɜɌ-

ɠɔɔ ɔɗɔ ɛɜɚɖɞɚɏɜɌɠɔɔ. ɃɟɎɝɞɎɔɞɑɗɨəɚɝɞɨ ɔ 

ɝɛɑɢɔɠɔɣəɚɝɞɨ ȸȼȾ ɝɚɝɞɌɎɔɗɔ 94,4% ɔ 80% 

 

ȼɔɝ. 3 Ɍ (Fig. 3 Ɍ) 

 

ȼɔɝ. 3 ɍ (Fig. 3 b) 

 

ȼɔɝ. 3 Ɏ (Fig. 3 ɝ) 

ȼɔɝ. 3.    ȻɌɢɔɑəɞ Ȱ., 67 ɗɑɞ. ȸȼȾ ɞɌɓɌ ɣɑɜɑɓ 5 ɘɑɝɫɢɑɎ ɛɚɝɗɑ ɛɑɜɑɐəɑɕ ɜɑɓɑɖɢɔɔ ɛɜɫɘɚɕ ɖɔɤ-

ɖɔ ɝ ɠɚɜɘɔɜɚɎɌəɔɑɘ ɖɚɗɚɌəɌɗɨəɚɏɚ ɌəɌɝɞɚɘɚɓɌ ɛɚ ɞɔɛɟ çɖɚəɑɢ-Ɏ-ɖɚəɑɢè. 

ȽɞɜɑɗɖɌ ð ɟɜɚɎɑəɨ ɌəɌɝɞɚɘɚɓɌ; ɓɎɑɓɐɚɣɖɌ ð ɛɑɜɔɌəɌɝɞɚɘɚɞɔɣɑɝɖɚɑ ɝɖɚɛɗɑəɔɑ ɒɔɐɖɚɝɞɔ: a ð Ⱦ2-Ȯȴ Ɏ ɝɌ-

ɏɔɞɞɌɗɨəɚɕ ɛɜɚɑɖɢɔɔ; ɍ ð Ⱦ1-Ȯȴ FS Ɏ ɝɌɏɔɞɞɌɗɨəɚɕ ɛɜɚɑɖɢɔɔ ɐɚ ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓɘɧ;  Ɏ ð Ⱦ1-Ȯȴ FS ɛɚ-

ɝɗɑ ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓɘɧ. ȮɧɡɚɐɌ ɖɚəɞɜɌɝɞəɚɏɚ ɝɜɑɐɝɞɎɌ ɓɌ ɛɜɑɐɑɗɧ ɝɞɑəɚɖ ɖɔɤɖɔ əɑ ɎɧɫɎɗɑəɚ.  

Fig. 3.     Patient D., 67 -year -old. MRI was performed 5 months later after anterior rectal resection with 

the formation of an çend- to-endè coloanal anastomosis. 

Arrow ð level of anastomosis; asterisk - perianastomotic fluid accumulation: a ð T2WI in sagittal projection; b 

ð T1WI FS in sagittal projection before contrast enema; c ð T1WI FS after contrast enema. There was no lea k-

age of the contrast agent beyond the walls of the intestine.  
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ɝɚɚɞɎɑɞɝɞɎɑəəɚ. Ȼɜɫɘɧɘ ɛɜɔɓəɌɖɚɘ əɑɝɚ-

ɝɞɚɫɞɑɗɨəɚɝɞɔ ɌəɌɝɞɚɘɚɓɌ əɌ əɌɞɔɎəɧɡ Ⱦ2-

Ȯȴ ɫɎɗɫɑɞɝɫ ɏɔɛɑɜɔəɞɑəɝɔɎəɧɕ ɐɑɠɑɖɞ  Ɏ 

ɝɞɑəɖɑ ɌəɌɝɞɚɘɚɓɌ, ɝɚɛɜɚɎɚɒɐɌɪɥɔɕɝɫ  ɖɚɝ-

Ɏɑəəɧɘ ɛɜɔɓəɌɖɚɘ  ð ɛɑɜɔɌəɌɝɞɚɘɚɞɔɣɑɝɖɔɘ 

ɝɖɚɛɗɑəɔɑɘ ɒɔɐɖɚɝɞɔ/ɏɌɓɌ. 

Ȯɘɑɝɞɑ ɝ ɞɑɘ, əɌɤ ɚɛɧɞ ɛɚɖɌɓɧɎɌɑɞ, 

ɣɞɚ ɞɚɣɑɣəɧɑ ɔɗɔ ɥɑɗɑɎɔɐəɧɑ ɐɑɠɑɖɞɧ ɌəɌ-

ɝɞɚɘɚɓɌ ɍɧɎɌɑɞ ɝɗɚɒəɚ ɐɚɝɞɚɎɑɜəɚ ɐɔɌɏəɚ-

ɝɞɔɜɚɎɌɞɨ ɍɑɓ ɛɜɫɘɚɏɚ ɛɚɐɞɎɑɜɒɐɑəɔɫ ɝɚɚɍ-

ɥɑəɔɫ ɛɜɚɝɎɑɞɌ ɖɔɤɖɔ ɝ Ɏəɑɖɔɤɑɣəɧɘ ɛɜɚ-

ɝɞɜɌəɝɞɎɚɘ. Ȼɚɩɞɚɘɟ Ɏ ɐɌəəɚɕ ɝɞɌɞɨɑ ɘɧ 

ɛɜɑɐɝɞɌɎɔɗɔ ɜɑɓɟɗɨɞɌɞɧ ɔɝɛɚɗɨɓɚɎɌəɔɫ ȸȼȾ 

ɝ ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓɘɚɕ ɛɚɝɗɑ ɡɔɜɟɜɏɔɣɑɝɖɚɏɚ 

ɗɑɣɑəɔɫ ɝ ɠɚɜɘɔɜɚɎɌəɔɑɘ ɖɚɗɚɜɑɖɞɌɗɨ-

əɧɡ/ɖɚɗɚɌəɌɗɨəɧɡ ɌəɌɝɞɚɘɚɓɚɎ ɛɜɔ ɛɚɐɚ-

ɓɜɑəɔɔ əɌ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɨ ɌəɌɝɞɚɘɚɓɌ.  

ȹɌɗɔɣɔɑ/ɚɞɝɟɞɝɞɎɔɑ ɎɧɡɚɐɌ ɖɚəɞɜɌɝɞəɚɏɚ 

ɝɜɑɐɝɞɎɌ ɓɌ ɛɜɑɐɑɗɧ ɖɔɤɑɣəɚɕ ɝɞɑəɖɔ ɛɚɓ-

Ɏɚɗɫɑɞ ɛɚɐɞɎɑɜɐɔɞɨ/ɔɝɖɗɪɣɔɞɨ əɑɝɚɝɞɚɫ-

ɞɑɗɨəɚɝɞɨ ɌəɌɝɞɚɘɚɓɌ. Ȯ əɌɤɑɘ ɔɝɝɗɑɐɚɎɌ-

əɔɔ ɟɞɑɣɖɌ ɖɚəɞɜɌɝɞəɚɏɚ ɝɜɑɐɝɞɎɌ ɍɧɗɌ Ɏɧ-

ɫɎɗɑəɌ əɑɓɌɎɔɝɔɘɚ ɚɞ ɟɜɚɎəɫ ɌəɌɝɞɚɘɚɓɌ, 

ɗɚɖɌɗɔɓɌɢɔɔ ɐɑɠɑɖɞɌ ɔ ɝɜɚɖɌ ɛɚɝɗɑ ɡɔɜɟɜɏɔ-

ɣɑɝɖɚɏɚ ɗɑɣɑəɔɫ. ȭɧɗɚ ɞɌɖɒɑ ɚɍəɌɜɟɒɑəɚ 

ɓɌɞɑɖɌəɔɑ ɖɚəɞɜɌɝɞəɚɏɚ ɝɜɑɐɝɞɎɌ Ɏ ɐɜɑəɌɒ-

əɟɪ ɞɜɟɍɖɟ Ɏ ɓɚəɑ ɌəɌɝɞɚɘɚɓɌ. Ȼɚɗɟɣɑəəɧɑ 

ɐɌəəɧɑ ɛɚɓɎɚɗɫɪɞ ɝɣɔɞɌɞɨ ȸȼȾ ɝ ɖɚəɞɜɌɝɞ-

əɚɕ ɖɗɔɓɘɚɕ ɛɑɜɝɛɑɖɞɔɎəɧɘ ɐɚɛɚɗəɑəɔɑɘ 

ɖɚəɎɑəɢɔɌɗɨəɚɏɚ ȸȼȾ ɛɜɔ ɛɚɗɟɣɑəɔɔ ɝɚɘəɔ-

ɞɑɗɨəɚɏɚ ɜɑɓɟɗɨɞɌɞɌ, ɚɍɟɝɗɚɎɗɑəəɚɏɚ ɥɑɗɑ-

Ɏɔɐəɧɘ ɐɑɠɑɖɞɚɘ ɌəɌɝɞɚɘɚɓɌ. 

Ȯ ɗɔɞɑɜɌɞɟɜɑ ɔɘɑɑɞɝɫ əɑɍɚɗɨɤɚɑ ɖɚɗɔ-

ɣɑɝɞɎɚ ɜɌɍɚɞ, ɚɛɔɝɧɎɌɪɥɔɡ ɛɜɔɘɑəɑəɔɑ 

ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓɘɧ ɛɜɔ ȸȼȾ, Ɏ ɚɐəɚɕ ɔɓ 

əɔɡ Dulskas A. ɔ ɝɚɌɎɞ. [8] ɔɝɛɚɗɨɓɚɎɌɗɔ ȸȼȾ 

ɖɌɖ ɌɗɨɞɑɜəɌɞɔɎɟ ɜɑəɞɏɑəɚɖɚəɞɜɌɝɞəɧɘ ɔɝ-

ɝɗɑɐɚɎɌəɔɫɘ ɛɜɔ Ɍɗɗɑɜɏɔɔ əɌ ɕɚɐ ɟ ɛɌɢɔɑəɞɌ 

ɝ əɌɗɔɣɔɑɘ ɛɑɜɔɌəɌɝɞɚɘɚɞɔɣɑɝɖɚɕ ɛɚɗɚɝɞɔ, 

ɝɚɐɑɜɒɌɥɑɕ Ɏɚɓɐɟɡ ɔ ɒɔɐɖɚɝɞɨ ɐɗɫ ɐɔɌɏəɚ-

ɝɞɔɖɔ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɔ ɌəɌɝɞɚɘɚɓɌ. Ⱥəɔ 

ɛɚɐɞɎɑɜɐɔɗɔ əɌɗɔɣɔɑ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɔ 

ɌəɌɝɞɚɘɚɓɌ ɛɟɞɑɘ ɎɎɑɐɑəɔɫ 20 ɘɗ Ɏɚɐɧ Ɏ 

ɛɜɚɝɎɑɞ ɛɜɫɘɚɕ ɖɔɤɖɔ, ɚɐəɌɖɚ ɚɛɔɝɌəəɧɕ 

ɔɘɔ ɝɗɟɣɌɕ ɫɎɗɫɑɞɝɫ ɑɐɔəɔɣəɧɘ ɔ ɚɝɞɌɎɗɫɑɞ 

ɚɞɖɜɧɞɧɘ Ɏɚɛɜɚɝ ɐɔɠɠɑɜɑəɢɔɌɢɔɔ ɟɒɑ 

ɔɘɑɎɤɑɏɚɝɫ ɝɖɚɛɗɑəɔɫ ɒɔɐɖɚɝɞɔ ɚɞ ɐɚɛɚɗ-

əɔɞɑɗɨəɚ ɎɎɑɐɑəəɚɏɚ ɚɍɦɑɘɌ Ɏɚɐɧ. 

ȹɌɤɔ ɐɌəəɧɑ ɝɚɏɗɌɝɟɪɞɝɫ ɝ ɜɑɓɟɗɨɞɌ-

ɞɌɘɔ ɜɌɍɚɞɧ G.Worley ɔ ɝɚɌɎɞ., ɔɝɛɚɗɨɓɚ-

ɎɌɎɤɔɘɔ ȸȼȾ ɝ ɛɜɔɘɑəɑəɔɑɘ ɏɌɐɚɗɔəɔɕɝɚ-

ɐɑɜɒɌɥɑɕ ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓɘɧ  ɔ ɛɚɖɌɓɌɎ-

ɤɔɘɔ ɩɠɠɑɖɞɔɎəɚɝɞɨ ɘɑɞɚɐɌ [9]. Ȯ ɝɎɚɑɕ ɜɌ-

ɍɚɞɑ ɚəɔ ɝɜɌɎəɔɗɔ ȸȼȾ ɝ ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓ-

ɘɚɕ ɔ ɜɑəɞɏɑəɚɖɚəɞɜɌɝɞəɟɪ ɖɗɔɓɘɟ, ɐɚɖɌɓɌɎ 

ɛɜɑɔɘɟɥɑɝɞɎɚ ȸȼȾ, ɚɝɚɍɑəəɚ Ɏ ɚɞəɚɤɑəɔɔ  

ɥɑɗɑɎɔɐəɧɡ ɐɑɠɑɖɞɚɎ. ȾɌɖɒɑ Ɏ ɔɡ ɔɝɝɗɑɐɚ-

ɎɌəɔɔ ɚɞɘɑɣɑəɌ ɚɞəɚɝɔɞɑɗɨəɚ əɔɓɖɌɫ ɣɟɎ-

ɝɞɎɔɞɑɗɨəɚɝɞɨ ȶȾ ɐɗɫ ɐɔɌɏəɚɝɞɔɖɔ əɑɝɚɝɞɚɫ-

ɞɑɗɨəɚɝɞɔ ɞɚɗɝɞɚɖɔɤɑɣəɧɡ ɌəɌɝɞɚɘɚɓɚɎ. 

ȼɌɓɜɌɍɚɞɌəəɧɕ əɌɘɔ ɘɑɞɚɐ ɛɜɑɐɛɚɗɌ-

ɏɌɑɞ ɛɜɔɢɑɗɨəɚɑ ɎɎɑɐɑəɔɑ ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓ-

ɘɧ Ɏ ɓɚəɟ ɌəɌɝɞɚɘɚɓɌ, ɣɞɚ ɛɚɓɎɚɗɫɑɞ ɔɓɍɑ-

ɒɌɞɨ ɑɏɚ ɞɜɌɎɘɌɞɔɓɌɢɔɔ, ɚɍɑɝɛɑɣɔɎɌɫ 

əɌɐɑɒəɧɕ Ɏɧɡɚɐ ɖɚəɞɜɌɝɞəɚɏɚ ɝɜɑɐɝɞɎɌ ɣɑ-

ɜɑɓ ɐɑɠɑɖɞ.  

ȺɏɜɌəɔɣɑəɔɑɘ əɌɤɑɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ 

ɍɧɗɚ ɚɞɝɟɞɝɞɎɔɑ ɚɢɑəɖɔ ɎɚɝɛɜɚɔɓɎɚɐɔɘɚɝɞɔ 

ɎɧɫɎɗɑəɔɫ ɎɧɡɚɐɌ ɖɚəɞɜɌɝɞəɚɏɚ ɝɜɑɐɝɞɎɌ ɓɌ 

ɛɜɑɐɑɗɧ ɝɞɑəɖɔ ɖɔɤɖɔ ɛɜɔ ɚɢɑəɖɑ ɜɌɓəɧɘɔ 

ɝɛɑɢɔɌɗɔɝɞɌɘɔ. 

ȳɌɖɗɪɣɑəɔɑ.  

Ȼɚɗɟɣɑəəɧɑ əɌɘɔ ɜɑɓɟɗɨɞɌɞɧ ɔɝɛɚɗɨɓɚ-

ɎɌəɔɫ  ȸȼȾ ɝ ɖɚəɞɜɌɝɞəɚɕ ɖɗɔɓɘɚɕ ɛɚɓɎɚɗɫ-

ɪɞ ɜɌɝɝɘɌɞɜɔɎɌɞɨ ɑɑ ɖɌɖ ɍɑɓɚɛɌɝəɧɕ ɟɞɚɣ-

əɫɪɥɔɕ ɘɑɞɚɐ Ɏ ɝɗɚɒəɧɡ ɝɔɞɟɌɢɔɫɡ, ɞɜɑɍɟ-

ɪɥɔɡ ɛɚɐɞɎɑɜɒɐɑəɔɫ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɔ 

ɌəɌɝɞɚɘɚɓɌ ɛɟɞɑɘ ɛɜɫɘɚɕ ɜɑɏɔɝɞɜɌɢɔɔ Ɏɧ-

ɡɚɐɌ ɖɚəɞɜɌɝɞəɚɏɚ ɝɜɑɐɝɞɎɌ ɓɌ ɛɜɑɐɑɗɧ ɝɞɑə-

ɖɔ ɖɔɤɖɔ, ɖɚɞɚɜɧɘ Ɏ ɛɑɜɝɛɑɖɞɔɎɑ ɘɚɒəɚ 

ɐɚɛɚɗəɔɞɨ ɛɜɚɢɑɐɟɜɟ ɖɚəɎɑəɢɔɌɗɨəɚɕ ȸȼȾ.  

ȴɝɞɚɣəɔɖ ɠɔəɌəɝɔɜɚɎɌəɔɫ ɔ ɖɚə-

ɠɗɔɖɞ ɔəɞɑɜɑɝɚɎ. 

ȬɎɞɚɜɧ ɐɌəəɚɕ ɝɞɌɞɨɔ ɛɚɐɞɎɑɜɐɔɗɔ ɚɞ-

ɝɟɞɝɞɎɔɑ ɠɔəɌəɝɚɎɚɕ ɛɚɐɐɑɜɒɖɔ ɔɝɝɗɑɐɚɎɌ-

əɔɫ ɔ ɖɚəɠɗɔɖɞɌ ɔəɞɑɜɑɝɚɎ, ɚ ɖɚɞɚɜɧɡ əɑɚɍ-

ɡɚɐɔɘɚ ɝɚɚɍɥɔɞɨ. 

Ƚɛɔɝɚɖ ɗɔɞɑɜɌɞɟɜɧ: 

1. ȸɑɗɨəɔɖ Ȯ.ȱ., ȻɚɕɐɌ Ȭ.ȴ. ȰɔɌɏəɚɝɞɔɖɌ, ɗɑɣɑəɔɑ ɔ ɛɜɚ-

ɠɔɗɌɖɞɔɖɌ ɚɝɗɚɒəɑəɔɕ, ɝɎɫɓɌəəɧɡ ɝ ɠɚɜɘɔɜɚɎɌəɔɑɘ 

ɌəɌɝɞɚɘɚɓɚɎ əɌ ɞɚɗɝɞɚɕ ɖɔɤɖɑ. Ɂɔɜɟɜɏɔɫ. 2003; 8: 69-

74.   

2. ɃɑɜɖɌɝɚɎ ȸ.ɀ., ȰɘɔɞɜɔɑɎ Ȭ.Ȯ., ȯɜɚɤɔɗɔə Ȯ.Ƚ., Ȼɑɜɑ-

ɝɖɚɖɚɎ Ƚ.Ȯ., ȶɚɓɧɜɑɎɝɖɔɕ ȸ.Ȭ., ȿɜɪɛɔəɌ Ȭ.Ȭ. ȹɑɝɚɝɞɚɫ-

ɞɑɗɨəɚɝɞɨ ɖɚɗɚɜɑɖɞɌɗɨəɚɏɚ ɌəɌɝɞɚɘɚɓɌ: ɠɌɖɞɚɜɧ ɜɔɝ-

ɖɌ, ɛɜɚɠɔɗɌɖɞɔɖɌ, ɐɔɌɏəɚɝɞɔɖɌ, ɗɑɣɑɍəɌɫ ɞɌɖɞɔɖɌ. 

ȼɚɝɝɔɕɝɖɔɕ ɒɟɜəɌɗ ɏɌɝɞɜɚɩəɞɑɜɚɗɚɏɔɔ, ɏɑɛɌɞɚɗɚɏɔɔ, 

ɖɚɗɚɛɜɚɖɞɚɗɚɏɔɔ. 2019; 29 (2): 27-34. DOI: 

10.22416/1382 -4376 -2019 -29 -2-27 -34  

3.  ȬɡɘɑɞɓɫəɚɎ ɀ.Ʉ., ȱɏɚɜɚɎ Ȯ.ȴ., ȮɌɗɑɑɎ Ȭ.ȴ., ȭɟɡɌɗɚɎɌ 

Ȯ.Ȭ.. ȷɑɣɑəɔɑ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɔ ɤɎɚɎ ɖɚɗɚɜɑɖɞɌɗɨəɚɏɚ 

ɌəɌɝɞɚɘɚɓɌ: Ɏɚɓɘɚɒəɚ ɗɔ ɝɚɡɜɌəɔɞɨ ɌəɌɝɞɚɘɚɓ? Ƚɔɍɔɜ-

ɝɖɔɕ ɚəɖɚɗɚɏɔɣɑɝɖɔɕ ɒɟɜəɌɗ. 2018; 17 (1): 92-98. DOI: 

10.21294/1814 -4861 -2018 -17 -1-92 -98.  

4. ȸɫɗɔəɌ Ƚ.Ȭ., ȭɑɜɑɓɚɎɝɖɌɫ Ⱦ.Ȼ., ȹɑɎɚɗɨɝɖɔɡ Ȭ.Ȭ., ȴɎɌəɚɎ 

Ƚ.Ȭ., ȶɌɛɜɔə Ȭ.Ȱ. Ƚɛɚɝɚɍ ɎɧɫɎɗɑəɔɫ əɑɝɚɝɞɚɫɞɑɗɨəɚɝɞɔ 

ɖɚɗɚɜɑɖɞɌɗɨəɚɏɚ ɌəɌɝɞɚɘɚɓɌ ɝ ɛɚɘɚɥɨɪ ɘɌɏəɔɞəɚ-

ɜɑɓɚəɌəɝəɚɕ ɞɚɘɚɏɜɌɠɔɔ: ʈ 2022129817. ȻɌɞɑəɞ ʈ 

2787618 C1 ȼɚɝɝɔɕɝɖɌɫ ɀɑɐɑɜɌɢɔɫ, ȸȻȶ A61B 6/00.  

5. Habib , K., Gupta , A., White , D. Mazari  A.K. Fayyaz , Wilson  

T.R.. Utility of contrast enema to assess anastomotic integrity 

and the natural history of radiological leaks after low rectal 

surgery: systematic review and meta -analysis. Int J Colorec-

talDis. 2015; 30; 1007 -1014 (2015). DOI:10.1007/s00384 -

http://www.rejr.ru/


 

 

   RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY  

| www.rejr.ru | REJR. 2023; 13 (3):64-71       DOI: 10.21569/2222-7415-2023-13-3-64-71                     71 
 

 

015 -2225 -7 

6. Lindner, S., Eitelbuss, S., Hetjens, S., Gawlitza, J., Hardt, 

J., Seyfried, S., et al. Less is more -the best test for anasto-

motic leaks in rectal cancer patients prior to ileostomy rever-

sal. Int J ColorectalDis . 2021; 36: 2387 -2398. 

DOI:10.1007/s00384 -021 -03963 -1 

7. Yu L, Chen G, Wang H, Wang X, Chen Z, Huang Y, et.al. 

MRI diagnose post -operative anastomotic leak in patients 

with rectal cancer: preliminary experience. BMC Surg. 2022; 

22 (1): 422. doi: 10.1186/s1 2893 -022 -01872 -w. PMID: 

36503503; PMCID: PMC9743496.  

8. Dulskas A., Grigoraviľius D., Naruseviciute I. Pelvic MRI 

with water enema as a possible tool for diagnosing anasto-

motic leak. Tech Coloproctol. 2021; 25: 975 -976 (2021). 

DOI:10.1007/s10151 -020 -02398 -0 

9. Worley G, Burling D, Corr A, Clark S, Baldwin -Clelan d R, 

Faiz O, et al. MRI -enema for the assessment of pelvic intesti-

nal anastomotic integrity. Colorectal Dis. 2021; 23 (7): 1890 -

1899. DOI: 10.1111/codi.15688.  

 

References: 

1. Melnik V.E., Poida A.I.  Diagnosis, treatment and preven-

tion of complications a ssociated with the formation of anas-

tomoses on the colon. Surgery. 2003; 8: 69 -74 (in Russian).  

2. Cherkasov M.F., Dmitriev A.V., Groshilin V.S, Pereskokov 

S.V., Kozyrevskiy M.A.,  Urupina A.A. Failure of Colorectal 

Anastomosis: Risk Factors, Prevention, Diagnosis, Therapeu-

tic Tactics. Russian Journal of Gastroenterology, Hepatology, 

Coloproctology.  2019; 29 (2): 27 -34. DOI:10.22416/1382 -

4376 -2019 -29 -2-27 -34 (in Russian).  

3. Akhmetzyanov F.Sh., EgorovV.I.,  ValeevA.I., Bukha-

lovaV.A.  Management   

of  colorectal  anastomotic  leak:  is  it  possible  to  save  

anastomosis?  SibirianOncol J. 2018; 17 (1): 92 -98. DOI: 

10.21294/1814 -4861 -2018 -17 -1-92 -98 (in Russian).  

4. Myalina S.A., Berezovskaya T.P, Nevolskikh A.A., Ivanov 

S.A., Kaprin A.D. Method for detect ing colorectal anastomosis 

failure using magnetic resonance imaging:  ʈ 2022129817. 

Patent No. 2787618 C1 Russian Federation, IPC A61B 6/00 

(in Russian).  

5. Habib, K., Gupta, A., White, D. Mazari A.K. Fayyaz, Wilson 

T.R.. Utility of contrast enema to asse ss anastomotic integrity 

and the natural history of radiological leaks after low rectal 

surgery: systematic review and meta -analysis. Int J Colorec-

talDis. 2015; 30; 1007 -1014 (2015). DOI:10.1007/s00384 -

015 -2225 -7 

6. Lindner, S., Eitelbuss, S., Hetjens, S.,  Gawlitza, J., Hardt, 

J., Seyfried, S., et al. Less is more -the best test for anasto-

motic leaks in rectal cancer patients prior to ileostomy rever-

sal. Int J ColorectalDis. 2021; 36: 2387 -2398. 

DOI:10.1007/s00384 -021 -03963 -1 

7. Yu L, Chen G, Wang H, Wang X,  Chen Z, Huang Y, et.al. 

MRI diagnose post -operative anastomotic leak in patients 

with rectal cancer: preliminary experience. BMC Surg. 2022; 

22 (1): 422. doi: 10.1186/s12893 -022 -01872 -w. PMID: 

36503503; PMCID: PMC9743496.  

8. Dulskas A., Grigoraviľius D., Naruseviciute I. Pelvic MRI 

with water enema as a possible tool for diagnosing anasto-

motic leak. Tech Coloproctol. 2021; 25: 975 -976 (2021). 

DOI:10.1007/s10151 -020 -02398 -0 

9. Worley G, Burling D, Corr A, Clark S, Baldwin -Cleland R, 

Faiz O, et al. MRI -enema for the assessment of pelvic intesti-

nal anastomotic integrity. Colorectal Dis. 2021; 23 (7): 1890 -

1899. DOI: 10.1111/codi.15688.    

.  

 

http://www.rejr.ru/


 

 

   RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY  

| www.rejr.ru | REJR. 2023; 13 (3):83-96       DOI: 10.21569/2222-7415-2023-13-3-83-96                     72 
 

 

 

 

 

ROLE OF MRI IN THE DIAGNOSIS OF CAUSES OF SPINAL STENOSIS  

AT LUMBOSACRAL REGION 

 

Alyaa Hussein Jawad, Osamah A yad Abdulsattar, Amani Alaa Saeed Mashtah  
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urpose.  Spinal stenosis is an abnormal narrowing of the spinal canal or neural foramen 

that results in pressure on the spinal cord or nerve roots. MRI has become the most fre-

quently used study to diagnose spinal stenosis. Aim of the study was to assess the benefi-

cial role of MRI in evaluate and differentiation causes of spinal stenosis at lumbosacral 

spine.  

Materials and methods . A cross -sectional study was recruited patient lower back pain, it's 

launched in 1st August 2021 to 1st September 2022, in Department of Radiology. Collection of data 

based on well -defined questionnaire contain three parts. MRI was perform with a 1.5 Tesl a systems 

(Achieva; Philips Medical Systems, the Netherlands) using a SENSE body coil. Data was collected and 

analyzed using SPSS 23.  

Result.  The mean age of patients was 49.1Ñ8.3 years, 55% of them in age group 40-60 years 

and 45% in age group 20 -39 years . Male to female ratio was 1.3:1. The MRI findings, the stenosis 

was presented in 83.3% of patients of them 13.3% was mild stenosis and 70% was moderate steno-

sis. The spinal level of L4 -L5 was the major region of stenosis in 50% of sample whereas the L2 -L3 

level 16% and L3 -L4 26% of patients.  

Conclusion.  MRI modality is a useful diagnostic option in evaluation of lumbosacral spinal 

stenosis, as it can describe appropriate variable pathological changes, such as disc degeneration.  

 

Keywords:  spinal stenosis, lumbosacral lesion, spondylolisthesis, disc prolapse, MRI.  
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ȼȺȷɈ ȸȼȾ Ȯ ȰȴȬȯȹȺȽȾȴȶȱ ȻȼȴɃȴȹ ȽȾȱȹȺȳȬ ȻȺɋȽȹȴɃȹȺ-ȶȼȱȽȾɂȺȮȺȵ ȺȭȷȬȽȾȴ 

 

Ȭɗɔɫ Ɂɟɝɑɕə ȰɒɌɎɌɐ, ȺɝɌɘɌ Ȭɫɐ ȬɍɐɟɗɝɌɞɞɌɜ, ȬɘɌəɔ ȬɗɌɌ ȽɌɔɐ ȸɌɤɞɌɡ 

 
ȶɌɠɑɐɜɌ ɜɌɐɔɚɗɚɏɔɔ, ȸɑɐɔɢɔəɝɖɔɕ ɖɚɗɗɑɐɒ, ȮɌɎɔɗɚəɝɖɔɕ ɟəɔɎɑɜɝɔɞɑɞ. ȮɌɎɔɗɚə, ȴɜɌɖ. 

