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Introduction
Minimally invasive foot surgery has revolutionized the treatment of various 

foot conditions, offering patients quicker recovery times, reduced pain, and 
minimal scarring. Metatarsal osteotomies, a common procedure in this field, 
are crucial for correcting deformities such as bunions, hammertoes, and 
metatarsalgia. However, ensuring the accuracy of metatarsal osteotomies 
remains a significant challenge, as even minor errors can lead to postoperative 
complications and dissatisfaction. This article explores recent advancements 
aimed at improving the precision of metatarsal osteotomies in minimally 
invasive foot surgery. Metatarsal osteotomies involve surgically cutting and 
repositioning the metatarsal bones to correct deformities and restore proper 
alignment. The success of these procedures depends heavily on the precision 
of bone cuts and alignment adjustments. Even small inaccuracies can result in 
undercorrection, overcorrection, joint instability, or recurrence of deformities, 
necessitating revision surgeries and prolonging recovery [1].

Description 
Recent advancements in imaging technology have significantly enhanced 

the accuracy of metatarsal osteotomies. High-resolution imaging modalities 
such as Computed Tomography (CT), magnetic resonance imaging (MRI), 
and ultrasound provide detailed anatomical information, allowing surgeons 
to plan and execute osteotomies with greater precision. Three-Dimensional 
(3D) imaging techniques enable surgeons to visualize bone morphology and 
plan optimal osteotomy trajectories, minimizing intraoperative guesswork and 
errors [2].

Computer-assisted navigation systems have emerged as valuable 
tools for enhancing the accuracy of metatarsal osteotomies. These systems 
utilize preoperative imaging data to create virtual surgical plans, which are 
then overlaid onto the patient's anatomy during surgery. Real-time feedback 
allows surgeons to execute precise bone cuts and alignment adjustments, 
ensuring optimal outcomes. Additionally, navigation systems enable 
intraoperative assessment of foot mechanics and joint alignment, facilitating 
more comprehensive corrections [3]. Patient-Specific Instrumentation (PSI) 
involves the fabrication of customized surgical guides and templates based 
on individual patient anatomy. These guides provide precise reference points 
for bone cuts and alignment corrections, reducing the risk of intraoperative 
errors. By tailoring surgical instruments to each patient's unique anatomy, 
PSI enhances the reproducibility and accuracy of metatarsal osteotomies, 
ultimately improving surgical outcomes and patient satisfaction [4].

Robotic-assisted surgery represents the pinnacle of precision in minimally 

invasive foot surgery. Robotic systems offer unparalleled accuracy and control, 
allowing surgeons to perform metatarsal osteotomies with submillimeter 
precision. Through haptic feedback and robotic guidance, surgeons can 
execute complex maneuvers with enhanced dexterity and confidence. Robotic 
platforms also enable the integration of advanced imaging and navigation 
technologies, further optimizing surgical planning and execution. While 
recent advancements have significantly improved the accuracy of metatarsal 
osteotomies, several challenges remain. Cost constraints, limited access to 
advanced technology, and the learning curve associated with new techniques 
may hinder widespread adoption. Additionally, ongoing research is needed to 
validate the long-term outcomes and cost-effectiveness of these technologies. 
Future developments may focus on miniaturization, automation, and integration 
with artificial intelligence, paving the way for even more precise and efficient 
surgical interventions [5]. 

Conclusion
Precision is paramount in metatarsal osteotomies for minimally invasive 

foot surgery, as even minor errors can have significant repercussions. Recent 
advancements in imaging technology, computer-assisted navigation, patient-
specific instrumentation, and robotics have revolutionized the field, enabling 
surgeons to achieve unprecedented levels of accuracy and reproducibility. 
By leveraging these innovations, clinicians can enhance surgical outcomes, 
minimize complications, and improve patient satisfaction. As technology 
continues to evolve, the future holds promise for further advancements in 
precision foot surgery, ultimately benefiting patients worldwide.
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