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The purpose of the study was to provide a comprehensive overview of current neuroimaging technologies in neurology
and neurosurgery, with a focus on their diagnostic and therapeutic applications. This review explores the neuroimaging
technologies currently in clinical use that form the basis of modern diagnosis and treatment of neurological and neurosurgical
diseases. A systematic analysis of studies from 2020 to 2025, drawn from medical databases Scopus, Web of Science, PubMed, and
Google Scholar, highlights the advantages of neuroimaging technologies, which provide detailed, safe, and non-invasive
information about the structure and function of the brain and central nervous system. The authors stress that computed tomography,
magnetic resonance imaging, functional MRI, and positron emission tomography have become integral to clinical practice in
neurology and neurosurgery. CT provides rapid and accessible diagnostics for patients with emergencies such as traumatic brain
injury or stroke, thanks to its ability to quickly detect intracranial haemorrhages, fractures, and other damage. MRI is the gold
standard for assessing neurodegenerative diseases, tumours, strokes, and brain injuries, as it offers high sensitivity to soft tissues,
allowing for accurate localisation of pathological changes. Functional MRI, which measures brain activity by detecting changes in
blood flow, is an important tool for neurosurgical planning, especially for localising functional areas of the brain prior to surgery.
PET, in turn, allows the detection of molecular changes in brain tissue, which is important for the early diagnosis of diseases such
as brain cancer, Alzheimer's, and Parkinson's. The basic conclusion is that further neuroimaging development promises significant
improvements in the accuracy of diagnosis and personalisation of treatment for patients with neurological diseases.

Key words: magnetic resonance imaging, computed tomography, positron emission tomography, neurodegenerative
diseases, brain activity, neurology, neurosurgery, diagnostics, treatment.
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CYYACHI HEMPOBI3YAJIIBALIMHI METOJIU JIATHOCTHUKHU B HEBPOJIOI'TI
TA HEUPOXIPYPI'Ti

MerToro ocitipKeHHs OyJia KOMIIEKCHA OLiHKA Cy9YacHUX TeXHOJIOTiH HelpoBisyanisallii B HeBpoJIorii Ta Heiipoxipypril,
3 aKIEHTOM Ha iXHBOMY [[IarHOCTHYHOMY Ta KIIHIYHOMY 3aCTOCyBaHHi. Y I[bOMy OIISAI JOCII/DKEHO TEXHOJOTIT
HelpoBizyai3amii, SKi BHKOPHCTOBYIOThCS B Cy4acHi KIiHIYHIA MPaKTHI Ta € OCHOBOIO CY4acHOI IIarHOCTHUKH Ta JIIKyBaHHSI
HEBPOJIOTTYHUX Ta HEHpOXipypriuHuxX 3axBoproBaHb. CHcTeMaTW4HUH aHami3 mociimkens 3 2020 mo 2025 pokw, B3ATUX 3
MequyHuX 0a3 manumx Scopus, Web of Science, PubMed and Google Scholar, minxpecntoe nepeBars HelpoBizyamizalliiHUX
TEXHOJIOTiH, OCKUIPKA BOHHM HATalOTh JETallbHY, O€3MeuHy Ta HEiHBa3WBHY iH(OPMALIIO MPO CTPYKTYypYy Ta (QYHKIII MO3KY 1
LEHTPAJIbHOT HEPBOBOI CHCTEMH. ABTOPH HAroJOIIYIOTh Ha TOMY, L0 BHKOPHUCTAHHS KOMII'TOTEPHOI Ta MarHiTHO-PE30HAHCHOT
toMorpadii, pyHkiionansHoi MPT Ta mo3utTpoHHO-eMiciitHOT ToMorpadii cTasio HEeBiT'€MHOK YaCTHHOIO KIIHIYHOT MPaKTHKH B
HeBpoJorii Ta Heipoxipyprii. KT 3abe3nedye mBUAKY i JOCTYIHY AiarHOCTUKY UIS MAIIEHTIB 3 EKCTPEHUMH BUTIAIKaMH, TAKUMH
SK YePEIHO-MO3KOBI TPaBMH UM 1HCYJIBTH, 3aBJSKH 3aTHOCTI IIBU/KO BUSBILTH BHYTPILIHBOYEPEIHI KPOBOBHIIMBH, HEPEJIOMH Ta
iHmI nowkomkeHHs. MPT € 30510THM CTaHAAPTOM TS OLIHKU HeHpPOIereHePaTHBHHIX 3aXBOPIOBaHb, ITyXJIHH, IHCYJIBTIB Ta TPaBM
TOJIOBHOTO MO3KY, OCKUTBKH Ja€ BHCOKY UyTJIHBICTH IO M'SIKUX TKaHWH, JO3BOJIIIOYH TOYHY JIOKANi3alil0 MATOJOTIYHUX 3MiH.
Oyukuionanbia MPT, 1o BuMipioe MO3KOBY aKTHUBHICTh 4epe3 3MiHH KPOBOOOIry, € BaXKIUBUM I1HCTPYMEHTOM ISt
HEHPOXipypriyHOro IIaHyBaHHS, OCOOIMBO B JIOKaTi3allii GyHKIIOHATBHUX 00iacTeit Mo3ky no omepariii. I[IET, y cBoro uepry,
JIO3BOJISIE BUSIBUTH MOJICKYJISIPHI 3MIHM B TKaHHHAX MO3KY, 110 BaXJHMBO Ul PaHHBOI JIarHOCTHKH PaKy MO3KY, XBOPOO
Amnbrreiivep Ta Iapkincona. B sikocTi mpoBiZHOrO BHCHOBKY aBTOPU IPOTHO3YIOTH OLNbINY CYTTEBE IMOKPALICHHS TOYHOCTI
JIarHOCTUKHM Ta IepCOHANi3alii JiKyBaHHS NAI[i€HTIB 3 HEBPOJOTIYHHUMH 3aXBOPIOBAHHAMH B pPa3i IHONAIBIIOTO PO3BHUTKY
HeHpoBizyamizaii.