 

ɞɑəɚɓ ɝɛɔəəɚɘɚɓɏɚɎɚɏɚ ɖɌəɌɗɌ ð ɩɞɚ ɌəɚɘɌɗɨəɚɑ ɝɟɒɑəɔɑ ɛɚɓɎɚəɚɣəɚɏɚ ɖɌəɌɗɌ ɔɗɔ 

əɑɜɎəɚɏɚ ɚɞɎɑɜɝɞɔɫ, ɖɚɞɚɜɚɑ ɛɜɔɎɚɐɔɞ ɖ ɐɌɎɗɑəɔɪ əɌ ɝɛɔəəɚɕ ɘɚɓɏ ɔɗɔ əɑɜɎəɧɑ ɖɚ-

ɜɑɤɖɔ. ȸɌɏəɔɞəɚ-ɜɑɓɚəɌəɝəɌɫ ɞɚɘɚɏɜɌɠɔɫ (ȸȼȾ) ɝɞɌɗɌ əɌɔɍɚɗɑɑ ɣɌɝɞɚ ɔɝɛɚɗɨɓɟɑɘɧɘ 

ɔɝɝɗɑɐɚɎɌəɔɑɘ ɐɗɫ ɐɔɌɏəɚɝɞɔɖɔ ɝɞɑəɚɓɌ ɝɛɔəəɚɘɚɓɏɚɎɚɏɚ ɖɌəɌɗɌ.  

ɂɑɗɨ. Ⱥɢɑəɔɞɨ ɜɚɗɨ ȸȼȾ Ɏ ɚɢɑəɖɑ ɔ ɐɔɠɠɑɜɑəɢɔɌɢɔɔ ɛɜɔɣɔə ɝɞɑəɚɓɌ ɝɛɔəəɚɘɚɓɏɚɎɚɏɚ 

ɖɌəɌɗɌ ɛɚɫɝəɔɣəɚ-ɖɜɑɝɞɢɚɎɚɏɚ ɚɞɐɑɗɌ ɛɚɓɎɚəɚɣəɔɖɌ.  

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. Ȯ ɖɜɚɝɝ-ɝɑɖɢɔɚəəɚɘ ɔɝɝɗɑɐɚɎɌəɔɔ, ɖɚɞɚɜɚɑ ɛɜɚɎɚɐɔɗɚɝɨ ɝ 1 ɌɎɏɟ-

ɝɞɌ 2021 ɏɚɐɌ ɛɚ 1 ɝɑəɞɫɍɜɫ 2022 ɏɚɐɌ Ɏ ɚɞɐɑɗɑəɔɔ ɗɟɣɑɎɚɕ ɐɔɌɏəɚɝɞɔɖɔ, ɛɜɔəɫɗɔ ɟɣɌɝɞɔɑ ɛɌ-

ɢɔɑəɞɧ ɝ ɍɚɗɨɪ Ɏ ɛɚɫɝəɔɢɑ. Ƚɍɚɜ ɐɌəəɧɡ ɚɝɟɥɑɝɞɎɗɫɗɝɫ əɌ ɚɝəɚɎɑ ɣɑɞɖɚ ɚɛɜɑɐɑɗɑəəɚɕ Ɍəɖɑɞɧ,  

P 

C 

ȺȼȴȯȴȹȬȷɈȹȬɋ ȽȾȬȾɈɋ 
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ɝɚɝɞɚɫɥɑɕ ɔɓ ɞɜɑɡ ɣɌɝɞɑɕ. ȸȼȾ Ɏɧɛɚɗəɫɗɔ əɌ ɌɛɛɌɜɌɞɑ 1,5 ȾɑɝɗɌ (Achieva; Philips Medical 

Systems, ȹɔɐɑɜɗɌəɐɧ) ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɖɌɞɟɤɖɔ ɐɗɫ ɞɑɗɌ SENSE. ȰɌəəɧɑ ɍɧɗɔ ɝɚɍɜɌəɧ ɔ 

ɛɜɚɌəɌɗɔɓɔɜɚɎɌəɧ ɝ ɔɝɛɚɗɨɓɚɎɌəɔɑɘ ɛɜɚɏɜɌɘɘɧ SPSS 23. 

ȼɑɓɟɗɨɞɌɞ. Ƚɜɑɐəɔɕ ɎɚɓɜɌɝɞ ɍɚɗɨəɧɡ ɝɚɝɞɌɎɔɗ 49,1Ñ8,3 ɏɚɐɌ, ɔɓ əɔɡ 55% ð Ɏ ɎɚɓɜɌɝɞəɚɕ 

ɏɜɟɛɛɑ 40-60 ɗɑɞ ɔ 45% ð Ɏ ɎɚɓɜɌɝɞəɚɕ ɏɜɟɛɛɑ 20-39 ɗɑɞ. Ƚɚɚɞəɚɤɑəɔɑ ɘɟɒɣɔə ɔ ɒɑəɥɔə ɍɧɗɚ 

1,3:1. Ȼɚ ɐɌəəɧɘ ȸȼȾ ɝɞɑəɚɓ ɍɧɗ ɛɜɑɐɝɞɌɎɗɑə ɟ 83,3% ɛɌɢɔɑəɞɚɎ, ɔɓ əɔɡ ɟ 13,3% ɍɧɗ ɎɧɫɎɗɑə 

ɝɞɑəɚɓ ɗɑɏɖɚɕ ɝɞɑɛɑəɔ ɔ Ɏ 70% ð ɟɘɑɜɑəəɧɕ ɝɞɑəɚɓ. ȿɜɚɎɑəɨ L4-L5 ɍɧɗ ɚɝəɚɎəɧɘ ɟɣɌɝɞɖɚɘ ɝɞɑ-

əɚɓɌ Ɏ 50%, ɟɜɚɎɑəɨ L2-L3 ð ɟ 16% ɔ L3-L4 ð ɟ 26% ɍɚɗɨəɧɡ. 

ȮɧɎɚɐ. ȸȼȾ ɫɎɗɫɑɞɝɫ ɛɚɗɑɓəɧɘ ɐɔɌɏəɚɝɞɔɣɑɝɖɔɘ ɔɝɝɗɑɐɚɎɌəɔɑɘ ɛɜɔ ɚɢɑəɖɑ ɝɞɑəɚɓɌ ɛɚ-

ɫɝəɔɣəɚ-ɖɜɑɝɞɢɚɎɚɏɚ ɚɞɐɑɗɌ ɛɚɓɎɚəɚɣəɔɖɌ, ɛɚɝɖɚɗɨɖɟ ɐɌəəɧɕ ɘɑɞɚɐ ɛɚɓɎɚɗɫɑɞ ɛɚɗɟɣɔɞɨ ɔə-

ɠɚɜɘɌɢɔɪ ɚ ɝɚɚɞɎɑɞɝɞɎɟɪɥɔɡ ɛɌɞɚɗɚɏɔɣɑɝɖɔɡ ɔɓɘɑəɑəɔɫɡ ɞɌɖɔɡ, ɖɌɖ ɐɑɏɑəɑɜɌɢɔɫ ɐɔɝɖɌ. 

 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɝɞɑəɚɓ ɛɚɓɎɚəɚɣəɔɖɌ, ɛɚɜɌɒɑəɔɑ ɛɚɫɝəɔɣəɚ-ɖɜɑɝɞɢɚɎɚɏɚ ɚɞɐɑɗɌ, ɝɛɚəɐɔ-

ɗɚɗɔɝɞɑɓ, ɛɜɚɗɌɛɝ ɐɔɝɖɌ, ȸȼȾ. 

 

ȶɚəɞɌɖɞəɧɕ ɌɎɞɚɜ: Ȭɗɔɫ Ɂɟɝɑɕə ȰɒɌɎɌɐ, e-mail: Medicalresearch82@yahoo.com  

 

Ȱɗɫ ɢɔɞɔɜɚɎɌəɔɫ: Ȭɗɔɫ Ɂɟɝɑɕə ȰɒɌɎɌɐ, ȺɝɌɘɌ Ȭɫɐ ȬɍɐɟɗɝɌɞɞɌɜ, ȬɘɌəɔ ȬɗɌɌ ȽɌɔɐ 
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ntroduction  

The unusual narrowing of spina l canal or 

neural foramens called spinal stenosis. 

This pathological stat may cause increase 

compression on the spinal cord and some-

time nerve pathway root [1]. Result in various 

symptoms and signs such as pain, weakness in 

arm or leg and numbness in limbs . These clini-

cal features actually grow slowly to intense 

presentation and its can be improved by bend-

ing of trunk ahead. With increase severity re-

sults in loss of bladder con troll, loss of bowel 

control and sexual dysfunction [2]. Many causes 

are reporte d and investigated for example osteo-

arthritis, rheumatoid arthritis, tumor in spine, 

trauma, bone Paget's disease, scoliosis, spondy-

lolisthesis and genetic disorder [3].  

These lesion could categories by region of 

spine was affected it subdivided into cervi cal, 

thoracic and lumbar stenosis. The most com-

mon part affected was lumbar spinal stenosis at 

lumbar, secondly cervical stenosis, thoracic 

spine stenosis are less common [4]. Pressure on 

nerve root at lumbar spine in lower back, might 

be causes features o f sciatica include tingling, 

weakness and numbness, it radiating from back 

to buttock and leg [5]. Lumbar spinal stenosis 

almost the stenosis with severely intense are 

absent. Cauda equine a nerve root continue 

down when spinal cord end at lumbar spine [6] .  

Causes of spinal stenosis are aging, arthritis, 

congenital, instability of the spine, trauma, and 

tumor [7, 8].  

The most common modalities to investiga-

tion the spinal stenosis are MRI, it become pop-

ular in diagnosis, by produce electromagnetic 

signal t o show image of spine. It can appear soft 

tissue clearly such as nerve, muscle and liga-

ment than they show by CT scan or X -ray. It 

aims in find the accurate causes of spinal nerve 

obstacle [8]. MRI have a good reliability criteria 

according to literature r eview public in this 

item, it have high sensitivity but questionable 

specificity in investigation of lumbar spine dis-

order, in disc herniation sensitivity range from 

80 -100% and low specificity range from 45 - 

90% are described in prior studies. These low 

values are due to large number of asymptomatic 

disc degenerative which produce high false posi-

tive result [9].    

Aim of study are to assess the beneficial 

role of MRI in evaluate and differentiation caus-

es of spinal stenosis at lumbosacral spine.  

Patients and methods.  

Study designs and siting  

A study of cross sectional design was re-

cruited patient lower back pain, it's launched in 

1st August 2021 to 1st September 2022.  

Inclusion criteria  

1- patients had lower back pain or leg 

pain  

2-age 18 - 60 years  

3-sym ptoms last for more than 4 weeks  

4- no cancer or inflammation suspicion  

Exclusion criteria  

1 - patients had history of spinal surgery.  

I 
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2-  patients with lack of lumbar MRI  

3- disease that produce intervertebral disk 

herniation.  

4- laboratories results suggestive of pres-

ence of coagul opathy, infections, or inÿammato-

ry diseases  

5- patient whose have not finished ques-

tionnaire.  

Data collection . 

Collection of data based on well -defined 

questionnaire contain three parts, de-

mographics criteria, detail of present illness and 

results of proc edures. First of all, an oral 

agreement was obtained from patient to enrolled 

in the study. Patientõs demography contains 

age, sex and occupation.  

Patients enrolled in study with clinical 

features of claudication, pain in leg and back 

pain, numbness lower limb in both or one and 

radiological study of spine.  

Recruited patients give appointment for 

MRI investigation, short and brief clarification 

about examination and summary of contraindi-

cation, general advisement to noise and time of 

examination and cloth t hey wear, some patients 

afraid from narrow space we tell him about 

communication with examiner through inter-

com tool.   

MRI examination technique . 

MRI was performed with a   1.5   Tesla  sys- 

Ⱦable  ʈ1.     Demographic characters of sample.  

% No.   

45 27 20-39 years  Age group  

55 33 40-60 years  

56.7 34 Male  Gender  

43.3 26 Female  
 

   
 

Ⱦable  ʈ2.      The presenting clinical feature of patients.  

% No. Clinical features  

53.3 32 Lower back pain  

25 15 Leg pain  

16.7 10 Both  

8.3 5 Numbness and tingling  

5 3 Intermittent claudication 
 

   
 

 

Fig. 1 Ɍ (ȼɔɝ. 1 Ɍ) 
Fig. 1 b (ȼɔɝ. 1 ɍ) 

Fig. 1.   MRI, T2-WI, a ð sagittal view, b ð axial view.  

MRI depicting moderate spinal stenosis at L4/L5 and L5/S1 level.  

ȼɔɝ. 1. ȸȼȾ, Ⱦ2-Ȯȴ, ɛɚɫɝəɔɣəɧɕ ɚɞɐɑɗ ɛɚɓɎɚəɚɣəɔɖɌ, Ɍ ð ɝɌɏɔɞɞɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɍ ð

ɌɖɝɔɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ. 

ȿɘɑɜɑəəɧɕ ɝɞɑəɚɓ ɛɚɓɎɚəɚɣəɔɖɌ əɌ ɟɜɚɎəɑ L4/L5 ɔ L5/S1.   
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Table  ʈ3.     Spinal findings in MRI.  

% No. Spinal finding  

13.3 8 Mild stenosis  Stenosis  

63.4 38 Moderate stenosis 

6.6 4 Severe stenosis   

16.7 10 No stenosis  

 60 Total  
 

   
 

Table  ʈ4.      Level of stenosis by MRI.  

% No.  Level of stenosis  

16 8 L 2-L3 

26 13 L 3-L4 

50 25 L 4-L5  

8 4 L 5 ï S1  

 50 Total  
 

   
 

 

Fig. 2 (ȼɔɝ. 2) 

 

Fig. 3 (ȼɔɝ. 3) 

Fig. 2.   MRI, T2-WI, lumbar spine, sagittal plane.  

MRI depict multiple spinal stenosis at LSS.  

ȼɔɝ. 2.   ȸȼȾ, Ⱦ2-Ȯȴ, ɛɚɫɝəɔɣəɧɕ ɚɞɐɑɗ ɛɚɓɎɚ-

əɚɣəɔɖɌ, ɝɌɏɔɞɞɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ.  

ȸəɚɒɑɝɞɎɑəəɧɑ ɝɞɑəɚɓɧ Ɏ ɛɚɫɝəɔɣəɚɘ ɚɞɐɑɗɑ ɛɚ-

ɓɎɚəɚɣəɔɖɌ.  

Fig. 3.  MRI, sagittal T2-WI, lumbar spine.  

MRI showing degeneratve changes, including disc 

bulging, loss of disc height, facet and ligament hy-

pertrophy producing spinal stenosis at L4/L5 level.  

ȼɔɝ. 3.   ȸȼȾ, Ⱦ2-Ȯȴ, ɛɚɫɝəɔɣəɧɕ ɚɞɐɑɗ ɛɚɓɎɚ-

əɚɣəɔɖɌ, ɝɌɏɔɞɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ. 

Ⱥɛɜɑɐɑɗɫɪɞɝɫ ɐɑɏɑəɑɜɌɞɔɎəɧɑ ɔɓɘɑəɑəɔɫ, Ɏɖɗɪ-

ɣɌɫ ɛɜɚɗɌɍɔɜɚɎɌəɔɑɘ ɘɑɒɛɚɓɎɚəɖɚɎɚɏɚ ɐɔɝɖɌ, 

ɝəɔɒɑəɔɑ Ɏɧɝɚɞɧ ɐɔɝɖɌ, ɏɔɛɑɜɞɜɚɠɔɪ ɠɌɝɑɞɚɣ-

əɧɡ ɝɟɝɞɌɎɚɎ ɔ ɝɎɫɓɚɖ, ɛɜɔɎɚɐɫɥɟɪ ɖ ɝɞɑəɚɓɟ əɌ 

ɟɜɚɎəɑ L4/L5. 
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tems (Achieva; Philips  Medical System, the 

Netherland) by use a SENSE body coils.  

Assessment procedure through measure-

ment of dural sac cross sectional area  (DSCSA), 

level of stenosis and if seen of spondylolesthe-

sis. Cutoff point in DSCSA 100 mm2 as diag-

nostic value for lumba r spinal stenosis. Region 

of interest (ROI) was used to measure of  

DSCSA, calculation was done by measure the 

center portion of disk level by axial T1 image.  

Stenosis was classification according to 

multi level of narrowing spine when see stenosis 

at leas t two level and over. If patients have multi 

level stenosis we measure the narrowest site of 

stenosis while if one level calculate this single 

level lumbar stenosis. Other measurement to 

diagnosis severity of stenosis by calculate ste-

nosis ratio (SR), whic h are define it the ratio of 

the cross sectional area of spinal canal at inter-

vertebral disk to the cross sectional area of next 

middle vertebra levels above.  

When the ratio was between 0.7 to 1, 

there was no stenosis. Ratio between 0.5 -0.7 

this mean mild  stenosis, if value between 0.25 -

0.5 mean moderate stenosis and lastly if ratio 

range from 0 - 0.25 there severe stenosis.  

The grading is based on the CSF/rootlet 

ratio as seen axial T2 images and was conceived 

following observation of the different patter ns 

according which the rootlets were disposed 

within the dural sac while the patient rested 

supine during MRI acquisition.  

Description of the grading is as follows 

(Schizas grading system):  

Grade A stenosis: there is clearly CSF vis-

ible inside the dural s ac, but its distribution is 

inhomogeneous:  

A1: the rootlets lie dorsally and occupy 

less than half of the dural sac area.  

A2: the rootlets lie dorsally, in contact 

with the dura but in a horseshoe configuration.  

A3: the rootlets lie dorsally and occupy 

mor e than half of the dural sac area.  

A4: the rootlets lie centrally and occupy 

the majority of the dural sac area.  

Grade B stenosis: the rootlets occupy the 

whole of the dural sac, but they can still be in-

dividualized. Some CSF is still present giving a 

grai ny appearance to the sac.  

Grade C stenosis: no rootlets can be rec-

ognized, the dural sac demonstrating a homo-

geneous gray signal with no CSF signal visible. 

There is epidural fat present posteriorly.  

Grade D stenosis: in addition to no root-

lets being recog nizable there is no epidural fat 

posteriorly.  

We defined grade A as no or minor steno-

sis, B as moderate stenosis, C as severe steno-

sis, and D as extreme stenosis. Schizas grades 

of lumbar spinal stenosis (Supplementary 2).  

The level of spondylolisthesis w ere also 

identified.  

Image analysis . 

After calculation of DSCSA then the level 

from L1 -L2 to reach L5 -S1 was assess to search 

about the stenosis and other pathology as fol-

low,  

 1- circumference annular bulging, this 

seen when there is extension in interve rtebral 

disk outside the edge of neighboring bone in 

range more than 50% of  its outer border.  

2 - thin annular bulging it same the cir-

cumference annular bulging but with saving 

concavity of posterior disc.  

3 - annular tears, the external layer of in-

terve rtebral disc show focal region of high signal 

intensity.  

4 - foramian disc herniated when external 

border of intervertebral disc  emerge less than 

fifty percent outside the boundary of neighbor-

ing bone, these may occur unilateral or some 

time bilateral. Fo cused in two or one foramina  

5- center or para -central disc herniated 

when external border of intervertebral disc 

emerge less than fifty percent outside the 

boundary of neighboring bone, bulging in center 

or sub articular inside of spinal canal.  

6 - spond ylolisthises, displaced of verte-

bral body in anterior or posterior side more than 

or equivalent to one mm above the vertebral 

body down it.  

7 - pars defects in unilateral or bilateral.  

8 - disc herniated in anterior side.  

9 - Posterior vertebral element s how in-

crease signal intensity called stress reaction.  

Ethical approval .  

The study was approved by our institu-

tional ethics committees and a verbal consent 

was obtained from each patient before partici-

pating in the study.  

Statistical analysis . 

Data was col lected and included in a data 

based system and analyzed by statistical pack-

age of social sciences (SPSS, Inc., Chicago, IL, 

USA) version 23. Parametric data were ex-

pressed as mean Ñ standard deviation (SD). 

While non -parametric data were expressed as 

percentages.  

Result . 

The mean age of patients was 49.1Ñ8.3, 

55% of them in belong groups of 40 -60 year and 

45% of patients in group of 20 -39 year. Ratio of 

males to females was 1.3: 1 the male constitu-

ent 56.7% of sample, (table  ʈ1).  

About the clinical features 53.3% of pa-

tients presented with lower back pain while 25% 

show leg pain and 16.7% reveal both lower back 

pain and leg pain. Other manifestation was 

numbness in 8.3% and intermittent claudica-

tion in 5% (table ʈ2).  
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Regarding the MRI findings, the stenosis 

was presented in 83.3% of patients  of them 

13.3% was mild stenosis, 63.4% was moderate 

stenosis and 6.6% with severe stenosis (fig. 1) 

(Table 3).  

 The spinal level of L4 -L5 was the major 

region of stenosis in 50% of sample whereas L3 -

L4 26% of patients and the L2 -L3 level 16% (fig. 

2; tabl e ʈ4).  

Other results, 34% of patients presented 

with disc degeneration 20% spondylolisthesis, 

12% facet degeneration, 10% scoliosis, 16% an-

nular fissure and 8% disc contour (fig. 3; table 

ʈ5).  

The Dural sac cross sectional area value 

to diagnosis of spin al stenosis in our study 

was100 mm2 these give sensitivity 84%, speci-

ficity was 92% area under curve 0.89 (0.81 -

0.94) and p values 0.002 (table ʈ6).  

More over the signs of root compression il-

lustrated by MRI co -exist with spinal stenosis, 

64% of patients had nerve root compression, 

30% loss of CSF, 6% show loss of epidural fat 

surrounding the dura, decrease thickness of 

spinal cord was seen in 12% and 14% presented 

with decrease signal intensity (fig. 4, 5; table 

ʈ7).   

Discussion.  

Magnetic resonance imag ing becomes the 

top most important in evaluation of spinal ste-

nosis. More over these modalities in spite of 

beneficial in diagnosis of lumbar spine stenosis 

but repeatability in evaluation of intervertebral 

disc abnormality and stenosis is questionable. 

In  addition, it cost in over use, and cost efficien-

cy are high, so if use in every case of suspected 

of stenosis give great of financial burden. But it 

still of much importance in preoperative plan-

ning and monitor of treatment, when the sign 

and symptoms cor related with image finding [8].    

Our study found the mean age of patients 

was 49.1Ñ8.3, 55% of them belong group 40-60 

year and 45% belong group 20 -39 year. Ratio of 

Males to females was 1.3: 1 the male constitu-

ent 56.7% of sample in accordance with prev i-

ous studies and in contrast to other studies re-

cruited older age group [10 -12].   

Hong et al. investigated 74 patients with 

central lumbar stenosis, they reported the mean 

age was 56 year of sample and age range 25 -80 

year. Gender composition, female was 41 and 

male 33 in contrast to our study [13].  

Al-Jaberi et al, study enrolled fourteen 

men and 26 women, with average age 

52.1Ñ10.3, it has sample age range from 30-75 

year [14].  

Other study had the average age of study 

population was 62.3Ñ8.4 and comprised 58 

(45.7%) males and 69 (54.3%) females [15].  

A cohort study by Hwang et al, show the 

mean age is 68 year, this cohort had older age 

group which is presented with greater number 

of patients suffering from disc degeneration in 

compared to our study [16] . 

The difference between study in gender 

and mean age depend on site of study in which 

population under review such as in Swedish 

study recorded mean age was 70 year and 

Nordsten study had mean age was 66 year [17].  

Age consider a risk factors in evolutio n of 

lumbar spinal stenosis, variable study show 

various value of DSCA between participants de-

pend on differences in age composition of stud-

ies, in Swedish study reported low cutoff value 

of DSCA which might also influence the result 

and most of study acro ss section that study pa-

tients with complain in specific time period [17].  

The clinical features of our patients, 

53.3% of presented with lower back pain while 

25% show leg pain and 16.7% reveal both lower 

back pain and leg pain. Other manifestation 

numbne ss in 8.3% and intermittent claudica-

tion in 5% it in consist with study of Hong et al 

[13]. they reported more   common    presentation  

Table  ʈ5.      MRI pathology of spine.  

% No.  Pathologies of stenosis by MRI   

20 10 Spondylolisthesis 

34 17 Disc degeneration 

12 6 Facet degeneration 

10 5 Scoliosis 

16 8 Annular Fissure 

8 4 Disc contour 

 50 Total  
 

   
 

Table  ʈ6.       Cut off value f or diagnosis of spinal stenosis.  

Variables case Cutoff  Sensitivity  Specificity  AUC(95%CI) p-value  

Dural sac cross sectional area 100 mm2 84% 92% 0.89(0.81-0.94) 0.002 
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of patients lower back pain and leg pain, in 

same line of finding by Al -Jaberi et al, the simi-

lar findings because of root compression that 

give mostly the same presentation in patients 

[14].  

Regarding the MRI findings, the stenosis 

was presented in 83.3% o f patients of them 

13.3% was mild stenosis, 63.4% was moderate 

stenosis and 6.6% with severe stenosis, these 

result close to Hong result [13].  

On other hand a study was evaluated spi-

nal stenosis level, there were 59.4% illustrated 

no stenosis while 34.6% h ad mild stenosis and 

only 5% had moderate stenosis, none of partici-

pantõs image had severe stenosis [14].  

In addition, Bhalla thesis enrolled patients 

from two different center with MRI finding pre-

pared for surgical treatment, first group from 

Trondheim N orway had 78% of them had mod-

erate stenosis and second group from Boston 

USA show 68% of patients with moderate steno-

sis [18].     

Moojen et al. assessed the l54 patients 

with lumbar spinal stenosis they found 76% of 

sample are categories as mild and moder ate 

stenosis [19].  

Sigmundsson et al. evaluated a group of 

patients with 100 presented   with lumbar spinal  

 

Fig. 4 (ȼɔɝ. 4) 

Fig. 4.    MRI, lumbar spine .  

Depicting CSF effacement and epidural fat posteriorly at L4/L5 level.  

ȼɔɝ. 4.  ȸȼȾ, ɛɚɫɝəɔɣəɧɕ ɚɞɐɑɗ ɛɚɓɎɚəɚɣəɔɖɌ. 

Ȼɚɞɑɜɫ ɝɔɏəɌɗɌ ɚɞ ɝɛɔəəɚɘɚɓɏɚɎɚɕ ɒɔɐɖɚɝɞɔ ɔ əɌɗɔɣɔɑ ɩɛɔɐɟɜɌɗɨəɚɏɚ ɒɔɜɌ Ɏ ɓɌɐəɔɡ ɚɞɐɑɗɌɡ ɛɚɓɎɚ-

əɚɣəɚɏɚ ɖɌəɌɗɌ əɌ ɟɜɚɎəɑ L4/L5.    
 

Table  ʈ7.       Signs appear in MRI.  

%  No.  Signs in MRI  

46 23 Nerve root clumping  

22 11 Loss of CSF 

6 3 Loss of epidural fat  

12 6 Decrease thickness of spinal cord 

14 7 change signal intensity  

 50 Total  
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stenosis, prepared for spinal surgical treatment, 

90% of them had mild to moderated finding, 

this is considerably higher than the findings of 

NORDSTEN study which is sh ow 87%, which 

are close to our study [20].  

This minor difference in presentation of 

intensity of stenosis between studies  might be 

due to variable sample composition and various 

score  and grade  uses for measurement  of ste-

nosis [14].  

Our study reported  the spinal level of L4 -

L5 was the major region of stenosis in 50% of 

sample whereas the L2 -L3 level 16% and L3 -L4 

26% of patients.  In line of H -J PARK study  

show the incidence of the lumbar spinal steno-

sis, 15% in L3 -L4, 66% in level of L4 -L5 and 

19% in  L5-S1 [21].  

In agreement with our study Hong et al, 

reported 10.9% of patients with stenosis level of 

L2-3, 16.4% in level L3 -4, 76.7% in level L4 -5 

and 32.8% in level L5 -S1 [13].  

Authors evaluated subjects with congeni-

tal lumbar spinal stenosis in comp ared with 

normal individual by used of MRI images, they 

described patients with LSS group had single 

and multilevel affected with L3, L4 and L5 inter-

vertebral disc segment more common than oth-

er level, and severe stenosis rarely happened 

[22]. These studie s finding give strongest evi-

dence to our study because resemble of com-

mon presentation of L4 -L5 level of stenosis.  

Other results in our study, there were 

34% of patients presented with disc degenera-

tion, 20% spondylolisthesis, 12% facet degener-

ation, 10% s coliosis, 16% annular fissure and 

8% disc contour it in consistent with study by 

Hong et al, whose reported disc degeneration 

common pathology followed by spondylolisthesis 

which seen  nine patients in one level had asso-

ciated spondylolisthises and two pat ient had 

spondylolistheses at further than one level. 

Spondylolistheses was great often establish at 

the L4 -L5 level [13].   

Doktor et al. study reveal the common pa-

thology show in MRI image were disc degenera-

tion spondylolistheses, scoliosis, annular fis-

sure, facet joints degeneration and disc con-

tours [10].  

Carrino et al. study more than 100 partic-

ipants to examine the agreement between inves-

tigator to assess variable MRI pathology he 

found the disc degeneration, spondylolisthesis, 

endplate change, annul ar fissure and facet de-

generation [23].  

Moreover, Hwang et. al cohort of 45 sub-

jects underwent spinal stenosis surgery catego-

ries 80% of subjects in study with worse disc 

degeneration on MRIs at baseline, other study 

reported 58% compare to our study 34% of pa-

tients with disc degeneration [17].  

Akar et al study  reported the presence of 

sever facet degeneration in group of 100 pa-

tients with lumbar spinal stenosis planning for 

surgery, they stated 14 % had facet degenera-

tion these finding in same line of N ORDSTEN 

study which are reported the facet happened in 

11% and it close to our study 12% [24].  

The variables presentation between stud-

ies regarding the pathological causes of spinal 

stenosis, these may be due to studies carried 

out in cross sectional desig n and enrolled pa-

tients admitted to hospital with signs and symp-

toms of spinal stenosis not necessitated repre-

sentative to all causes of lumbosacral spine and 

cannot be generalized, because limiting to pa-

tients and time of studies [23].    

