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Introduction
Pain is a common presenting symptom in orthopedic practice, 

often resulting from acute injuries, degenerative conditions, or 
postoperative complications. Traditional pain management strategies 
have relied heavily on pharmacologic therapy and surgery. However, 
the rising prevalence of chronic musculoskeletal pain, coupled with the 
opioid epidemic and surgical risks, has fueled the demand for effective, 
minimally invasive alternatives. Image-guided pain interventions have 
emerged as a promising approach, offering targeted relief with reduced 
systemic exposure and lower complication rates [1].

Orthopedic specialists have increasingly adopted imaging 
technologies to enhance both diagnostic and interventional precision. 
These modalities help guide the delivery of analgesic, anti-inflammatory, 
or regenerative agents directly to the site of pathology. Over the last 
decade, continuous innovations in imaging resolution, real-time 
feedback, and portable devices have revolutionized interventional pain 
medicine, making these techniques more accessible and widely used 
across orthopedic subspecialties [2].

Description
Image-guided pain interventions refer to procedures that use real-

time imaging to accurately localize the target tissue, needle, or probe 
during therapeutic delivery. The major imaging modalities employed in 
orthopedic pain care include:

1.	 Fluoroscopy – Often used in spine procedures, it provides 
continuous X-ray imaging, allowing precise needle placement in 
epidural spaces, facet joints, and sacroiliac joints.

2.	 Ultrasound – This radiation-free, portable modality enables 
real-time visualization of soft tissues, nerves, and vessels, making it 
ideal for peripheral joint and nerve blocks [3].

3.	 Computed tomography (CT) – Offers high-resolution cross-
sectional images, beneficial for targeting deep or complex anatomical 
areas.

4.	 Magnetic resonance imaging (MRI) – Although less 
commonly used intra-procedurally due to cost and access, MRI 

provides exceptional soft tissue contrast and is increasingly used in 
planning interventions.

The most common image-guided procedures in orthopedics 
include:

•	 Epidural steroid injections for spinal stenosis or disc 
herniation.

•	 Facet joint and medial branch blocks for axial spine pain.

•	 Sacroiliac joint injections for lower back and pelvic pain [4].

•	 Peripheral nerve blocks (e.g., sciatic, femoral, suprascapular) 
for limb and joint conditions.

•	 Intra-articular joint injections using corticosteroids, 
hyaluronic acid, or platelet-rich plasma (PRP).

•	 Radiofrequency ablation (RFA) for denervation of chronic 
pain generators.

•	 Trigger point injections under ultrasound guidance.

•	 Regenerative therapies, such as PRP and stem cell injections, 
targeting degenerative joint disease or tendon injuries.

These interventions serve both diagnostic and therapeutic purposes. 
For example, a successful nerve block that provides temporary pain 
relief can confirm the pain source and guide further treatment planning.

Discussion
Diagnostic accuracy and targeted therapy

One of the key advantages of image guidance in pain interventions is 
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Abstract
The field of orthopedic care has seen remarkable advancements in the management of pain through image-

guided interventions. These procedures offer enhanced diagnostic precision and therapeutic efficacy for various 
musculoskeletal conditions, especially those involving the spine, joints, and peripheral nerves. By utilizing imaging 
modalities such as fluoroscopy, ultrasound, computed tomography (CT), and magnetic resonance imaging (MRI), 
clinicians can now perform targeted interventions with greater accuracy, safety, and outcomes. These minimally 
invasive techniques, including nerve blocks, joint injections, radiofrequency ablation, and regenerative therapies, 
have become essential in treating acute and chronic pain conditions while reducing reliance on systemic medications 
and surgical procedures. This article explores the technological evolution, clinical applications, benefits, and future 
potential of image-guided pain interventions in orthopedic practice.
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its ability to improve diagnostic accuracy. Traditional “blind” injections, 
which rely on anatomical landmarks alone, carry a significant risk of 
misplacement, especially in obese patients or in anatomically complex 
regions. Imaging ensures that medications are delivered directly to 
the intended site, improving effectiveness while minimizing off-target 
effects [5].