KurouoBi cioBa: marHiTHO-pe3oHaHCHA Tomorpadis, KoMI'roTepHa ToMorpadisi, IO3UTPOHHO-eMiciliHa ToMorpadisi,
HelpoJereHepaTHBHI 3aXBOPIOBAHHS, MO3KOBA aKTHBHICTb, HEBPOJIOTis, HEHPOXIPYpris, JiarHOCTHUKA, JTIKyBaHHSI.

The study is a fragment of the research project “Comorbidity in internal medicine clinics and in family medicine practice:
characteristics of disease progression, strategies for providing medical care in times of global civilisational challenges”, state
registration No. 0123U100061.

In the contemporary world, people have become more prone to the risk of both acute threat and life-
threatening neurological pathologies and chronic progressive conditions that are acquired over time [23, 36,
39]. The cases of stroke, traumatic brain injury, and intracranial hemorrhage are urgent and demand
diagnostic processes in a fast and accurate approach to inform timely and effective therapeutic intervention
practices [37, 41]. Concurrently, chronic neurological diseases, such as neurodegenerative diseases, tumors,
and epilepsy, develop latently, and they tend to have weak symptoms which can be enhanced as the illness
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deteriorates [4, 19, 29, 34]. Such clinical conditions are sensitive and require proper, timely diagnosis to best
manage patients.

Neuroimaging plays a central role in addressing the numerous challenges in modern neurodiagnostics
by providing comprehensive, non-invasive information on the anatomical and functional properties of the
brain and the central nervous system (CNS) [43]. In the last few decades, neuroimaging technology has
advanced, transforming the way patients with various neurological and neurosurgical conditions are
diagnosed, treated, and followed up [24]. The development of imaging modalities chronologically, starting
with the application of computed tomography (CT) to more advanced techniques of magnetic resonance
imaging (MRI), functional MRI (fMRI), and positron emission tomography (PET), has given clinicians an
unprecedented ability to visualize and quantify the structures and functions in the brain [9, 33]. These
modalities have therefore become indispensable resources in daily clinical practice and research, offering
careful assessments of brain structure, tissue integrity, metabolic activity, and neuronal connectivity.