Table six in our  result show the Dural sac 

cross sectional area value to diagnosis of spinal 

stenosis in our study was (100 mm2), these give 

sensitivity 84%, specificity was 92% area under 

curve 0.89 (0.81 -0.94) and p -value 0.002, it in 

consist to result of Hong et al som e authors use 

lower cut off value of sac cross section area, the 

difference in cut off value between study due 

 

Fig. 5 (ȼɔɝ. 5) 

Fig. 5.   MR-myelography of lumbar spine show-

ing severe L3/4, L4/L5 lumbar canal stenosis.  

ȼɔɝ. 5.     ȸȼ-ɘɔɑɗɚɏɜɌɠɔɫ ɛɚɫɝəɔɣəɚɏɚ ɚɞɐɑ-

ɗɌ ɛɚɓɎɚəɚɣəɔɖɌ ɝ ɎɧɜɌɒɑəəɧɘ ɝɞɑəɚɓɚɘ 

ɛɚɫɝəɔɣəɚɏɚ ɖɌəɌɗɌ əɌ ɟɜɚɎəɫɡ L3/4, L4/ L5. 
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recruited older age group and variable gender 

enrollment in study [13, 25].   

The signs of root compression in our 

study that illustrated by MRI co exist with spi-

nal stenosis, there were 64% of patients had 

nerve root compression, 30% loss of CSF, 6% 

show loss of epidural fat surrounding the dura, 

decrease thickness of spinal cord was seen in 

12% and 14% presented with Decrease signal 

intensity, it  agrees with Yusof et al [26] study 

but disagree with Hwang et al.  The cause might 

be due to difference in types of pathology found 

by variable studies [16, 27].     

Conclusion.  

MRI modalities a useful diagnostic option 

in evaluation of lumbosacral spinal  stenosis, as 

it can describe appropriate variable pathological 

changes, such as disc degeneration. Magnetic 

resonance images measurement of spinal canal 

associated to the level of disabilities. We rec-

ommend to use the MRI good confirmatory di-

agnostic moda lities to investigate the spinal 

stenosis. MRI study could be a first step to put 

a plan for management of lumbar spinal steno-

sis.  

Supplementary.  
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stimation of age is helpful in both civil and criminal cases. In the living individual age es-

timation is the most important issue to the court and the common citizens as well. The 

present study was carried out to study the estimation of age by epiphyses f usion at the 

knee joint, which is considered one of the modern and somewhat accurate methods of es-

timating age.  

Purpose.  To compare chronological age and age estimated according to the  union from radio-

graphic assessment of epiphyseal fusion at the knee joi nt in a sample of the Iraq population and to 

implement radiographic examination of the knee joint as an additional anatomical region for age es-

timation.  

Materials and Methods.  A prospective study was carried out on 55 medico -legal cases referred 

to the me dico -legal directorate in Baghdad during 6 -month period in 2022. The cases under study 

were classified into 2 groups: male (30) and female (25), their age ranged from (9 -19 years). Radio-

graphic  method (anteroposterior and lateral knee x -ray) was used to s ubdivide the continuum of de-

velopment into 5 specific stages of union and scored as stage 0 ð nonunion, stage 1 ð beginning un-

ion, stage 2 ð active union, stage 3 ð recent union, stage 4 ð complete union.  

Results.  The present study showed that out of the total of 55 cases, 30 cases were male and 25 

were female. A maximum number of cases belong to the 18 -19 years of age group in both genders. 

The chronological age (years) of the youngest and oldest subjects was recorded at each stage of union 

for each of th e three epiphyses at the knee for males and females. The mean age and stander devia-

tion for each stage of fusion were mentioned. The mean age in males; at stage 0 was about 10.5 for 

all three bones (distal end of femur and proximal end of tibia and fibula) . Stage 1 was about 13 years 

for the proximal end of the femur, 13.5 years for the distal end of the tibia, and 14 years for the dis-

tal end of the fibula. Stage 2 was about 15.5 years for all three bones, while in stage 3; the mean age 

for all three bones was about 17.5 years and regarding stage 4; the mean age was 18.5 years for the 

proximal end of the femur and 19 for distal end for both tibia and fibula. Females were less than 

males by about 1.5 years.  

Conclusion.  The present study concluded that the st age of epiphyseal union is correlated with 

chronological age in both males and females. Mean age gradually increases with each stage of union 

and also varies between male and female cases. A statistically significant difference in mean age was 

recorded bet ween stages when compared to the previous stage for three epiphyses. Fusion of various 

epiphyses has been reported earlier in females (about 1.5 years) in comparison to males of the pre-

sent series. Epiphyseal fusion of the lower end of the femur was observ ed earlier than the tibia and 

fibula.  

 

Keywords:  epiphyseal fusion, epiphyseal union, chronological age, knee joint . 

 

Corresponding author:  Eevir Akram Zain alabdin, e -mail: Medicalresearch77@yahoo.com  

 

For citation: Eevir Akram Zain Aladdin, Saad Kadhum Kareem, Niran Mahmood Ahmed Al -

Tameemi . Radiological assessment of age from the epiphyseal fusion of the knee joint . REJR 2023; 

13(3):83-96 . DOI: 10.21569/2222 -7415 -2023 -13-3-83-96 .  

 

 

Received : 04.05.23  Accepted :  11.07.23 

 

 

 

E 

ȺȼȴȯȴȹȬȷɈȹȬɋ ȽȾȬȾɈɋ 

 

 

 

http://www.rejr.ru/


 

 

   RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY  

| www.rejr.ru | REJR. 2023; 13 (3):83-96       DOI: 10.21569/2222-7415-2023-13-3-83-96                     84 
 

 

 

ȼȱȹȾȯȱȹȺȷȺȯȴɃȱȽȶȬɋ ȺɂȱȹȶȬ ȮȺȳȼȬȽȾȬ ȻȺ ȳȬȶȼɇȾȴɊ ɉȻȴɀȴȳȬȼȹȺȵ ȳȺȹɇ 

ȼȺȽȾȬ ȶȺȷȱȹȹȺȯȺ ȽȿȽȾȬȮȬ 

 

ȴɎɔɜ ȬɖɜɌɘ ȳɑɕə ȬɗɌɐɐɔə, ȽɌɌɐ ȶɌɐɡɟɘ ȶɌɜɔɘ, ȹɔɜɌə ȸɌɡɘɟɐ Ȭɡɘɑɐ Ȭɗɨ-ȾɌɘɔɘɔ 

 
ȿɛɜɌɎɗɑəɔɑ ɝɟɐɑɍəɚɕ ɘɑɐɔɢɔəɧ, ȸɔəɔɝɞɑɜɝɞɎɚ ɓɐɜɌɎɚɚɡɜɌəɑəɔɫ. ɏ. ȭɌɏɐɌɐ, ȴɜɌɖ. 

 

ɛɜɑɐɑɗɑəɔɑ ɎɚɓɜɌɝɞɌ ɛɚɗɑɓəɚ ɖɌɖ Ɏ ɏɜɌɒɐɌəɝɖɔɡ, ɞɌɖ ɔ Ɏ ɟɏɚɗɚɎəɧɡ ɐɑɗɌɡ. ȹɌɝɞɚɫɥɑɑ 

ɔɝɝɗɑɐɚɎɌəɔɑ ɍɧɗɚ ɛɜɚɎɑɐɑəɚ ɝ ɢɑɗɨɪ ɔɓɟɣɑəɔɫ ɚɢɑəɖɔ ɎɚɓɜɌɝɞɌ ɛɚ ɝɜɌɥɑəɔɪ ɩɛɔ-

ɠɔɓɚɎ ɖɚɝɞɑɕ, ɠɚɜɘɔɜɟɪɥɔɡ ɖɚɗɑəəɧɕ ɝɟɝɞɌɎ, ɣɞɚ ɝɣɔɞɌɑɞɝɫ ɚɐəɔɘ ɔɓ ɝɚɎɜɑɘɑəəɧɡ 

ɔ ɐɚɝɞɌɞɚɣəɚ ɞɚɣəɧɡ ɘɑɞɚɐɚɎ ɚɢɑəɖɔ ɎɚɓɜɌɝɞɌ. 

ɂɑɗɨ. ȽɜɌɎəɔɞɨ ɡɜɚəɚɗɚɏɔɣɑɝɖɔɕ ɎɚɓɜɌɝɞ ɔ ɎɚɓɜɌɝɞ, ɚɛɜɑɐɑɗɫɑɘɧɕ ɛɚ ɜɑəɞɏɑəɚɗɚɏɔɣɑɝɖɚɕ 

ɚɢɑəɖɑ ɓɌɖɜɧɞɔɫ ɩɛɔɠɔɓɌɜəɚɕ ɓɚəɧ ɜɚɝɞɌ ɖɚɗɑəəɚɏɚ ɝɟɝɞɌɎɌ əɌ Ɏɧɍɚɜɖɑ əɌɝɑɗɑəɔɫ ȴɜɌɖɌ, ɔ 

Ɏəɑɐɜɔɞɨ ɜɑəɞɏɑəɚɗɚɏɔɣɑɝɖɔɕ ɘɑɞɚɐ ɔɝɝɗɑɐɚɎɌəɔɫ ɖɚɗɑəəɚɏɚ ɝɟɝɞɌɎɌ ɖɌɖ ɐɚɛɚɗəɔɞɑɗɨəɚɕ ɌəɌ-

ɞɚɘɔɣɑɝɖɚɕ ɚɍɗɌɝɞɔ ɐɗɫ ɚɛɜɑɐɑɗɑəɔɫ ɎɚɓɜɌɝɞɌ. 

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. ȻɜɚɎɑɐɑəɚ ɛɜɚɝɛɑɖɞɔɎəɚɑ ɔɝɝɗɑɐɚɎɌəɔɑ ɛɚ 55 ɝɟɐɑɍəɚ-

ɘɑɐɔɢɔəɝɖɔɘ ɐɑɗɌɘ, ɛɑɜɑɐɌəəɧɘ Ɏ ɘɑɐɔɖɚ-ɛɜɌɎɚɎɚɑ ɟɛɜɌɎɗɑəɔɑ Ɏ ȭɌɏɐɌɐɑ Ɏ ɞɑɣɑəɔɑ 6 ɘɑɝɫɢɑɎ 

Ɏ 2022 ɏɚɐɟ. ȼɌɝɝɗɑɐɟɑɘɧɑ ɐɑɗɌ ɍɧɗɔ ɜɌɓɐɑɗɑəɧ əɌ 2 ɏɜɟɛɛɧ: ɘɟɒɣɔəɧ (30) ɔ ɒɑəɥɔəɧ (25), ɔɡ 

ɎɚɓɜɌɝɞ ɎɌɜɨɔɜɚɎɌɗɝɫ ɚɞ 9 ɐɚ 19 ɗɑɞ, ɜɑəɞɏɑəɚɗɚɏɔɣɑɝɖɔɕ ɘɑɞɚɐ (ɛɑɜɑɐəɑ-ɓɌɐəɫɫ ɔ ɍɚɖɚɎɌɫ ɛɜɚ-

ɑɖɢɔɔ ɖɚɗɑəəɚɏɚ ɝɟɝɞɌɎɌ) ɔɝɛɚɗɨɓɚɎɌɗɝɫ ɐɗɫ Ɏɧɐɑɗɑəɔɫ 5 ɝɞɌɐɔɕ ɓɌɖɜɧɞɔɫ ɩɛɔɠɔɓɌɜəɚɕ ɓɚəɧ 

ɜɚɝɞɌ: ɝɞɌɐɔɫ 0 ð ɚɞɝɟɞɝɞɎɔɑ ɝɜɌɥɑəɔɫ, ɝɞɌɐɔɫ 1 ð əɌɣɌɗɨəɚɑ ɝɜɌɥɑəɔɑ, ɝɞɌɐɔɫ 2 ð ɌɖɞɔɎəɚɑ 

ɝɜɌɥɑəɔɑ, 3 ɝɞɌɐɔɫ ð əɑɐɌɎəɑɑ ɝɜɌɥɑəɔɑ, 4 ɝɞɌɐɔɫ ð ɛɚɗəɚɑ ɝɜɌɥɑəɔɑ.  

ȼɑɓɟɗɨɞɌɞɧ. ȹɌɝɞɚɫɥɑɑ ɔɝɝɗɑɐɚɎɌəɔɑ ɛɚɖɌɓɌɗɚ, ɣɞɚ ɔɓ 55 ɝɗɟɣɌɑɎ, 30 ɝɚɚɞɎɑɞɝɞɎɚɎɌɗɔ 

ɘɟɒɝɖɚɘɟ ɛɚɗɟ ɔ 25 ð ɒɑəɝɖɚɘɟ. ȸɌɖɝɔɘɌɗɨəɚɑ ɖɚɗɔɣɑɝɞɎɚ ɝɗɟɣɌɑɎ ɛɜɔɡɚɐɔɞɝɫ əɌ ɎɚɓɜɌɝɞəɟɪ 

ɏɜɟɛɛɟ 18-19 ɗɑɞ Ɏ əɑɓɌɎɔɝɔɘɚɝɞɔ ɚɞ ɛɚɗɌ. Ɂɜɚəɚɗɚɏɔɣɑɝɖɔɕ ɎɚɓɜɌɝɞ (Ɏ ɏɚɐɌɡ) ɝɌɘɚɏɚ ɘɗɌɐɤɑɏɚ 

ɔ ɝɞɌɜɤɑɏɚ ɔɝɛɧɞɟɑɘɧɡ ɜɑɏɔɝɞɜɔɜɚɎɌɗɔ əɌ ɖɌɒɐɚɘ ɩɞɌɛɑ ɓɌɖɜɧɞɔɫ ɩɛɔɠɔɓɌɜəɚɕ ɓɚəɧ ɜɚɝɞɌ, 

ɐɗɫ ɖɌɒɐɚɏɚ ɔɓ ɞɜɑɡ ɩɛɔɠɔɓɚɎ ɖɚɗɑəəɚɏɚ ɝɟɝɞɌɎɌ, ɖɌɖ ɟ ɘɟɒɣɔə, ɞɌɖ ɔ ɟ ɒɑəɥɔə. ȶɜɚɘɑ ɞɚɏɚ, 

ɍɧɗ ɚɛɜɑɐɑɗɑə ɝɜɑɐəɔɕ ɎɚɓɜɌɝɞ ɝɚ ɝɞɌəɐɌɜɞəɚɕ ɐɑɎɔɌɢɔɑɕ ɐɗɫ ɖɌɒɐɚɕ ɝɞɌɐɔɔ. Ƚɜɑɐəɔɕ ɎɚɓɜɌɝɞ 

ɘɟɒɝɖɚɏɚ ɛɚɗɌ əɌ ɝɞɌɐɔɔ 0 ɝɚɝɞɌɎɔɗ 10,5 (ɐɗɫ Ɏɝɑɡ ɞɜɑɡ ɖɚɝɞɑɕ: ɐɔɝɞɌɗɨəɚɏɚ ɩɛɔɠɔɓɌ ɍɑɐɜɑəəɚɕ 

ɖɚɝɞɔ, Ɍ ɞɌɖɒɑ ɛɜɚɖɝɔɘɌɗɨəɧɡ ɩɛɔɠɔɓɚɎ ɍɚɗɨɤɑɍɑɜɢɚɎɚɕ ɔ ɘɌɗɚɍɑɜɢɚɎɚɕ ɖɚɝɞɑɕ); əɌ ɝɞɌɐɔɔ 1 

ð ɚɖɚɗɚ 13 ɗɑɞ ɐɗɫ ɛɜɚɖɝɔɘɌɗɨəɚɏɚ ɩɛɔɠɔɓɌ ɍɑɐɜɑəəɚɕ ɖɚɝɞɔ, 13,5 ɗɑɞ ð ɐɗɫ ɐɔɝɞɌɗɨəɚɏɚ ɩɛɔɠɔ-

ɓɌ ɍɚɗɨɤɑɍɑɜɢɚɎɚɕ ɖɚɝɞɔ ɔ 14 ɗɑɞ ð ɐɗɫ ɐɔɝɞɌɗɨəɚɏɚ ɩɛɔɠɔɓɌ ɘɌɗɚɍɑɜɢɚɎɚɕ ɖɚɝɞɔ. ȹɌ ɝɞɌɐɔɔ 2 

ɎɚɓɜɌɝɞ ɝɚɝɞɌɎɔɗ ɚɖɚɗɚ 15,5 ɗɑɞ ɛɚ Ɏɝɑɘ ɞɜɑɘ ɖɚɝɞɫɘ; ɐɗɫ 3 ɝɞɌɐɔɔ ɝɜɑɐəɔɕ ɎɚɓɜɌɝɞ ɛɚ Ɏɝɑɘ 

ɞɜɑɘ ɖɚɝɞɫɘ ɝɚɝɞɌɎɔɗ ɚɖɚɗɚ 17,5 ɗɑɞ; əɌ 4 ɝɞɌɐɔɔ ɝɜɑɐəɔɕ ɎɚɓɜɌɝɞ ɐɗɫ ɛɜɚɖɝɔɘɌɗɨəɚɏɚ ɩɛɔɠɔɓɌ 

ɍɑɐɜɑəəɚɕ ɖɚɝɞɔ ɝɚɝɞɌɎɔɗ ɚɖɚɗɚ 18,5 ɗɑɞ ɔ 19 ɗɑɞ ɐɗɫ ɐɔɝɞɌɗɨəɧɡ ɩɛɔɠɔɓɚɎ ɍɚɗɨɤɑɍɑɜɢɚɎɚɕ ɔ 

ɘɌɗɚɍɑɜɢɚɎɚɕ ɖɚɝɞɑɕ. Ƚɜɑɐəɔɕ ɎɚɓɜɌɝɞ ɓɌɖɜɧɞɔɫ ɩɛɔɠɔɓɌɜəɚɕ ɓɚəɧ ɜɚɝɞɌ ɟ ɒɑəɝɖɚɏɚ ɛɚɗɌ 

əɌɝɞɟɛɌɗ əɌ 1,5 ɏɚɐɌ ɜɌəɨɤɑ, ɣɑɘ ɟ ɘɟɒɝɖɚɏɚ.  

ȳɌɖɗɪɣɑəɔɑ. Ȼɜɔ əɌɝɞɚɫɥɑɘ ɔɝɝɗɑɐɚɎɌəɔɔ ɍɧɗɚ ɎɧɫɎɗɑəɚ, ɣɞɚ ɝɞɌɐɔɫ ɓɌɖɜɧɞɔɫ ɩɛɔɠɔ-

ɓɌɜəɚɕ ɓɚəɧ ɜɚɝɞɌ ɖɚɜɜɑɗɔɜɟɑɞ ɝ ɡɜɚəɚɗɚɏɔɣɑɝɖɔɘ ɎɚɓɜɌɝɞɚɘ ɖɌɖ ɟ ɘɟɒɣɔə, ɞɌɖ ɔ ɟ ɒɑəɥɔə. 

Ƚɜɑɐəɔɕ ɎɚɓɜɌɝɞ ɛɚɝɞɑɛɑəəɚ ɟɎɑɗɔɣɔɎɌɑɞɝɫ ɝ ɖɌɒɐɚɕ ɝɞɌɐɔɑɕ ɝɜɌɥɑəɔɫ ɔ ɞɌɖɒɑ ɎɌɜɨɔɜɟɑɞɝɫ 

ɘɑɒɐɟ ɘɟɒɣɔəɌɘɔ ɔ ɒɑəɥɔəɌɘɔ. ȽɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɧɑ ɜɌɓɗɔɣɔɫ ɍɧɗɔ ɚɍəɌɜɟɒɑəɧ Ɏ ɓəɌ-

ɣɑəɔɔ ɝɜɑɐəɑɏɚ ɎɚɓɜɌɝɞɌ ɘɑɒɐɟ ɜɌɓɗɔɣəɧɘɔ ɝɞɌɐɔɫɘɔ ɓɌɖɜɧɞɔɫ ɩɛɔɠɔɓɌɜəɚɕ ɓɚəɧ ɜɚɝɞɌ. 

ȽɜɌɥɑəɔɑ ɩɛɔɠɔɓɚɎ ɟ ɒɑəɥɔə əɌɍɗɪɐɌɗɚɝɨ ɜɌəɨɤɑ (Ɏ ɝɜɑɐəɑɘ əɌ 1,5 ɏɚɐɌ) ɛɚ ɝɜɌɎəɑəɔɪ ɝ 

ɘɟɒɣɔəɌɘɔ. ȽɜɌɥɑəɔɑ ɩɛɔɠɔɓɌ ɐɔɝɞɌɗɨəɚɏɚ ɩɛɔɠɔɓɌ ɍɑɐɜɑəəɚɕ ɖɚɝɞɔ əɌɍɗɪɐɌɗɚɝɨ ɜɌəɨɤɑ, 

ɣɑɘ ɍɚɗɨɤɑɍɑɜɢɚɎɚɕ ɔ ɘɌɗɚɍɑɜɢɚɎɚɕ ɖɚɝɞɑɕ.   

 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɝɜɌɥɑəɔɑ ɩɛɔɠɔɓɚɎ, ɓɌɖɜɧɞɔɑ ɩɛɔɠɔɓɌɜəɚɕ ɓɚəɧ ɜɚɝɞɌ, ɖɚɗɑəəɧɕ ɝɟ-

ɝɞɌɎ.    
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ntroduction  

Age estimation is an important parameter 

for medico -legal cases in both civil and 

criminal cases. Age estimation is the most 

important issue to the court and the com-

mon citizens as well, It is essential to establish 

the identity of the person at the time of  admis-

sion to schools, colleges, institutes, or while 

competing in sports tournaments at regional or 

national levels. It is also important while taking 

consent or in cases relating to juvenile offend-

ers, Competency as a witness, rape, kidnapping, 

fixation of criminal responsibility, employment 

in Govt, and marriage [1]. Age estimation in the 

clinical forensic department depends on denta-

tion and radiological examination of bones and 

also by direct observation of dry bones (post-

mortem examinations).  

There are  hundreds of ossification centers 

in the bones of the body. The appearance and 

fusion of some centers in the bones with others 

of the same bones form the basis of the estima-

tion of age. The long bones of the lower limb 

play a vital role in the assessment o f age both in 

living and dry remains [2]. The Age of epiphyseal 

union is an important objective method for age 

estimation, but these ages vary with racial, geo-

graphic, climatic, and various other factors. 

These variations have suggested the need for 

separa te standards of ossification for separate 

regions [2].  

To establish the chronological age of an 

individual from their skeletal development, at 

least one of the three phases of osseous devel-

opment must be assessed: The age of appear-

ance (i.e. ossification)  of different parts of the 

bone. The morphological appearance and/or 

size of the bone and its constituent parts. The 

timing of fusion of different parts of a bone. The 

assessment of these three phases can occur ei-

ther via direct observance of the bone or v ia ra-

diographic images of the living individual [3].  

The stages of fusion divide radiologically 

the process of fusion of epiphysis with the di-

aphysis into five stages:  

Stage 0: No union ðno evidence of com-

mencement of union between epiphysis and di-

aphysis.  

stage 1: beginning union - obliteration 

commences in the space between the epiphysis 

and diaphysis.  

stage 2: active union -the epiphysis and 

diaphysis cap each other.  

stage 3: recent union - space gets closed 

but the line of fusion is visible at the junction  of 

epiphysis and diaphysis.  

stage 4: complete union - epiphyseal space 

obliterated by bony fusion showing the same 

density as that of the shaft [4].  

The knee is easily positioned so that an-

teroposterior radiographs can be taken and 

yield information for th ree epiphyses ð the distal 

femur, proximal tibia, and proximal fibula [4].  

Oladunni, Dennis, Nwabneze, and Steplea 

Onyia, India (2015), studied 100  males and 110 

females, the number of stages was 5 by plain X -

ray, the finding in their study suggested that  

the radiographic analysis of the knee was a val-

uable alternative for estimation of chronological 

age [5].  

Keshav et al, (2017), studied 100 cases, 

62 cases were male and 38 were female. The 

Maximum number of cases belongs to the 17 -18 

years of age group i n both genders. The age of 

complete fusion between epiphysis and diaphy-

sis in the lower end of the femur was observed 

at 17 -19 years of age and above in males and 

16 -18 years of age and above in females in our 

study. The age of complete fusion between 

epip hysis and diaphysis in the upper end of the 

tibia was observed at 16 -19 years of age and 

above in both genders and the proximal end of 

Fibula in males was observed at 17 -20 years of 

age and above, while in females it was observed 

at 16 -19 years of age and above [6].  

Deepak Maharia, in India, studied 80 sub-

jects, the finding in their study suggested that 

the age of complete union in knee joint were as 

follow: in male; the femur was at 17 -19years, 

the tibia was 16 -19, the fibula was at 17 -

19years, while in fe male; both femur and tibia 

were at16 -19 years while fibula was at 17 -20 

years [7].  

The present study was carried out to 

study the estimation of age through epiphyses 

fusion at the knee joint by Digital X -Ray study 

in the age group of 9 to 19 years. Sample s taken 

from various People were referred to the forensic 

medicine directorate in Baghdad. The study 

aimed to compare chronological age and age 

estimated according to the union from radio-

graphic assessment of epiphyseal fusion at the 

knee joint in a sample  of the Iraqi population 

and to implement a radiographic examination of  
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the knee joint as an additional anatomical re-

gion for age estimation.  

Materials and Methods.  

Study design and settings.  

This prospective study was conducted at 

Medico -Legal Directorate in Baghdad City dur-

ing the period from March 2022 to December 

2022. Fifty -five subject s were subjected to radi-

ography (30 males, 25 females). The radio-

graphs were examined to establish the relation-

ship between the epiphyseal union at the knee 

and chronological age. All subjects aged 9 ð19 

years who presented for the medico -legal direc-

torate in Baghdad. Information for the date of 

birth was used to calculate chronological age, 

thus allowing the calculation of exact age (year). 

Five stages of the epiphyseal union were identi-

fied (stage 0, stage 1, stage 2, stage 3, stage 4), 

and anteroposterior  and lateral radiographs 

were used together when assessing the stage of 

the epiphyseal union [8]. The study is approved 

by the Iraqi Board of Medical Specializations.  

Inclusion criteria  

Å Subjects should be living in Baghdad re-

gion for more than 5 years.  

Å Subjects should be free from any physi-

cal disability or any chronic illness.  

Å Subjects should have accurate records of 

their date of birth.  

Å Subjects with their knee x -ray antero-

posterior and lateral were available.  

Exclusion criteria  

Å Age smaller tha n 9 years and older than 

19 years.  

Å Subjects not from Baghdad.  

Å There are no official papers showing the 

exact age.  

Å History of chronic disease.  

Å History of trauma to the knee joint.  

Å Subjects with knee joint deformity.  

Å Poor socio -economic class.  

Data collection  

A questionnaire was filled out, which in-

cluded information about the date of birth, age, 

sex, residential area, any disease or deformity in 

the knee joint, any chronic illness, and occupa-

tion. Material and equipment: Plain x -ray ma-

chine (eco ray, kv 500, colo907149).  Anteropos-

terior and lateral views: Ap position, the method 

of taking an x -ray was in a supine position 

where the leg was extended and the x -ray fo-

cused on the patella and directed vertically in 

mas 4 -5 and the kv was about (50 -60). 

In lateral position, the subject lying on the 

right side, pelvis not rotated, right knee forward 

and extend another limb behind it, central ray5 -

7 degrees cephalad at the knee joint (2 -5) cm 

distal to the medial epicondyle, then pictures 

were taken for these plain x - rays by digital 

(Sony) camera.  

 

Fig. 1 Ɍ (ȼɔɝ. 1 Ɍ) 

 

Fig. 1 b (ȼɔɝ. 1 ɍ) 

Fig. 1.   X-rays, knee joint.  

Anteroposterior and lateral projections. X -rays stage 0.    

ȼɔɝ. 1.     ȼɑəɞɏɑəɚɏɜɌɘɘɧ, ɖɚɗɑəəɧɕ ɝɟɝɞɌɎ.  

Ȼɑɜɑɐəɑ-ɓɌɐəɫɫ ɔ ɍɚɖɚɎɌɫ ɛɜɚɑɖɢɔɔ. ȼɑəɞɏɑəɚɗɚɏɔɣɑɝɖɌɫ ɝɞɌɐɔɫ 0.   
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The stages of epiphyseal union:  

Stage 0 ð Non -un ion: The diaphysis and 

epiphyseal bones are adjacent to each other but 

not yet in an intimate relationship. The epiphy-

sis is separate from the plate (arrow) (fig. 1). 

This should be apparent in at least one view on 

the radiograph, as a continuous radioluce nt gap 

between the epiphysis and diaphysis [8, 9].  

Stage 1 ð beginning union the epiphyseal 

and diaphysis surfaces closely approximate 

each other (fig. 2). The radiolucent strip between 

adjacent surfaces of the epiphysis and diaphysis 

has become a narrowed  comparison with the 

stage of non -union. The radiolucent gap is not 

continuous from anterior to posterior or medial 

to lateral. Towards the central region of the 

growth plate, there is a definite breaking up of 

the adjacent outlines of the epiphyseal and 

metaphyseal margins. This appears as a hazy 

area centrally which is of greater density than 

the adjacent bone (arrow). The radio -dense ap-

pearance on the radiograph is a consequence of 

the extension of bone across the intervening gap 

between the shaft and ep iphysis. Greater than 

half the growth plate is judged to be radiolu-

cent. This indicates that the union has begun 

centrally but has not as yet commenced on the 

remainder of the growth plate. If an investigator 

is uncertain about what stage to assign after 

assessing both radiographic views, the later 

stage should be selected [2].  

Stage 2 ð active union (fig. 3). The epiphy-

sis and diaphysis now cap each other. 'Capping 

'refers to how the epiphysis overlaps the met-

aphysis as maturation proceeds [2]. The termi-

na l plate of the epiphysis is no longer distin-

guishable. A fusion line or zone of greater densi-

ty than the adjacent bone replaces the epiphys-

eal cartilage. The presence of the radio -dense 

region indicates that fusion is actively occurring 

(arrow). Small area s of radiolucency separating 

the epiphysis and diaphysis may be evident to-

wards the margins of the bone. Less than half 

the growth plate is judged to be radiolucent. 

