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Objective: To describe the preoperative localization of musculoskeletal lesions with the radioguided occult lesion localization (ROLL) 
technique.
Materials and Methods: In all cases, computed tomography-guided injection of technetium-99m sulfur colloid was performed, 
directly into or near the suspicious lesion, up to 36 hours before the surgical procedure. Lesions were detected intraoperatively with 
a gamma probe. 
Results: We report the cases of six patients submitted to radioguided surgery, including three patients with bone lesions suspicious 
for metastasis, two patients suspected of recurrent sarcoma, and one patient with no previous diagnosis who had a nodular lesion 
on the left leg. Patients tolerated the procedure well, and no complications were associated with the puncture. All marked lesions 
were easily identified intraoperatively and were excised with clear margins.
Conclusion: The ROLL technique was effective in the intraoperative localization of occult musculoskeletal lesions, demonstrating 
that it is a feasible and promising technique for the surgical exploration of selected cases.
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Objetivo: Descrever a localização pré-operatória de lesões musculoesqueléticas utilizando a técnica radioguided occult lesion 
localization (ROLL).
Materiais e Métodos: Em todos os casos foi realizada administração guiada por tomografia computadorizada de enxofre coloidal 
marcado com tecnécio-99m, diretamente no interior ou adjacente à lesão suspeita, até 36 horas antes do procedimento cirúrgico. 
As lesões foram localizadas no intraoperatório utilizando um gama-probe.
Resultados: São descritos seis casos de pacientes submetidos a cirurgia radioguiada, sendo três pacientes com lesões ósseas 
suspeitas para metástase, dois pacientes com sarcoma recidivado e um paciente com lesão nodular na perna esquerda sem diag-
nóstico prévio. Os pacientes toleraram bem o procedimento e não ocorreram complicações. Todas as lesões foram identificadas 
adequadamente no intraoperatório e ressecadas com margens livres.
Conclusão: A técnica ROLL foi efetiva na localização intraoperatória de lesões musculoesqueléticas ocultas, demonstrando que 
este procedimento é factível e promissor para facilitar a exploração cirúrgica em casos selecionados.

Unitermos: Medicina nuclear; Câmaras gama; Oncologia; Sistema musculoesquelético; Procedimentos cirúrgicos minimamente 
invasivos.

Study conducted in the Department of Imaging, A.C.Camargo Cancer Center, São 
Paulo, SP, Brazil.

1. MD, PhD, Department of Imaging, A.C.Camargo Cancer Center, São Paulo, 
SP, Brazil.

2. MD, MSc, Department of Imaging, A.C.Camargo Cancer Center, São Paulo, 
SP, Brazil.

Mailing address: Dr. Almir Galvão Vieira Bitencourt. A.C.Camargo Cancer Center 
– Departamento de Imagem. Rua Professor Antônio Prudente, 211, Liberdade. São 
Paulo, SP, Brazil, 01509-010. E-mail: almir.bitencourt@accamargo.org.br.

Received January 20, 2017. Accepted after revision June 1, 2017.

cases when suspicious lesions may be difficult to identify 
intraoperatively due to their dimensions or anatomical lo-
cation. In such cases, wide excision and extensive explora-
tion are required. However, those procedures can be un-
necessarily traumatic and time-consuming. Preoperative 
localization allows more conservative excision and targeted 
resection, reducing surgery-related morbidity. The ROLL 
technique under imaging guidance has routinely been used 
at many specialized centers for the preoperative localiza-
tion of occult breast lesions. However, few studies have 
reported the use of this technique for other pathologies(2,3).

The aim of this study was to describe the preoperative 
localization of musculoskeletal lesions using the ROLL 
technique in patients undergoing radioguided surgery.

INTRODUCTION

Radioguided surgery has proven to be a safe and effec-
tive alternative for the management of cancer patients with 
small nonpalpable lesions(1). The radioguided occult lesion 
localization (ROLL) technique can be useful in selected 
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MATERIALS AND METHODS

Lesions were localized by means of computed tomog-
raphy (CT)-guided administration of radiotracer in real 
time and through direct puncture of the lesion, under 
local anesthesia. Injection of 0.1–0.2 mL of technetium-
99m sulfur colloid with an activity count of 0.5–1.0 mCi 
(18.5–37.0 MBq) was administered directly into or next 
to the suspect lesion up to 36 hours prior to surgery. Im-
mediately after injection of the radioactive material, single 
photon emission computed tomography/CT (SPECT/CT) 
imaging was performed to confirm the location and tech-
nical quality of the injection. Lesions were detected intra-
operatively with a gamma probe. The radioactivity of the 
tissue was measured in vivo and after excision, as was the 
radioactivity of the surgical bed, to confirm that the lesion 
marked had been fully excised.