In neurosurgery, neuroimaging is a vital part of preoperative planning and operative guidance as
well as the reduction of iatrogenic damage to critical cortical and subcortical areas. For example, MRI and
fMRI allow precise delineation of neoplastic lesions, eloquent functional areas, and epileptogenic foci,
which informs resection design and minimizes postoperative neurological impairment [15, 17].
Neuroimaging is essential in providing the clinical diagnosis and longitudinal evaluation of a wide range
of neurological disorders, such as cerebrovascular incidents, multiple sclerosis, Alzheimer's disease, and
other neurodegenerative diseases [14, 31]. These methods can help with early pathological diagnosis,
disease progression, and treatment effects, thereby enabling prompt, personalized interventions.

Even though neuroimaging technologies have developed significantly, much remains to be done.
The rapid acceleration of innovation, the increasing complexity, and the cost of imaging methodologies
frustrate the realization of universal accessibility and the standardization of imaging protocols across sites
[7, 12, 13]. Furthermore, the adoption of emerging computational technologies, such as artificial intelligence
(AI) and machine learning algorithms, into neuroimaging analysis presents both promising opportunities
and significant challenges in validation, reliability, and meaningful integration into clinical practice [22, 27].
Based on this, it is essential to conduct a thorough assessment of the current state of neuroimaging in
neurosurgery and neurology to summarize available data, shed light on unresolved issues, and determine the
future direction of research and practice.

The purpose of the study was to provide a comprehensive overview of current neuroimaging
technologies in neurology and neurosurgery, with a focus on their diagnostic and therapeutic applications.

Materials and methods. To achieve the goal of the review, a thorough analysis of the international
scientific literature indexed in major databases, including Scopus, Web of Science, PubMed, and Google
Scholar, was conducted, covering English-language articles published from 2020 to 2025. The last search
query was performed on February 11, 2025.

A meticulous, strategic search process was employed for each database, using a broad range of
keywords relevant to neuroimaging and appropriate Boolean operators (e.g., AND, OR).

For explanation. When searching for scientific literature in a Scopus database the following
verbatim search query was used: “neuroimaging”, “functional MRI”, “magnetic resonance spectroscopy”,

S5 13 29 13 S5 13

“positron emission tomography”, “computed tomography”, “neurosurgery”, ‘“neurology”, “brain tumor
resection planning”, “epilepsy neuroimaging”, “stroke imaging”, “neuroplasticity imaging”, “artificial
intelligence in neuroimaging”, “multi-modal neuroimaging”, “neurovascular malformation imaging”,
“intraoperative imaging in neurosurgery”’, “dementia imaging in neuroscience”, and “image-guided
neurosurgery”’.

Similar search strategies were subsequently used in other databases — Web of Science, PubMed,
and Google Scholar. This extensive collection of keywords ensured a comprehensive search that captured
the latest advancements in both the clinical applications of neuroimaging and the cutting-edge
technological innovations driving neurosurgery and neurology.

The inclusion criteria for the review were strictly defined to ensure the inclusion of high-quality,
relevant studies. Only original research articles, systematic reviews, and meta-analyses published in peer-
reviewed journals were considered for inclusion. Emphasis was placed on studies published in English,
which were prioritized for their broader accessibility and relevance to the international scientific
community. Studies published in Ukrainian were also included to reflect regional contributions to the field.

The exclusion criteria were equally important. Conference abstracts, editorials, and non-peer-
reviewed articles were excluded due to their limited rigor and relevance to the review’s goals. Only studies
that provided substantial insights into the application of neuroimaging methods in clinical settings-such as
diagnostics, surgical planning, and disease monitoring in neurosurgery and neurology, were retained for
inclusion.
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As this is a review article based on publicly available literature, ethical approval was not required.
The study protocol was performed in accordance with the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines. Hence, a total of 446 articles were selected. After
removing duplicates and those not meeting the inclusion criteria, a portion was selected for full-text review.
Therefore, 43 manuscripts were included (Table 1).