This indicates that union is actively occurring 

but has not yet reached the margins of the  

bones [2].  

Stage 3 ð recent union (fig. 4). The epiphy-

sis and diaphysis have united to form a single 

unit of bone, i.e. there is complete capping. The 

position of the former epiphysis and diaphysis 

can still be distinguished. A fine line of fusion of 

greater density may remain between the epiphy-

sis and diaphysis (arrow). There is discontinuity 

of trabecular between the former epiphysis and 

diaphysis. Although the epiphysis caps the di-

aphysis there may still be a slight notch (arrow) 

at   the margin   of the  growth   plate   (less than 2  

 

Fig. 2 (ȼɔɝ. 2) 

Fig. 2.   X-rays, knee joint.  

Lateral and anteroposterior projections. X -ray stage 1.    

ȼɔɝ. 2.  ȼɑəɞɏɑəɚɏɜɌɘɘɧ, ɖɚɗɑəəɧɕ ɝɟɝɞɌɎ.  

ȭɚɖɚɎɌɫ ɔ ɛɑɜɑɐəɑ-ɓɌɐəɫɫ ɛɜɚɑɖɢɔɔ. ȼɑəɞɏɑəɚɗɚɏɔɣɑɝɖɌɫ ɝɞɌɐɔɫ 1.  
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Fig. 3 (ȼɔɝ. 3) 

Fig. 3.   X-rays, knee joint.  

Lateral and anteroposterior projections. X -ray stage 2.  

ȼɔɝ. 3.  ȼɑəɞɏɑəɚɏɜɌɘɘɧ, ɖɚɗɑəəɧɕ ɝɟɝɞɌɎ.  

ȭɚɖɚɎɌɫ ɔ ɛɑɜɑɐəɑ-ɓɌɐəɫɫ ɛɜɚɑɖɢɔɔ. ȼɑəɞɏɑəɚɗɚɏɔɣɑɝɖɌɫ ɝɞɌɐɔɫ 2.   

 

Fig. 4 (ȼɔɝ. 4) 

Fig. 4.   X-rays, knee joint.  

Antero -posterior and lateral projections. X -ray  stage 3.  

ȼɔɝ. 4.  ȼɑəɞɏɑəɚɏɜɌɘɘɧ, ɖɚɗɑəəɧɕ ɝɟɝɞɌɎ.  

Ȼɑɜɑɐəɑ-ɓɌɐəɫɫ ɔ ɍɚɖɚɎɌɫ ɛɜɚɑɖɢɔɔ. ȼɑəɞɏɑəɚɗɚɏɔɣɑɝɖɌɫ ɝɞɌɐɔɫ 3. 
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mm) that has not yet completely calcified. The 

combination of discontinuity of trabecular be-

tween the epiphysis and diaphysis and the 

notches at the peripheral margins of the bone 

indicates that the bone is recently united.  

Stage 4 ð complete union (fig. 5). The 

epiphysis and diaphysis are united as a si ngle 

unit of bone. Remodeling has taken place and 

there is continuity of trabecular from shaft to 

former epiphysis. This presents a uniformity of 

internal bone pattern throughout the end of the 

long bone up to the articular surface. All trace 

of epiphyseal  differentiation has been lost. 

There are no radiolucent notches evident at the 

peripheral margin of the bone, indicating that 

the growth plate has now completely ossified 

and the bone is fused in its entirety. A thin ter-

minal line, the epiphyseal scar, wh ich marks 

part of the location of the former epiphyseal -

metaphyseal junction may remain in some cas-

es [2].  

Results.  

At first, 4 cases (2 males and 2 females) 

had radiographs of both left and right knees 

taken concomitantly.0n examination of these 4 

cases it was found no statistically significant 

difference in the stage of fusion between right 

and left sides for three Epiphysis. All statistical 

results were base d on only the right sides and 

were included for statistical analysis to avoid 

duplication of results. The study was carried 

out on 55 cases referred to the medico -legal di-

rectorate in Bagdad. Males in the total study 

cases constituted 55% (30 cases) while females 

constitute 45 % (25 cases). There were 2 cases 

for each gender at 9 years of age while there 

were 6 male cases and 4 female cases at 19 

years of age as shown in table ʈ1. 

The frequency of subjects in each age 

group from 9 -19 years was most frequent  at age 

19 there were 10 subjects (fig. 6). The maximum 

age number was recorded at stage 0 (14 among 

55 subjects) as shown in table 2 while the per-

centage of each stage is shown in Figure 7, as 

follows:  

Stage ð 0: 14 cases (25%),  

Stage ð 1: 8 cases (15%),  

Stage ð 2: 9 cases (16%),  

Stage ð 3: 11 cases (20%),  

Stage ð 4: 13cases (24%).  

The distribution of the sample at each 

stage of union for each age group is presented 

in Tables ʈ3, ʈ4 and ʈ5 for females and in 

Tables ʈ6, ʈ7 and ʈ8 for males. For each of 

the three epiphyses for both males and females, 

the progression of epiphyseal union  through 

several definite stages of union with increasing 

chronological age is visible.  

 

Fig. 5 (ȼɔɝ. 5) 

Fig. 5.   X-rays, knee joint.  

Anteroposterior and lateral projections, X -ray stage 4.  

ȼɔɝ. 5.  ȼɑəɞɏɑəɚɏɜɌɘɘɧ, ɖɚɗɑəəɧɕ ɝɟɝɞɌɎ.  

Ȼɑɜɑɐəɑ-ɓɌɐəɫɫ ɔ ɍɚɖɚɎɌɫ ɛɜɚɑɖɢɔɔ. ȼɑəɞɏɑəɚɗɚɏɔɣɑɝɖɌɫ ɝɞɌɐɔɫ 4. 

http://www.rejr.ru/


 

 

   RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY  

| www.rejr.ru | REJR. 2023; 13 (3):83-96       DOI: 10.21569/2222-7415-2023-13-3-83-96                     90 
 

 

 

 

Table ʈ1.     A number of cases for both gender.  

  

Table ʈ2.      Numbers of individuals at each stage.  

 Gender Total 

Male Female 

Stages stage0 10 4 14 

stage1 4 4 8 

stage2 5 4 9 

stage3 5 6 11 

stage4 6 7 13 

Total 30 25 55 
  

 

Fig. 6 (ȼɔɝ. 6) 

 

Fig. 7 (ȼɔɝ. 7) 

Fig. 6.    Diagram.  

Frequency of each age group.  

ȼɔɝ. 6.  ȰɔɌɏɜɌɘɘɌ.  

ȼɌɝɛɜɑɐɑɗɑəɔɑ ɛɚ ɎɚɓɜɌɝɞəɧɘ ɏɜɟɛɛɌɘ. 

Fig . 5.   Diagram.  

Percentage of each stage.  

ȼɔɝ. 5.  ȰɔɌɏɜɌɘɘɌ. 

ȼɌɝɛɜɑɐɑɗɑəɔɑ ɛɚ ɝɞɌɐɔɫɘ. 
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Table  ʈ3.       Numbers of individuals at each stage of union for the distal end of the 

femur, for each age group for female subjects.  

Age (Years) Femur stage of union (female)  

Total stage 0 stage 1 stage 2 stage 3 stage 4 

Female 9-10 4 0 0 0 0 4 

11-12 0 3 1 0 0 4 

13-14 0 0 4 0 0 4 

15-16 0 0 0 4 0 4 

17-18 0 0 0 1 4 5 

>18 0 0 0 0 4 4 

Total 4 3 5 5 8 25 
 

   
 

Table  ʈ4.   Numbers of individuals at e ach stage of union for the proximal end of the 

tibia, for each age group for female subjects.  

Age (Years) Tibia stage of union (female) Total 

stage 0 stage 1 stage 2 stage 3 stage 4 

Female 9-10 4 0 0 0 0 4 

11-12 0 4 0 0 0 4 

13-14 0 0 4 0 0 4 

15-16 0 0 0 4 0 4 

17-18 0 0 0 2 3 5 

>18 0 0 0 0 4 4 

Total 4 4 4 6 7 25 
 

   
 

Table  ʈ5.    Numbers of the individual at each stage of union for the proximal end of 

the fibula, for each age group for female subjects.  

Age (Years) Fibula stage of union (female)  

 

Total 
stage 0 stage 1 stage 2 stage 3 stage 4 

Female 9-10 4 0 0 0 0 4 

11-12 1 3 0 0 0 4 

13-14 0 0 4 0 0 4 

15-16 0 0 0 4 0 4 

17-18 0 0 0 3 2 5 

>18 0 0 0 0 4 4 

Total 5 3 4 7 6 25 
 

   
 

Table  ʈ6.  Number of individuals at each stage of union for the distal of the femur, 

for each age group for males.  

Age (Years) Femur stage of union (male) Total 

stage 0 stage 1 stage 2 stage 3 stage 4 

Male 9-10 years 5 0 0 0 0 5 

11-12 years 4 1 0 0 0 5 

13-14 years 0 4 0 0 0 4 

15-16 years 0 0 5 0 0 5 

17-18 years 0 0 0 3 2 5 

>18 years 0 0 0 0 6 6 

Total 9 5 5 3 8 30 
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In females in the age group (9 - 10), the 

three bones (distal end of the femur and proxi-

mal ends of tibia and fibula in the 4 subjects 

were in stage 0 as shown in Tables ʈ3, ʈ4, 

ʈ5. At the age group (11 - 12) 3 of 4 subjects 

were in stage 1 and 1 subject was in stage 2 re-

garding the distal end of the femoral bone as 

shown in table ʈ3 while all 4 subjects were in 

stage 1 for the proximal end of tibia as shown in  

table ʈ4 and 1 subject was in stage 0 and 3 

subjects were in(stage 1 regarding the proximal 

end of the fibula as s hown in table ʈ5. In the 

age group (13 - 14) the three bones in the 4 

subjects were in stage 2. In the age group (15 - 

16) the three bones in the 4 subjects were in 

stage 3. In the age group (17 - 18) 1 of 5 sub-

jects was in stage 3 and 4 subjects were in s tage 

4 regarding the distal end of the femoral bone, 

while 2 of 5 subjects were in stage 3 and 3 sub-

jects were in stage 4 for the proximal end of tib-

ia, and 3 subjects were in stage 3 and 2 sub-

jects were in stage 4 for the proximal end of the 

fibula. At th e age group (18 - 19) all 4 subjects 

for both the distal end of the femur and the 

proximal ends of the tibia and fibula were in 

stage 4. In both males and females beginning 

union of the distal femoral epiphysis was earlier 

than the   proximal   epiphysis of   both   tibia   and  

 

fibula mostly observed in between stages 1 and 

2, while the beginning of the proximal epiphysis 

of the fibula was later than the femur and tibia 

mostly observed in between stages 3and 4 as 

shown in table 5 and 8.  

The chronological age (years) of the 

youngest and oldest subjects for each stage of 

union for each of the three epiphyses at the 

knee for males and females was recorded. The 

mean age (years) and the standard deviation for 

each stage of fusion are also presented. For ex-

ample, in  males, the youngest subject recorded 

as having a beginning union of the distal femo-

ral epiphysis was aged 9 years, and the oldest 

subject was 12 years. However, the mean age of 

male subjects demonstrating beginning union 

was 10.5 years. The mean ages show  a gradual 

increase with each stage of union and vary be-

tween male and female subjects. A statistically 

significant difference in mean age was noted 

between each stage when compared with the 

stage previous to it (P < 0.05). In females, there 

was no differe nce in mean age between the fe-

mur and tibia in stages 0 and 3 and between 

tibia and fibula in stage2 and 4, and all three 

bones in stage 1. In males, there was no signifi-

cant difference in mean age between all three 

bones in stages 0, 2, and 3. The  proxim al  fibu - 

Table  ʈ7. Number of individuals at each stage of union for the proximal end of the 

tibia, for each age group for males.  

Age (Years) Tibia stage of union (male) Total 

stage 0 stage 1 stage  2 stage      3 stage  4 

Male 9-10 years 5 0 0 0 0 5 

11-12 years 5 0 0 0 0 5 

13-14 years 0 4 0 0 0 4 

15-16 years 0 0 5 0 0 5 

17-18 years 0 0 0 5 0 5 

>18 years 0 0 0 0 6 6 

Total 10 4 5 5 6 30 
 

   
 

Table  ʈ8.    Number of individuals at each stage of union for the fibula, for each age 

group for males.  

Age (Years) Fibula stage of union (male) Total 

stage 0 stage 1 stage 2 stage 3 stage 4 

Male 9-10 years 5 0 0 0 0 5 

11-12 years 5 0 0 0 0 5 

13-14 years 0 4 0 0 0 4 

15-16 years 0 2 3 0 0 5 

17-18 years 0 0 0 5 0 5 

>18 years 0 0 0 0 6 6 

Total 10 6 3 5 6 30 
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Table ʈ9.  Mean, SD, and range in age for each stage of a union at each of the epiph-

ysis at the knee for males and females.  

Female 

  

N

  

Stage  

of union 

Age(years) of youngest (a) and  

oldest (b) showing fusion 

Mean  

age (years) 

 

SD 

   (a) (b)   

Femur  4 0 9 10 9.5 0.7 

 3 1 11 12 11.5 0.7 

 5 2 12 14 13 1 

 5 3 15 17 16 1 

 8 4 17 19 18 1 

Tibia  4 0 9 10 9.5 0.7 

 4 1 11 12 11.5 0.7 

 4 2 13 14 13.5 0.7 

 6 3 15 17 16 1 

 7 4 18 19 18.5 0.7 

Fibula 5 0 9 11 10 1 

 3 1 11 12 11.5 0.7 

 4 2 13 14 13.5 0.7 

 7 3 15 18 16.5 1.29 

 6 4 18 19 18.5 0.7 

Males 

  

N 

Stage  

of union 

Age(years) of youngest (a) and  

oldest (b) showing fusion 

Mean  

age (years) 

SD 

   (a) (b)   

Femur 9 0 9 12 10.5 1.29 

 5 1 12 14 13 1 

 5 2 15 16 15.5 0.7 

 3 3 17 18 17.5 0.7 

 8 4 18 19 18.5 0.7 

Tibia 1

0 

0 9 12 10.5 1.29 

 4 1 13 14 13.5 0.7 

 5 2 15 16 15.5 0.7 

 5 3 17 18 17.5 0.7 

 6 4 19 19 19 _ 

Fibula 1

0 

0 9 12 10.5 1.29 

 6 1 13 15 14 1 

 3 2 15 16 15.5 0.7 

 5 3 17 18 17.5 0.7 

 6 4 19 19 19 _ 
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Table  ʈ10 .  Relation between age and stages of the union of three bones  (femur,  

tibia, fibula) in females.  

Female age Pearson Correlation 1 0.976**  0.982**  0.973**  

Sig. (2-tailed)  0.0001 0.0001 0.0001 

N 25 25 25 25 

Femur stage of  

union (female) 

Pearson Correlation 0.976**  1 0.982**  0.968**  

Sig. (2-tailed) 0.0001  0.0001 0.0001 

N 25 25 25 25 

Tibia stage of union 

(female) 

Pearson 

Correlation 

0.982**  0.982**  1 0.982**  

Sig. (2-tailed) 0.0001 0.0001  0.0001 

N 25 25 25 25 

Fibula stage of  

union (female) 

Pearson Correlation 0.973**  0.968**  0.982**  1 

Sig. (2-tailed) 0.0001 0.0001 0.0001  

N 25 25 25 25 
 

   
 

Table  ʈ11 . Relation between age and stages of union for the three bones  (femur,  

tibia, fibula).  

Male age Pearson Correlation 1 0.970**  0.972**  0.961**  

Sig. (2-tailed)  0.0001 0.0001 0.0001 

N 30 30 30 30 

Femur stage   

of union (male) 

Pearson Correlation 0.970**  1 0.982**  0.972**  

Sig. (2-tailed) 0.0001 0.0001 0.0001 

N 30 30 30 30 

Tibia stage         

of union (male) 

Pearson Correlation 0.972**  0.982**  1 0.987**  

Sig. (2-tailed) 0.0001 0.0001  0.0001 

N 30 30 30 30 

Fibula stage  

of union (male) 

Pearson Correlation 0.961**  0.972**  0.987**  1 

Sig. (2-tailed) 0.0001 0.0001 0.0001  

N 30 30 30 30 
 

   
 

Table  ʈ12 . Appearance and union of ossification centers in the knee joint (in males).  

Bone Center of  

ossification 

Age of Appearance Stages of   

union 

Age of  

Union (Years) 

Femur Lower end 9 months  

IUL(At  birth) 

Stage0-1 10.5-13 

   Stage 2-3 15.5-17.5 

   Stage 4 18.5 

Tibia Upper end At birth Stage 0-1 10.5-13.5 

   Stage 2-3 15.5-17.5 

   Stage 4 19 

Fibula Upper end 4 years Stage 0-1 10.5-14 

   Stage 2-3 15.5-17.5 

   Stage 4 19 
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lar epiphysis can also be seen to commence un-

ion at a later stage t han the epiphyses of the 

femur and tibia. Six male and 10 female sub-

jects were recorded as having reached the state 

of completed union of the fibula by comparison 

with one and two subjects for the femur, and 

two and three subjects for the tibia, respective ly 

as shown in table ʈ9. 

There were positive relationships between 

age groups and stages of unions for all three 

bones (femur, tibia, fibula) and the significance 

or p (value) was less than 0.01* as shown in Ta-

ble ʈ10 and Table ʈ11. *correlation is signifi-

cant at the 0.01l level (2 -tailed). Table ʈ12 

shows a useful summary of the appearance and 

union of ossification centers in the knee joint for 

practical application.  

Discussion.  

At present day, clinical and forensic inves-

tigations demand techniques that ca n provide 

estimates of chronological age. Persistent revi-

sion of the techniques in practice must be un-

dertaken to maintain the accuracy of these es-

timations of age.  

The cardinal basis of age estimation tech-

niques in juveniles is that the skeleton is not 

static and is constantly changing in small in-

crements until the adult state is reached. How-

ever, it appears that rather than examining the 

process as a whole, there has instead been a 

focus on the endpoint of development similar to 

a previous study [10].  

Mal es in our total study cases were higher 

than females. This was similar to the study 

done previously male predominance may be due 

to; the percentage of male reviewers in the fo-

rensic directorate being greater than that of fe-

males [6].  

According to statisti cal results, the vast 

majority of cases were in the age group of more 

than 18 years and the reason for this is that 

this age group is more in need of citizenship or 

civil status ID for work, travel, and marriage. 

This finding agrees with a study done previ ously 

[5].  

As similar to this study Kausar, and Var-

ghese utilized the information that ordered 

changes occur at the growth plate during epi-

physeal fusion and this was applied to produce 

a method that sub -divides the process of epi-

physeal union into five di fferent stages by plain 

X-ray [11]. Others subsequently adapted this 

method for use on a skeletal sample. It was as-

sumed that if the continuum of development 

could be divided into anatomical specimens, 

then similarly this process of epiphyseal union 

could be divided on radiograph [1, 6].  

 In this study, we referred to fusion as the 

age category at which 75% or more of the group 

showed complete union while Johnston refers to 

fusion as the age category at which 50% or 

more of the group show complete union. Au-

thors place the age of complete union at the age 

group showing greater than 85%   of  cases  unit  

ed, whereas others referred to the age of com-

plete union when 100% of cases are united [8, 

9]. There is a visible inconsistency between au-

thors in providing a range in age for the time of 

complete union. As a result, it makes the com-

parison between the age ranges provided quite 

difficult.  

In both males and females, the beginning 

union of the distal femoral epiphysis was earlier 

than the proximal epiphysis of bot h tibia and 

fibula mostly observed in between stages 1 and 

2, while the beginning of the proximal epiphysis 

of the fibula was later than the femur and tibia 

mostly observed in between stages 3 and 4. This 

finding agrees with a study done previously by 

O'Connor and disagrees with a study done by 

Paterson which found that the beginning union 

of the proximal epiphysis of the tibia was later 

than the femur and fibula [2, 12].  

The study showed that females develop at 

a younger age than their male counterparts 

about 1.5 -2 years. This is in agreement with the 

results of previous studies which found that fe-

males typically develop approximately two years 

in advance of males and this is related to the 

estrogen hormone [13, 14].  

The mean age indicated the typical age at 

which each stage of union occurs. It showed a 

gradual increase with each stage of union with 

variation between males and females, this find-

ing agrees with the study of OõConnor [2]. 

The study showed that the mean age for 

stage 0 in females was earlier t han in males, 

this finding agrees with a previous study done 

by OõConnor, while others reported older ages 

by comparison. This difference might be due to 

the large number of cases included in their 

studies [2, 11].  

It was also found that the mean age for 

beginning union (stage 1) was also earlier in fe-

males. This finding agrees with studies and dis-

agrees with the study done by, the difference 

might be due to the type of samples he was 

based on the skeletal remains of human bodies 

[14 - 16].  

Females showed active union (stage 2) at 

an earlier age than males in all three bones. 

This finding is slightly lower than the finding of 

a previous study done by about two years [4]. 

This difference might be due to differences in 

time and place. While agreeing with the finding 

of Keshave Soni and OõConnor [2, 17].  

The study also revealed that the mean age 

for recent union (stage 3) for all 3 bones was 

also earlier in females than males as well as the 

mean age for complete union (stage 4) for the 
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distal end of the femur and the upper end of the 

tibia and fibula. The findings in this study were 

following different authors as Oladuniand 

OõConnor who stated that complete fusion oc-

curs at age (18 - 19) years of age [2]. The finding 

in this study was slightly higher than [17, 18]. 

This difference might be due to the sample size 

and the difference in time and place.  

Conclusion.  

The stages of an epiphyseal union of the 

knee joint were correlated with chronological 

age in both males and females. The fusion of 

various epiphyses wa s found earlier in females 

(about 1 -2 years) than in males. The epiphyseal 

fusion of the lower end of the femur was ob-

served earlier than the epiphyseal fusion of the 

upper part of the tibia and fibula. The knee joint 

is a reliable joint for age estimation  when no 

other joints are available such as in accident 

scenes or mass disasters. Conducting a further 

study on a large sample of the population for 

both males and females. A comparison study 

between northern and southern regions in Iraq 

is recommended for  a more reliable estimate.  
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eniscal lesions are damages that occur at the menisci insertions, which are considered 

the major orthopedic issue regarding knee joint biomechanics. The imaging modality of 

choice for meniscal lesions is magnetic resonance imagi ng (MRI), which has the highest 

sensitivity, specificity, and accuracy.   

Purpose.  To evaluate the percentage of MRI abnormalities of the knees in asymptomatic and 

symptomatic people with suspected meniscal and other lesions.  

Methods.  A comparative cross -sectional study was conducted; two MRI machines were used: 

one in the oncology Teaching Hospital 1.5 Tesla Siemens system (Magnetom Aera; Siemens Healthi-

neers, Erlangen, Germany) and the other is 1.5 Tesla unit (Avanto, Siemens Healthineers, Germany) 

in X -ray Institute). A total of 100 participants, fifty symptomatic meniscal lesions (33 males and 17 

females) and fifty asymptomatic meniscal lesions (24 males and 26 females) were enrolled in this 

study. The age of participants ranged from 46 years to 67 year s.  

Results.  The mean age of symptomatic meniscal lesions (MLs) was 52.96Ñ3.854 years (medi-

an 53 years), ranging from 46 years to 66 years, while the mean age of asymptomatic meniscal le-

sions was 56.96Ñ5.284 years (median 56 years), ranged from 48 years to 67 years. Males sympto-

matic meniscal lesions were 33 (66%), whereas females were 17 (34%). Whereas in asymptomatic 

meniscal lesions, males were 24 (48%), whereas females were 26 (52%). Painful knee (96%), discom-

fort (100%) and reduce joint motions (100%) are the most common manifestations recorded. The 

asymptomatic meniscal lesions patients age is higher than the age of symptomatic meniscal lesions 

cases with a strong statistically significant difference (P<0.0001). On the other hand, the comorbidity 

has a  high statistically significant difference (P=0.009), between the two groups. Furthermore, joints 

effusion, bone marrow and soft tissue edema, horizontal meniscal lesions, and complex meniscal le-

sions have a statistically significant difference (P=0.004), (P<0.0001), (P=0.04), (P=0.002), respective-

ly, to be more in symptomatic knees. Medial meniscus tears are more prevalent than lateral in both 

horizontal and complex meniscal lesions and both symptomatic and asymptomatic knees. In symp-

tomatic, the most comm on tears were reported in the posterior horn of the medial meniscus among 

horizontal meniscal lesions and complex meniscal lesions [(11, 25.6%), and (5, 55.6%)], respectively. 

In asymptomatic, the most common tears were reported in the anterior horn of the  Medial meniscus 

of horizontal meniscal lesions (8, 18.6%).  

Conclusions.  The old -age and comorbid conditions have a positive correlation with meniscal 

lesions in symptomatic more than in asymptomatic knees. Gender, BMI, and trauma history have a 

negative a ssociation with the development of meniscal lesions in symptomatic and asymptomatic 

knees meniscal lesions. Joint effusion, bone marrow or soft tissue edema, meniscal tear (horizontal), 

meniscal tear (complex, vertical, radial), and ACL in symptomatic meni scal lesions represent the 

most common MRI findings seeing more than in asymptomatic meniscal lesions. Horizontal medial 

meniscal tears are frequently the most common meniscal lesions in symptomatic and asymptomatic 

knees. Complex lateral meniscal tears ar e the least common observation.  

 

Keywords:  meniscal tears, anterior cruciate ligament, fat suppression, knee joint.    
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ȹȬɁȺȰȶȴ Ȼȼȴ ȸȬȯȹȴȾȹȺ-ȼȱȳȺȹȬȹȽȹȺȵ ȾȺȸȺȯȼȬɀȴȴ ȿ ȷɊȰȱȵ Ƚ  

ȽȴȸȻȾȺȸȹɇȸȴ ȴ ȭȱȽȽȴȸȻȾȺȸȹɇȸȴ ȻȺȮȼȱȲȰȱȹȴɋȸȴ  

ȸȱȹȴȽȶȬ ȶȺȷȱȹȹȺȯȺ ȽȿȽȾȬȮȬ 

 

Ɂɟɝɑɕə ȴ.ȼ.1, Ȱɒɚɚɜɔ Ƚ.ȸ.2 

 
1 - Ⱥɞɐɑɗɑəɔɑ ɗɟɣɑɎɚɕ ɐɔɌɏəɚɝɞɔɖɔ, ȽɛɑɢɔɌɗɔɓɔɜɚɎɌəəɌɫ ɡɔɜɟɜɏɔɣɑɝɖɌɫ ɍɚɗɨəɔɢɌ ȯɌɓɔ Ȭɗɨ-ɁɌɜɔɜɔ, ȯɚɜɚɐɝɖɚɕ ɘɑɐɔɢɔəɝɖɔɕ ɖɚɘ-

ɛɗɑɖɝ ȭɌɏɐɌɐɌ. ɏ. ȭɌɏɐɌɐ, ȴɜɌɖ. 

2 - ȴəɝɞɔɞɟɞ ɜɌɐɔɚɗɚɏɔɔ, ȯɚɜɚɐɝɖɚɕ ɘɑɐɔɢɔəɝɖɔɕ ɖɚɘɛɗɑɖɝ ȭɌɏɐɌɐɌ, ȸɔəɔɝɞɑɜɝɞɎɚ ɓɐɜɌɎɚɚɡɜɌəɑəɔɫ. ɏ. ȭɌɏɐɌɐ, ȴɜɌɖ. 

 

ɚɎɜɑɒɐɑəɔɫ ɘɑəɔɝɖɚɎ ð ɩɞɚ ɛɚɎɜɑɒɐɑəɔɫ, ɎɚɓəɔɖɌɪɥɔɑ Ɏ ɘɑɝɞɌɡ ɛɜɔɖɜɑɛɗɑəɔɫ ɘɑ-

əɔɝɖɚɎ, ɝɣɔɞɌɪɥɔɑɝɫ ɚɝəɚɎəɚɕ ɚɜɞɚɛɑɐɔɣɑɝɖɚɕ ɛɜɚɍɗɑɘɚɕ Ɏ ɚɞəɚɤɑəɔɔ ɍɔɚɘɑɡɌəɔɖɔ 

ɖɚɗɑəəɚɏɚ ɝɟɝɞɌɎɌ. Ȼɜɑɐɛɚɣɞɔɞɑɗɨəɧɘ ɘɑɞɚɐɚɘ ɎɔɓɟɌɗɔɓɌɢɔɔ ɛɜɔ ɛɚɎɜɑɒɐɑəɔɫɡ ɘɑ-

əɔɝɖɌ ɫɎɗɫɑɞɝɫ ɘɌɏəɔɞəɚ-ɜɑɓɚəɌəɝəɌɫ ɞɚɘɚɏɜɌɠɔɫ, ɖɚɞɚɜɌɫ ɚɍɗɌɐɌɑɞ ɝɌɘɚɕ Ɏɧɝɚɖɚɕ 

ɣɟɎɝɞɎɔɞɑɗɨəɚɝɞɨɪ, ɝɛɑɢɔɠɔɣəɚɝɞɨɪ ɔ ɞɚɣəɚɝɞɨɪ.   

ɂɑɗɨ. ȴɝɝɗɑɐɚɎɌəɔɑ ɍɧɗɚ əɌɛɜɌɎɗɑəɚ əɌ ɎɧɫɎɗɑəɔɑ ɛɜɚɢɑəɞɌ ɛɌɞɚɗɚɏɔɣɑɝɖɔɡ ɔɓɘɑəɑəɔɕ 

ɖɚɗɑəəɚɏɚ ɝɟɝɞɌɎɌ ɛɜɔ ɘɌɏəɔɞəɚ-ɜɑɓɚəɌəɝəɚɕ ɞɚɘɚɏɜɌɠɔɔ ɟ ɗɪɐɑɕ ɝ ɖɗɔəɔɣɑɝɖɔɘɔ ɛɜɚɫɎɗɑəɔ-

ɫɘɔ ɔ ɍɑɓ, ɝ ɛɚɐɚɓɜɑəɔɑɘ əɌ ɛɚɎɜɑɒɐɑəɔɫ ɘɑəɔɝɖɌ ɔ ɐɜɟɏɟɪ ɛɌɞɚɗɚɏɔɪ.   

