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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
To study the specificity and sensitivity of X-ray research 

methods in the diagnosis of traumatic brain injury.  Of the 969 
injured for various reasons, 444 patients underwent CT and 34 
patients underwent MRI. The obtained results were subjected to 
a comparative analysis. Traumatic brain injury was diagnosed 
in 197 people, of whom 192 (97.5%) underwent CT, 28 (14.2%) 
- MRI. Of these patients, 164 (83.2%) had a combined, 33 
(16.8%) patients had an isolated traumatic brain injury. Based 
on the results of the study, CT can be considered a more effective 
examination method for detecting combined traumatic brain 
injuries due to CT sensitivity (95,3%) and specificity (96,4%), 
and MRI due to sensitivity (100%) in detecting traumatic brain 
injuries resulting from a car accident. It has been established 
that multidetector CT is of great importance in the timely and 
correct diagnosis of traumatic brain injuries.

Key words. Traumatic brain injury, isolated and combined 
trauma, computed tomography, magnetic resonance imaging, 
specificity, sensitivity.
Introduction.

Head and brain injuries account for more than 1/3 of all 
injuries, and according to the World Health Organization 
(WHO), their number increases by 2% annually. The prevalence 
of traumatic brain injury (TBI) ranges from 95 to 783 per 
100,000 population annually, and mortality ranges from 18.5 to 
49 in different countries. At the same time, 75-80% of patients 
have mild TBI (concussion), and the remaining 20-25% are 
people with moderate to severe TBI [1]. Mortality among all 
patients with TBI is 7-12%, and postoperative mortality in 
patients with severe TBI is 28-32%. In 2019, 223,135 deaths 
from TBI were registered, and in 2021 - 69,473 deaths. [2]. In 
most cases, injuries are found in people of working age (18-
60 years old) - 59.9%, and in 36.9% of cases in children and 
adolescents, and men among them are 2.5-3 times more than 
women. Isolated TBI accounts for 30-40% of all injuries. About 
2 million cases of traumatic brain injury (TBI) occur annually. 
Worldwide, about half of all injury deaths in people under 45 
years of age are caused by traumatic brain injury. According to 
world statistics, 60% of TBI cases are caused by car accidents, 
20-30% by falls, 10% by violence, 10% by industrial and sports 
injuries [3]. Among children aged 0-14 years, falls and head 
impacts are the main cause of TBI, whereas in other age groups 
– traffic accidents [1].

Traumatic brain injury (TBI) is a heterogeneous disease, 
although in most cases it is considered mild, about 15-25% of 
cases require special treatment. At the same time, TBI can cause 
post-traumatic seizures, deep vein thrombosis, hydrocephalus, 
behavioral and mood disorders, gait changes, decreased 
cognitive functions, post-traumatic headaches, and insomnia 
[4].

In general, TBI is classified as closed or penetrating. Penetrating 
TBI is characterized by damage to the skull and dura mater. 
Closed brain injuries are more common and include concussion, 
contusions, diffuse axonal damage and intracerebral hematomas 
(epidural hematoma, subdural hematoma, subarachnoid 
hemorrhage and intraparenchymal hemorrhage) [5].

Magnetic resonance imaging (MRI) and computed tomography 
(CT) are most often used in the diagnosis of brain damage 
from radiological methods, especially multidetector CT and 
multidetector CT angiography.

MRI of the brain is not usually used in the clinic for acute 
traumatic brain injury, despite the higher sensitivity in detecting 
TBI lesions and reducing the scan time to less than 15 minutes 
using ultrafast sequences. The only exception to this rule are 
patients with suspected intraspinal (spinal cord) injury or 
vascular dissection. In about 30% of patients with TBI with a 
negative head CT result, MRI confirmed this injury: in most 
cases, diffuse axonal injuries and traumatic axonal CT injuries 
are negative, but MRI positive cases are observed. Although 
comparative studies have shown that MRI is somewhat 
more sensitive than CT in detecting extraaxial hematomas, 
hematomas missed by CT are usually very small and do not 
require surgical intervention. CT is preferable to MRI even in 
patients with acute neurological impairment during subsequent 
treatment. If the neurological condition of TBI patients is not 
explained by CT results, then they should have an MRI scan. 
It has been shown that MRI allows for an accurate prognostic 
assessment in the subacute phase after injury. However, CT 
scans cannot reliably determine the prognosis after a traumatic 
brain injury. This is due to the fact that CT is less sensitive to 
stab wounds and brain stem injuries, which strongly affect the 
prognosis [1,6].