Table 1
Simplified PRISMA Flow
Stage Description Re?(igls]jfs:ru?dfies

1. Identified Total number of records identified through database searching 446
and other sources

2. Duplicates Removed Number of records removed before screening (e.g., duplicates) 49

3. Screened (Title/Abstract) Number of records screened after duplicates were removed 397

4. Assessed for Eligibility (Full-text) | Number of full-text articles assessed for eligibility against the 94
inclusion/exclusion criteria

5. Included in Review Total number of primary studies finally included in the 43
systematic review

Neuroimaging is part of modern medicine, especially in such branches as neurosurgery and
neurology [20]. The modalities help clinicians obtain exhaustive anatomical and functional information on
the brain and central nervous system, thereby enabling accurate diagnostic assessments, careful treatment
planning, and surgical procedures. This has significantly changed the management paradigm in patients
with neurological and neurosurgical conditions, as neuroimaging technologies provide safe, non-invasive
images that enhance diagnostic efficacy and, in turn, improve the accuracy of therapeutic interventions.

Computed tomography is a standard and readily accessible neuroimaging modality that allows
visualisation of intracranial structures using X-ray radiation [32]. Since becoming a part of the clinical
protocols, CT has significantly altered the diagnostics of traumatic brain injury, cerebrovascular accident,
intracranial haematoma, and other acute neurological conditions. This method has thus been developed as
the standard of reference for the rapid and efficient examination of patients in emergency cases, where time
is a critical factor. In the case of traumatic brain injury, CT allows one to identify focal lesions that require
immediate neurosurgical care.

Shao et al. (2024) emphasise the key role of computed tomography in the diagnosis of traumatic
brain injuries [30]. They note that CT is the primary method for assessing patients with acute head trauma,
as it allows for the rapid and accurate detection of injuries requiring urgent surgical intervention. Of
particular importance is the ability of CT to detect haemorrhages (intracranial haemorrhages), mass effect,
and changes in ventricular size and bone fractures. The article also emphasises that CT is an indispensable
method for assessing secondary injuries, such as cerebral oedema, ischaemia, and brain herniation, which
may occur after the initial injury. Importantly, CT is an extremely fast and accessible method with few
contraindications, making it ideal for primary diagnosis in emergencies.

In the case of a stroke, CT is used to rule out haemorrhage (haemorrhagic stroke), which is an
essential first step before starting treatment [16]. Akbarzadeh et al. (2021) note that neuroimaging plays a
crucial role in diagnosing acute ischemic stroke [2]. The authors emphasize that imaging should be secured
during the so-called golden hour to prevent irreversible brain damage. Computed tomography is often used
for its expeditiousness and ability to identify intracranial haemorrhage; however, magnetic resonance
imaging, particularly diffusion-weighted imaging, has high sensitivity for detecting early ischemic
changes. The review also considers the use of CT angiography and MR angiography in the assessment of
the cerebral vasculature, and the future development of ultrasonography in the monitoring of cerebral blood
flow. Lastly, the authors discuss the growing importance of telemedicine- telestroke- to increase access to
stroke care. Altogether, despite MRI being more accurate for diagnostics, CT is the first-line modality due
to its availability and time efficiency.

Magnetic resonance imaging is one of the most significant and advanced techniques in
neuroimaging, producing high-resolution images without ionising radiation [25]. The technique uses the
interaction between hydrogen nuclei, which are abundant in human tissues, with externally applied
magnetic fields, combined with radiofrequency pulses [11]. This basic mechanism enables us to obtain
both anatomical and functional datasets, making it irreplaceable for accurate diagnosis and therapeutic
planning across a wide range of neurological and neurosurgical pathologies.