For instance, in spinal procedures, fluoroscopy ensures that an 
epidural needle avoids neural structures and vascular entry, while CT 
guidance helps avoid injury during deep pelvic or cervical injections. 
Ultrasound guidance has become the standard for peripheral joint 
injections due to its ability to visualize tendons, ligaments, and vessels 
in real time [6].

Clinical applications and outcomes
Numerous studies have confirmed the efficacy of image-guided 

interventions in managing chronic musculoskeletal pain. Fluoroscopy-
guided facet joint injections have demonstrated effectiveness in 
reducing axial spine pain and facilitating rehabilitation. Ultrasound-
guided intra-articular injections in the shoulder, hip, and knee improve 
accuracy and patient outcomes compared to landmark-based methods.

Additionally, the use of RFA under image guidance provides durable 
pain relief by thermally ablating sensory nerves. This technique is widely 
used for conditions such as chronic facet joint pain, knee osteoarthritis, 
and sacroiliac dysfunction. Evidence supports its use as an intermediate 
step before considering surgical intervention. Emerging regenerative 
therapies, including PRP and mesenchymal stem cells (MSCs), also rely 
on image guidance for accurate delivery to damaged tendons, cartilage, 
or joints. These biologics are gaining traction in orthopedic pain care, 
and their success is closely tied to precise administration [7].

Patient safety and procedure efficiency
Image guidance enhances procedural safety by avoiding 

inadvertent injury to adjacent structures such as nerves, blood 
vessels, or visceral organs. Ultrasound, in particular, allows real-time 
visualization of needle trajectory and fluid dispersion, reducing the 
risk of complications. Additionally, image-guided procedures are often 
performed on an outpatient basis, minimizing recovery time, infection 
risk, and hospital costs. Most interventions can be completed within 15 
to 30 minutes, making them efficient and scalable for clinical practice 
[8].

Challenges and training requirements
Despite their benefits, image-guided interventions require 

specialized training and experience. Mastery of imaging interpretation, 
needle control, and anatomical knowledge is essential to avoid 
complications and optimize outcomes. There is a learning curve 
associated with each modality, and operator variability can influence 
success rates. Cost and access to imaging equipment, particularly in 
resource-limited settings, can also be barriers. While ultrasound is 
portable and affordable, fluoroscopy and CT require dedicated facilities 
and radiation safety protocols. Ensuring equitable access to these 
advanced interventions remains a challenge [9].

Future trends and innovations
The future of image-guided pain interventions lies in continued 

technological integration. Innovations such as 3D ultrasound, 
augmented reality (AR), and robotics are enhancing precision and 
user control. AI-driven imaging analysis may soon assist in identifying 
target structures and predicting treatment outcomes. Furthermore, 
hybrid procedures combining image guidance with neuromodulation, 
regenerative therapies, or gene-based interventions are on the horizon. 
As the role of pain management continues to evolve, image-guided 
techniques will likely become even more central in orthopedic care 
pathways [10].

Conclusion
Image-guided pain interventions represent a major advancement in 

orthopedic care, offering precise, minimally invasive solutions for acute 
and chronic musculoskeletal pain. These techniques have significantly 
improved diagnostic accuracy, therapeutic outcomes, and patient 
satisfaction while reducing reliance on opioids and invasive surgeries. 
From fluoroscopy-guided spinal injections to ultrasound-guided nerve 
blocks and regenerative therapies, the integration of imaging into pain 
management protocols has become standard in modern orthopedic 
practice. Despite the need for specialized training and infrastructure, 
the benefits in safety, efficacy, and efficiency are undeniable. As 
technology continues to evolve, orthopedic specialists must stay abreast 
of emerging tools and techniques. Emphasizing multidisciplinary 
training, expanding access to imaging resources, and conducting robust 
clinical trials will ensure that image-guided interventions remain a 
cornerstone of effective and compassionate pain care in orthopedics.
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