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Abstract
We sought to compare radio-guided localization and magnetic tracer localization techniques by using a
phantom model for excision of nonpalpable breast lesions. There was no difference between the groups in the
duration of operative excision, specimen weight, or specimen volume. Magnetic occult lesion localization can
be performed in clinics without the need for a nuclear medicine team and radiation safety procedures.
Background: Localization of nonpalpable breast cancers can be achieved with several techniques. We sought to
compare radio-guided localization (ROLL) and magnetic tracer localization (MOLL) techniques by using a phantom
model we previously developed, which can provide an accurate simulation for excision of nonpalpable breast lesions.
Materials and Methods: We designed 20 phantom models (10 MOLL, 10 ROLL group) for localization. A handheld
gamma probe for the ROLL group and a manual magnetometer (SentiMag) for the MOLL group were used to test the
ability of the modality to detect olives in turkey breasts. The excision time for each procedure, specimen size, and
weight of the specimens removed from the turkey breasts were recorded. Results: Both techniques resulted in 100%
retrieval of the lesions. There was no difference between the groups in the duration of operative excision, specimen
weight, or specimen volume. Conclusion: This experimental trial found similar success rates for ROLL and MOLL in
localization of occult lesions using the turkey breast phantom model. MOLL can be performed in clinics without the
need for a nuclear medicine team and radiation safety procedures.
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Introduction
The detection of nonpalpable breast lesions and cancer has

increased significantly owing to the implementation of widespread
screening programs.1 Approximately 20% to 30% of detected breast
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cancers are nonpalpable.2-4 Image-guided localization of these le-
sions prior to surgical removal is necessary. Localization of non-
palpable breast cancers can be achieved with several techniques,
including skin projection, carbon localization, wire-guided locali-
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Figure 2 Embedding of the Pimento Olive in Back Side of
Turkey Breast
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Comparison of ROLL and MOLL
zation, intraoperative ultrasound, and indocyanine green
fluorescence-guided occult lesion localization, each with risks and
benefits.5-8 Wire-guided localization (WGL), is currently the most
commonly used method for excision of nonpalpable breast cancers,
but it has several disadvantages, including difficulty in scheduling
the surgery and the radiologic localization on the same day,
discomfort of the patient, and wire displacement.9,10

Radio-guided occult lesion localization (ROLL) or radio-guided
seed localization (RSL) techniques became excellent alternatives to
WGL methods for non-palpable breast lesions, but these radio-
guided localization (RGL) techniques require involvement of a
nuclear medicine team and radiation safety procedures, including
safe handling of radioactive seeds.5,11-14

A novel magnetic technique, which is radiation-free, was devel-
oped for sentinel node and nonpalpable lesion localization.15,16 A
superparamagnetic iron oxide (SPIO) or magnetic seed had been
used to perform the procedure.9,13 There are no studies that
compare RGL and new magnetic tracer localization techniques. We
previously described a simple RGL phantom model imitating an
occult breast lesion from inexpensive supplies including a pimento
olive, a green pea, and a turkey breast.17

We sought to compare RGL and magnetic tracer localization
techniques by using this phantom model.

Materials and Methods
We designed a phantom model in order to compare ROLL and

magnetic occult lesion localization (MOLL) techniques for detec-
tion of nonpalpable breast lesions. A total of 0.2 mL of liquid
radioactive tracer (Tc-Human Serum Albumin Macroaggregate-
MAA) was injected in 10 green peas in the ROLL group, and 0.2
mL of magnetic tracer (superparamagnetic iron oxide nanoparticles)
was injected in 10 green peas in the MOLL group (Figure 1). Then
the green peas were inserted into the pimento olives. These olives
were embedded in the back of the turkey breasts with the assistance
of a scalpel, and the incision was sutured closed (Figure 2). By
completing these steps for 10 turkey breasts in each group, we
created a model that represents occult lesions of breast tissue.

We estimated to detect a difference in means of at least 40%
more than the standard deviation in each group. Nine samples
Figure 1 Injection of Magnetic Tracer Into the Pea
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would be enough with 80% statistical power at an alpha value of
0.05. Therefore, we used 10 samples for each group in the study.

We used a handheld gamma probe for the ROLL group and a
manual magnetometer (SentiMag, Endomagnetics Ltd) for the
MOLL group to be able to detect the olives in turkey breasts
(Figure 3). The area of maximum radioactivity was used for
detecting the site of incision (Figure 4). After excision of the olive,
including approximately 2 mm of surrounding tissue, the cavity in
the turkey breast was measured for residual radioactivity (Figure 5);
all the procedures were performed by the same surgeon. We noted
the excision time for each procedure, and we measured the size and
the maximum diameter and weight of the specimens removed from
the turkey breasts.

The superior margin (12 o’clock position) of the specimen was
marked using a short suture, and the lateral margin (9 o’clock po-
sition) with a long suture to orient it correctly for the pathologist
(Figure 6). These samples were sent to the pathology department for
surgical margin assessment (Figure 7). Surgical margins were eval-
uated according to their distance to the olive. Absence of olive pieces
at the margins was accepted as clear margin.



Figure 3 Measuring the Activity With SentiMag in the
Specimen

Figure 5 The Cavity Is Checked for Residual Activity by Using
Gamma Probe

Figure 4 The Area of Maximum Radioactivity Was Used for
Detecting the Site of Incision
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Statistical Analysis
Distribution of categorical variables between the 2 groups were

compared by c2 tests. Continuous variables are expressed as mean�
standard deviation and compared between the 2 groups by t tests after
testing for the equality of variances. P-values less than .05 were
considered as statistically significant. All statistical analyses were
conducted by SAS/STAT version 9.3 (SAS Institute, Inc, Cary, NC).