Thus, the initial examination for traumatic brain injury 
should quickly determine the volume of intracranial injuries 
and reliably identify injuries requiring immediate therapy, 
especially epidural and subdural hematomas, and compression 
fractures of the skull. It should be noted that mortality from 
severe forms of TBI decreased significantly after performing 
multispiral CT. However, the choice of CT or MRI to make 
the correct diagnosis of TBI remains controversial. Diagnostic 
and tactical errors are observed both before hospitalization and 
during surgery [7-9].

The aim of the study is to study the specificity and sensitivity 
of X-ray research methods in the diagnosis of traumatic brain 
injury.
Materials and Methods.

Of the 969 injured for various reasons, 383 (49.6%) patients 
underwent CT, and 73 (9.5%) patients underwent MRI. The 
obtained results were subjected to a comparative analysis. 
Traumatic brain injury was diagnosed in 197 people, of whom 
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192 (97.5%) underwent CT, 28 (14.2%) - MRI. Of these 
patients, 164 (83.2%) had a combined, 33 (16.8%) patients had 
an isolated traumatic brain injury.

To determine the severity of TBI, the patient's level of 
consciousness, changes in mental state, indicators of post-
traumatic amnesia and the Glasgow Coma Scale (GCS) are 
used. According to the Glasgow Coma Scale, TBI is divided 
into 3 groups: mild (GG 13-15 points), medium (GG 9-12 
points) or severe (GG 3-8 points). In most cases, mild TBI is 
called "concussion" and accounts for 80% of TBI, average TBI 
is 10% [1]. 

Various MRI sequences were examined during the TBI 
examination, including T2-weighted images, inversion recovery 
with attenuation of fluid (FLAIR), gradient echo images (GRE), 
susceptibility-weighted images (SWI) and diffusion-weighted 
images (DWI).

Recent studies have recommended using cognitive 
assessment scales in TBI as a potential indicator of long-term 
complications. One of these scales is the 8-level Ranchos Los 
Amigos scale. Maas et al. developed a predictive model based 
on data from 2,269 patients with moderate to severe TBI from 
a multicenter clinical trial to predict a 6-month outcome using 
data available at patient admission (Marshall CT scale). CT 
results using the Marshall CT scale included the presence or 
absence of lesions (hematomas), median dislocation greater 
than 5 mm, compressed or uncompressed cistern and evacuated 
mass lesions. This evaluation scale was modified to develop 
the Rotterdam CT Scale: it included compression of the basilar 
cistern, displacement of the median line of more than 5 mm, 
traumatic subarachnoid or intraventricular hemorrhage and the 
presence of various types of mass lesions. Using this simple 
Rotterdam scale based on CT, it is possible to predict 6-month 
mortality (AUC 0.77) more accurately than on the Marshall 
scale (AUR 0.67).

Grades range from 1 point (the easiest) to 6 points (the hardest). 
The actual mortality corresponding to the Rotterdam CT Score 
for the sum of scores 1, 2, 3, 4, 5 and 6 is 0%, 6,8%, 16%, 26%, 
53% and 61%, respectively [6].

In the study, 444 CT was performed on the victims, 34 MRI 
was performed on the victims of 969 victims with various 
injuries. TBI was detected in 197 (149 (75.6%) men, 48 (24.4%) 
women)). Of these patients, 164 (83.2%) had combined and 33 
(16.8%) isolated TBI. 

Of the TBI victims, 6 (3.0%) patients were injured for unknown 
reasons, 105 (53.3%) were injured in a car accident, 72 (36.5%) 
fell from a height, 3 (1.5%) patients had narrowing, 11 (5.6%) 
patients received a shock injury (Figure 1).

Proven medical methods and the kappa test were used to 
evaluate the results. All calculations were carried out in 
computer programs Microsoft Excel-2013 and the SPSS-26.0 
software package [9].
Results and Discussion.