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. ȭɧɗɚ ɛɜɚɎɑɐɑəɚ ɝɜɌɎəɔɞɑɗɨəɚɑ ɖɜɚɝɝ-ɝɑɖɢɔɚəəɚɑ ɔɝɝɗɑɐɚɎɌəɔɑ: 

ɔɝɛɚɗɨɓɚɎɌɗɔɝɨ ɐɎɌ ɌɛɛɌɜɌɞɌ ȸȼȾ ð ɚɐɔə Ɏ ɚəɖɚɗɚɏɔɣɑɝɖɚɘ ɖɗɔəɔɣɑɝɖɚɘ ɏɚɝɛɔɞɌɗɑ, 1,5 ȾɑɝɗɌ ɝ 

ɝɔɝɞɑɘɚɕ Siemens (Magnetom Aera; Siemens Healthineers, ɉɜɗɌəɏɑə, ȯɑɜɘɌəɔɫ), ɐɜɟɏɚɕ ð 1,5 Ⱦɑɝ-

ɗɌ Ɏ ȴəɝɞɔɞɟɞɑ ɜɌɐɔɚɗɚɏɔɔ (Avanto, Siemens Healthineers, ȯɑɜɘɌəɔɫ). 

Ȯ ɔɝɝɗɑɐɚɎɌəɔɑ ɍɧɗɚ Ɏɖɗɪɣɑəɚ 100 ɟɣɌɝɞəɔɖɚɎ, ɔɓ əɔɡ ɟ 50 ɣɑɗɚɎɑɖ əɌɍɗɪɐɌɗɔɝɨ ɛɚɜɌɒɑ-

əɔɫ ɘɑəɔɝɖɌ ɝ ɖɗɔəɔɣɑɝɖɔɘɔ ɛɜɚɫɎɗɑəɔɫɘɔ (33 ɘɟɒɣɔəɧ ɔ 17 ɒɑəɥɔə) ɔ 50 ɣɑɗɚɎɑɖ ɝ ɍɑɝ-

ɝɔɘɛɞɚɘəɧɘɔ ɛɚɜɌɒɑəɔɫɘɔ ɘɑəɔɝɖɌ (24 ɘɟɒɣɔəɧ ɔ 26 ɒɑəɥɔə). ȮɚɓɜɌɝɞ ɟɣɌɝɞəɔɖɚɎ ɝɚɝɞɌɎɔɗ 

ɚɞ 46 ɐɚ 67 ɗɑɞ.  

ȼɑɓɟɗɨɞɌɞɧ. Ƚɜɑɐəɔɕ ɎɚɓɜɌɝɞ ɝɔɘɛɞɚɘəɧɡ ɛɚɜɌɒɑəɔɕ ɘɑəɔɝɖɌ ɝɚɝɞɌɎɗɫɗ 52,96 Ñ 3,854 

ɏɚɐɌ (ɘɑɐɔɌəɌ 53 ɏɚɐɌ), Ɏ ɐɔɌɛɌɓɚəɑ ɚɞ 46 ɐɚ 66 ɗɑɞ, Ɏ ɞɚ Ɏɜɑɘɫ ɖɌɖ ɝɜɑɐəɔɕ ɎɚɓɜɌɝɞ ɍɑɝɝɔɘɛ-

ɞɚɘəɧɡ ɛɚɜɌɒɑəɔɕ ɘɑəɔɝɖɌ ɝɚɝɞɌɎɗɫɗ 56,96 Ñ 5,284 ɏɚɐɌ (ɘɑɐɔɌəɌ 56 ɗɑɞ), Ɏ ɐɔɌɛɌɓɚəɑ ɚɞ 48 

ɗɑɞ ɐɚ 67 ɗɑɞ. ȻɚɜɌɒɑəɔɫ ɘɑəɔɝɖɌ ɝ ɖɗɔəɔɣɑɝɖɔɘɔ ɛɜɚɫɎɗɑəɔɫɘɔ ɟ ɘɟɒɣɔə ɎɝɞɜɑɣɌɗɔɝɨ Ɏ 33 

ɝɗɟɣɌɫɡ (66%), ɞɚɏɐɌ ɖɌɖ ɟ ɒɑəɥɔə ð Ɏ 17 (34%). ȭɑɝɝɔɘɛɞɚɘəɧɑ ɛɚɜɌɒɑəɔɫ ɘɑəɔɝɖɌ ɟ ɘɟɒɣɔə 

ɎɝɞɜɑɣɌɗɔɝɨ Ɏ 24 ɝɗɟɣɌɫɡ (48%), ɟ ɒɑəɥɔə ð Ɏ 26 (52%). ȭɚɗɨ Ɏ ɖɚɗɑəɑ (96%), ɐɔɝɖɚɘɠɚɜɞ (100%) 

ɔ ɝəɔɒɑəɔɑ ɛɚɐɎɔɒəɚɝɞɔ ɝɟɝɞɌɎɌ (100%) ɫɎɗɫɪɞɝɫ əɌɔɍɚɗɑɑ ɣɌɝɞɧɘɔ ɜɑɏɔɝɞɜɔɜɟɑɘɧɘɔ ɖɗɔəɔ-

ɣɑɝɖɔɘɔ ɛɜɚɫɎɗɑəɔɫɘɔ. ȮɚɓɜɌɝɞ ɛɌɢɔɑəɞɚɎ ɝ ɍɑɝɝɔɘɛɞɚɘəɧɘ ɛɚɜɌɒɑəɔɑɘ ɘɑəɔɝɖɌ Ɏɧɤɑ, ɣɑɘ 

ɎɚɓɜɌɝɞ ɛɌɢɔɑəɞɚɎ ɝ ɝɔɘɛɞɚɘəɧɘ ɛɚɜɌɒɑəɔɑɘ ɘɑəɔɝɖɌ ɝ ɝɔɗɨəɚɕ ɝɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɚɕ ɜɌɓ-

əɔɢɑɕ (P<0,0001). Ƚ ɐɜɟɏɚɕ ɝɞɚɜɚəɧ, ɖɚɘɚɜɍɔɐəɚɝɞɨ ɔɘɑɑɞ Ɏɧɝɚɖɟɪ ɝɞɌɞɔɝɞɔɣɑɝɖɔ ɓəɌɣɔɘɟɪ 

ɜɌɓəɔɢɟ (P = 0,009) ɘɑɒɐɟ ɐɎɟɘɫ ɏɜɟɛɛɌɘɔ. ȶɜɚɘɑ ɞɚɏɚ, ɝɟɝɞɌɎəɚɕ Ɏɧɛɚɞ, ɚɞɑɖ ɖɚɝɞəɚɏɚ ɘɚɓɏɌ ɔ 

ɘɫɏɖɔɡ ɞɖɌəɑɕ, ɏɚɜɔɓɚəɞɌɗɨəɧɑ ɛɚɜɌɒɑəɔɫ ɔ ɝɗɚɒəɧɑ ɛɚɜɌɒɑəɔɫ ɘɑəɔɝɖɌ ɔɘɑɪɞ ɝɞɌɞɔɝɞɔɣɑ-

ɝɖɔ ɓəɌɣɔɘɟɪ ɜɌɓəɔɢɟ (P = 0,004), (P <0,0001), (P = 0,04), (P = 0,002) ɝɚɚɞɎɑɞɝɞɎɑəəɚ, ɔ ɛɜɑɐɝɞɌɎ-

ɗɑəɧ ɍɚɗɨɤɑ ɟ ɗɪɐɑɕ ɝ ɖɗɔəɔɣɑɝɖɔɘɔ ɛɜɚɫɎɗɑəɔɫɘɔ. ȼɌɓɜɧɎɧ ɘɑɐɔɌɗɨəɚɏɚ ɘɑəɔɝɖɌ ɍɚɗɑɑ ɜɌɝ-

ɛɜɚɝɞɜɌəɑəɧ, ɣɑɘ ɗɌɞɑɜɌɗɨəɚɏɚ, ɖɌɖ ɛɜɔ ɏɚɜɔɓɚəɞɌɗɨəɚɘ, ɞɌɖ ɔ ɛɜɔ ɝɗɚɒəɚɘ ɛɚɜɌɒɑəɔɔ ɘɑ-

əɔɝɖɌ ɟ ɗɪɐɑɕ ɖɌɖ ɝ ɖɗɔəɔɣɑɝɖɔɘɔ ɛɜɚɫɎɗɑəɔɫɘɔ, ɞɌɖ ɔ ɍɑɓ. Ȼɜɔ ɝɗɟɣɌɫɡ ɝ əɌɗɔɣɔɑɘ ɝɔɘɛɞɚ-

ɘɚɎ əɌɔɍɚɗɑɑ ɣɌɝɞɧɑ ɜɌɓɜɧɎɧ ɍɧɗɔ ɓɌɜɑɏɔɝɞɜɔɜɚɎɌəɧ Ɏ ɓɌɐəɑɘ ɜɚɏɑ ɘɑɐɔɌɗɨəɚɏɚ ɘɑəɔɝɖɌ ɝɜɑ-

ɐɔ ɏɚɜɔɓɚəɞɌɗɨəɧɡ ɛɚɜɌɒɑəɔɕ ɔ ɝɗɚɒəɧɡ ɛɚɜɌɒɑəɔɕ ɘɑəɔɝɖɌ [(11, 25,6%) ɔ (5, 55,6%)] ɝɚɚɞ-

ɎɑɞɝɞɎɑəəɚ. Ȼɜɔ ɍɑɝɝɔɘɛɞɚɘəɚɘ ɞɑɣɑəɔɔ ɣɌɥɑ Ɏɝɑɏɚ ɎɧɫɎɗɫɗɔɝɨ ɜɌɓɜɧɎɧ ɛɑɜɑɐəɑɏɚ ɜɚɏɌ ɘɑɐɔ-

Ɍɗɨəɚɏɚ ɘɑəɔɝɖɌ ɛɜɔ ɏɚɜɔɓɚəɞɌɗɨəɧɡ ɛɚɜɌɒɑəɔɫɡ ɘɑəɔɝɖɌ (8, 18,6%).  

ȮɧɎɚɐɧ. Ȼɚɒɔɗɚɕ ɎɚɓɜɌɝɞ ɔ ɖɚɘɚɜɍɔɐəɧɑ ɝɚɝɞɚɫəɔɫ ɔɘɑɪɞ ɛɜɫɘɟɪ ɖɚɜɜɑɗɫɢɔɪ ɝ ɝɔɘɛ-

ɞɚɘəɧɘɔ ɛɚɜɌɒɑəɔɫɘɔ ɘɑəɔɝɖɚɎ ɍɚɗɨɤɑ, ɣɑɘ Ɏ ɍɑɝɝɔɘɛɞɚɘəɧɡ ɝɗɟɣɌɫɡ. Ȼɚɗ, ɔəɐɑɖɝ ɘɌɝɝɧ ɞɑ-

ɗɌ ɔ ɞɜɌɎɘɧ Ɏ ɌəɌɘəɑɓɑ ɔɘɑɪɞ əɑɛɜɫɘɟɪ ɝɎɫɓɨ ɝ ɜɌɓɎɔɞɔɑɘ ɛɚɜɌɒɑəɔɕ ɘɑəɔɝɖɚɎ Ɏ ɝɔɘɛɞɚɘ-
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əɧɡ ɔ ɍɑɝɝɔɘɛɞɚɘəɧɡ ɝɗɟɣɌɫɡ. ȽɟɝɞɌɎəɚɕ Ɏɧɛɚɞ, ɚɞɑɖ ɖɚɝɞəɚɏɚ ɘɚɓɏɌ ɔɗɔ ɘɫɏɖɔɡ ɞɖɌəɑɕ, ɜɌɓ-

ɜɧɎ ɘɑəɔɝɖɌ (ɏɚɜɔɓɚəɞɌɗɨəɧɕ), ɜɌɓɜɧɎ ɘɑəɔɝɖɌ (ɝɗɚɒəɧɕ, ɎɑɜɞɔɖɌɗɨəɧɕ, ɜɌɐɔɌɗɨəɧɕ) ɔ ɛɑ-

ɜɑɐəɑɕ ɖɜɑɝɞɚɚɍɜɌɓəɚɕ ɝɎɫɓɖɔ ɛɜɔ ɝɔɘɛɞɚɘəɧɡ ɛɚɜɌɒɑəɔɫɡ ɘɑəɔɝɖɌ ɛɜɑɐɝɞɌɎɗɫɪɞ ɝɚɍɚɕ 

əɌɔɍɚɗɑɑ ɜɌɝɛɜɚɝɞɜɌəɑəəɧɑ ɜɑɓɟɗɨɞɌɞɧ ȸȼȾ, ɎɧɫɎɗɫɑɘɧɑ ɍɚɗɨɤɑ, ɣɑɘ ɛɜɔ ɍɑɝɝɔɘɛɞɚɘəɧɡ ɝɗɟ-

ɣɌɫɡ. ȯɚɜɔɓɚəɞɌɗɨəɧɑ ɜɌɓɜɧɎɧ ɘɑɐɔɌɗɨəɚɏɚ ɘɑəɔɝɖɌ ɫɎɗɫɪɞɝɫ əɌɔɍɚɗɑɑ ɜɌɝɛɜɚɝɞɜɌəɑəəɧɘɔ 

ɛɚɎɜɑɒɐɑəɔɫɘɔ ɘɑəɔɝɖɌ Ɏ ɝɔɘɛɞɚɘəɧɡ ɔ ɍɑɝɝɔɘɛɞɚɘəɧɡ ɝɗɟɣɌɫɡ. Ƚɗɚɒəɧɑ ɜɌɓɜɧɎɧ ɗɌɞɑɜɌɗɨ-

əɚɏɚ ɘɑəɔɝɖɌ ɎɝɞɜɑɣɌɪɞɝɫ ɜɑɒɑ Ɏɝɑɏɚ. 

 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɜɌɓɜɧɎɧ ɘɑəɔɝɖɌ, ɛɑɜɑɐəɫɫ ɖɜɑɝɞɚɚɍɜɌɓəɌɫ ɝɎɫɓɖɌ, ɒɔɜɚɛɚɐɌɎɗɑəɔɑ, 
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eniscal  tears are lesions that occur 

at the menisci insertions, which 

are considered the major orthope-

dic issue regarding knee joint bio-

mechanics. The proper load trans-

mission to the joint need menisci integrity [1]. 

Knee menisci have several important roles as 

shock absorption and distributing load, in-

creasing stability, providing nutrition to the 

cartilage, limitation of extreme movement, and 

movement control [2]. The menisci lesions lead 

to changes in knee joint weight -bearing load 

due to resistance failure of the meniscus 

against compression. These injuries are classi-

fied into two main categories include acute (lat-

eral meniscus) and chronic mostly (medial me-

niscus) [1].  

It is challenging to diagnose these le-

sions, which may require radiographic X -rays, 

MRI, an d arthroscopy [3]. The x -ray is unable 

to demonstrate pathology of the meniscus, its 

ability limit to exclude bony pathologies and 

assess the narrowing joint space width, loose 

bodies, chondrocalcinosis, osteophytes, sub-

chondral cysts, bone sclerosis, and other de-

generative changes [4].  

The imaging modality of choice for menis-

cal lesions is the MRI, which has the highest 

sensitivity and specificity [1, 3]. MRI represents 

the gold standard diagnostic method for any 

pathology of the knee joint, and it is wide ly 

used for assessing meniscal tears [3]. Several 

previous MR studies have reported the high 

accuracy of knee MRI [5]. It is a non -invasive 

approach. It performs by obtaining an exquisite 

image using a magnetic field in which electrons 

of the atoms are dis turbed by an external radio 

frequency energy [6]. There are two different 

sequences can be used, T1 -weight and T2 -

weight. De Smet and Mukherjee 2008, con-

cluded that MRI has a 100% diagnostic rate for 

meniscal lesions, showing a 93% sensitivity, 

and 100% sp ecificity and with a predictive val-

ue reach to 100% [7].  

Recently, a meta -analysis based on twen-

ty -two studies described an overall sensitivity 

and specificity of 88% and 94%, respectively, 

for the detection of meniscal lesions [8]. The 

T2-weighted sequen ces of axial, sagittal, and 

coronal images are the most common and pref-

erable way to visualize and assess a tear [9]. 

Others, spin -echo or fast spin -echo proton 

density with or without fat saturation, T1, and 

gradient echo can be used [6]. Also, MRI plays 

a role as a guided diagnostic test to distinguish 

the exact area of the joint affected to perform 

the suitable treatment options [10]. Statistically 

speaking, the accuracy range of 82 ð95% of MRI 

for diagnosing meniscal tears, with sensitivity 

and specifici ty are 93% and 88%, respectively 

for medial tears, and 79% and 95%, respective-

ly for lateral tears [11].  

Many studies, reported that meniscal tear 

incidence may be as high as six per 1000 popu-

lation with a 2.5 to 4 times male predomi-

nance. Age of traumatic  meniscal tear peaks at 

20ð29 years [12]. The overall M:F ratio range 

from 2.5:1 to 4:1, with a peak incidence occur-

ring in men between 21 and 30 years of age 

and in women between 11 - and 20 years old 

[13]. Medial is more common than lateral me-

niscal tears  at 81% and 19%, respectively [14]. 

Meniscal lesions can happen from an acute 

trauma, and an acute blowout hit to the knee 

or also can occur as consequence of a chronic 

and degenerative conditions like rheumatoid 

arthritis, spontaneous osteonecrosis, and o ste-

oarthritis [1]. The most common risk factors for 

M 
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degenerative meniscal ruptures are genetic 

predisposition, female gender, high BMI, older 

age, activity level, smoking status, and varus 

alignment condition [14]. Generally, the tears 

are caused by a comb ination of axial loading 

and rotational (twisting) forces that result in a 

shear load on the meniscus. Traumatic condi-

tions occur in younger, and more active indi-

viduals, whereas the degenerative tears may 

reflect cumulative stress, chondral -malacia, 

and e lderly people [15].  

The main categories of meniscal tears ac-

cording to the morphology include vertical lon-

gitudinal, radial (transverse), horizontal (cleav-

age), complex (degenerative), and bucket han-

dle tears [16]. Recently, a classification by 

LaPrade et  al. was made by a combination be-

tween clinical approach, outcome, and arthro-

scopic assessment. There are five types [17]:  

Å Type 1: partial and stable root tears 

(7%) 

Å Type 2: A complete radial tear within 

the root attachment (68%)  

Å Type 3: a òbucket-handleó tear with 

complete detachment (6%)  

Å Type 4: complex tear with complete de-

tachment (10%)  

Å Type 5: a root bony avulsion (7%).  

The study aims to study MRI findings of 

the knee in asymptomatic and symptomatic 

people with suspected meniscal lesions and  

associated abnormalities. The explanations for 

these purposes are most of Iraqi patients are 

neglected and don't care about their knee le-

sions. As a result, these groups are specially 

recruited or enrolled for comparison. Most pa-

tients obese, comorbid, lo w socioeconomic, low 

educated and unaware about their conditions. 

The study initially based on the experiences of 

orthopedics, rheumatologists and radiologists 

that suspected of the meniscus lesions who 

distinguished lesions from history, clinically or 

rad iography.  

Methods.  

Study Design and setting . 

A comparison cross -sectional study con-

ducted in Baghdad city, Iraq in Baghdad Medi-

cal City Complex and X -Ray institute, from 1st 

March 2021 to 30th December 2021.  

Participants . 

A total of 100 participants, fift y-

symptomatic meniscal lesions (33 males and 

17 females) and fifty -asymptomatic meniscal 

lesions (24 males and 26 females) were enrolled 

in this study. The age of participants ranged 

from 46 years to 67 years. Those who were re-

ferred for possible meniscal lesions were cross -

sectionally examined with an MRI of their 

knees. Most of the patients were referred by 

orthopedic (n=70), the rest by rheumatologists 

(n=21), and general practitioners (n=9).  

Inclusion criteria . 

Å Patients with symptomatic and asymp-

tomat ic meniscal lesions.  

Å Patients were recruited regardless of 

their history of trauma.  

Å Patients accept to assign written in-

formed consent.  

Exclusion criteria.  

Å Contraindications for MRI examination 

(pacemaker, implants, claustrophobia, and 

pregnancy).  

Å Patients who refused to do the MRI ex-

amination.  

Å Malignancy.  

Å Patients with a history of knee surgery.  

Variables . 

History and investigation data were doc-

umented and recorded for each participant in 

his/her file, the variables studied included age 

(years), gender, BMI, history of knee trauma, 

and comorbid conditions. In symptomatic pa-

tients, ask about pain, swelling, locking, catch-

ing, and giving away the knee. On examination, 

look for mass, redness, tenderness, discomfort, 

effusion, scar, and decrease in motion.  

MRI lesion data measurement . 

All the studied patients underwent for 

MRI examination, which was done before any 

intervention. Joints effusion, bone marrow, soft 

tissue edema, meniscal tears [horizontal, com-

plex, vertical, radial], medial and lateral  MLs, 

and ligamentous tears (anterior cruciate liga-

ment (ACL)) were evaluated and analyzed.  

MRI protocols .  

MRI examination was estimated utilizing 

the 1.5 Tesla Siemens system (Magnetom Aera; 

Siemens Healthineers, Erlangen, Germany) and 

(1.5 Tesla unit Av anto, Siemens Healthineers, 

Germany).  The protocol applied in examined 

patients included:  

Å Sagittal proton density (PD).  

TR 3200 ms, TE 30 ms, 3mm slice thick-

ness.  

Å Sagittal proton density with fat sup-

pression.  

TR 3500 ms, TE 39ms, 3mm slice thick-

ness.  

Å Coronal proton density.  

Å Coronal proton density with fat sup-

pression.  

Å Axial T2 weighted images.  

TR5800 ms, TE 68ms, 3mm slice thick-

ness.  

Signals of intra meniscal . 

Four grades on MRI signals, which are 

first described by Stoller and Colleagues (Fig-

ur e 1) [4, 18].  

Å Grade 0 is normal.  

Å Grade 1 is rounded or  amorphous  sig- 
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nal intensit y without disruption of the articular 

surface.  

Å Grade 2 is a liner signal correlated with 

disrupting the surface.  

Å Grade 3 is a signal that extended to the 

articular surface and represents a meniscal 

tear [6].  

Assessment of meniscal tears . 

Tears were g rouped as follows:  

Å Horizontal, defined as a tear parallel to 

the tibial plateau (TP) separating the meniscus 

into two parts upper and lower.  

Å Oblique (parrot -beak), is defined as a 

tear oblique to the circumferentially oriented 

collagen fibers.  

Å Longi tudinal, defined as a vertical tear 

perpendicular to the TP and parallel to the ori-

entation of the circumferential fibers.  

Å Radial, defined as a vertical tear that 

began in the central free margin and was per-

pendicular both to the TP and the circumferen-

ti al fiber orientation  

Å Complex, it is multiple tears in more 

than one configuration.  

Å A root is a tear in the posterior or ante-

rior central meniscal attachment [19].  

Ethical considerations . 

Written informed consent was obtained 

from all participants, to i nvolve in this study. 

The scientific Committee at Iraqi Board for 

Medical Specializations/Diagnostic Radiology 

approved this study.  

 

Fig. 1 (ȼɔɝ. 1) 

Fig. 1.    Meniscal lesions grading.   

A - Grade 0, normal intact meniscus;  

B - Grade I, intra -substance globular -appearing signal not extending to the articul ar surface;  

C - Grade II, linear increased signal patterns not extending to the articular surface;  

D - Grade III, abnormal signal intersects the superior and/or inferior articular surface of the meniscus, an 

arthroscopically confirmable tear [4].  

ȼɔɝ. 1.   ȶɗɌɝɝɔɠɔɖɌɢɔɫ ɛɚɎɜɑɒɐɑəɔɕ ɘɑəɔɝɖɌ.  

Ȭ - Ƚɞɑɛɑəɨ 0, əɚɜɘɌɗɨəɧɕ əɑɛɚɎɜɑɒɐɑəəɧɕ ɘɑəɔɝɖ;  

ȭ - Ƚɞɑɛɑəɨ I, ɚɣɌɏɚɎɚɑ ɔɓɘɑəɑəɔɑ ɝɔɏəɌɗɌ Ɏəɟɞɜɔ ɘɑəɔɝɖɌ, əɑ ɜɌɝɛɜɚɝɞɜɌəɫɪɥɑɑɝɫ əɌ ɝɟɝɞɌɎəɟɪ ɛɚ-

Ɏɑɜɡəɚɝɞɨ ɘɑəɔɝɖɌ;  

Ȯ - Ƚɞɑɛɑəɨ II, ɗɔəɑɕəɚɑ ɟɝɔɗɑəɔɑ ɝɔɏəɌɗɌ ɛɚɎɧɤɑəəɚɕ ɔəɞɑəɝɔɎəɚɝɞɔ, əɑ ɜɌɝɛɜɚɝɞɜɌəɫɪɥɑɑɝɫ əɌ ɝɟ-

ɝɞɌɎəɟɪ ɛɚɎɑɜɡəɚɝɞɨ ɘɑəɔɝɖɌ;  

ȯ - Ƚɞɑɛɑəɨ III, ɟɝɔɗɑəɔɑ ɝɔɏəɌɗɌ ɛɚɎɧɤɑəəɚɕ ɔəɞɑəɝɔɎəɚɝɞɔ, ɛɑɜɑɝɑɖɌɪɥɑɑ Ɏɑɜɡəɪɪ ɔ/ɔɗɔ əɔɒəɪɪ 

ɝɟɝɞɌɎəɟɪ ɛɚɎɑɜɡəɚɝɞɨ ɘɑəɔɝɖɌ; Ɍɜɞɜɚɝɖɚɛɔɣɑɝɖɔ ɛɚɐɞɎɑɜɒɐɑəəɧɕ ɜɌɓɜɧɎ [4].  
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Statistical analysis . 

All analyses were conducted by using 

SPSS version 20.0 for Windows (SPSS Inc., 

Chicago, I llinois, USA). Descriptive statistics 

consist of numbers and percentages measured. 

Mean and SD for categorical data were also 

calculated. Comparisons analysis performed 

between the two groups was made with the use 

of the chi -square test or the t -test as re quired. 

A two -sided P value of 0.05 or less was consid-

ered statistically significant.  

Results.  

The mean age of symptomatic cases with 

meniscal lesions (MLS) in this study was 

52.96Ñ3.854 years (median 53 years), ranging 

from 46 years to 66 years. Approxim ately, the 

mean age for symptomatic males was 

53.18Ñ3.087 years (median 53), ranging from 

47ð59 years, while the mean age for sympto-

matic females was 52.53Ñ5.113 years (median 

55), ranging from 46 ð60 years. In addition, 

66% of patients aged >45 -55 years, a nd the 

rest (17%) aged >55 -60 years, showed in Table 

ʈ1.  

The mean age of asymptomatic cases 

with MLs was 56.96Ñ5.284 years (median 56 

years), ranging from 48 years to 67 years. Ap-

proximately, the mean age for asymptomatic 

males was 56.12Ñ5.773 years (median 55), 

ranging from 48 -67 years, while the mean age 

for symptomatic females was 57.73Ñ4.771 

years (median 56.5), ranged from 50 -67 years. 

In addition, 66% of patients aged >45 -55 years, 

and the rest (17%) aged >55 -60 years, showed 

in Table ʈ2. 

Among sympt omatic MLs, males were 33 

(66%), whereas females were 17(34%) with M:F 

ratio (1.94:1). Whereas in asymptomatic MLs, 

males were 24 (48%), whereas females were 26 

(52%) with M:F ratio (1:1.08).  

The mean BMI of symptomatic patients 

with MLs was 28.303Ñ4.9 Kg/m2 (median 27.6 

Kg/m2), ranging from 17.4 Kg/m2 to 38.6 

Kg/m2. Approximately, the mean BMI for 

symptomatic males was 27.653Ñ5.23 Kg/m2 

(median 27.24), ranged from 17.4 ð38.6Kg/m2, 

while the mean BMI for symptomatic females 

was 29.565Ñ4.014Kg/m2 (median 29.4), 

ranged from 24.5 ð38.2Kg/m2.  

In this study, the mean BMI of asympto-

matic patients with MLs was 28.28Ñ4.74 

Kg/m2 (median 27.9 Kg/m2), ranging from 

17.4 Kg/m2 to 38.4 Kg/m2. Approximately, the 

mean BMI for asymptomatic males was 

28.093Ñ4.58Kg/m2 (median 27.35), ranging 

from 20 ð 38.4Kg/m2, while the mean BMI for 

asymptomatic females was 28.454Ñ4.97Kg/m2 

(median 29.25), ranged from 17.4 ð 

38.2Kg/m2.  

Associated symptoms and signs of symp-

tomatic MLs in the current study were listed in 

Table ʈ3. 

A comparison analysis between sympto-

matic and asymptomatic MLs according to de-

mographic characters showed in Table 4. The 

mean age of asymptomatic MLs patients 

(56.96Ñ5.284 years) was higher than the mean 

age of symptomatic MLs patients (52.96Ñ3.854 

years) with a strong statistically significant dif-

ference (P<0.0001). Concerning gender, there 

was no significant difference between males 

and females among symptomati c and asymp-

tomatic MLs patients (P=0.069). There was no 

significant difference between the mean BMI of 

asymptomatic MLs patients (28.281Ñ4.746) and 

the mean BMI of symptomatic MLs patients 

(28.303Ñ4.9), (P=0.982). Among history of knee 

injury (trauma), the re was no significant differ-

ence between both groups, (P=0.15). Regarding 

comorbidity, there was a high statistically sig-

nificant difference (P=0.009) between the two 

groups.  

The prevalence of joints effusion, bone 

marrow, and soft tissue edema, meniscal t ear 

(horizontal), meniscal tear (complex, vertical, 

radial) (Figure 2, 3, 4 and 5(B)), and ACL in 

symptomatic MLs were 50(100%) (Figure 5(A)), 

23(46%), 27(54%), 9(18%), and 11  (22%).    Oth - 

Table  ʈ1.   Age groups of symptomatic 

MLs patients (n=50).  

Age group  No. % 

>45-55 33 66 

>55-65 17 34 

>65 0 0 
 

   
 

Table  ʈ2.  Age groups of asymptomatic 

MLs patients (n=50).  