MRI's wide range of applications stems from its high sensitivity to soft tissues, especially the brain
and spinal cord. MRI is used in the identification and follow-up studies of neurodegenerative disorders
(Alzheimer's disease, Parkinson's disease), neoplasms, cerebrovascular accidents, multiple sclerosis, and
in the evaluation of pathologic sequelae after a cerebral trauma and surgical intervention [8]. The key-ness
of MRI has been further enhanced by its ability to provide detailed information about structure and
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function, achieved through specialized methods such as functional MRI (fMRI) and magnetic resonance
spectroscopy (MRS). As a result, MRI helps in neurosurgical planning by allowing precise localisation of
eloquent cortical and subcortical regions, thereby playing an essential role in reducing perioperative
neurological deficits [38]. MRI is widely used to assess the morphology and hemodynamic integrity of the
cerebral vasculature in ischemic stroke and vascular pathologies such as aneurysms and arterial stenosis.

Hussain O. et al (2023) review the significance of CT and MRI in diagnosing spinal cord injuries (SCI)
[10]. Spinal injuries often result in long-term morbidity, with timely diagnosis crucial for preventing further
neurological damage. CT, especially multidetector CT (MDCT), is the first-line imaging modality for
evaluating bone fractures and traumatic lesions, offering high sensitivity for detecting fractures and soft-tissue
abnormalities such as disk herniations and hematomas. New technologies like dual-energy CT (DECT) and
photon-counting CT are improving diagnostic accuracy, especially in patients with metal implants. MRI,
considered the gold standard for SCI diagnosis, provides detailed information on soft tissues, ligament
instability, disk herniation, and spinal cord damage. Key MRI sequences, such as T2 and STIR, are highly
sensitive to edema and hemorrhage, aiding in prognosis and surgical decision-making. Diffusion Tensor
Imaging (DTI) provides insights into spinal cord microstructure, though artifacts and time constraints limit its
clinical use. Functional MRI (fMRI) and perfusion MRI are emerging tools that assess functional activity and
blood flow in the spinal cord, potentially guiding recovery and therapeutic targets. In conclusion, authors say
both CT and MRI play crucial roles in diagnosing spinal trauma, with advancements in imaging technologies
enhancing their ability to assess injury severity and predict outcomes.

Chen Y. et al. (2025) investigated the haemodynamic properties of the non-stenotic middle cerebral
artery (MCA) in patients with cerebral ischaemia using 4D-MRI, comparing these properties with those of
healthy individuals [5]. They focused on three segments of the MCA-proximal, curved, and distal-and
measured various haemodynamic parameters, including blood flow, peak velocity, wall shear stress (WSS),
pressure, and energy loss (EL). The study found that haemodynamic distribution in the SMA was similar
between the ischaemic and healthy groups. However, patients with anterior cerebral circulation ischaemia
showed lower peak blood flow velocity, circumferential WSS, and EL compared to healthy control groups.

Notably, the curved segment of the MCA in ischaemic patients had the lowest peak blood flow
velocity and WSS, which may contribute to cerebrovascular events. These results suggest that
morphological changes in the middle cerebral artery may alter blood flow dynamics, potentially leading to
the progression of ischaemic stroke. The study highlights how 4D-MR blood flow imaging can provide
valuable information about haemodynamic changes associated with cerebral ischaemia, even in the absence
of stenosis, offering potential biomarkers for early detection and treatment of stroke.

Functional magnetic resonance imaging (fMRI) is a powerful tool for studying brain function,
particularly for assessing neural activity in real time [6]. The difference between fMRI and standard MRI
is that fMRI allows the assessment not only of anatomical structures but also of functional processes in the
brain during specific tasks or at rest. Functional MRI is based on the principle of measuring changes in
cerebral blood flow accompanying neural activity [21]. When brain cells are activated, they require a
greater supply of oxygen, which in turn leads to local changes in blood flow. This altered oxygen supply
can be detected using fMRI, which allows the creation of maps of brain activity during various cognitive
or sensory tasks.