Of the 444 patients who underwent CT scans, 444 had their 
brains examined. Based on various examination methods, 192 
(43.2%) of these patients were diagnosed with TBI. In 183 
(95.3%) patients with TBI, this diagnosis was confirmed by CT 
examination, and in 9 (4.5%) patients it was not determined. 

242 (96.4%) of the 252 people who did not have TBI had a 
true negative result, and 9 (3.6%) had a false positive result 
(κ=0.917; p<0.001). The specificity of CT in determining TBI 
was 96.4%, and its sensitivity was 95.3%.

Of the 73 patients who underwent an MRI examination of 
the head and brain area, 37 patients were diagnosed with TBI. 
26 (92.9%) of the 28 victims with TBI were diagnosed with 
TBI according to MRI results. According to the results of the 
MRI examination, the diagnosis of TBI was confirmed in 26 
(92.9%) patients, in 2 (7.1%) patients, the diagnosis of TBI was 
excluded. 5 (83.3%) of the 6 patients without TBI had a true 
negative MRI result, 1 (16.7%) had a false positive result. CT 
examination was statistically significant (k=0.715; p<0.001) in 
determining TBI, specificity was 83.3%, sensitivity was 92.9%.

Thus, a comparative analysis of the results of both surveys 
showed that the greatest informative value of the kappa 
coefficient was determined by CT examination. CT examination 
can be considered a more effective research method compared 
to MRI examination both due to its specificity and sensitivity.

We compared the results of our study to determine which of 
the examination methods is best suited for detecting head and 
brain injuries in accidents of various etiologies.

A CT scan of the head was performed in 208 (50.1%) victims 
of a car accident and an MRI scan was performed in 19 (4.6%) 
victims. Although TBI was diagnosed in 102 car accident 
victims, this diagnosis was confirmed only in 97 (95.1%) 
patients, and 5 (4.9%) patients had a head injury and CT scan 
did not reveal it. False positive results were given in 4 (3.8%) 
patients out of 106 patients without TBI. It was proved that 102 
(96.2%) patients did not have TBI (κ=0.913; p<0.001). As can 
be seen from the results, the specificity of CT in detecting TBI 
in people affected by car accidents was determined at the level 
of 96.2%, sensitivity - at the level of 95.1%.

In 16 (84.2%) of those injured in a car accident, TBI was 
diagnosed according to MRI data, but 15 (93.8%) of them had 
the correct diagnosis, 1 (6.3%) had the wrong one (κ=0.826; 
p<0.001). As can be seen from the results, CT examination is 
more informative due to its sensitivity compared to MRI in 
determining traumatic brain injury in an accident (Table 1).

In order to identify head and brain injuries caused by a 
fall, 159 (43.6%) patients underwent brain CT, and 9 (2.5%) 
patients underwent MRI. Although TBI was in 71 patients who 
underwent CT examination, during examination this diagnosis 
was confirmed in 70 (98.6%) of the victims and refuted in 1 

Figure 1. Distribution of victims by causes of accidents.



149

(1.4%) patient. Of the 88 patients without TBI, 86 (97.7%) had 
a true negative CT result, 2 (2.3%) had a false positive result 
(κ=0.962; p<0.001). Of 88 patients without TBI, 86 (97.7%) 
had a true negative CT result, 2 (2.3%) had a false positive 
result (κ=0.962; p<0.001). Based on the MRI examination, the 
diagnosis was confirmed in 6 (85.7%) of the 7 victims with 
TBI, and in 1 (14.3%) the victim was not identified. The MRI 
examination revealed the true absence of TBI in 2 (100.0%) 
of the victims (κ=0.727; p=0.003). The specificity of CT in 
detecting head and brain injuries during a fall was 97.7%, 
sensitivity was 98.6%; the specificity of MRI was 100.0%, 
sensitivity was 85.7%.

As can be seen from the results obtained, when detecting TBI in 
victims of a fall, a CT scan, due to its sensitivity, can provide more 
accurate information than an MRI scan. MRI is highly specific.