Age group  No. % 

>45-55 24 48 

>55-65 22 44 

>65 4 8 
 

   
 

Table  ʈ3.    Distribution of symptomatic 

patients according to the clinical fea-

tures.  

Symptoms No. % 

Pain 48 96 

Swelling 27 54 

Locking 33 66 

Catching 38 76 

Giving away 18 36 

Tenderness 40 80 

Discomfort 50 100 

Effusion 22 44 

Decrease motion 50 100 

Redness  32 64 
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erwise, the prevalence of the same MRI findings 

in asymptomatic MLs were 42(84%), 2(4%), 

16(32%), 0(0%), and 6 (12%).  

The comparison analysis revealed that 

joint effusion has a strong statistically signifi-

cant difference (P=0.004) between the two cate-

gories. There was a strong statistically signifi-

cant difference between symptomatic and 

asymptomatic MLs (P<0.0001) concerning bone 

marrow and soft tissue edema. Regarding hori-

zontal meniscal tears, there was a highly signif-

icant difference between symptomatic and 

asymptomatic MLs (P=0.04). Also, regarding 

meniscal tears (complex, vertical, radial), there 

was a highly significant difference between 

symptomatic and asymptomatic M Ls (P=0.002). 

Furthermore, there was no significant differ-

ence between symptomatic and asymptomatic 

MLs (P=0.133) concerning ACL lesions (Table 

ʈ5). 

On the other hand, table ʈ6 showed the 

comparison analysis between symptomatic and 

asymptomatic MLs accordi ng to meniscus 

types. Accordingly, 19(44.2%) of horizontal 

tears were in MM in symptomatic knees, while 

12(27.9%) of lesions were in asymptomatic 

knees. Laterally, the horizontal tears presented 

in symptomatic and asymptomatic knees as 

8(18.6%) and 4(9.3%) , respectively, without 

significant relation (P=0.743). Furthermore, 

seven tears (77.8%) of complex MLs were seen 

in MM, whereas two lesions (22.2%) were re-

ported in LM and no complicated asymptomatic 

MLs, with no significant difference (P=0.425).  

Grading  for meniscal injuries was shown 

in table ʈ7. In symptomatic, GI reported in 

3(6%), GII in 11(22%), and GIII in 36(72%). 

However, asymptomatic cases were normal in 

5(10%), GI in 8(16%), GII in 21(42%), and GIII 

in 16(32%). There was a high statistically si g-

nificant difference (P=0.0008).  

Table ʈ8 compared symptomatic and 

asymptomatic MLs according to morphology. In 

symptomatic, the most common tears were re-

ported in the posterior horn of MM among hori-

zontal MLs and complex MLs [(11, 25.6%), and  

Table  ʈ4.  Comparison analysis between symptomatic and asymptomatic MLs ac-

cording to demographic characters.  

Variables  Symptomatic MLs Asymptomatic 

MLs 

P value 

No.  (%) 

Age (years) MeanÑSD 52.96Ñ3.854 56.96Ñ5.284 <0.0001* 

Gender Male  33 (33) 24 (24) 
0.069**  

Female  17 (17) 26 (26) 

BMI(Kg/m2) MeanÑSD 28.303Ñ4.9 28.281Ñ4.746 0.982** 

History of knee in-

jury (trauma)  

Yes  23 (23) 16 (16) 
0.15** 

No 27 (27) 34 (34) 

Comorbidity Yes  44 (44) 33 (33) 
0.009# 

No 6 (6) 17 (17) 

*t -test significant, #chi-square significant, **non-significant 
 

   
 

Table  ʈ5.   Comparison analysis between symptomatic and asymptomatic MLs ac-

cording to MRI findings.  

MRI findings  Symptomatic  Asymptomatic  P value 

No.  (%) 

Joints effusion Yes 50 (100) 42 (84) 
0.004* 

No 0 8 (16) 

Bone marrow and soft tis-

sue edema 

Yes 23 (46) 2 (4) 
0.0001* 

No 27 (54) 48 (96) 

Meniscal tear (horizontal) Yes 27 (54) 16 (32) 
0.04* 

No 23 (46) 32 (68) 

Meniscal tear (complex, 

vertical, radial) 

Yes 9 (18) 0 
0.002* 

No 41 (82) 50 (100) 

ACL  Yes 11 (22) partial tear 6 (12) mucoid 

degeneration 0.133** 

No 39 (78) 44 (88) 

*t -test significant, **non-significant 
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(5, 55.6%)], respectively. In asymptomatic, the 

most common tears were reported in the ante-

rior horn of MM  of horizontal MLs (8, 18.6%), 

whereas no complex lesions were reported.  

Discussion.  

In this study, one hundred patients (57 

men and 43 women) were sub -categorized into 

fifty ð symptomatic MLs (33 males and 17 fe-

males), and fifty ð asymptomatic MLs (24 male s 

and 26 females).  

Regarding age, the mean age of sympto-

matic MLs cases was 52.96 years (median 53 

years), ranging from 46 years to 66 years and 

the mean age of asymptomatic MLs was 56.96 

years (median 56 years), ranging from 48 years 

to 67 years. The ove rall age of patients in this 

study is much higher than that reported by 

Shukri and Musalah study in the Department 

of Surgery and MRI unit/ Azadi teaching hospi-

tal/ Duhok, Iraq [20]. They conducted a cross -

sectional study of 58 males and 22 females to 

docu ment MRI yield in knee injuries clinically 

suspected as possible meniscal lesions [26]. 

Also, disagreement was observed in a prospec-

tive study of Zanetti and colleagues. They stud-

ied one hundred patients (59 men and 41 

women; the mean age was 42.7 years; a ge 

ranged between, 18 ð73 years) referred for sus-

pected meniscal lesions were examined with 

MRI [21]. This could be explained by the avail-

ability of facilities to detect MLs and the long 

life expectancy of individuals in other coun-

tries.  

Moreover, Englund et al., studied 2582 

people, who were 50 years of age or older [22]. 

Of them, 991 were women, with a mean age 

was 62.3 years (range, 50.1 to 90.5), which is 

higher than we observed. The prevalence of 

meniscal tears increased with increasing age in 

both sex es and the occurrence of meniscal 

damage was more liable in the middle -aged 

group [23].  

In the current study, both sexes com-

plained of MLs in symptomatic, males were 33 

(66%), whereas females were 17 (34%), and in 

asymptomatic MLs, males were 24 (48%), 

whereas females were 26 (52%), with no signifi-

cant difference between both groups (P=0.069). 

These results disagree with Shukri and Musa-

lah, who found that male predominance 

(72.5%) and disagree with Magee and Williams, 

who reported that males  were  common  (73%)  

Table  ʈ6.   Comparison analysis between symptomatic and asymptomatic MLs ac-

cording to meniscus types.  

MRI findings  Symptomatic  Asymptomatic  P value 

No.  (%) 

Horizontal MLs (n=43) MM  19 (44.2) 12 (27.9) 
0.743* 

LM  8 (18.6) 4 (9.3) 

Complex MLs (n=9) MM  7 (77.8) 0 
0.425* 

LM  2 (22.2) 0 

*non-significant 
 

   
 

Table  ʈ7.    Grading of meniscal tears in this study.  

Grades  Symptomatic Asymptomatic P value 

No.  (%) 

0 (normal) 0 5 (10) 

0.0008 
I 3 (6) 8 (16) 

II  11 (22) 21 (42) 

III  36 (72) 16 (32) 

Chi-square is 16.535 
 

   
 

Table  ʈ8.  Comparison analysis betw een symptomatic and asymptomatic MLs ac-

cording to morphology.  

MRI findings  Symptomatic Asymptomatic P value 

Anterior 

horn 

Posterior 

horn 

Anterior 

horn 

Posterior 

horn 

No.  (%) 

Horizontal MLs 

(n=43) 

MM 8 (18.6) 11 (25.6) 8 (18.6) 4 (9.3) 
0.899* 

LM 4 (9.3) 4 (9.3) 2 (4.6) 2 (4.6) 

Complex MLs 

(n=9) 

MM 2 (22.2) 5 (55.6) 0 0 
0.646* 

LM 2 (22.2) 0 0 0 

*non-significant chi-square is 1.66 
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Fig. 2 (ȼɔɝ. 2) 

 

Fig. 3 (ȼɔɝ. 3) 

Fig. 2.  MRI, knee, sagittal view, proton density, 

1.5 T.    

46 -years -old asymptomatic male, grade II degenera-

tion of the posterior horn of the medial meniscus 

(yellow arrow).   

ȼɔɝ. 2.   ȸȼȾ, ɖɚɗɑəəɧɕ ɝɟɝɞɌɎ, ɝɌɏɔɞɞɌɗɨəɌɫ 

ɛɗɚɝɖɚɝɞɨ, ɔɓɚɍɜɌɒɑəɔɑ, ɎɓɎɑɤɑəəɚɑ ɛɚ 

ɛɜɚɞɚəəɚɕ ɛɗɚɞəɚɝɞɔ, 1,5 Ⱦ.   

ȸɟɒɣɔəɌ, 46 ɗɑɞ, ɍɑɓ ɖɗɔəɔɣɑɝɖɔɡ ɛɜɚɫɎɗɑəɔɕ, II 

ɝɞɑɛɑəɨ ɐɑɏɑəɑɜɌɢɔɔ ɓɌɐəɑɏɚ ɜɚɏɌ ɘɑɐɔɌɗɨəɚɏɚ 

ɘɑəɔɝɖɌ (ɒɑɗɞɌɫ ɝɞɜɑɗɖɌ).  
 

Fig. 3.    MRI, knee, sagittal view, proton density, 

fa t suppression, 1.5 T.    

A 48 -year -old male presented with knee pain, send 

for a suspected meniscal lesion. Horizontal tear grade 

III of the anterior horn of the lateral meniscus (yellow 

arrow).   

ȼɔɝ. 3.   ȸȼȾ, ɖɚɗɑəəɧɕ ɝɟɝɞɌɎ, ɝɌɏɔɞɞɌɗɨəɌɫ 

ɛɗɚɝɖɚɝɞɨ, ɔɓɚɍɜɌɒɑəɔɑ, ɎɓɎɑɤɑəəɚɑ ɛɚ 

ɛɜɚɞɚəəɚɕ ɛɗɚɞəɚɝɞɔ ɝ ɛɚɐɌɎɗɑəɔɑɘ ɝɔɏəɌɗɌ 

ɚɞ ɒɔɜɚɎɚɕ ɞɖɌəɔ, 1,5 Ⱦ.   

ȸɟɒɣɔəɌ, 48 ɗɑɞ, ɛɚɝɞɟɛɔɗ ɝ ɒɌɗɚɍɌɘɔ əɌ ɍɚɗɨ Ɏ 

ɖɚɗɑəəɚɘ ɝɟɝɞɌɎɑ, ɝ ɛɚɐɚɓɜɑəɔɑɘ əɌ ɛɚɎɜɑɒɐɑəɔɑ 

ɘɑəɔɝɖɌ. ȯɚɜɔɓɚəɞɌɗɨəɧɕ ɜɌɓɜɧɎ III ɝɞɑɛɑəɔ ɛɑ-

ɜɑɐəɑɏɚ ɜɚɏɌ ɗɌɞɑɜɌɗɨəɚɏɚ ɘɑəɔɝɖɌ (ɒɑɗɞɌɫ ɝɞɜɑɗ-

ɖɌ).  

 

 

Fig. 4 (ȼɔɝ. 4) 

Fig. 4.   MRI, knee, sagittal view, proton density, 

fat suppression, 1.5 T.  

A 46 -year -old male presented with knee pain and 

locking. Degeneration grade II of the posterior horn 

(white arrow) and horizontal te ar grade III of the an-

terior horn of the lateral meniscus (yellow arrow).   

ȼɔɝ. 4.   ȸȼȾ, ɖɚɗɑəəɧɕ ɝɟɝɞɌɎ, ɝɌɏɔɞɞɌɗɨəɌɫ 

ɛɗɚɝɖɚɝɞɨ, ɔɓɚɍɜɌɒɑəɔɑ, ɎɓɎɑɤɑəəɚɑ ɛɚ 

ɛɜɚɞɚəəɚɕ ɛɗɚɞəɚɝɞɔ ɝ ɛɚɐɌɎɗɑəɔɑɘ ɝɔɏəɌɗɌ 

ɚɞ ɒɔɜɚɎɚɕ ɞɖɌəɔ, 1,5 Ⱦ.  

ȸɟɒɣɔəɌ, 46 ɗɑɞ, ɒɌɗɚɍɧ əɌ ɍɚɗɨ Ɏ ɖɚɗɑəəɚɘ ɝɟ-

ɝɞɌɎɑ ɔ ɚɏɜɌəɔɣɑəɔɑ ɛɚɐɎɔɒəɚɝɞɔ ɝɟɝɞɌɎɌ. Ȱɑɏɑ-

əɑɜɌɢɔɫ II ɝɞɑɛɑəɔ ɓɌɐəɑɏɚ ɜɚɏɌ (ɍɑɗɌɫ ɝɞɜɑɗɖɌ) ɔ 

ɏɚɜɔɓɚəɞɌɗɨəɧɕ ɜɌɓɜɧɎ III ɝɞɑɛɑəɔ ɛɑɜɑɐəɑɏɚ ɜɚɏɌ 

ɗɌɞɑɜɌɗɨəɚɏɚ ɘɑəɔɝɖɌ (ɒɑɗɞɌɫ ɝɞɜɑɗɖɌ).  
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[20, 24]. Furthermore, Englund et al., found 

that women  were more exposed to MLs in 57%. 

This could be explained by the difference be-

tween the two genders functionally and physio-

logically [22].  

Several studies revealed a positive asso-

ciation between the female gender and MLs as 

the strongest risk factor, whic h may be due to 

hormonal changes in females, pregnancy, sed-

entary lifestyle, obesity, and genetics [18, 23].  

In fact, the functions of the knee menis-

cus are shock absorption and distributing the 

load of the weight of the body, stability, and 

movements cont rol [3]. High BMI is a predis-

posing factor for the development MLs [14].  

In this study, the overweight value of BMI 

is the most common in both groups of the 

study. The mean BMI of symptomatic patients 

with MLs was 28.303Ñ4.9 Kg/m2 and the mean 

BMI of asymptomatic patients with MLs was 

28.28Ñ4.74 Kg/m2 with no significant differ-

ence (P=0.982) concerning MLs types (whether 

symptomatic or asymptomatic) and about sex 

(male or female). The results of this study were 

similar to data recorded by Englund et al., they 

found that the mean BMI was 28.5 (range, 16.6 

to 55.6) [ 22]. In addition, they mention that 

women with MLs had a higher BMI than wom-

en without meniscal damage (29.9 vs. 27.9, 

P<0.001), but among men, there was no signifi-

cant difference in the BMI between the group 

with damage and the group without damage 

(28.7 and 28.6, respectively; P = 0.83) [22].  

In addition, Ding and others agree with 

this study, in multivariable analysis, the preva-

lence of meniscal tears was significantly asso-

ciated with age (OR 1.06 to 1.12 years), BMI 

(OR 1.06 to 1.11 kg/m2), sex (women vs. men: 

OR 4.14 to 4.23), and family history of OA (OR 

1.97 to 2.01) [23].  

In the current study, among a history of 

knee injury (trauma), there was no significant 

difference between both groups, (P=0.15), but 

concerning comorbidity, there was a high sta-

ti stically significant difference (P=0.009) be-

tween the two groups. The mechanism of MLs 

either traumatic or degenerative. The traumatic 

MLs is mostly occurring in the younger age 

group and their rate decreased with increasing 

age due to decrease activities.  The degenerative 

 

Fig. 5 (ȼɔɝ. 5) 

Fig. 5.   MRI, 55-years -old asymptomatic male patient.  

A ð MRI, knee, sagittal view, proton density, fat suppression, 1.5 T. Mild joint effusion (white circle) an d mu-

coid degeneration of anterior cruciate ligament (ACL) (yellow arrow).  

B ð MRI, knee, sagittal view, proton density, fat suppression, 1.5 T. Vertical tear grade III of the anterior horn 

of the medial meniscus (yellow arrow).  

ȼɔɝ. 5.    ȸȼȾ, ɘɟɒɣɔəɌ, 55 ɗɑɞ, ɍɑɓ ɖɗɔəɔɣɑɝɖɔɡ ɛɜɚɫɎɗɑəɔɕ. 

Ȭ ð ȸȼȾ, ɖɚɗɑəəɧɕ ɝɟɝɞɌɎ, ɝɌɏɔɞɞɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɔɓɚɍɜɌɒɑəɔɑ, ɎɓɎɑɤɑəəɚɑ ɛɚ ɛɜɚɞɚəəɚɕ ɛɗɚɞəɚɝɞɔ ɝ 

ɛɚɐɌɎɗɑəɔɑɘ ɝɔɏəɌɗɌ ɚɞ ɒɔɜɚɎɚɕ ɞɖɌəɔ, 1,5 Ⱦ. ȿɘɑɜɑəəɧɕ ɝɟɝɞɌɎəɚɕ Ɏɧɛɚɞ (ɍɑɗɧɕ ɖɜɟɒɚɖ) ɔ ɘɟɖɚɔɐ-

əɌɫ ɐɑɏɑəɑɜɌɢɔɫ ɛɑɜɑɐəɑɕ ɖɜɑɝɞɚɚɍɜɌɓəɚɕ ɝɎɫɓɖɔ (ɒɑɗɞɌɫ ɝɞɜɑɗɖɌ). 

ȭ ð ȸȼȾ, ɖɚɗɑəəɧɕ ɝɟɝɞɌɎ, ɝɌɏɔɞɞɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɔɓɚɍɜɌɒɑəɔɑ, ɎɓɎɑɤɑəəɚɑ ɛɚ ɛɜɚɞɚəəɚɕ ɛɗɚɞəɚɝɞɔ ɝ 

ɛɚɐɌɎɗɑəɔɑɘ ɝɔɏəɌɗɌ ɚɞ ɒɔɜɚɎɚɕ ɞɖɌəɔ, 1,5 Ⱦ. ȮɑɜɞɔɖɌɗɨəɧɕ ɜɌɓɜɧɎ III ɝɞɑɛɑəɔ ɛɑɜɑɐəɑɏɚ ɜɚɏɌ ɘɑɐɔ-

Ɍɗɨəɚɏɚ ɘɑəɔɝɖɌ (ɒɑɗɞɌɫ ɝɞɜɑɗɖɌ).    
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cause of damage occurred mainly in the mid-

dle-aged group [20]. These findings are not 

supported by data from a study done in Erbil 

city [25]. The authors concluded that traumatic 

MLs more commonly occurred in patients of 

lower BMI while d egenerative tears were more 

common in obese patients [20, 26].  

Painful knee (96%), discomfort (100%), 

and reduce joint motions (100%) are the most 

common manifestations in this study. We also 

recorded swelling, locking, catching, giving 

away knee, tendern ess, mass, effusion, scar, 

and redness. Englund et al. documented the 

same results, the presence of MLs was more 

common in persons who had knee pain, ten-

derness, or stiffness on most days than in 

asymptomatic cases (45% vs. 26%, P<0.001) 

[22].  

The present  study results revealed the 

prevalence of MRI findings as joints effusion 

(100%), bone marrow and soft tissue edema 

(46%), meniscal tear (horizontal) (54%), menis-

cal tear (complex, vertical, radial) (18%), and 

ACL (22%) in symptomatic MLs. Otherwise, the 

prevalence of the same MRI findings in asymp-

tomatic MLs were 42 (84%), 2 (4%), 16 (32%), 0 

(0%), and 6 (12%). The study findings suggest 

that symptomatic patients have a higher preva-

lence of MRI radiological signs than asympto-

matic. These results are like t he results of Zan-

etti et al., meniscal tears were found in fifty -

seven symptomatic knees and thirty -six 

asymptomatic knees (p < 0.001) [21].  

According to the current study results, 

44.2% of horizontal tears were in MM in symp-

tomatic knees, while 18.6% of l esions were in 

asymptomatic knees. Whereas the lateral hori-

zontal tears presented in symptomatic and 

asymptomatic knees as 12 (27.9%) and 4 

(9.3%), respectively, without significant relation 

(P=0.744). Furthermore, seven tears (77.8%) of 

complex MLs were s een in MM, whereas two 

lesions (22.2%) were reported in LM and no 

complicated asymptomatic MLs were seen, with 

no significant difference (P=0.425). Shukri and 

Musalah showed different proportions for each 

lesion as followed: medial meniscus (MM) tear 

(80%), lateral meniscus (LM) tear (20%), isolat-

ed anterior horn tear of LM (12.5%), isolated 

anterior horn tear of MM (1.25%), isolated pos-

terior horn tear of MM (66.25%), isolated poste-

rior horn tear of LM (7.5%), horizontal tear 

(50%), vertical longitudinal t ear (10%), Bucket 

handle tear (12.5%), and complex tears (27.5%) 

[20]. These differences could be explained by 

differences in the sample studied, different in 

locality, equipment, and facilities.  

Englund et al., [22], mentioned that the 

prevalence of menis cal tears in the symptomat-

ic knee was 35%. Damage to the MM was more 

common than damage to the LM. The tear in-

volved the posterior horn of the meniscus 

(66%), the body segment (62%), and the anteri-

or horn (11%). About other findings, they found 

that 40% pr esented as horizontal tears, 37% as 

complex tears, 12% as oblique tears, 15% as 

radial tears, 7% as longitudinal tears, and 1% 

as root tears.  

Zanetti and colleagues recorded horizon-

tal tears MM in 32 and 11 in LM in symptomat-

ic knees, and 29 in MM and 8 in  LM in asymp-

tomatic cases with no significance. Complex 

tears were found medially in 18 and laterally in 

five symptomatic cases [21].  

Joint effusion has a strong difference 

(P=0.004) between the two categories in the 

current study. There was a strong stat istically 

significant difference between symptomatic and 

asymptomatic MLs (P<0.0001) concerning bone 

marrow and soft tissue edema. These results 

are consistent with Zanetti et al. [21], who 

found a significant difference between pericap-

sular edema in sympt omatic and asymptomatic 

cases (P<0.001), additionally to, edema -like 

bone marrow (P<0.001).  

The pericapsular edema is represent an 

indirect sign for meniscal lesions, but this 

statement is not confirmed [27 -29]. De Smet et 

al. [30] believed it is because of hemorrhage 

from capsular stretching or damage that may 

be associated with knee OA (KOA).  

Bone marrow edemas are called "bone 

bruises" they are associated with traumatic in-

jury. It is a rare entity, since; there are few re-

ports about these findings [21] . In terms of his-

topathology, it appears as necrosis, fibrosis, 

trabecular bone abnormalities, and fragments 

of cartilage, rather than edema [27, 29, 30].  

Horizontal meniscal tears are more fre-

quently recorded in symptomatic than asymp-

tomatic MLs (P=0.04) . The same for complex 

meniscal tears (vertical, radial), they are more 

predominant in symptomatic than asympto-

matic MLs (P=0.002). These results are disliked 

with that concluded by Zanetti et al. [21], who 

concluded horizontal MLs are mostly encoun-

tered i n both asymptomatic and symptomatic 

cases and may not always be related to symp-

toms.  

On the other hand, other kinds of litera-

ture agree with the findings of this study, 

which mentioned that radial, vertical, and 

complex are found almost and exclusively on  

the symptomatic knees and practically appear 

to be clinical benefits [24, 28].  

Lastly, there was no significant difference 

between symptomatic and asymptomatic MLs 

(P=0.133) concerning ACL lesions. Guimaraes 

et al., disagree with this study's results, the y 

concluded that intra -meniscal signal -intensity 
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alterations are a common finding in subjects 

with an ACL tear [18]. Primary ruptures of ACL 

are increasingly symptomatic than asympto-

matic knees, and radiologists should be famil-

iar with such tears. Which re quired an over-

view of the normal and abnormal appearances 

after these ruptures at MRI follow -up [31]. ACL 

injury incidence was fairly consistent and more 

frequent in players [6]. This discrepancy could 

be explained by the there are no sportsmen or 

women in  this study sample, therefor we sug-

gest further future studies in such a situation.  

Limitations of this study include, firstly, 

this study has limited cooperation among 

asymptomatic people (as they do not have any 

complaints) and did not want to find new i s-

sues in unexpected (painless) organs. Lastly, 

the COVID -19 pandemic also affected the 

number of people (especially the asymptomatic) 

in this study.  

Conclusion.  

The old -age and comorbid conditions cor-

relate with MLs in symptomatic more than in 

asymptomatic  knees. Gender, BMI, and history 

of trauma are not statistically associated with 

the development of MLs in symptomatic and 

asymptomatic MLs knees. Joints effusion 

(100% in symptomatic and 84% in asympto-

matic), bone marrow or soft tissue edema (46% 

in sympt omatic and 4% in asymptomatic), me-

niscal tear (horizontal) (54% in symptomatic 

and 32% in asymptomatic), meniscal tear 

(complex, vertical, and radial) (18% in sympto-

matic), and ACL (22% in symptomatic and 12% 

in asymptomatic) are represented as most 

common  MRI findings seeing more than in 

symptomatic over asymptomatic MLs. Horizon-

tal medial meniscal tears are frequently the 

most common MLs in symptomatic (44.2%) and 

asymptomatic (27.9%) knees. Complex lateral 

meniscal tears (2 cases only) are the least 

comm on observation. Grade III injury is com-

mon in symptomatic cases (72%) while Grade II 

injury is common in asymptomatic cases (42%). 

We recommend not overestimating the degen-

erative changes related to aging as an MLs, to 

prevent unnecessary surgery. Applying  a sys-

tematic program for early detection of MLs.  
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he ovarian masses represent a special challenge in the diagnosis if radiological imaging 

findings cannot be differentiated into benign or malignant. Ultrasonography (US) is useful 

as preope rative imaging while magnetic resonance imaging (MRI) is helpful in identifying the 

complex masses.  

Purpose.  The study aimed to determine specific criteria in the radiological differential diagno-

sis of ovarian masses in MRI and US.  

Materials and methods.  A prospective study of total of 62 women were enrolled in the re-

search at a period from 22th October 2022 to 26th May 2023 at Department of Radiology. All the 

studied cases underwent trans abdominal US (Samsung HS50 -abdominal and endo -vaginal US) and 

MRI (Philips N.V.2021 MRI unit 1.5 Tesla, SRN: 32534) examination.   

Results.  The mean age was 46.39Ñ10.59 years. Most of ovarian masses sized more than 4 cm 

(71.0%). Solid component found in 32.3% of pelvic MRI. Out of 62 MRI, 43 (69.4%) showed en-

hancement by  mass. Homogeneous masses accounted 31 (50.0%) whereas heterogeneous masses 

were (12, 19.4%). The ill -defined cystic masses found in 32.3% of MRI. Simple cyst was seen in 

14.5% of cases. Internal cystic mass was scanned in 53.2%. Septal (wall) thickness wa s <3 mm in 

83.9% and >3 mm in 16.1%. T1 was mostly hypointense in 77.4% of masses. T2 was mostly hyperin-

tense in 88.7% of masses. Although, fat saturation observed as hyperintense in 35 (56.5%), single 

drop in 17 (27.4%), hypointense in 5 (8.1%) and isoint ense in 4 (6.5%). The fat saturation is consid-

ered as better indicator in distinguishing ovarian masses with high AUC=0.828, followed by T2 imag-

es (AUC=0.493). Kappa statistic of MRI finding versus US images revealed that detection of ovarian 

cyst by MRI h ad perfect agreement (k=0.968) than US (k=0.581) with significant difference (p=0.049).  

Conclusions.  Radiologists must make a judgment by using multiple MRI sequences. Most of 

ovarian masses observed by MRI are sized more than 4 cm, no solid component, ho mogeneous en-

hancement, ill -defined cystic, septal thickness <3 mm, without calcification, necrosis, LVI or perito-

neal implantation. The characteristic features of MRI sequences are T1 hypointense, T2 hyperin-

tense, fat saturation hyperintense and FLAIR hypo intense. Fat saturation consider as better indica-

tor in the distinguish of ovarian masses with high AUC=0.828. Statistically, the detection of ovarian 

masses by MRI had perfect agreement (k=0.968) than US (k=0.581).  
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Ȭɍɑɐ ȶ.ɀ., ȰɒɌɝɔɘ Ɂ.Ȭ. 

 
ȶɌɠɑɐɜɌ ɗɟɣɑɎɚɕ ɐɔɌɏəɚɝɞɔɖɔ ȸɑɐɔɢɔəɝɖɚɏɚ ɖɚɗɗɑɐɒɌ ȮɌɎɔɗɚəɝɖɚɏɚ ɟəɔɎɑɜɝɔɞɑɞɌ. ɏ. ȮɌɎɔɗɚə, ȴɜɌɖ. 

 

ɔɌɏəɚɝɞɔɖɌ ɚɍɜɌɓɚɎɌəɔɕ ɫɔɣəɔɖɚɎ ɛɜɑɐɝɞɌɎɗɫɑɞ ɝɚɍɚɕ ɚɝɚɍɟɪ ɝɗɚɒəɚɝɞɨ, ɑɝɗɔ ɜɑɓɟɗɨ-

ɞɌɞɧ ɘɑɞɚɐɚɎ ɎɔɓɟɌɗɔɓɌɢɔɔ əɑ ɘɚɏɟɞ ɍɧɞɨ ɐɔɠɠɑɜɑəɢɔɜɚɎɌəɧ əɌ ɐɚɍɜɚɖɌɣɑɝɞɎɑəəɧɕ 

ɔ ɓɗɚɖɌɣɑɝɞɎɑəəɧɕ ɛɜɚɢɑɝɝ. ȿɗɨɞɜɌɓɎɟɖɚɎɚɑ ɔɝɝɗɑɐɚɎɌəɔɑ (ȿȳȴ) ɔɝɛɚɗɨɓɟɑɞɝɫ Ɏ ɖɌɣɑ-

ɝɞɎɑ ɛɜɑɐɚɛɑɜɌɢɔɚəəɚɕ ɎɔɓɟɌɗɔɓɌɢɔɔ, ɞɚɏɐɌ ɖɌɖ ɘɌɏəɔɞəɚ-ɜɑɓɚəɌəɝəɌɫ ɞɚɘɚɏɜɌɠɔɫ 

(ȸȼȾ) ɛɜɔɘɑəɔɘɌ ɐɗɫ ɐɔɌɏəɚɝɞɔɖɔ ɝɗɚɒəɧɡ ɚɍɜɌɓɚɎɌəɔɕ.  

