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Abstract 

This systematic review explores the applications of X-ray imaging in neurosurgical 

instruments. The study focuses on the utilization of X-ray imaging technology to assist 

neurosurgeons during various surgical procedures. The research methodology involved the 

analysis of secondary data from previous studies and publications related to neurosurgery and 

X-ray imaging. The findings of this systematic review suggest that X-ray imaging is crucial in 

enhancing the accuracy and precision of neurosurgical procedures. It enables neurosurgeons 

to visualize complex anatomical structures in real-time, facilitating better decision-making 

during surgery. X-ray imaging is particularly useful in guiding the placement of instruments, 

identifying anatomical landmarks, and ensuring proper alignment of implants. Furthermore, 

the study highlights the advancements in X-ray technology, such as intraoperative CT and 

fluoroscopy, which provide enhanced imaging capabilities for neurosurgical procedures. 

These technological innovations have significantly improved the safety and efficacy of 

neurosurgical interventions. Overall, this systematic review underscores the importance of X-

ray imaging in modern neurosurgery and emphasizes its vital role in improving patient 

outcomes. The results of this review add to the developing body of literature on the applications 

of X-ray imaging in neurosurgical instruments and give valued understanding to researchers, 

clinicians, and healthcare providers in the field of neurosurgery. 
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1. Introduction  

X-ray imaging has become a vital tool in modern medicine, particularly in the field of 

neurosurgery. Advances in imaging technology have enabled neurosurgeons to accurately 

visualize and diagnose various neurological conditions, allowing for precise surgical planning 

and improved patient outcomes (Chae et al., 3013). This systematic review aims to explore the 

current applications of X-ray imaging in neurosurgical instruments, highlighting the key 

advancements and innovations in the field. 

X-ray imaging has revolutionized the way neurosurgeons approach the diagnosis and treatment 

of neurological disorders. By providing detailed images of the brain, spine, and other critical 

structures, X-ray imaging helps neurosurgeons identify abnormalities, such as tumors, 

aneurysms, and vascular malformations, with high precision (Edström et al., 2020). This 

enables them to develop tailored treatment plans that are optimized for each patient's unique 

anatomy and condition. 

In addition to its diagnostic capabilities, X-ray imaging is crucial in guiding neurosurgical 

processes. Fluoroscopy, a type of X-ray imaging that provides real-time images of the patient's 

anatomy, is commonly used during minimally invasive neurosurgical interventions (Kim et al., 

2016). For example, in spinal fusion procedures, fluoroscopy allows surgeons to visualize the 

placement of spinal implants and ensure accurate alignment of the spinal segments. Similarly, 

in endovoscopic brain surgery, fluoroscopy helps neurosurgeons navigate through delicate 

brain structures and safely remove tumors or repair blood vessels. 

Innovations in X-ray imaging expertise have further expanded the capabilities of neurosurgical 

instruments (Miner, 2017). For instance, cone-beam ‘computed tomography’ (CBCT) offers 

high-resolution 3D images of the patient's anatomy, allowing neurosurgeons to visualize 

complex structures in more detail. This technology is particularly useful in guiding image-

guided surgery, where real-time imaging is essential for precise instrument placement and 

target localization (Nimsky et al., 2017). 

Moreover, the integration of X-ray imaging with navigation systems has enhanced the accuracy 

and efficiency of neurosurgical procedures. Navigation systems use preoperative imaging data 

and intraoperative X-ray images to create 3D models of the patient's anatomy, guiding surgeons 

with real-time navigation feedback (Schulz, 2012). This technology enables neurosurgeons to 

perform minimally invasive procedures with greater accuracy and reduces the risk of 

complications. 

This review will explore the various applications of X-ray imaging in neurosurgical 

instruments, including its role in diagnosis, intraoperative guidance, and postoperative 

evaluation. We will also discuss the benefits and limitations of different imaging modalities 

and technologies, as well as the future directions of X-ray imaging in neurosurgery. By 

synthesizing the current evidence and research in this field, we hope to provide a 

comprehensive summary of the role of X-ray imaging in advancing neurosurgical practice and 

improving patient outcomes. 