Of those injured as a result of the impact, 58 (54.7%) patients 
underwent brain CT, 4 (3.8%) patients underwent MRI. In 9 
(81.7%) of the 11 victims with TBI, this injury was confirmed, 
and in 2 (18.2%) victims, on the contrary, it was excluded. 
However, 43 (93.6%) of the 47 patients who did not receive 
TBI had a true negative result, and 3 (6.4%) had a false positive 
result (k=0.729; p=0.693). An MRI examination revealed that 3 
(100.0%) patients had a brain injury, and 1 (100.0%) patient had 
a false positive result. The specificity of CT in detecting TBI 
due to impact was 93.6%, sensitivity was 81.7%.

As can be seen, CT examination has a higher efficiency in 
detecting TBI in stroke victims, both due to specificity and 
sensitivity.

Of the victims with a combined injury, 130 (66.0%) had a head 
injury, 57 (28.9%) had a facial and jaw injury, 36 (18.3%) had a 
rib injury, 60 (30.5%) had a lung injury, 23 (11.7%) had a spine 
injury, 6 (3.6%) - spinal cord, 14 (7.1%) – pelvic bones, 40 
(20.3%) – limb injury and 18 (9.1%) patients had joint fractures.

CT was performed in 110 (32.8%) patients with suspected TBI, 
MRI in 7 (2.1%) patients. According to CT data, this diagnosis 
was confirmed only in 28 (90.3%) of 31 patients with isolated 
TBI. In 3 (9.7%) of the victims, the existing TBI was not detected 
on CT. At the same time, it was shown that 77 (97.5%) of the 
victims had no TBI (κ=0.887; p<0.001). As a result of the MRI 
examination, it was found that all 7 (100.0%) of the victims had 
no TBI. As can be seen, CT has high specificity (97.5%) and 
sensitivity (90.3%) in detecting isolated head injuries.

In order to detect TBI in patients with combined trauma, 243 
(55.9%) patients underwent CT scan, and 23 (5.3%) patients 

underwent MRI examination. CT examination of combined TBI 
confirmed the diagnosis in 155 (96.3%) of 161 patients, and in 6 
(3.7%) patients it could not be determined, and 3 (3.7%) patients 
had false positive results. Among the victims with concomitant 
trauma, 79 (96.3%) of 81 patients without TBI had a true 
negative diagnosis (k=0.918; p<0.001). Although combined 
TBI during MRI examination was confirmed in 19 (90.5%) 
of the victims, it was not possible to determine this injury in 2 
(9.5%) patients. Of the 2 patients without concomitant TBI, 1 
(50.0%) of the victim had a truly negative diagnosis, 1 (50.0%) 
had a false positive (k=0.330; p=0.104) (Table 2).

Table 2. Informative value of CT and MRI studies in the detection of 
traumatic brain injury in combined injuries.

Type of 
survey Number

Traumatic brain 
injury κ p
no there is

CT
no n 79 6

0,918 <0,001% 96,3% 3,7%

there is n 3 155
% 3,7% 96,3%

MRI
no n 1 2

0,330 0,104% 50,0% 9,5%

there is n 1 19
% 50,0% 90,5%

As can be seen from the table, the sensitivity and specificity of 
CT in detecting common TBI was 96.3%; the sensitivity of MRI 
was 50.0%, the specificity was 90.5%.

Thus, according to the results of the study, when detecting 
combined traumatic brain injuries, CT examination has a higher 
sensitivity and specificity compared to MRI.
Examples of clinical manifestations of traumatic brain injury.

A clinical example. Patient E.E.A., 23 years old, male, I/b 
No. 221, was admitted to the Medical Center in 2017 with 
injuries sustained as a result of a fall. Given the severity 
of the clinical picture, an MRI scan was deemed necessary 
by a qualified doctor. The usual sequences were obtained in 
the axial, sagittal and coronary planes. Since the information 
obtained from the FLAIR, T2, T1 sequences does not reveal the 
depth of the clinical picture, the diagnosis was completed by a 
sequence of DWI images: in both hemispheres of the brain, in 
subcortical, bilateral brain tissue, deep white matter, around the 
lateral ventricles, in the corpus callosum (mainly in the knee 
and rollers) and in A large number of diffusely scattered foci are 
visible in subcortical nuclei with DWI mode restriction (Figure 2). 