This method is particularly useful in neurosurgery for mapping functional areas of the brain before
surgery, allowing surgeons to avoid damaging critical functional areas such as motor and speech centres.
In neurology, fMRI is used to study neuroplasticity, assess brain activity in patients with epilepsy, and
investigate changes in brain activity in patients with Alzheimer's, Parkinson's, and other neurodegenerative
diseases [39, 42].

Recent improvements in fMRI techniques, such as the use of multi-modal approaches or integration
with other neuroimaging methods, have significantly increased the accuracy and reliability of the data
obtained. Due to its high sensitivity to changes in brain activity, fMRI is becoming an indispensable tool
for studying the relationship between brain functions and various pathological processes.

Li et al. (2022) provides an overview of the use of functional magnetic resonance imaging (fMRI)
for analyzing brain activity, specifically focusing on the method of blood oxygen level-dependent (BOLD)
contrast imaging [18]. The BOLD technique identifies active brain regions by measuring changes in blood
oxygen levels during various tasks or stimuli. The article emphasizes that BOLD-based fMRI offers high
spatial resolution, enabling precise localization of active brain regions. However, there are limitations, such
as the delay between the stimulus and the brain's vascular response (1-2 sec) and the need to repeat the
stimulus several times to reduce noise in the data. This repetition is crucial for comparing results across
different groups of individuals or animals involved in the study. Examples of fMRI use in studying various
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behavioural responses, such as motor and emotional activity, are provided. These examples illustrate how
brain activity changes in response to tasks and stimuli. A key aspect of the research is comparing brain
activity during rest and after stimulation, as well as examining changes in brain activity in different age
groups and individuals with various diseases. In conclusion, fMRI is a powerful tool for investigating brain
activity across various conditions, but its use requires careful control of experimental parameters to ensure
reliable, accurate results.

The systematic review by Abu Mhanna H. et al. (2025) focuses on the applications of functional
magnetic resonance imaging in preoperative planning and treatment assessment of brain tumours [1].
Discusses both task-based fMRI (T-fMRI), which localizes brain function during specific tasks, and resting-
state fMRI (Rs-fMRI), which measures functional connectivity during rest. RS-fMRI has gained attention for
its ability to detect functional networks in the brain, even when anatomical landmarks are absent, and has
been used to study attention, speech, and memory networks in patients with brain tumours. It is particularly
useful in patients who are uncooperative or impaired, such as children, paralyzed patients, or those with
mental health conditions.

The review examines the validation of fMRI using direct cortical stimulation (DCS), which is
considered the gold standard for localizing functional brain areas during surgery. fMRI has shown good
concordance with DCS in mapping motor and language regions, although challenges remain in accurately
localizing language functions. The combination of fMRI with other non-invasive techniques, such as
navigated transcranial magnetic stimulation (nTMS), has shown promise in improving the accuracy of
language localization and functional mapping. Furthermore, the review explores the potential of
personalized fMRI, which enables the identification of functional regions within or near tumours, aiding
more precise surgical planning. This technique has shown clinical potential in detecting changes in brain
function after tumour resection and monitoring tumour response to therapy. Advances in real-time fMRI
technologies, such as TurboFIRE, are also being developed to enable neurosurgeons to make decisions
during surgery based on live brain activity data. Emphasizes the importance of fMRI in enhancing the
precision of brain tumor surgeries, improving patient outcomes, and advancing our understanding of brain
function [27, 31]. The continued development and integration of fMRI into clinical practice hold promise
for improving the diagnosis, treatment planning, and monitoring of brain tumors.

Positron emission tomography (PET) is an innovative neuroimaging method that allows imaging
of molecular processes in brain tissues [28]. PET uses radioactive isotopes that are introduced into the body
via radioactive labels attached to specific molecules (e.g., glucose or oxygen), allowing their distribution
and metabolic activity to be measured in real time. One of the main advantages of PET is its ability to
assess brain metabolic activity, making this method extremely important for detecting pathologies at an
early stage. This is particularly important for diagnosing brain cancer, studying neurodegenerative diseases
(such as Alzheimer's and Parkinson's), and detecting epilepsy.