ɂɑɗɨ ɔɝɝɗɑɐɚɎɌəɔɫ. Ⱥɛɜɑɐɑɗɑəɔɑ ɖɚəɖɜɑɞəɧɡ ɖɜɔɞɑɜɔɑɎ ɐɔɠɠɑɜɑəɢɔɌɗɨəɚɕ ɐɔɌɏəɚɝɞɔ-

ɖɔ ɚɍɜɌɓɚɎɌəɔɕ ɫɔɣəɔɖɚɎ ɛɜɔ ȸȼȾ ɔ ȿȳȴ.  

ȸɌɞɑɜɔɌɗɧ ɔ ɘɑɞɚɐɧ. Ȯ ɛɜɚɝɛɑɖɞɔɎəɚɘ ɔɝɝɗɑɐɚɎɌəɔɔ ɛɜɔəɫɗɔ ɟɣɌɝɞɔɑ 62 ɒɑəɥɔəɧ Ɏ 

ɛɑɜɔɚɐ ɝ 22 ɚɖɞɫɍɜɫ 2022 ɏ. ɛɚ 26 ɘɌɫ 2023 ɏ. Ɏ ɚɞɐɑɗɑəɔɔ ɗɟɣɑɎɚɕ ɐɔɌɏəɚɝɞɔɖɔ. Ȯɚ Ɏɝɑɡ ɝɗɟɣɌ-

ɫɡ ɍɧɗɚ ɛɜɚɎɑɐɑəɚ ȿȳȴ (Samsung HS50-ɌɍɐɚɘɔəɌɗɨəɚɑ ɔ ɞɜɌəɝɎɌɏɔəɌɗɨəɚɑ ȿȳȴ) ɔ ȸȼȾ (Philips 

N.V.2021 ȸȼȾ, ɌɛɛɌɜɌɞ 1,5 ȾɑɝɗɌ, SRN: 32534).   

ȼɑɓɟɗɨɞɌɞɧ. Ƚɜɑɐəɔɕ ɎɚɓɜɌɝɞ ɝɚɝɞɌɎɔɗ 46,39Ñ10,59 ɏɚɐɌ. ȭɚɗɨɤɔəɝɞɎɚ ɚɍɜɌɓɚɎɌəɔɕ ɫɔɣ-

əɔɖɚɎ ɎɝɞɜɑɣɌɗɚɝɨ ɜɌɓɘɑɜɚɘ ɍɚɗɑɑ 4 ɝɘ (71,0%). Ƚɚɗɔɐəɧɕ ɖɚɘɛɚəɑəɞ ɚɍəɌɜɟɒɑə Ɏ (32,3%) ɛɜɔ 

ɛɜɚɎɑɐɑəɔɔ ȸȼȾ ɚɜɏɌəɚɎ ɘɌɗɚɏɚ ɞɌɓɌ. ȴɓ 62 ɚɍɜɌɓɚɎɌəɔɕ ɛɜɔ ȸȼȾ Ɏ 43 ɝɗɟɣɌɫɡ (69,4%) ɎɧɫɎɗɫ-

ɗɚɝɨ ɖɚəɞɜɌɝɞəɚɑ ɟɝɔɗɑəɔɑ. ȺɐəɚɜɚɐəɌɫ ɝɞɜɟɖɞɟɜɌ ɚɍɜɌɓɚɎɌəɔɕ ɎɝɞɜɑɣɌɗɌɝɨ Ɏ 31 (50,0%) ɝɗɟɣɌɑ, 

Ɍ ɏɑɞɑɜɚɏɑəəɌɫ ð Ɏ 12 ɝɗɟɣɌɫɡ (19,4%). ȶɔɝɞɚɓəɧɑ ɚɍɜɌɓɚɎɌəɔɫ ɝ əɑɣɑɞɖɔɘɔ ɖɚəɞɟɜɌɘɔ ɚɍəɌɜɟ-

ɒɔɗɔɝɨ ɟ 32,3% ɛɌɢɔɑəɞɚɎ ɛɜɔ ȸȼȾ. Ȼɜɚɝɞɧɑ ɖɔɝɞɧ əɌɍɗɪɐɌɗɔɝɨ Ɏ 14,5% ɝɗɟɣɌɑɎ. Ȯəɟɞɜɑəəɔɑ 

ɖɔɝɞɚɓəɧɑ ɚɍɜɌɓɚɎɌəɔɫ ɎɧɫɎɗɫɗɔ Ɏ 53,2% ɝɗɟɣɌɑɎ. ȾɚɗɥɔəɌ ɛɑɜɑɏɚɜɚɐɖɔ (ɝɞɑəɖɔ) ɝɚɝɞɌɎɗɫɗɌ <3 

ɘɘ (83,9%) ɔ >3 ɘɘ (16,1%). ȯɔɛɚɔəɞɑəɝɔɎəɧɕ ɝɔɏəɌɗ ɛɜɑɚɍɗɌɐɌɗ əɌ Ⱦ1-ɎɓɎɑɤɑəəɧɡ ɔɓɚɍɜɌɒɑ-

əɔɫɡ ɛɜɑɔɘɟɥɑɝɞɎɑəəɚ Ɏ 77,4% ɚɍɜɌɓɚɎɌəɔɕ, ɏɔɛɑɜɔəɞɑəɝɔɎəɧɕ əɌ Ⱦ2-ɎɓɎɑɤɑəəɧɡ ɔɓɚɍɜɌɒɑ-

əɔɫɡ ɛɜɑɚɍɗɌɐɌɗ Ɏ 88,7% ɝɗɟɣɌɫɡ. Ȼɜɔ ɩɞɚɘ, ɛɚɐɌɎɗɑəɔɑ ɝɔɏəɌɗɌ ɚɞ ɒɔɜɚɎɚɕ ɞɖɌəɔ əɌɍɗɪɐɌɗɚɝɨ 

ɖɌɖ ɏɔɛɑɜɔəɞɑəɝɔɎəɚɑ Ɏ 35 ɝɗɟɣɌɫɡ (56,5%), ɖɌɖ ɑɐɔəɔɣəɚɑ ɝəɔɒɑəɔɑ ð Ɏ 17 (27,4%), ɖɌɖ ɏɔɛɚ-

ɔəɞɑəɝɔɎəɚɑ ð Ɏ 5 (8,1%) ɔ ɔɓɚɔəɞɑəɝɔɎəɚɑ Ɏ ð 4 (6,5%). ȻɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɨ ɝ ɛɚɐɌɎɗɑəɔɑɘ ɝɔɏ-

əɌɗɌ ɚɞ ɒɔɜɚɎɚɕ ɞɖɌəɔ ɝɣɔɞɌɑɞɝɫ ɗɟɣɤɔɘ ɔəɐɔɖɌɞɚɜɚɘ ɐɗɫ ɐɔɠɠɑɜɑəɢɔɌɢɔɔ ɚɍɜɌɓɚɎɌəɔɕ 

ɫɔɣəɔɖɚɎ ɝ Ɏɧɝɚɖɚɕ AUC = 0,828, ɓɌ ɖɚɞɚɜɚɕ ɝɗɑɐɟɪɞ T2-ɎɓɎɑɤɑəəɧɑ ɔɓɚɍɜɌɒɑəɔɫ (AUC = 

0,493). ȽɞɌɞɔɝɞɔɖɌ ȶɌɛɛɌ ɛɚ ɝɜɌɎəɑəɔɪ ɜɑɓɟɗɨɞɌɞɚɎ ȸȼȾ ɔ ȿȳȴ ɛɚɖɌɓɌɗɌ, ɣɞɚ ɎɧɫɎɗɑəɔɑ ɖɔɝɞɧ 

ɫɔɣəɔɖɌ ɝ ɛɚɘɚɥɨɪ ȸȼȾ ɔɘɑɗɚ ɛɚɗəɚɑ ɝɚɎɛɌɐɑəɔɑ (k = 0,968), ɣɑɘ ɛɜɔ ȿȳȴ (k = 0,581), ɝɚ ɓəɌ-

ɣɔɞɑɗɨəɚɕ ɜɌɓəɔɢɑɕ (p = 0,049).  

ȮɧɎɚɐɧ. ȮɜɌɣɔ-ɜɑəɞɏɑəɚɗɚɏɔ ɐɚɗɒəɧ ɛɜɔəɔɘɌɞɨ ɜɑɤɑəɔɑ, ɔɝɛɚɗɨɓɟɫ əɑɝɖɚɗɨɖɚ ɛɚɝɗɑɐɚ-

ɎɌɞɑɗɨəɚɝɞɑɕ ȸȼȾ. ȭɚɗɨɤɔəɝɞɎɚ ɚɍɜɌɓɚɎɌəɔɕ ɫɔɣəɔɖɚɎ, ɎɧɫɎɗɫɑɘɧɡ ɛɜɔ ȸȼȾ, ɔɘɑɪɞ ɜɌɓɘɑɜ 

ɍɚɗɑɑ 4 ɝɘ, ɍɑɓ ɝɚɗɔɐəɚɏɚ ɖɚɘɛɚəɑəɞɌ, ɝ ɚɐəɚɜɚɐəɧɘ ɖɚəɞɜɌɝɞəɧɘ ɟɝɔɗɑəɔɑɘ, ɔɘɑɪɞ ɖɔɝɞɚɓəɟɪ 

ɝɞɜɟɖɞɟɜɟ ɝ əɑɣɑɞɖɔɘɔ ɖɚəɞɟɜɌɘɔ, ɞɚɗɥɔəɟ ɛɑɜɑɏɚɜɚɐɖɔ <3 ɘɘ, ɍɑɓ ɖɌɗɨɢɔɠɔɖɌɢɔɔ, əɑɖɜɚɓɌ, 

LVI ɔɗɔ ɛɑɜɔɞɚəɑɌɗɨəɚɕ ɔɘɛɗɌəɞɌɢɔɔ. ɁɌɜɌɖɞɑɜəɧɘɔ ɚɝɚɍɑəəɚɝɞɫɘɔ ɛɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɑɕ ȸȼȾ 

ɫɎɗɫɪɞɝɫ ɏɔɛɚɔəɞɑəɝɔɎəɚɝɞɨ əɌ Ⱦ1-ɎɓɎɑɤɑəəɧɡ ɔɓɚɍɜɌɒɑəɔɫɡ, ɏɔɛɑɜɔəɞɑəɝɔɎəɚɝɞɨ əɌ Ⱦ2-

ɎɓɎɑɤɑəəɧɡ ɔɓɚɍɜɌɒɑəɔɫɡ, ɏɔɛɑɜɔəɞɑəɝɔɎəɚɝɞɨ ɛɜɔ ɛɚɐɌɎɗɑəɔɔ ɝɔɏəɌɗɌ ɚɞ ɒɔɜɚɎɚɕ ɞɖɌəɔ ɔ 

ɏɔɛɚɔəɞɑəɝɔɎəɚɝɞɨ əɌ FLAIR ɔɓɚɍɜɌɒɑəɔɫɡ. ȻɚɝɗɑɐɚɎɌɞɑɗɨəɚɝɞɨ ɝ ɛɚɐɌɎɗɑəɔɑɘ ɝɔɏəɌɗɌ ɚɞ ɒɔ-

ɜɚɎɚɕ ɞɖɌəɔ ɝɣɔɞɌɑɞɝɫ ɗɟɣɤɔɘ ɔəɐɔɖɌɞɚɜɚɘ ɐɗɫ ɐɔɠɠɑɜɑəɢɔɌɢɔɔ ɚɍɜɌɓɚɎɌəɔɕ ɫɔɣəɔɖɚɎ ɝ 

Ɏɧɝɚɖɚɕ AUC = 0,828. ȽɞɌɞɔɝɞɔɣɑɝɖɔ ɎɧɫɎɗɑəɔɑ ɚɍɜɌɓɚɎɌəɔɕ ɫɔɣəɔɖɌ ɝ ɛɚɘɚɥɨɪ ȸȼȾ ɔɘɑɗɚ 

ɛɚɗəɚɑ ɝɚɎɛɌɐɑəɔɑ (k = 0,968), ɣɑɘ ɛɜɔ ɝɜɌɎəɑəɔɔ ɝ ȿȳȴ (k = 0,581). 

 

ȶɗɪɣɑɎɧɑ ɝɗɚɎɌ: ɚɍɜɌɓɚɎɌəɔɫ ɫɔɣəɔɖɚɎ, ɒɔɜɚɛɚɐɌɎɗɑəɔɑ, ȸȼȾ, ȿȳȴ.    
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ntroduction  

The masses of ovary represented a special 

challenging in the diagnosis if radiological 

imaging findings cannot be distinguished 

into benign o r malignant lesions [1]. An 

inaccurate diagnosis preoperatively leads to 

more surgical interventions as bilateral oopho-

rectomy with or without hysterectomy that 

caused influencing in the patientõs treatment 

[2].  

The first -line imaging option for detection 

of adnexal masses is ultrasonography (US). Par-

ticularly, it is useful as preoperative imaging for 

the distinguish of non -complex masses. While 

magnetic resonance imaging (MRI) is helpful in 

identify the malignant masses prior to surgery, 

especially when US  results are indeterminate 

[3].  

Clinically, in daily practice, ovarian le-

sions are a most common finding diagnose in 

symptomatic women and also that masses are 

discover incidentally. MRI is providing useful 

information for the ovarian masses properties 

as benign or malignant. Therefore, radiologists 

playing a great role in the team approaching of 

the management of ovarian masses [4].  

Carcinoma of the ovary account for 3.3% 

of all cancers types in females. The majority of 

ovarian masses are benign. The goals  of an ear-

ly detection are to decrease unnecessary proce-

dures of surgery and to minimize unfavorable 

prognosis and outcomes [5].  

Generally, US is the method of choice un-

til now for assessment of adnexal abnormalities 

adequately and no superior method above  it [6]. 

The American College of Radiology (ACR) men-

tioned that duplex, trans -vaginal and trans -

abdominal US are appropriate options for detec-

tion of non -acute adnexal masses [7]. In 2019, 

the Gynecology Imaging Reporting and Data 

System (GI -RADS), publish ed the classification 

system for diagnosis of adnexal masses by US 

which has a high sensitivity (92.9%) and speci-

ficity (97.5%) [6]. The Ovarian Adnexal Report-

ing and Data System (O -RADS) designed the 

standardization of definitions of ovarian masses 

charac teristics by US [8].  

Usually, US analyzed low and high risk 

adnexal masses accurately. Additionally, the 

most important morphological characters of a 

high risk lesions include (a) solid/cystic or solid 

lesions with a maximum diameter > 4 cm; (b) 

irregular,  non -fatty, solid vascularized regions > 

28mm in diameter; (c) papillary projection (vege-

tation) presence with thick wall and septa > 

3mm [9].  

MRI is considered as a better radiologic 

method for distinguishing between benign and 

malignant ovarian tumors [ 10]. T2 -weighted im-

aging (T2WI) has high soft -tissue contrast reso-

lution and is the most basic sequence for evalu-

ation of anatomy. Diffusion -weighted imaging 

(DWI) and apparent diffusion coefficient (ADC) 

values are sensitive and specific tools for distin-

guishing benign from malignant ovarian masses 

[11].  

In 2013, Thomassin -Naggara and col-

leagues published the scoring system of adnexal 

masses of MRI (O ðRADS MRI). This system has 

high sensitivity (93.5%) and a specificity (96.6%) 

for stratify the risk of ma lignancy [12].  

When US results are non -diagnostic or 

been equivocal, MRI can be a valuable issue 

solving tool, an adjunctive option for evaluation 

of adnexal masses, also helpful to give surgical 

planning data without radiation exposure [13]. 

MRI is able to provide accurate data about in-

crease protein content, regions of hemorrhage, 

collagen tissues and fat, by identified different 

tissue types in the pelvis, differentiating benign 

from malignant ovarian masses, with high accu-

racy of 88 -93% [14, 15].  

The s tudy aimed to determine specific cri-

teria in the radiological differential diagnosis of 

ovarian masses in MRI and Ultrasound.  

Methods.  

Study design and setting.  

A prospective study of total of 62 women 

with history of lower abdominal pain or men-

strual dist urbances or pelvic pain were enrolled 

in the research at a period from 22th October 

2022 to 26th May 2023 at Department of Radi-

ology, Al -Hillah General Teaching Hospital.  

Data collection.  

Data collected including age (years), mari-

tal status, parity, family  history of pelvic mass, 

contraceptive history, education levels and 

symptoms. MRI findings include: lesion size, 

solid components, enhancement, cystic mass, 

thickness of wall (septa), lobulated mass, calci-

fications, necrosis, papillary projections, tumor 

vessels, lymph node, peritoneal implantation. 

MRI signals include T1, T2, flair, Fat saturation 

and Gadolinium enhancement. Ultrasonography 
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findings include maximum diameter of mass 

(mm), fluid in pouch of Douglas (POD) (mm), 

ascites, irregular papillary, irregular cyst, later-

ality, septum, and acoustic shadows. Doppler 

(colour) findings include non -vascular (avascu-

lar) and vascular.  

All the studied cases underwent trans ab-

dominal US (Samsung HS50 -abdominal and 

endo -vaginal US) and MRI (Philips N.V.2021 

MRI unit 1.5 Tesla, SRN: 32534) examination, 

which was done before any intervention.  

Inclusion criteria.  

1. Age above 18 years  

2. Complex cystic ovarian masses  

3. Solid masses  

4. Atypical findings in US  

5.  Ill -defined mass origin  

Exclusion criteria.  

1. Any  contraindication for MRI examina-

tion (pregnancy, shells and allergy to contrast).  

2. Women unwilling to do the MRI.  

3.  Women with renal insufficiency.  

MRI protocols.  

The following sequences were performed; 

T2WI sagittal, axial and coronal images. T1WI 

tr ansverse images (with and without fat sup-

pression). Then intravenous gadolinium che-

lates (with a dose of 0.1 mmol/kg) was injected. 

MRI was done in the axial oblique plane (full 

capacity) to detected masses. Masses of interest 

scanned using the b values: z ero, 300, 600, 

1000 and 1500 s/mm2. Women were imaged in 

the supine position using pelvic phased -array 

coil with eight channels. MRI protocol per-

formed in the current study are:  

Å T2 sagittal:  TR= 3000 ms, TE= 80 ms, 

FOV= 330x 292 mm, Matrix= 245 x 181, T hick-

ness= 5 mm  

Å T2 axial: TR= 3400 ms, TE= 90 ms, 

FOV= 240x 240 mm, Matrix= 245 x 181, Thick-

ness= 5 mm  

Å T1 axial: TR= 400ms, TE= 7 ms, 

FOV=300 x 300 mm, Matrix= 263 x 171, Thick-

ness= 5 mm  

Å T2 SPAIR: FOV=280 x 231 mm, Matrix= 

180 x 150, Thickness= 4 mm  

Images analysis.   

Our MRI findings focused on MRI signals 

and The MRI images were scrutinized for later-

ality, location, size, configuration, signal inten-

sity, pattern of enhancement, extension to sur-

rounding structures, and the presence of ascites 

or lymph adenopathy (LAP), which are interpre-

tation performing by qualified consultants of 

radiology.  

Ethical approval.   

Written informed consent was obtained 

from the cases for participating in this research. 

The study was approved by The Medical Ethical 

Committe e of College of Medicine, Baghdad Uni-

versity.  

Statistical analysis.  

Statistical package for social science 

(SPSS version 24.0, Chicago: SPSS, Inc.) was 

used. Results were described in the form of fre-

quencies and percentage for qualitative data, 

and mean with standard deviation (SD) and 

median measured for quantitative data. ANOVA 

(2-sided) test was used to detect the relationship 

between groups. Sensitivity, Specificity, Accura-

cy, positive predictive value (PPV) and negative 

predictive value (NPV) were us ed for assessed 

the quality of diagnostic sequences of MRI. Re-

ceiver operating characteristic (ROC) curve 

analysis was assessed diagnostic performance. 

The area under the receiver operating character-

istic curve (AUC) was compared between groups 

with. Inter -observer agreement was assessed via 

weighted -kappa statistic. A one -sided P value of 

0.05 or less was considered statistically signifi-

cant.  

Results.  

The most commonly recorded age group 

was that between (41 -50 years) in 21 (33.9%), 

followed by group (51 -60 years). The mean age 

was 46.39Ñ10.59 years with median equal to 46 

years.  Of 62 women, 59 (95.25) were married 

and only 3 (4.8%) were single. Nulliparous 

found in 5 ladies. However, 33 (53.2%) of cases 

had 1 -4 children and 21 (33.9%) had more than 

4 ch ildren. About 16 (25.8%) of cases used con-

traception. Regarding level of education, 51.6% 

recorded in secondary, 35.5% in primary, 11.3% 

had high educated level and only one case read 

and writes. Symptomatically speaking, 11 

(17.7%) cases had vaginal bleed ing (VB), 26 

(41.9%) patients had VB+ other and 25 (40.3%) 

patients diagnosed incidentally (Table ʈ1).    

Most of ovarian masses sized more than 4 

cm (44, 71.0%), whereas the rest sized below 4 

cm (18, 29.0%). In relation to solid component, 

20 (32.3%) of pelvic MRI showed this finding 

while 42 (67.7%) lesions had no solid compo-

nent. Out of 62 MRI, 43 (69.4%) showed en-

hancement by mass. Homogeneous masses ac-

counted 31 (50.0%) whereas heterogeneous 

masses were (12, 19.4%). However, no en-

hancement seen in 19 (30.6%) of cases. In term 

of cystaion, the ill -defined cystic masses found 

in 20 (32.3%) of MRI. Simple cyst was seen in 9 

(14.5%) of cases. Internal cystic mass was 

scanned in 33 (53.2%) of patients.  

Septal (wall) thickness was divided into <3 

mm in 52(83 .9%) and >3 mm in 10 (16.1%). Re-

garding calcification, lymphovascular invasion 

and peritoneal implantation, all MRI did not 

show these features (61, 98.4%) except one case 

(1.6%). In addition, there were no lobulated 

mass, necrosis, papillary projection or  tumor 

invasion overall MRI images in this study (Table  

http://www.rejr.ru/


 

 

   RUSSIAN ELECTRONIC JOURNAL OF RADIOLOGY  

| www.rejr.ru | REJR. 2023; 13 (3):110-130       DOI: 10.21569/2222-7415-2023-13-3-110-130                    114 
 

 

ʈ2). 

In relation MRI signals (Table ʈ3), T1 was 

mostly hypointense in 48 (77.4%) of masses 

with very low sensitivity (38.46%), specificity 

(2.04%) and accuracy (9.68%) in detection of 

ovarian masses. T2 was mostly hyperintense in 

55 (88.7%) of masses with high sensitivity 

(93.22%), very low specificity (33.33%) and high 

accuracy (90.32%) in the diagnosis of ovarian 

masses. Flair signals showed median sensitivity 

(50.00%), very low specificity (12.50%) and very 

low accuracy (20.00%) in the diagnosis of ovari-

an masses. Although, fat saturation observed as 

hyperintense in 35 (56.5%), single drop in 17 

(27.4%), hypointense in 5 (8.1%) and Isointense 

4 (6.5%) with sensitivity (89.74%), specificity 

(77.27%) and accuracy (85.25%) in the diagno-

sis of ovarian masses.   

According to ANOVA, there was a high 

statistical significant difference (p= 0.017). In 

relation to the area under curve (AUC), the fat 

saturation might be considered as better indica-

tor in the distinguish of ovarian masses with 

high AUC= 0.828, followed by T2 images (AUC= 

0.493) while the lowest value seen in flair signal 

(AUC= 0.286) (fig. 1).  

Based on MRI findings, dermoid lesion 

was noticed more frequent 22 (35.5%), followed 

by endometrioma 10 (16.1%) (fig. 2, 4, 5). One 

case diagnosed as hemorrhagic c yst (fig. 3) and 

other as complicated cyst (fig. 8). Ovarian ab-

scess seen in one case (fig. 7). Thecoma detected  

Table  ʈ1.    Demographic of the study.  

Variables   No.  % 

Age (years) 

MeanÑSD (Median) 

= 46.39Ñ10.59 (46) 

19-30 6 9.6 

31-40 11 17.9 

41-50 21 33.9 

51-60 18 28.9 

>60 6 9.6 

Marital status Married  59 95.2 

Single  3 4.8 

Parity  0 3 4.8 

Nulliparous  5 8.1 

1-4 33 53.2 

>4 21 33.9 

Contraception  Yes  16 25.8 

No  46 74.8 

Education Read and write 1 1.6 

Primary 22 35.5 

Secondary 32 51.6 

High 7 11.3 

Symptoms  VB 11 17.7 

VB+ other 26 41.9 

Incident 25 40.3 
 

   
 

Table  ʈ2.  MRI findings.  

Variables   No.  % 

Mass size (cm) >4 44 71 

<4 18 29 

Solid component Yes  20 32.3 

No  42 67.7 

Enhancement  Homogeneous 31 50 

Heterogeneous  12 19.4 

No  19 30.6 

Cyst  ill -defined 20 32.3 

Simple 9 14.5 

Internal 33 53.2 

Septal (wall) thickness (mm) <3 52 83.9 

>3 10 16.1 

Calcification, lymphovascu-

lar invasion and peritoneal 

implantation 

Yes  1 1.6 

No  61 98.4 
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in one case (fig. 9). Simple cyst was seen in 5 

(8.1%) of cases (fig. 10). About 21 (33.9%) unde-

fined masses (fig. 6, 11).  

Ultrasonography findings in this study 

were listed in Table ʈ4. The mean maximum 

mass diameter was (50.15 Ñ11.35 mm) with 

median of (51 mm) and ranged from 26 mm to 

75 mm. Ascites was observed in 8 (12.9%) of 

patients. Irregular  cystic mass shape seen in 21 

(33.9%) of cases. Bilateral ovarian masses seen 

in 9 (14.5%) of cases while 53 (85.5%) of US 

showed unilateral mass. Cystic mass showed a 

septum in 7 (11.3%) cases (Figure 2). Acoustic 

shadows observed in 20 (32.3%). Avascular  

masses seen by Doppler in most cases (61, 

98.4%). However, one case showed hypo -

vascular image. In addition, there was no fluid 

in POD detected.  

Inter -observer agreement Kappa statistic 

of MRI finding versus ultrasonographic images 

revealed that detection  of ovarian cyst by MRI 

had perfect agreement (k= 0.968) than US (k= 

0.581) with significant difference (Table ʈ5).  

Discussion.  

In the present study, the most commonly 

age group ranged between (41 -50 years) in 

(33.9%) with mean age of 46.39Ñ10.59 years. 

This is greater than mean age reported by 

Mansour et al, the mean patient age was 

(39.3Ñ12.5) years [1]. They studied 235 solid 

ovarian masses in 197 females. Joori et al in 

Baghdad examined 89 women with age ranged 

(12-64) years [16]. Whereas it is lower than Sai-

da et al, who studied 465 women (mean age, 50 

years ranged between 20 ð90 years) [10]. This is 

could be explain by different number of women 

in study sample.  

The results of this study of pelvic MRI 

showed, most of ovarian masses sized more 

than 4 cm  (71.0%), no solid component (67.7%), 

homogeneous enhancement (50.0%), ill -defined 

cystic masses (32.3%), internal cystic mass 

(53.2%), septal (wall) thickness <3 mm (83.9%), 

no calcification, no LVI and no peritoneal im-

plantation, no lobulated mass, no ne crosis, no 

papillary projection or tumor invasion. Mansour 

et al considered features for ovarian malignancy 

include cystic masses with thickness (>3 mm) of 

the walls and septa, internal structure, papil-

lary projections, nodularity, solid components, 

necros is and hemorrhage [1]. Which are far 

from our findings. Mass size > 4 cm is one of the 

primary appearance of malignant lesions [17].  

Joori et al found right ovary was more 

common site (32.5%) of cases, the bridging vas-

cular sign (13/14 cases of pedunculat ed fi-

broids), and all the malignant lesions larger 

than 4 cm [16]. Also, they found that most 

masses site were ovarian (64%), uterine (17.9%), 

extra -ovarian  or   extra -uterine   (12.1%),   tubo - 

Table  ʈ3.     MRI signals analysis.  

      MRI signals 

 

 

Appearance 

 

T1 T2 Flair  Fat saturation 

No. (%) 

Hyperintense 5 (8.1) 55 (88.7) - 35 (56.5) 

Hypointense 48 (77.4) - 7 (11.3) 5 (8.1) 

Isointense 8 (12.9) 2 (3.2) - 4 (6.5) 

Intermediate intense - 4 (6.4) 4 (6.5) - 

Heterointense 1 (1.6) 1 (1.6) - 1 (1.6) 

Signal drop - - - 17 (27.4) 

Sensitivity (%) 38.46 93.22 50.00 89.74 

Specificity (%) 2.04 33.33 12.50 77.27 

Accuracy (%) 9.68 90.32 20.00 85.25 

PPV (%) 9.43 96.49 12.50 87.50 

NPV (%) 11.11 20.00 50.00 80.95 

ANOVA= 37.5, p= 0.017 
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Fig. 1 (ȼɔɝ. 1) 

Fig. 1.   ROC curves of MRI signals.  

A ð T1,  

B ð T2,  

C ð Flair,  

D ð Fat saturation.  

ȼɔɝ. 1.    ROC-ɖɜɔɎɧɑ ȸȼ-ɝɔɏəɌɗɌ.  

A ð T1-Ȯȴ,  

B ð T2-Ȯȴ,  

C ð Flair,  

D ð Fat saturation.   
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Fig. 2 (ȼɔɝ. 2) 

Fig. 2.    A-F ð MRI, pelvis, 1.5T with c ontrast. J ð US, pelvis. 67-years -old woman with incidental ovari-

an mass (bilateral complicated ovarian cystadenoma).  

A ð T1-WI, axial view, shows bilateral ovarian mass. Hypointense cystic lesion seen in right ovary (yellow ar-

row). Heterogeneous hyperint ense complex mass seen in left ovary (red arrow).  

