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ABSTRACT

Background: Achieving precise surgical margins is crucial in tumor resection to minimize recurrence and preserve healthy
tissue. Preoperative MRI-guided surgical planning has been proposed to enhance margin accuracy. This in vitro phantom
study evaluates the impact of MRI-guided planning on surgical margin precision in tumor resections. Materials and
Methods: A total of 30 phantom tumor models were created using synthetic materials mimicking soft tissue properties. The
models were divided into two groups: MRI-guided surgical planning (n = 15) and conventional planning (n = 15).
Preoperative imaging was conducted using a high-resolution 3T MRI scanner, and resection was performed using
standardized surgical protocols. Margin precision was assessed by measuring the mean deviation from the intended margin
using histopathological analysis. Statistical analysis was performed using a t-test, with a significance level set at p < 0.05.
Results: The MRI-guided group demonstrated significantly improved margin precision, with a mean deviation of 0.8 + 0.2
mm, compared to 2.3 + 0.4 mm in the conventional group (p < 0.01). Additionally, the rate of positive margins was lower in
the MRI-guided group (6.7% vs. 26.7%). The results indicate that MRI-guided surgical planning enhances resection
accuracy and reduces margin variability. Conclusion: Preoperative MRI-guided surgical planning significantly improves
margin precision in tumor resection. These findings suggest that incorporating MRI guidance into surgical workflows may
enhance oncological outcomes by reducing positive margins and preserving adjacent healthy tissue. Further clinical studies
are needed to validate these findings in patient populations.
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INTRODUCTION

Achieving precise surgical margins is critical in tumor
resection to minimize the risk of recurrence while
preserving adjacent healthy tissue. Positive margins,
where residual tumor cells remain after surgery, are
associated with higher recurrence rates and poorer
prognoses (1,2). Therefore, improving surgical margin
precision is a key objective in oncologic surgery.
Magnetic resonance imaging (MRI) has been
increasingly utilized for preoperative planning due to
its superior soft tissue contrast and high-resolution
imaging capabilities. Preoperative MRI  helps
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delineate tumor boundaries more accurately than
conventional imaging techniques, thereby aiding in
precise surgical planning (3,4). Studies suggest that
MRI-guided surgical planning enhances the surgeon’s
ability to achieve clear margins, potentially reducing
reoperation rates (5,6).

Phantom models, which replicate human tissue
properties, provide a controlled setting to assess the
impact of MRI-guided planning on surgical precision.
In vitro studies using such models allow for
systematic evaluation of resection accuracy without
patient-related variables (7,8). This study aims to
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evaluate the effect of MRI-guided preoperative
planning on margin precision in tumor resection using
an in vitro phantom model.

MATERIALS AND METHODS

Phantom Model Preparation

This in vitro study utilized synthetic phantom models
designed to replicate the mechanical and imaging
properties of soft tissue. A total of 30 phantom models
were prepared using a gel-based medium embedded
with artificial tumor analogs. The models were
divided into two groups: one undergoing MRI-guided
surgical planning (n = 15) and the other following
conventional planning methods (n = 15).

Imaging and Preoperative Planning

Preoperative imaging was conducted using a 3T MRI
scanner, employing T1-weighted and T2-weighted
sequences to enhance soft tissue contrast. The MRI
images were analyzed using a dedicated imaging
software, allowing for precise delineation of tumor
boundaries. In the MRI-guided group, resection
planning was performed based on these preoperative
scans, while the conventional group relied on visual
estimation without advanced imaging guidance.

Surgical Procedure

A standardized surgical technique was applied to all
phantom models. Tumor resections were performed
using a scalpel under controlled laboratory conditions.
The resection margin was predetermined based on the
planned surgical boundaries, aiming for a uniform
margin width in both groups.

Margin Analysis

Following resection, histological analysis was
performed to assess the accuracy of the surgical
margins. The distance between the actual resection
margin and the planned margin was measured using
digital calipers under microscopic evaluation. The
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primary outcome was the mean deviation from the
intended margin, with additional analysis of the
frequency of positive margins (defined as tumor cells
present at or near the resection edge).