Compared with other neuroimaging methods, such as CT or MRI, PET provides information not
only about brain anatomy but also about its functional state [40]. This allows detection of molecular-level
changes that may precede visible structural changes. PET is often used to assess the metabolic activity of
brain tissue after strokes or brain injuries, as well as to plan surgical interventions for tumours, where it is
necessary to clearly define tumour boundaries. Recently, PET has been integrated with other neuroimaging
methods, particularly MRI, enabling high-accuracy mapping and assessment of brain function as part of a
comprehensive research approach [43].

Lijun Xie et al. (2024) consider the use of PET for the diagnosis of neurodegenerative diseases such
as Parkinson's disease (PD), Alzheimer's disease (AD), and drug addiction [40]. PET is an essential tool for
detecting brain biomarkers, enabling not only early diagnosis but also disease differentiation based on
molecular and metabolic changes in the brain. In particular, PET allows detection of amyloid plaques and
neurofibrillary tangles in AD and dopamine pathway dysfunction in PD, particularly in the substantia nigra
and striatum. The article highlights the role of PET in monitoring neurodegenerative processes and evaluating
treatment efficacy. In particular, the latest PET agents, such as 18F-Florzolotau and 18F-THK5351, allow for
a detailed study of tau protein accumulation, which is a characteristic feature of AD. However, despite its
numerous advantages, PET has limitations, particularly in the specificity and sensitivity of some contrast
agents. At the same time, the article suggests potential directions for improving PET methods, including the
development of new agents and innovative approaches to better assess brain function and treatment effects in
patients with neurodegenerative diseases.

Neuroimaging technologies have revolutionized the field of neurosurgery and neurology, enabling
clinicians to obtain comprehensive, non-invasive insights into the brain's structure and function [3, 11, 35].
Methods such as computed tomography, magnetic resonance imaging, functional MRI, and positron
emission tomography have significantly enhanced diagnostic accuracy, therapeutic planning, and surgical
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precision. CT, as a fast and accessible imaging modality, remains the gold standard for acute cases such as
traumatic brain injuries and cerebrovascular events.

MRI, with its ability to offer high-resolution anatomical images and functional data, plays a critical
role in the assessment of neurodegenerative diseases, tumours, and other neurological conditions. The
advent of functional MRI has further expanded the capabilities of neuroimaging, allowed real-time
monitoring of brain activity, and facilitated preoperative mapping of critical brain regions. PET, with its
molecular imaging capabilities, enables early detection of pathological processes, offering invaluable
insight into conditions such as Alzheimer’s disease and brain tumors.

These imaging techniques, individually and in combination, have reshaped clinical practices by
providing vital information that guides therapeutic decisions, enhances surgical outcomes, and supports
ongoing patient monitoring. Despite their tremendous potential, challenges remain, such as issues related
to standardization, accessibility, and the integration of new technologies into routine clinical practice.
Nevertheless, the continued advancement of neuroimaging techniques, coupled with emerging innovations
like artificial intelligence, promises to further enhance the precision and personalization of care in
neurosurgery and neurology.

Conclusions

1. Neuroimaging technologies have significantly improved diagnosis, treatment, and surgical
outcomes in neurology and neurosurgery.

2. Modern neuroimaging techniques such as CT, MRI, fMRI, and PET provide detailed information
about the structure and function of the brain, which facilitates accurate treatment planning and reduces
risks during forthcoming treatment.

3. Modern neuroimaging techniques significantly enhanced diagnostic accuracy, therapeutic
planning, and surgical precision. One should consider CT to be the gold standard in conditions of brain
traumatic injuries and cerebrovascular events.

4. Possible brain damage and its involvement in the neuropathological process can be detected by
imaging even before the onset of neurological symptoms, which is of particular value from a prognostic
point of view.

5. Despite their tremendous potential, challenges remain, such as issues related to standardization,
accessibility, and the integration of new technologies into routine clinical practice.

6. Neuroimaging high-resolution technological capabilities in neurology and neurosurgery, and
their non-invasive application are of great importance, which maximally expand their arsenal of
applications in modern conditions.
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