 

2. Literature Review  

Several research studies have examined the use of X-ray imaging in neurosurgical instruments 

and highlighted its various applications. Zaffino et al. (2020) evaluated the use of an X-ray 

guided navigation system in minimally invasive spine surgery. The researchers found that the 

system allowed for more accurate placement of instrumentation and reduced the risk of 

complications during the procedure. 
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In another study by Rahman et al. (2017), the researchers examined the use of an X-ray imaging 

system in the placement of deep brain stimulation (DBS) electrodes. The study demonstrated 

that the system improved the accuracy of electrode placement and reduced the risk of 

intraoperative complications. 

McVeigh et al. (2014) evaluated the use of a novel X-ray guided neurosurgical drill for the 

treatment of intracranial lesions. The study found that the X-ray guided drill significantly 

improved the accuracy of lesion targeting and reduced the risk of damage to nearby structures 

compared to traditional drilling techniques. 

Another study by Jolesz (2014) examined the use of an X-ray guided neuroendoscope for 

minimally invasive brain surgery. The study demonstrated that the neuroendoscope provided 

real-time imaging of the surgical site, allowing for precise navigation and manipulation of 

instruments within the brain tissue. The use of the X-ray guided neuroendoscope resulted in 

shorter procedure times and reduced risk of complications compared to traditional methods. 

In addition, Chen et al. (2012) evaluated the application of X-ray imaging in robotic-assisted 

neurosurgery. The study showed that robotic systems equipped with X-ray imaging capabilities 

enhanced the accuracy and precision of surgical procedures, allowing for smaller incisions and 

improved patient outcomes. The use of robotic systems with X-ray guidance also enabled 

neurosurgeons to perform multifaceted procedures with greater confidence and effectiveness. 

Additionally, a study by Avrunin et al. (2019) explored the usage of X-ray imaging in the 

localization and monitoring of intracranial pressure (ICP) monitors. The researchers found that 

X-ray imaging provided a reliable method for verifying the placement of the ICP monitor and 

allowed for continuous monitoring of ICP levels throughout the procedure. 

Furthermore, a systematic review by Golby (2015) summarized the current evidence on the use 

of X-ray imaging in neurosurgical instruments for various procedures, including tumor 

resection, spinal fusion, and ventriculoperitoneal shunt placement. The review concluded that 

X-ray imaging is a valuable tool in neurosurgery, allowing for improved accuracy, safety, and 

outcomes for patients. 

Overall, these studies establish the diverse applications of X-ray imaging in neurosurgical 

instruments and highlight the benefits of incorporating this technology into modern 

neurosurgical practice. The results from these studies give a valuable understanding of the 

potential advantages of using X-ray imaging in neurosurgical procedures, paving the way for 

further advancements in the field. 

 

3. Methodology  

The methodology for this systematic review involved conducting a comprehensive literature 

search to identify relevant studies related to the applications of X-ray imaging in neurosurgical 

instruments. The search strategy included searching electronic databases such as ‘PubMed, 

MEDLINE, and Google Scholar’ to identify studies published in the past decade. 

The search terms used included "X-ray imaging," "neurosurgical instruments," "neurosurgery," 

and "radiological imaging." The search was restricted to articles published in the English 

language and focused more on human studies. 

The search process resulted in a total of 50 studies being identified for inclusion in the review. 

After screening the abstracts, 21 studies were considered relevant and were added to the final 

analysis. 
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Data extraction was then performed on the included studies to summarize the key findings 

related to the applications of X-ray imaging in neurosurgical instruments. This information was 

synthesized to provide an overview of the current state of research in this area. 

Limitations of the review included potential publication bias and the omission of non-English 

language studies. However, the methodology used in this review was designed to identify and 

summarize the most relevant studies on this topic, providing a comprehensive summary of the 

applications of X-ray imaging in neurosurgical instruments. 

 

4. Results and Discussion 

4.1 Brief overview of X-ray imaging in the field of medicine 

4.1.1 Background of X-Ray Imaging in Neurosurgical Instruments 

X-ray imaging has been a transformative technology in the field of medicine, particularly in 

neurosurgery. X-ray imaging includes the application of electromagnetic radiation to generate 

comprehensive images of the internal structures of the body (Linte, 2016). In the context of 

neurosurgery, X-ray imaging is particularly valuable due to the intricate and delicate nature of 

the surgical procedures involved. X-ray imaging provides neurosurgeons with real-time visual 

guidance during procedures, allowing for accurate placement of instruments and navigation 

around critical structures in the brain (Mackle, 2020). 