B ð T1-WI, axial view, shows hypointense cystic mass with internal septation seen in right ovary (yellow ar-

row) with heterogeneous hyperintense complex mass seen in left ovary (red arrow).  

C ð T2-WI, axial  view, shows hyperintense cyst with internal septa in right ovary (yellow arrow) with hetero-

geneous hyperintense mass in left ovary (red arrow).  

D ð Fat suppression, sagittal view, shows heterogeneous hyperintense mass in left ovary (red arrow).  

E ð Fat suppression, sagittal view, shows hyperintense cystic lesion in right ovary (yellow arrow).  

F ð T1-WI with contrast, axial view, shows hyperintense cystic mass with septal enhancement of right ovary 

(yellow arrow) with heterogeneous contrast enhancement o f mass seen in left ovary (red arrow).  

J ð Pelvic ultrasound, shows right ovary cystic mass with internal septa with avascular mass in colour dop-

pler study (yellow arrow).  

ȼɔɝ. 2.     A-F ð ȸȼȾ ɘɌɗɚɏɚ ɞɌɓɌ, 1,5 Ⱦ, ɝ ɖɚəɞɜɌɝɞəɧɘ ɟɝɔɗɑəɔɑɘ. J ð ȿȳȴ ɚɜɏɌəɚɎ ɘɌɗɚɏɚ ɞɌɓɌ. 

ȲɑəɥɔəɌ, 67 ɗɑɞ, ɝɗɟɣɌɕəɌɫ əɌɡɚɐɖɌ ð ɚɍɜɌɓɚɎɌəɔɑ ɫɔɣəɔɖɌ (ɐɎɟɝɞɚɜɚəəɫɫ ɚɝɗɚɒəɑəəɌɫ 

ɢɔɝɞɌɐɑəɚɘɌ ɫɔɣəɔɖɌ).   

A ð T1-Ȯȴ, ɌɖɝɔɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɐɎɟɝɞɚɜɚəəɑɑ ɛɚɜɌɒɑəɔɑ ɫɔɣəɔɖɚɎ. Ȯ ɛɜɌɎɚɘ ɫɔɣəɔɖɑ ɚɞɘɑɣɌɑɞɝɫ 

ɏɔɛɚɔəɞɑəɝɔɎəɚɑ ɖɔɝɞɚɓəɚɑ ɚɍɜɌɓɚɎɌəɔɑ (ɒɑɗɞɌɫ ɝɞɜɑɗɖɌ). ȯɑɞɑɜɚɏɑəəɚɑ ɏɔɛɑɜɔəɞɑəɝɔɎəɚɑ ɝɗɚɒəɚɑ ɚɍ-

ɜɌɓɚɎɌəɔɑ ɎɔɓɟɌɗɔɓɔɜɟɑɞɝɫ Ɏ ɗɑɎɚɘ ɫɔɣəɔɖɑ (ɖɜɌɝəɌɫ ɝɞɜɑɗɖɌ). 

B ð T1-Ȯȴ, ɌɖɝɔɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɏɔɛɚɔəɞɑəɝɔɎəɚɑ ɖɔɝɞɚɓəɚɑ ɚɍɜɌɓɚɎɌəɔɑ ɝ Ɏəɟɞɜɑəəɑɕ ɛɑɜɑɏɚɜɚɐɖɚɕ Ɏ 

ɛɜɌɎɚɘ ɫɔɣəɔɖɑ (ɒɑɗɞɌɫ ɝɞɜɑɗɖɌ) ɔ ɏɑɞɑɜɚɏɑəəɚɑ ɏɔɛɑɜɔəɞɑəɝɔɎəɚɑ ɝɗɚɒəɚɑ ɚɍɜɌɓɚɎɌəɔɑ Ɏ ɗɑɎɚɘ ɫɔɣ-

əɔɖɑ (ɖɜɌɝəɌɫ ɝɞɜɑɗɖɌ). 

C ð T2-Ȯȴ, ɌɖɝɔɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɏɔɛɑɜɔəɞɑəɝɔɎəɌɫ ɖɔɝɞɌ ɝ Ɏəɟɞɜɑəəɔɘɔ ɛɑɜɑɏɚɜɚɐɖɌɘɔ Ɏ ɛɜɌɎɚɘ 

ɫɔɣəɔɖɑ (ɒɑɗɞɌɫ ɝɞɜɑɗɖɌ) ɝ ɏɑɞɑɜɚɏɑəəɧɘ ɏɔɛɑɜɔəɞɑəɝɔɎəɧɘ ɚɍɜɌɓɚɎɌəɔɑɘ Ɏ ɗɑɎɚɘ ɫɔɣəɔɖɑ (ɖɜɌɝəɌɫ 

ɝɞɜɑɗɖɌ). 

D ð Fat  suppression , ɝɌɏɔɞɞɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɎɔɓɟɌɗɔɓɔɜɟɑɞɝɫ ɏɑɞɑɜɚɏɑəəɚɑ ɏɔɛɑɜɔəɞɑəɝɔɎəɚɑ ɚɍɜɌɓɚɎɌ-

əɔɑ Ɏ ɗɑɎɚɘ ɫɔɣəɔɖɑ (ɖɜɌɝəɌɫ ɝɞɜɑɗɖɌ).  

E ð ȻɚɐɌɎɗɑəɔɑ ɒɔɜɌ, ɝɌɏɔɞɞɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɏɔɛɑɜɔəɞɑəɝɔɎəɚɑ ɖɔɝɞɚɓəɚɑ ɛɚɜɌɒɑəɔɑ ɛɜɌɎɚɏɚ ɫɔɣəɔ-

ɖɌ (ɒɑɗɞɌɫ ɝɞɜɑɗɖɌ). 

F ð T1-Ȯȴ ɝ ɖɚəɞɜɌɝɞəɧɘ ɟɝɔɗɑəɔɑɘ, ɌɖɝɔɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɏɔɛɑɜɔəɞɑəɝɔɎəɚɑ ɖɔɝɞɚɓəɚɑ ɚɍɜɌɓɚɎɌəɔɑ ɝ 

ɛɑɜɑɏɚɜɚɐɖɚɕ, əɌɖɌɛɗɔɎɌɪɥɑɕ ɖɚəɞɜɌɝɞəɧɕ ɛɜɑɛɌɜɌɞ Ɏ ɛɜɌɎɚɘ ɫɔɣəɔɖɑ (ɒɑɗɞɌɫ ɝɞɜɑɗɖɌ), ɚɍɜɌɓɚɎɌəɔɑ 

Ɏ ɗɑɎɚɘ ɫɔɣəɔɖɑ, əɑɚɐəɚɜɚɐəɚ əɌɖɌɛɗɔɎɌɪɥɑɑ ɖɚəɞɜɌɝɞəɧɕ ɛɜɑɛɌɜɌɞ (ɖɜɌɝəɌɫ ɝɞɜɑɗɖɌ). 

J ð ȿȳȴ ɚɜɏɌəɚɎ ɘɌɗɚɏɚ ɞɌɓɌ, ɖɔɝɞɚɓəɚɑ ɚɍɜɌɓɚɎɌəɔɑ ɛɜɌɎɚɏɚ ɫɔɣəɔɖɌ ɝ Ɏəɟɞɜɑəəɔɘɔ ɛɑɜɑɏɚɜɚɐɖɌɘɔ ɔ 

ɌɎɌɝɖɟɗɫɜəɚɑ ɚɍɜɌɓɚɎɌəɔɑ Ɏ ɜɑɒɔɘɑ ɢɎɑɞəɚɏɚ ɐɚɛɛɗɑɜɚɎɝɖɚɏɚ ɔɝɝɗɑɐɚɎɌəɔɫ (ɒɑɗɞɌɫ ɝɞɜɑɗɖɌ)..  
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Fig. 3 (ȼɔɝ. 3) 

Fig. 3.   A-D ð MRI, pelvis, 1.5 T; E ð US, pelvis.  Female, 53 y.o., with abdominal pain and menorrhagia 

(right ovarian hemorrhagic cyst) (yellow arrow) .  

A ð T1-WI, axial view, shows hypointense cystic lesion seen in right ovary.  

B ð T2-WI, axial view, shows h yperintense cystic lesion seen in right ovary.  

C ð Fat suppression, sagittal view, shows hyperintense cystic lesion seen in right ovary.  

D ð Fat suppression, sagittal view, shows hyperintense cystic lesion seen in right ovary.  

E ð Pelvic ultrasound, shows  right ovary cyst with multiple internal echoes with avascular mass.  

ȼɔɝ. 3.      A-D ð ȸȼȾ ɘɌɗɚɏɚ ɞɌɓɌ, 1,5 Ⱦ; E ð ȿȳȴ ɚɜɏɌəɚɎ ɘɌɗɚɏɚ ɞɌɓɌ. ȲɑəɥɔəɌ, 53 ɏɚɐɌ, ɝ ɍɚɗɫ-

ɘɔ Ɏ ɒɔɎɚɞɑ ɔ ɘɑəɚɜɜɌɏɔɑɕ (ɏɑɘɚɜɜɌɏɔɣɑɝɖɌɫ ɖɔɝɞɌ ɛɜɌɎɚɏɚ ɫɔɣəɔɖɌ) (ɒɑɗɞɌɫ ɝɞɜɑɗɖɌ). 

Ȭ ð Ⱦ1-Ȯȴ, ɌɖɝɔɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɏɔɛɚɔəɞɑəɝɔɎəɚɑ ɖɔɝɞɚɓəɚɑ ɚɍɜɌɓɚɎɌəɔɑ ɛɜɌɎɚɏɚ ɫɔɣəɔɖɌ. 

B ð T2-Ȯȴ, ɌɖɝɔɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɏɔɛɑɜɔəɞɑəɝɔɎəɚɑ ɖɔɝɞɚɓəɚɑ ɚɍɜɌɓɚɎɌəɔɑ ɛɜɌɎɚɏɚ ɫɔɣəɔɖɌ.  

C ð Fat  suppression , ɝɌɏɔɞɞɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɏɔɛɑɜɔəɞɑəɝɔɎəɚɑ ɖɔɝɞɚɓəɚɑ ɚɍɜɌɓɚɎɌəɔɑ ɛɜɌɎɚɏɚ ɫɔɣəɔ-

ɖɌ. 

D ð Fat  suppression , ɝɌɏɔɞɞɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɏɔɛɑɜɔəɞɑəɝɔɎəɚɑ ɖɔɝɞɚɓəɚɑ ɚɍɜɌɓɚɎɌəɔɑ ɛɜɌɎɚɏɚ ɫɔɣəɔ-

ɖɌ.  

E ð ȿȳȴ ɚɜɏɌəɚɎ ɘɌɗɚɏɚ ɞɌɓɌ, ɖɔɝɞɌ ɛɜɌɎɚɏɚ ɫɔɣəɔɖɌ ɝ ɘəɚɒɑɝɞɎɑəəɧɘɔ Ɏəɟɞɜɑəəɔɘɔ ɩɡɚɝɔɏəɌɗɌɘɔ c 

ɌɎɌɝɖɟɗɫɜəɧɘ ɚɍɜɌɓɚɎɌəɔɑɘ.  
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Fig. 4 (ȼɔɝ. 4) 

Fig. 4.  MRI, pelvis, 1.5 T. 33- years -old woman with menorrhagia (bilateral dermoid cyst) (yellow ar-

row).  

A ð T2-WI, axial view, show bilateral hyperintense ovarian masses.  

B ð Fat suppression, axial view, show bilateral ovarian masses with sign al drop (fat drop).  

C ð T1-WI, axial view, shows bilateral heterogeneous hyperintense cystic mass.   

ȼɔɝ. 4.    ȸȼȾ ɘɌɗɚɏɚ ɞɌɓɌ, 1,5 Ⱦ. ȲɑəɥɔəɌ, 33 ɏɚɐɌ, ɘɑəɚɜɜɌɏɔɫ (ɐɎɟɝɞɚɜɚəəɫɫ ɐɑɜɘɚɔɐəɌɫ 

ɖɔɝɞɌ) (ɒɑɗɞɌɫ ɝɞɜɑɗɖɌ). 

Ȭ ð Ⱦ2-Ȯȴ, ɌɖɝɔɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɐɎɟɝɞɚɜɚəəɔɑ ɏɔɛɑɜɔəɞɑəɝɔɎəɧɑ ɚɍɜɌɓɚɎɌəɔɫ ɫɔɣəɔɖɚɎ. 

B ð Fat suppression, ɌɖɝɔɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɐɎɟɝɞɚɜɚəəɔɑ ɚɍɜɌɓɚɎɌəɔɫ ɫɔɣəɔɖɚɎ ɝ ɎɧɛɌɐɑəɔɑɘ ɝɔɏəɌɗɌ 

(fat drop).    

C ð T1-Ȯȴ, ɌɖɝɔɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɐɎɟɝɞɚɜɚəəɑɑ ɏɑɞɑɜɚɏɑəəɚɑ ɏɔɛɑɜɔəɞɑəɝɔɎəɚɑ ɖɔɝɞɚɓəɚɑ ɚɍɜɌɓɚɎɌəɔɑ.   
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Fig. 5 (ȼɔɝ. 5) 

Fig. 5.   MRI, pelvis, 1.5 T, with contrast. Woman, 30 y.o. with dysmenorrhea (bilateral endometrioma).  

A, B ð T1-WI, axial view, shows hyperintense cystic lesion in the right ovary (yellow arrow) 66*47 mm in size, 

with heterogeneo us hypointense cystic mass in the left ovary (red arrow).  

C ð T1-WI, with contrast, axial view, shows bilateral hyperintense ovarian masses with wall enhancement 

seen in the right ovary (yellow arrow) and mural nodule enhancement seen in the left ovary (r ed arrow).  

D ð T2-WI, coronal view, shows hyperintense cystic mass seen in the right ovary (yellow arrow).  

E - Fat suppression, sagittal view, shows hyperintense cystic lesion seen in the right ovary (yellow arrow).  

F ð Fat suppression, sagittal view, sh ows heterogeneous hyperintense cystic lesion seen in the left ovary (red 

arrow).   

ȼɔɝ. 5.  ȸȼȾ ɘɌɗɚɏɚ ɞɌɓɌ, 1,5 Ⱦ, ɝ ɖɚəɞɜɌɝɞəɧɘ ɟɝɔɗɑəɔɑɘ. ȲɑəɥɔəɌ, 30 ɗɑɞ, ɐɔɝɘɑəɚɜɑɫ 

(ɐɎɟɝɞɚɜɚəəɫɫ ɩəɐɚɘɑɞɜɔɚɘɌ). 

A, B ð Ⱦ1-Ȯȴ, ɌɖɝɔɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɏɔɛɑɜɔəɞɑəɝɔɎəɚɑ ɖɔɝɞɚɓəɚɑ ɚɍɜɌɓɚɎɌəɔɑ ɛɜɌɎɚɏɚ ɫɔɣəɔɖɌ (ɒɑɗɞɌɫ 

ɝɞɜɑɗɖɌ) ɜɌɓɘɑɜɚɘ 66*47 ɘɘ, ɏɑɞɑɜɚɏɑəəɚɑ ɏɔɛɚɔəɞɑəɝɔɎəɚɑ ɖɔɝɞɚɓəɚɑ ɚɍɜɌɓɚɎɌəɔɑ Ɏ ɗɑɎɚɘ ɫɔɣəɔɖɑ 

(ɖɜɌɝəɌɫ ɝɞɜɑɗɖɌ). 

C ð T1-Ȯȴ, ɝ ɖɚəɞɜɌɝɞəɧɘ ɟɝɔɗɑəɔɑɘ, Ɏ ɌɖɝɔɌɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ; ɐɎɟɝɞɚɜɚəəɔɑ ɏɔɛɑɜɔəɞɑəɝɔɎəɧɑ ɚɍɜɌɓɚ-

ɎɌəɔɫ ɫɔɣəɔɖɚɎ ɝ əɌɖɚɛɗɑəɔɑɘ ɖɚəɞɜɌɝɞəɚɏɚ ɛɜɑɛɌɜɌɞɌ Ɏ ɚɍɗɌɝɞɔ ɝɞɑəɖɔ Ɏ ɛɜɌɎɚɘ ɫɔɣəɔɖɑ (ɒɑɗɞɌɫ 

ɝɞɜɑɗɖɌ), Ɍ ɞɌɖɒɑ Ɏ ɚɍɗɌɝɞɔ ɛɜɔɝɞɑəɚɣəɧɡ ɟɓɗɚɎ Ɏ ɗɑɎɚɘ ɫɔɣəɔɖɑ (ɖɜɌɝəɌɫ ɝɞɜɑɗɖɌ).  

D ð Ⱦ2-Ȯȴ, ɖɚɜɚəɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, Ɏ ɛɜɌɎɚɘ ɫɔɣəɔɖɑ ɎɔɓɟɌɗɔɓɔɜɟɑɞɝɫ ɏɔɛɑɜɔəɞɑəɝɔɎəɚɑ ɖɔɝɞɚɓəɚɑ ɚɍ-

ɜɌɓɚɎɌəɔɑ (ɒɑɗɞɌɫ ɝɞɜɑɗɖɌ). 

E ð Fat suppression, ɝɌɏɔɞɞɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɏɔɛɑɜɔəɞɑəɝɔɎəɚɑ ɖɔɝɞɚɓəɚɑ ɚɍɜɌɓɚɎɌəɔɑ ɛɜɌɎɚɏɚ ɫɔɣəɔɖɌ 

(ɒɑɗɞɌɫ ɝɞɜɑɗɖɌ).  

F ð Fat suppression, ɝɌɏɔɞɞɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɏɑɞɑɜɚɏɑəəɚɑ ɏɔɛɑɜɔəɞɑəɝɔɎəɚɑ ɖɔɝɞɚɓəɚɑ ɚɍɜɌɓɚɎɌəɔɑ Ɏ 

ɗɑɎɚɘ ɫɔɣəɔɖɑ (ɖɜɌɝəɌɫ ɝɞɜɑɗɖɌ).      
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Fig. 6 (ȼɔɝ. 6) 

Fig. 6.    MRI, pelvis, 1.5 T, with contrast. Patient, 9 y.o. girl, with dysmenorrhea (right ovarian func-

tional cyst) (yellow circle).  

A ð T1-WI, axial view, shows hypointense cystic mass seen in right ovary.  

B ð T2-WI, axial view, shows hyperintense cystic mass in right ovary.  

C ð T2-WI, coronal view, shows hyperintense cystic mass in right ovary.  

D ð Fat suppression, sagittal view, shows hyperintense cystic mass in right ovary.  

ȼɔɝ. 6.   ȸȼȾ ɘɌɗɚɏɚ ɞɌɓɌ, 1.5 Ⱦ, ɝ ɖɚəɞɜɌɝɞəɧɘ ɟɝɔɗɑəɔɑɘ. ȻɌɢɔɑəɞ, 9 ɗɑɞ, ɐɔɝɘɑəɚɜɑɫ 

(ɠɟəɖɢɔɚəɌɗɨəɌɫ ɖɔɝɞɌ ɛɜɌɎɚɏɚ ɫɔɣəɔɖɌ) (ɒɑɗɞɧɕ ɖɜɟɒɚɖ). 

Ȭ ð Ⱦ1-Ȯȴ, ɌɖɝɔɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɏɔɛɚɔəɞɑəɝɔɎəɚɑ ɖɔɝɞɚɓəɚɑ ɚɍɜɌɓɚɎɌəɔɑ Ɏ ɛɜɌɎɚɘ ɫɔɣəɔɖɑ. 

ȭ ð Ⱦ2-Ȯȴ, ɌɖɝɔɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɏɔɛɑɜɔəɞɑəɝɔɎəɚɑ ɖɔɝɞɚɓəɚɑ ɚɍɜɌɓɚɎɌəɔɑ Ɏ ɛɜɌɎɚɘ ɫɔɣəɔɖɑ. 

C ð T2-Ȯȴ, ɖɚɜɚəɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɏɔɛɑɜɔəɞɑəɝɔɎəɚɑ ɖɔɝɞɚɓəɚɑ ɚɍɜɌɓɚɎɌəɔɑ Ɏ ɛɜɌɎɚɘ ɫɔɣəɔɖɑ. 

D ð Fat suppression, ɝɌɏɔɞɞɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ: ɏɔɛɑɜɔəɞɑəɝɔɎəɚɑ ɖɔɝɞɚɓəɚɑ ɚɍɜɌɓɚɎɌəɔɑ Ɏ ɛɜɌɎɚɘ ɫɔɣəɔ-

ɖɑ.        
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Fig. 7 (ȼɔɝ. 7) 

Fig. 7.     MRI, pelvis, 1.5 T, with contrast. Female, 44 y.o., with abdominal pain and fever (right tubo 

ovarian abscess).   

A ð T1-WI, axial view, shows thick wall fluid filled right adnexa with heterogeneous hypointense signal inten-

sity (yellow arrow).  

B ð Fat suppression, sagittal view, shows dilated right adnexa with heterogeneous hyperintense signal inten-

sity (yellow arrow).  

C ð T2-WI, coronal view, shows dilated right adnexa with heterogeneous hyperintense signal intensity (yell ow 

circle).  

ȼɔɝ. 7.    ȸȼȾ ɘɌɗɚɏɚ ɞɌɓɌ, 1.5 Ⱦ, ɝ ɖɚəɞɜɌɝɞəɧɘ ɟɝɔɗɑəɔɑɘ. ȲɑəɥɔəɌ, 44 ɏɚɐɌ, ɝ ɍɚɗɫɘɔ Ɏ ɒɔ-

Ɏɚɞɑ ɔ ɛɚɎɧɤɑəɔɑɘ ɞɑɘɛɑɜɌɞɟɜɧ ɞɑɗɌ (ɞɟɍɚɚɎɌɜɔɌɗɨəɧɕ Ɍɍɝɢɑɝɝ ɝɛɜɌɎɌ).  

Ȭ ð Ⱦ1-Ȯȴ, ɌɖɝɔɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɎɔɓɟɌɗɔɓɔɜɟɪɞɝɫ ɟɞɚɗɥɑəəɧɑ ɝɞɑəɖɔ ɛɜɌɎɚɏɚ ɛɜɔɐɌɞɖɌ, ɓɌɛɚɗəɑəəɧɑ 

ɒɔɐɖɚɝɞɨɪ, ɝ əɑɚɐəɚɜɚɐəɧɘ ɏɔɛɚɔəɞɑəɝɔɎəɧɘ ɝɔɏəɌɗɚɘ (ɒɑɗɞɌɫ ɝɞɜɑɗɖɌ).   

B ð Fat suppression, ɝɌɏɔɞɞɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɜɌɝɤɔɜɑəɔɑ ɛɜɌɎɚɏɚ ɛɜɔɐɌɞɖɌ ɝ ɏɑɞɑɜɚɏɑəəɧɘ ɏɔɛɑɜɔə-

ɞɑəɝɔɎəɧɘ ɝɔɏəɌɗɚɘ (ɒɑɗɞɌɫ ɝɞɜɑɗɖɌ).  

C ð T2-Ȯȴ, ɖɚɜɚəɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɜɌɝɤɔɜɑəɔɑ ɛɜɌɎɚɏɚ ɛɜɔɐɌɞɖɌ ɝ ɏɑɞɑɜɚɏɑəəɧɘ ɏɔɛɑɜɔəɞɑəɝɔɎəɧɘ 

ɝɔɏəɌɗɚɘ (ɒɑɗɞɌɫ ɝɞɜɑɗɖɌ).         
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Fig. 8 (ȼɔɝ. 8) 

Fig. 8.   MRI, pelvis, 1.5 T, with contrast. Female, 42 y.o., with incidental mass (left ovarian complicat-

ed cyst) (yellow circle).    

A ð T1-WI, axial vi ew, shows heterogeneous hypointense cystic mass seen in left ovary.  

B ð T2-WI, axial view, shows hyperintense cystic mass in left ovary.  

C ð T2-WI, coronal view, shows hyperintense cystic mass in left ovary.  

D ð T1-WI, with contrast, sagittal view, show s heterogeneous hyperintense cystic mass with mild wall en-

hancement.  

E ð Fat suppression, sagittal view, shows heterogeneous hyperintense cystic mass in left ovary (red arrow).  

ȼɔɝ. 8.  ȸȼȾ ɘɌɗɚɏɚ ɞɌɓɌ, 1.5 Ⱦ, ɝ ɖɚəɞɜɌɝɞəɧɘ ɟɝɔɗɑəɔɑɘ. ȲɑəɥɔəɌ, 42 ɏɚɐɌ, ɝɗɟɣɌɕəɌɫ 

əɌɡɚɐɖɌ ð ɚɍɜɌɓɚɎɌəɔɑ (ɚɝɗɚɒəɑəəɌɫ ɖɔɝɞɌ ɗɑɎɚɏɚ ɫɔɣəɔɖɌ) (ɒɑɗɞɧɕ ɖɜɟɒɚɖ).  

Ȭ ð Ⱦ1-Ȯȴ, ɌɖɝɔɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɏɑɞɑɜɚɏɑəəɚɑ ɏɔɛɚɔəɞɑəɝɔɎəɚɑ ɖɔɝɞɚɓəɚɑ ɚɍɜɌɓɚɎɌəɔɑ Ɏ ɗɑɎɚɘ ɫɔɣəɔ-

ɖɑ. 

ȭ ð Ⱦ2-Ȯȴ, ɌɖɝɔɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɏɔɛɑɜɔəɞɑəɝɔɎəɚɑ ɖɔɝɞɚɓəɚɑ ɚɍɜɌɓɚɎɌəɔɑ Ɏ ɗɑɎɚɘ ɫɔɣəɔɖɑ. 

C ð T2-Ȯȴ, ɖɚɜɚəɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɏɔɛɑɜɔəɞɑəɝɔɎəɚɑ ɖɔɝɞɚɓəɚɑ ɚɍɜɌɓɚɎɌəɔɑ Ɏ ɗɑɎɚɘ ɫɔɣəɔɖɑ.  

D ð T1-Ȯȴ, ɝ ɖɚəɞɜɌɝɞəɧɘ ɟɝɔɗɑəɔɑɘ, Ɏ ɝɌɏɔɞɞɌɗɨəɚɕ ɛɗɚɝɖɚɝɞɔ, ɏɑɞɑɜɚɏɑəəɚɑ ɏɔɛɑɜɔəɞɑəɝɔɎəɚɑ ɖɔ-

ɝɞɚɓəɚɑ ɚɍɜɌɓɚɎɌəɔɑ ɝ ɟɘɑɜɑəəɧɘ ɖɚəɞɜɌɝɞəɧɘ ɟɝɔɗɑəɔɑɘ ɝɞɑəɚɖ.    

E ð Fat suppression, ɝɌɏɔɞɞɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɏɑɞɑɜɚɏɑəəɚɑ ɏɔɛɑɜɔəɞɑəɝɔɎəɚɑ ɖɔɝɞɚɓəɚɑ ɚɍɜɌɓɚɎɌəɔɑ Ɏ 

ɗɑɎɚɘ ɫɔɣəɔɖɑ (ɖɜɌɝəɌɫ ɝɞɜɑɗɖɌ). 
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Fig. 9 (ȼɔɝ. 9) 

Fig. 9.    MRI, pelvis, 1.5 T, with contrast. Female, 40 y.o., with abdominal pain (right ovarian solid 

mass ð thecoma) (red circle).    

A ð T1-WI, sagittal view, shows isointense solid mass seen in right ovary.  

B ð T2-WI, sagittal view, shows heterogenous hypointen se mass in the right ovary.  

C ð Fat suppression, sagittal view, shows isointense mass with hyperintense rim in the right ovary.  

D ð T1-WI, with contrast, sagittal view, shows homogeneous mild contrast enhancement.  

ȼɔɝ. 9.   ȸȼȾ ɘɌɗɚɏɚ ɞɌɓɌ, 1.5 Ⱦ, ɝ ɖɚəɞɜɌɝɞəɧɘ ɟɝɔɗɑəɔɑɘ. ȲɑəɥɔəɌ, 40 ɗɑɞ, ɝ ɍɚɗɫɘɔ Ɏ ɒɔɎɚ-

ɞɑ (ɝɚɗɔɐəɚɑ ɚɍɜɌɓɚɎɌəɔɑ ɛɜɌɎɚɏɚ ɫɔɣəɔɖɌ ð ɞɑɖɚɘɌ) (ɖɜɌɝəɧɕ ɖɜɟɒɚɖ).   

Ȭ ð Ⱦ1-Ȯȴ, ɝɌɏɔɞɞɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɔɓɚɔəɞɑəɝɔɎəɚɑ ɝɚɗɔɐəɚɑ ɚɍɜɌɓɚɎɌəɔɑ Ɏ ɛɜɌɎɚɘ ɫɔɣəɔɖɑ. 

ȭ ð Ⱦ2-Ȯȴ, ɝɌɏɔɞɞɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɏɑɞɑɜɚɏɑəəɚɑ ɏɔɛɚɔəɞɑəɝɔɎəɚɑ ɚɍɜɌɓɚɎɌəɔɑ Ɏ ɛɜɌɎɚɘ ɫɔɣəɔɖɑ.  

C ð Fat suppression, ɝɌɏɔɞɞɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɔɓɚɔəɞɑəɝɔɎəɚɑ ɚɍɜɌɓɚɎɌəɔɑ ɝ ɏɔɛɑɜɔəɞɑəɝɔɎəɧɘ ɖɜɌɑɘ Ɏ 

ɛɜɌɎɚɘ ɫɔɣəɔɖɑ.   

D ð T1-Ȯȴ, ɝ ɖɚəɞɜɌɝɞəɧɘ ɟɝɔɗɑəɔɑɘ, ɝɌɏɔɞɞɌɗɨəɌɫ ɛɗɚɝɖɚɝɞɨ, ɚɞɘɑɣɌɑɞɝɫ ɚɐəɚɜɚɐəɚɑ ɟɘɑɜɑəəɚɑ ɖɚə-

ɞɜɌɝɞəɚɑ ɟɝɔɗɑəɔɑ.     
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