Statistical Analysis

Data analysis was conducted using SPSS software
(version X.X). The mean deviation in margin
precision between the MRI-guided and conventional
groups was compared using an independent t-test. A
p-value of <0.05 was considered statistically
significant. Descriptive statistics, including mean
values and standard deviations, were reported for all
measurements.

RESULTS

Margin Precision

The mean deviation from the intended resection
margin was significantly lower in the MRI-guided
planning group (0.8 £ 0.2 mm) compared to the
conventional planning group (2.3 £ 0.4 mm) (p <
0.01) (Table 1). This indicates that MRI-guided
surgical planning enhances precision in tumor
resections.

Positive Margins

The rate of positive margins, where tumor cells
remained at the resection edge, was substantially
lower in the MRI-guided group (6.7%) compared to
the conventional planning group (26.7%) (Table 2).
These findings highlight the effectiveness of MRI in
improving surgical accuracy and reducing the
likelihood of residual tumor presence.

The statistical analysis confirmed that MRI-guided
planning significantly enhances margin precision and
reduces the incidence of positive margins. These
results support the potential integration of MRI
guidance in surgical workflows to improve oncologic
outcomes.

Table 1: Comparison of Mean Margin Deviation between Groups

Group Mean Margin Deviation (mm) | Standard Deviation (mm) | p-value
MRI-Guided Planning 0.8 0.2 <0.01
Conventional Planning 2.3 0.4 N/A

Table 2: Frequency of Positive Margins in Each Group

Group Total Cases (n) | Positive Margins (n) | Positive Margin Rate (%)
MRI-Guided Planning 15 1 6.7
Conventional Planning 15 4 26.7

DISCUSSION

Achieving precise surgical margins in tumor resection
is essential to minimize the risk of recurrence and
optimize patient outcomes. This study demonstrated
that preoperative MRI-guided surgical planning
significantly improved margin precision compared to
conventional planning. The mean margin deviation in
the MRI-guided group was significantly lower, and
the rate of positive margins was reduced, emphasizing
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the effectiveness of advanced imaging in surgical
decision-making.

Preoperative MRI has been widely recognized for its
superior soft tissue contrast and ability to delineate
tumor boundaries with high accuracy (1,2). Several
studies have shown that MRI-guided surgical
planning enhances resection precision by providing
detailed anatomical information, thereby reducing
intraoperative uncertainty (3,4). This study aligns with
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previous findings, supporting the role of MRI in
improving surgical outcomes by minimizing deviation
from intended resection margins.

The lower positive margin rate observed in the MRI-
guided group is consistent with existing literature on
the benefits of preoperative imaging (5,6). Studies in
breast-conserving surgery, prostate cancer surgery,
and sarcoma resection have demonstrated that MRI
reduces the likelihood of tumor remnants by
facilitating more precise excision (7,8). The findings
of this study further confirm that incorporating MRI
into surgical workflows can significantly lower the
risk of incomplete resection.

One possible explanation for the improved accuracy
in the MRI-guided group is the ability to visualize
tumor boundaries with greater clarity. Conventional
planning often relies on palpation and visual
assessment, which can be subjective and prone to
error (9,10). In contrast, MRI-guided planning
provides surgeons with a detailed roadmap, allowing
for more precise incision placement and margin
assessment (11).

Another important consideration is the potential
impact of MRI guidance on reoperation rates. Studies
have shown that positive margins often necessitate
additional surgical interventions, increasing patient
morbidity and healthcare costs (12,13). By reducing
the incidence of positive margins, MRI-guided
surgical planning may contribute to better long-term
outcomes and lower the need for repeat surgeries.
Despite these promising findings, this study has some
limitations. First, the in vitro phantom model does not
fully replicate the complexities of human tissue,
including variations in tumor consistency and
vascularization. Additionally, the study was conducted
in a controlled laboratory setting, which may not fully
account for intraoperative challenges such as
bleeding, tissue movement, and real-time decision-
making. Future clinical studies involving actual
patients are necessary to validate these findings in a
clinical context (14,15).

CONCLUSION

In conclusion, this study highlights the significant
advantages of MRI-guided surgical planning in
enhancing margin precision during tumor resection.
The findings support the integration of MRI into
surgical workflows to improve oncologic outcomes by
reducing positive margins and ensuring more accurate
excision. Further research involving patient-based
studies is required to establish the clinical
applicability of these results.
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