The noted changes were regarded as typical for diffuse axonal 
lesions and the severity of the clinical condition was obvious.

A clinical example. Patient M.S.M., 60 years old, female, I/b 
No. 6898, was admitted to the Medical Center in 2017 with 
combined injuries sustained as a result of a car accident. 
Initially, an X-ray examination was performed using the FAST 
protocol. However, X-ray and computer examinations did not 
reveal any serious damage. In order to clarify the clinical picture, 
the specialist doctor considered it necessary to conduct an 
additional MRI examination according to the protocol. Even if 
the presence of intraparenchymal damage was not accompanied, 

Type of 
survey number

Traumatic brain 
injury κ p
no there is

CT
no n 102 5

0,913 <0,001% 96,2% 4,9%

there is n 4 97
% 3,8% 95,1%

MRI
no n 3 1

0,826 <0,001% 100,0% 6,3%

there is n 0 15
% 0,0% 93,8%

Table 1. Informative value of CT and MRI studies in detecting head 
and brain injuries as a result of a car accident.
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attention was bilaterally paid to the accumulation of subdural 
hemorrhages in the form of thin plaques in the frontal lobes and 
the severity of the patient's condition was assessed (Figure 3).

Head and brain injuries are serious injuries and in most cases are 
accompanied by high mortality and disability. CT and MRI scans 

play an important role in the timely detection of both isolated and 
combined traumatic brain injuries in victims. From this point of 
view, the informative value of X-ray examination methods (CT and 
MRI) in determining traumatic brain injuries was evaluated based 
on their specificity and sensitivity. To this end, brain injury was 
detected in 197 victims who were injured for various etiological 
reasons (in particular, in car accidents and as a result of falls), of 
which 192 (97.5%) patients underwent CT and 34 (14.2%) - MRI 
studies. Due to its sensitivity (95,3%) and specificity (96,4%), 
CT can be considered a more effective examination method, and 
MRI due to its sensitivity (100%) in detecting head and brain 
injuries caused by a car accident. Due to its specificity (90.3%) 
and sensitivity (97,5%), CT can be considered a more informative 
examination method for detecting combined traumatic brain injury.
Conclusion.

Multidetector CT is of great practical importance for making 
the correct diagnosis at the initial stage, allowing you to get a 
tomography of traumatic brain injuries.
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Определение степени тяжести черепно-мозговых 
травм методами лучевой диагностики

Гасымзаде Г.Ш. 
Азербайджанский Государственный Институт 

усовершенствования врачей им. А. Алиева, кафедра лучевой 
диагностики с курсом лучевой терапии, Баку Азербайджан

Резюме
Цель. Изучение специфичности и чувствительности 

рентгенологических методов исследования в диагностике 
черепно-мозговой травмы.

 Из 969 пострадавших по разным причинам 444 пациентам 

Figure 2. The usual sequences were obtained in the axial, sagittal and 
coronary planes through MRI scan.

Figure 3. The accumulation of subdural hemorrhages in the form 
of thin plaques in the frontal lobes and the severity of the patient's 
condition was assessed.
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выполнена КТ и 34 пациентам проведена МРТ черепа. 
Полученные результаты были подвергнуты сравнительному 
анализу. Черепно-мозговая травма диагностирована у 197 
человек из которых 192 (97,5%) выполнена КТ, 28 (14,2%) 
- МРТ. Из этих пациентов 164 (83,2%) имели сочетанную, 
33 (16,8%) пациента - изолированную черепно-мозговую 
травму. На основании результатов исследования КТ 
можно считать более эффективным методом обследования 
при выявлении сочетанных черепно-мозговых травм КТ 
за счет его чувствительности (95,3%) и специфичности 
(96,4%), а МРТ - за счет чувствительности (100%) при 

выявлении черепно-мозговых травм, полученных в 
результате автомобильной аварии. Установлено, что 
мультидетекторная КТ имеет большое значение в 
своевременной и правильной диагностике черепно-
мозговых травм.

Ключевые слова: черепно-мозговая травма, 
изолированная и сочетанная травма, компьютерная 
томография, магнитно-резонансная томография, 
специфичность, чувствительность
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