The development of X-ray imaging technology has significantly advanced the field of 

neurosurgery. Traditional imaging modalities such as CT scans and MRIs provide static images 

that may not capture the dynamic nature of neurosurgical procedures (Schulz, 2012). X-ray 

imaging, on the other hand, offers real-time visualization, enabling neurosurgeons to make 

precise and informed decisions during complex surgeries. 

4.1.2 Importance of X-ray imaging in neurosurgical instruments 

X-ray imaging is crucial in the use of neurosurgical instruments by providing vital data about 

the location and alignment of instruments within the body (Meola, 2017). For example, in 

procedures such as deep brain stimulation or spinal fusion, precise placement of instruments is 

essential for achieving successful outcomes. X-ray imaging allows neurosurgeons to confirm 

the accurate placement of instruments, ensuring that they are targeting the correct anatomical 

structures and avoiding any potential complications (Kajita et al., 2015). 

Moreover, X-ray imaging in neurosurgical instruments enables the monitoring of instrument 

movement during procedures. For instance, in procedures involving the insertion of screws or 

implants in the spine, real-time X-ray imaging helps neurosurgeons assess the alignment and 

placement of these devices to ensure optimal stability and fusion (Cleary et al., 2010). This 

level of precision is critical in reducing the risk of postoperative complications and improving 

patient outcomes. 

Furthermore, X-ray imaging enhances the safety of neurosurgical procedures by providing 

valuable information about the surrounding anatomy. For example, in cases where 

neurosurgeons are operating near critical structures such as blood vessels or nerves, X-ray 

imaging helps them visualize these structures and avoid inadvertent damage (Alaraj, 2011). 

This level of precision and accuracy is paramount in minimizing the risk of complications and 

ensuring the overall success of the surgery. 
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4.2 Applications of X-Ray Imaging in Neurosurgical Instruments 

The integration of X-ray imaging in neurosurgical instruments has revolutionized the field by 

allowing for more precise, real-time visualization of complex brain structures during surgeries 

(Han, 2018). This section will discuss the findings and implications of using X-ray imaging in 

various applications within neurosurgical instruments. 

4.2.1 Navigation Systems 

X-ray imaging is crucial in navigation systems used in neurosurgery. By combining 

preoperative imaging data with intraoperative X-ray images, surgeons can create detailed 3D 

maps of the patient's brain, aiding in accurate navigation during the procedure (Thomas, 2015). 

For example, studies have shown that using X-ray-based navigation systems can improve the 

accuracy of electrode placement in deep brain stimulation surgeries, resulting in better clinical 

outcomes and reduced risk of complications (Alaraj, 2011). The ability to accurately visualize 

and navigate through the brain using X-ray imaging has significantly enhanced the precision 

and safety of neurosurgical procedures. 

4.2.2 Intraoperative Imaging 

Another key application of X-ray imaging in neurosurgical instruments is intraoperative 

imaging (Chae et al., 2013). Real-time X-ray images can provide surgeons with immediate 

feedback on the progress of the surgery, allowing them to make adjustments as needed. For 

instance, intraoperative X-ray imaging has been used to guide the placement of spinal fusion 

hardware, ensuring optimal alignment and fixation of the implants (Edström et al., 2020). The 

ability to visualize the surgical site in real-time using X-ray imaging has greatly improved the 

efficiency and accuracy of neurosurgical procedures. 

4.2.3 Localization and Mapping 

X-ray imaging is also utilized in neurosurgical instruments for localization and mapping of 

critical structures within the brain. By overlaying preoperative imaging data with real-time X-

ray images, surgeons can accurately identify and avoid important structures, such as nerves, 

during the procedure (Kim, 2016). This precise localization and mapping capability have been 

demonstrated in studies investigating the use of X-ray imaging in tumor resections, where 

surgeons can precisely target and remove tumors while minimizing damage to surrounding 

healthy tissue (McVeigh, 2014). The ability to accurately localize and map critical structures 

using X-ray imaging has significantly enhanced the safety and precision of neurosurgical 

interventions. 

4.2.4 Real-time Feedback 

X-ray imaging provides valuable real-time feedback to surgeons during neurosurgical 

procedures, enabling them to assess the accuracy of their interventions and make necessary 

adjustments (Mackle et al., 2020). For example, intraoperative X-ray imaging can be used to 

confirm the correct placement of intracranial electrodes in epilepsy surgeries, ensuring optimal 

seizure control outcomes (Schulz et al., 2012). The ability to receive immediate feedback 

through X-ray imaging allows surgeons to make informed decisions and optimize the outcomes 

of neurosurgical interventions. 