Results
A total of 20 phantom models (10 MOLL, 10 ROLL group)

were constructed and used for localization. Both techniques resulted
in 100% retrieval of the lesions. There was no difference between
groups in the duration of operative excision, specimen weight, or
specimen volume (Table 1). The mean time for operative excision of
the lesion was 4:40 minutes (range, 3:30-5:31 minutes) for MOLL
and 4:07 minutes (range, 3:12-5:00 minutes) for ROLL (P ¼ .23).
Specimen volume was similar in both groups, although the spec-
imen weight was slightly smaller for ROLL (P ¼ .08). Clear margins
were achieved in 90% of the MOLLs group and 80% of the ROLLs
group (P ¼ .53). When compared according to width of the mar-
gins, both groups were similar (P ¼ .60).

Discussion
The localization of nonpalpable breast lesions has increasingly

become a prominent component in the practice of breast surgery,
both benign and malignant. Several techniques have been developed
to replace the traditional WGL.5-9,12 The clinical studies that
Clinical Breast Cancer February 2020 - e11



Table 1 Comparison of Procedure Time, Features of Specimen
and Margins in the MOLL and ROLL Groups

Variables
MOLL (n [ 10)
Mean (± SD)

ROLL (n [ 10)
Mean (± SD) P

Procedure time, min 4.40 (�0.67) 4.07 (�0.54) .23

Specimen weight, gr 39.6 (�5.32) 33.4 (�9.02) .08

Specimen volume 67.62 (�9.47) 78.67(�31.80) .31

Margins, %

Clear 90 80 .53

Involved 10 20

Width of margin, %

�2 mm 20 30 .60

>2 mm 80 70

Abbreviations: MOLL ¼ magnetic occult lesion localization; ROLL ¼ radio-guided occult lesion
localization.

Figure 6 The Long Suture Marks the Lateral (9 O’clock
Position), Whereas the Short Suture Marks the
Superior (12 O’clock Position)
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compare new techniques are time-consuming and expensive.18 We
compared 2 localization methods by using a low-cost phantom
model in a shorter period of time.

RGL techniques have some disadvantages, including the
requirement of a nuclear medicine team, education of team mem-
bers, radiation safety procedures, and proper licensing.9,19 These
obstacles prompted the need for nonradioactive methods for lesion
localization without nuclear regulations. On the other hand, special
equipment that does not interfere with the signal are required for
MOLL, and the detection performance of the manual magnetom-
eter is limited in lesions deeper than 4 cm.20

In our study, injections were made on the same day for both
techniques. However, in real practice, the injection may be
Figure 7 These Samples Were Sent to the Pathology
Department for Evaluation of Surgical Margins
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performed within 24 hours prior to the procedure in ROLL, 5 days
in RSL, and 7 days for MOLL. A seed form of the magnetic and
radioactive tracers, which are called MagSeed and radioactive seed,
could also be used instead of a liquid. These seeds can be placed up
to 30 days prior to surgery. We used the same size materials, and
equal volumes (0.2 mL) of injected liquid in both groups to elim-
inate any bias. The mean time for operative excision of the lesion
and specimen volume were similar in both groups.

Occult breast cancers require localization-guided surgery and
axillary staging using sentinel lymph node biopsy (SLNB). The
intratumoral injection of the magnetic tracer, both for tumor
localization and SLNB have been described.21 Intratumoral injec-
tion of magnetic tracer demonstrated an inferior sentinel lymph
node identification rate compared with the standard dual tech-
nique.21 Alternatively, lymphatic mapping agents, such as techne-
tium sulfur colloid, isosulphan blue, and methylene blue, can be
used as a second technique to increase the success of the SLNB
procedure.

The other nonradioactive novel method, SAVI SCOUT (Cianna
Medical Inc, Aliso Viejo, CA) is a localization device that uses a
radar reflector activated with infrared light.22 The surgeon uses a
dedicated intraoperative probe that emits infrared light to identify
and excise the target area.23 There are no studies that compare SAVI
SCOUT and magnetic tracer localization techniques.

Although clear margin rates were similar in both groups, the
evaluation of margin status may not reflect real practice owing to the
easily damaged quality of turkey tissue. This model is time-efficient
and easily prepared with inexpensive materials. It offers surgeons
and trainees a safe learning environment prior to real practice, and it
can be used as a simulation model for introducing a new technique
to institutions.

Our study has some limitations. The first is the representation of
actual breast tissue, although it has been the most ideal method of
simulation for breast procedures. The second is the inaccurate
evaluation of surgical margins owing to the fragility of turkey breast
tissue. Third is the limited evaluation of cosmetic results in our
model.



Tumay Aydogan et al
Conclusion
This study found similar success rates for ROLL and MOLL in

localization of occult lesions using the phantom model of turkey
breast. MOLL can be performed in clinics without the need for a
nuclear medicine team and radiation safety procedures. This tech-
nique can be an alternative to RGL with the support of further
clinical studies.

Clinical Practice Points

� Localization of nonpalpable breast cancers can be achieved with
several techniques including WGL, intraoperative ultrasound,
and ROLL; each with risks and benefits.

� A novel magnetic technique (MOLL), which is radiation-free, was
developed for sentinel node and nonpalpable lesion localization.

� ROLL and MOLL techniques both resulted in 100% retrieval of
the lesions. There was no difference between the groups in the
duration of operative excision and specimen features.

� MOLL can be performed in clinics without the need for a
Nuclear Medicine team and radiation safety procedures.
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