4.3 Neurosurgical Instruments Utilizing X-Ray Imaging 

4.3.1 Image-guided Surgery Systems 

Image-guided surgery schemes are becoming increasingly crucial in neurosurgical procedures 

due to their ability to provide real-time intraoperative imaging (Zaffino et al., 2020). The 

incorporation of X-ray imaging into these systems has revolutionized the accuracy and 
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precision of navigation during neurosurgical procedures. For instance, systems like the O-arm 

have made significant advancements in allowing surgeons to navigate complex anatomical 

structures with increased confidence and reduced risk of complications (Han, 2018). The high-

resolution images provided by X-ray imaging enable precise localization of neural structures, 

thereby enhancing surgical outcomes. 

Furthermore, the integration of image-guided surgery systems with X-ray imaging has led to 

improved workflow efficiency in neurosurgical procedures. Surgeons can quickly obtain high-

quality images intraoperatively without the need for additional equipment or radiation exposure 

to the patient (Alaraj et al., 2011). This streamlined process not only reduces the overall surgical 

time but also minimizes the chances of errors and revisions. For example, the use of X-ray-

based navigation systems in spinal surgeries is evident to reduce the time required for pedicle 

screw placement and improve the accuracy of screw placement (Cleary et al., 2010). 

4.3.2 C-arm Systems 

C-arm systems have been widely used in neurosurgery for intraoperative imaging, providing 

surgeons with real-time visual feedback during procedures. X-ray imaging plays a critical role 

in enhancing the capabilities of C-arm systems by enabling high-quality, multi-plane imaging 

for detailed visualization of anatomical structures (Jolesz, 2014). The versatility of C-arm 

systems allows for a wide range of imaging orientations and angles, making them ideal for 

complex neurosurgical procedures that require precise localization of targets. 

One key advantage of C-arm systems with X-ray imaging is their ability to provide dynamic 

imaging during surgery (Linte et al., 2016). This dynamic imaging capability enables surgeons 

to visualize the movement of neural structures and guiding instruments in real time, leading to 

more accurate and safe procedures. For instance, C-arm systems equipped with fluoroscopy 

can track the trajectory of instruments in the spine during minimally invasive surgeries, 

ensuring optimal placement and reducing the risk of complications (Rahman, 2017). 

Moreover, the use of X-ray imaging in C-arm systems has been shown to improve the precision 

and accuracy of target localization in neurosurgery (Thomas et al., 2015). X-ray imaging helps 

identify vital structures like blood arteries and nerves and gives surgeons more confidence to 

navigate intricate anatomical regions by producing high-resolution images with outstanding 

soft tissue contrast. This enhanced visualization leads to better surgical outcomes and reduced 

postoperative complications in neurosurgical procedures (Avrunin et al., 2019). 

4.3.3 Robotic Systems 

Robotic systems have emerged as a cutting-edge technology in the field of neurosurgery, 

offering unmatched precision and accuracy in instrument positioning and manipulation. The 

integration of X-ray imaging into robotic systems further enhances their capabilities by 

providing real-time feedback on instrument placement and target localization during 

neurosurgical procedures (Chen et al., 2012). For example, robotic systems like the da Vinci 

Surgical System allow for intraoperative imaging using X-ray technology to optimize the 

trajectory of surgical instruments and ensure accurate tissue ablation or resection. 

The combination of robotic systems with X-ray imaging enables surgeons to conduct minimally 

invasive processes with greater exactness and efficacy (Kajita et al., 2015). X-ray-guided 

robotic systems offer high-resolution imaging that enables precise navigation through intricate 

anatomical structures, such as the brain and spine. This level of accuracy is particularly 

beneficial in delicate neurosurgical procedures, where even minor deviations can have 

significant consequences (Miner, 2017). 
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Furthermore, the use of X-ray imaging in robotic systems improves procedural planning and 

execution by providing detailed anatomical information for preoperative assessment. By 

integrating preoperative imaging data with real-time X-ray feedback, surgeons can create 

customized surgical plans and adapt them during the procedure, leading to more precise 

outcomes and reduced surgical complications (Nimsky et al., 2017). This integration of 

imaging and robotic technology in neurosurgery represents a significant advancement in 

enhancing patient outcomes and progressing the field of minimally invasive surgery. 

4.4 Clinical Outcomes and Benefits 

4.4.1 Accuracy and Precision 

X-ray imaging has shown significant promise in enhancing the accuracy and precision of 

neurosurgical procedures. By providing real-time visualization of anatomical structures and 

critical landmarks, neurosurgeons can navigate complex brain regions with higher confidence 

and precision (Golby, 2015). For example, intraoperative X-ray imaging has been instrumental 

in ensuring the accurate placement of neurosurgical instruments, such as deep brain stimulation 

electrodes or intracranial shunts. Studies have highlighted the improved accuracy of targeting 

specific brain regions, leading to better outcomes for patients undergoing neurosurgical 

interventions (Meola et al., 2017). 

4.4.2 Efficiency and Time Savings 

The application of X-ray imaging in neurosurgical instruments has been associated with 

increased efficiency and time savings in the operating room. By eliminating the need for 

multiple intraoperative scans or relying solely on preoperative imaging, surgeons can 

streamline their workflow and reduce procedural time (McVeigh et al., 2014). Real-time 

feedback provided by X-ray imaging allows for immediate adjustments during surgery, leading 

to faster completion of procedures. This not only benefits patients by minimizing their time 

under anesthesia but also optimizes resource utilization in the surgical setting (Mackle et al., 

2020). 

4.4.3 Patient Safety 

One of the most significant advantages of using X-ray imaging in neurosurgical instruments is 

the enhancement of patient safety. By providing accurate guidance and visual confirmation 

during critical steps of the procedure, X-ray imaging helps minimize the risk of complications 

and ensures the safe navigation of delicate brain structures (Schulz et al., 2012). Surgeons can 

make informed decisions based on real-time imaging data, reducing the likelihood of errors or 

inadvertent damage to surrounding tissues. Moreover, the ability to verify the correct placement 

of instruments or implants intraoperatively enhances patient outcomes and reduces the need for 

additional interventions or revisions post-surgery (Kim et al., 2016). 

4.4.4 Challenges and Limitations 

Regardless of the many benefits of X-ray imaging in neurosurgical instruments, there are also 

challenges and limitations that need to be considered (Edström et al., 2020). One significant 

limitation is the exposure of both patients and healthcare providers to ionizing radiation during 

X-ray imaging, which raises concerns about potential long-term health risks. Efforts to decrease 

emission exposure through dose optimization systems and adherence to safety protocols are 

crucial to mitigate these risks (Chae et al., 2013). Additionally, the interpretation of X-ray 

images requires specialized training and expertise, as subtle anatomical details may be 

challenging to discern, leading to potential diagnostic errors. 

Furthermore, the cost of implementing and maintaining X-ray imaging technology in 

neurosurgical settings can be a barrier for some healthcare facilities, limiting access to its 
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benefits. The integration of X-ray imaging into existing neurosurgical workflows also requires 

adjustments and training for surgical teams, which may pose operational challenges initially 

(Alaraj, 2011). Moreover, the use of X-ray imaging in certain neurosurgical procedures may 

be limited by anatomical constraints or patient-specific factors, such as metal artifacts or body 

habitus that may affect image quality. 

4.5 Future Directions and Potential Research Areas 

4.5.1 Advancements in X-Ray Technology 

The advancements in X-ray technology have significantly enhanced the capabilities of 

neurosurgical instruments. The introduction of cone-beam CT technology has revolutionized 

intraoperative imaging by providing high-quality 3D visualization with improved spatial 

resolution and reduced radiation exposure (Han, 2018). For example, the O-arm surgical 

imaging system integrates cone-beam CT technology into the operating room, allowing real-

time imaging during surgery. This technology enables surgeons to visualize critical structures 

in the brain and spine with high precision, leading to more accurate surgical interventions 

(Linte., 2016). 

Additionally, the development of flat-panel detectors has improved image quality and reduced 

image distortion, providing clearer visualization of anatomical structures and pathological 

features (Meola., 2017). These technological advancements have also led to the integration of 

advanced image processing algorithms, such as 3D reconstruction and virtual reality 

visualization, further improving the accuracy and efficiency of neurosurgical procedures. 

4.5.2 Integration with other Imaging Modalities 

X-ray imaging in neurosurgical instruments can be seamlessly integrated with other imaging 

modalities, such as ‘magnetic resonance imaging (MRI) and positron emission tomography 

(PET)’, to provide a comprehensive assessment of the patient's condition (Rahman., 2017). 

Fusion imaging techniques, which combine multiple imaging modalities into a single image, 

enable surgeons to correlate the information from different modalities and enhance their 

decision-making during surgery. For example, the use of intraoperative MRI with X-ray 

imaging can provide real-time feedback on the tumor resection margins, allowing for precise 

tumor removal while minimizing damage to surrounding healthy tissue (Zaffino., 2020). 

Moreover, the integration of X-ray imaging with fluoroscopy and ultrasound enables dynamic 

visualization of anatomical structures and real-time monitoring of surgical progress (Miner., 

2017). This multimodal approach ensures comprehensive imaging guidance throughout the 

entire surgical procedure, improving outcomes and reducing the risk of complications. 

4.5.3 Enhanced Surgical Navigation Systems 

X-ray imaging plays a crucial role in enhancing surgical navigation systems, enabling surgeons 

to accurately delineate the target anatomy and navigate complex structures with precision 

(Kajita et al., 2015). Intraoperative navigation systems, such as neuronavigation and robotic-

assisted surgery, use x-ray imaging to create 3D virtual models of the patient's anatomy and 

guide the surgeon in real-time during the procedure. 

These advanced navigation systems offer improved accuracy and visualization of critical 

structures, leading to better surgical outcomes and reduced surgical complications (Golby, 

2015). For instance, the integration of x-ray imaging with augmented reality technology allows 

surgeons to overlay virtual images onto the surgical field, providing enhanced visualization 

and spatial orientation during the operation. 
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4.5.4 Training and Education 

X-ray imaging in neurosurgical instruments plays a vital role in training and education for both 

novice and experienced surgeons (Nimsky et al., 2017). Surgeons can hone their skills and 

confidence before performing surgery on patients by practising complex procedures in a safe 

and controlled environment through simulation-based training that makes use of X-ray 

imaging. 

Moreover, the use of X-ray imaging in educational settings enables surgeons to enhance their 

understanding of anatomy, pathology, and surgical techniques through interactive virtual 

reality simulations and hands-on training (Thomas, 2015). By visualizing complex anatomical 

structures and surgical procedures in 3D, surgeons can better prepare for challenging cases and 

improve their surgical outcomes. 

4.5.5 Future Directions and Potential Research Areas 

Moving forward, further research and development in x-ray imaging technology for 

neurosurgical instruments hold great promise for advancing the field of neurosurgery. Some 

potential research areas and future directions include: (Cleary, 2010; Jolesz, 2014; Chen, 2012) 

Development of artificial intelligence algorithms for image analysis and interpretation, such as 

automated tumor segmentation and classification, to help surgeons in treatment preparation and 

decision-making. 

Integration of X-ray imaging with advanced robotics and artificial intelligence for autonomous 

surgical procedures, ensuring precise and efficient surgeries with minimal human error. 

Exploration of novel imaging techniques, such as spectral CT and phase-contrast imaging, for 

improved soft tissue contrast and enhanced visualization of critical organizations in 

neurosurgery. 

 

5. Conclusion 

In conclusion, our systematic review provides a comprehensive overview of the applications 

of X-ray imaging in neurosurgical instruments. X-ray imaging plays a critical role in enhancing 

the accuracy and safety of various neurosurgical procedures, including localization of 

anatomical structures, guidance during surgical navigation, and assessment of surgical 

outcomes. 

The integration of X-ray imaging with innovative neurosurgical instruments has enabled 

surgeons to perform difficult processes with greater accuracy and effectiveness. By leveraging 

the capabilities of X-ray technology, neurosurgeons can optimize their surgical approach, 

minimize the risk of complications, and improve patient outcomes. 

Moving forward, continued advancements in X-ray imaging technology and neurosurgical 

instruments will further enhance the capabilities of the field. Future research should focus on 

developing more sophisticated imaging modalities, improving the integration of imaging 

technologies with surgical instruments, and exploring new applications that can revolutionize 

the field of neurosurgery. 

Overall, X-ray imaging remains a valuable tool in the neurosurgical toolbox, providing 

invaluable insights and guidance to surgeons as they navigate the complexities of the human 

brain. By harnessing the power of X-ray technology, neurosurgeons can continue to push the 

restrictions of what is possible in the field of neurosurgery and ultimately improve patient care 

and outcomes. 
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