RESULTS

We report the cases of six patients: three with bone le-
sions suspicious for metastasis (Figures 1 and 2); two with 
suspected recurrent sarcoma (Figure 3); and one with no 
previous diagnosis who had a nodular lesion on the left 

leg. Table 1 outlines the clinical histories, lesion locations, 
and pathological findings after surgical resection.

The procedure was well tolerated by the patients, 
with no complications associated with the puncture. The 
SPECT/CT images showed that the radiotracer was in the 
proper location. All marked lesions were easily identified 
intraoperatively and were excised with clear margins.

DISCUSSION

Most bone and soft tissue lesions can be safely accessed 
through percutaneous imaging-guided biopsies(4–8). In some 
cases, the percutaneous approach can be difficult, especial-
ly when the lesion is small or is located near blood vessels 
and nerves. In such cases, open surgical biopsy should be 
considered. However, intraoperative localization of the le-
sion may be time-consuming and unnecessarily traumatic, 
requiring extensive exploration(9). Preoperative localization 
of the lesion could be the best option in these cases.

The ROLL technique is an extremely useful means 
of guiding surgical interventions for nonpalpable lesions 
and lesions located close to scar tissue or associated with 
distorted anatomy. In such situations, radioguided surgery 

Figure 1. A 62-year-old woman with rectal adenocarcinoma, lung metastasis, and a nonspecific textural change in a left rib. A: Preoperative CT-guided injection of 
technetium-99m sulfur colloid adjacent to the lesion on the left rib. B: SPECT/CT confirming the location of the injection.
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Figure 2. A 54-year-old woman with endometrial carcinoma. A: Non-contrast-enhanced CT with the patient in the supine position showing a lytic lesion on the left 
ischium. B: Preoperative CT-guided injection of technetium-99m sulfur colloid adjacent to the bone lesion with the patient in the prone position. C: Follow-up CT 
with the patient in the supine position after resection of the lesion on the left ischium.
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facilitates targeted resection, decreasing operative time 
and morbidity. This procedure also increases the success 
rate of complete excision, reducing the number for reop-
erations(2,3).

Several other techniques have been utilized to facili-
tate the localization of musculoskeletal lesions for biopsy. 
For bone lesions with increased uptake on scintigraphy, a 
gamma probe can be used in order to localize lesions in-
traoperatively after intravenous administration of techne-
tium-99m-methylene diphosphonate in the preoperative 
period(1). This method reduces the morbidity associated 
with the procedure. However, this technique depends on 
a brief operative time and is not useful for lesions without 
increased uptake on bone scan.

For lesions identified on positron emission tomogra-
phy/CT (PET/CT), radioguided surgery using a PET-ded-
icated probe has been described. However, those probes 
are not as widely available as are gamma probes, the PET-
probe technique is more complex because each tissue has 
different background uptake, and the technique exposes 
the surgical team to higher levels of radiation. García et 

al.(10) compared the use of the PET-probe and ROLL tech-
niques for intraoperative localization of lesions previously 
detected by PET/CT. The authors suggested that ROLL is 
the technique of choice for solitary lesions of easy percu-
taneous access with a biopsy needle and that a PET probe 
should be used only for lesions that are not eligible for the 
percutaneous approach.

Imaging-guided preoperative hook-wire localization is 
also routinely used for nonpalpable breast lesions and has 
been described for extramammary lesions. Brown et al.(11) 
described 16 procedures using this method and showed 
that it can minimize the operative time and reduce the 
likelihood of reoperation. Morrison et al.(9) used the same 
technique in five patients with musculoskeletal lesions, 
including three sclerotic rib lesions, one paraspinal soft-
tissue lesion, and one popliteal soft-tissue lesion. Surgical 
excision was successful in all five cases.

For nonpalpable breast lesions, the ROLL technique 
has shown to be as effective as is the standard wire tech-
nique(12). For the patient, ROLL is much more comfort-
able, causing less discomfort and pain; it is also faster and 

Figure 3. A 63-year-old man with history of inguinal liposarcoma and multiple local recurrences. A: Magnetic resonance imaging showing suspicious nodules at 
the surgical site. B: Preoperative CT-guided injection of technetium-99m sulfur colloid near the nodules.
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Table 1—Clinical data, lesion characteristics, and pathological results for all lesions submitted to surgical resection with the ROLL technique.

Patient

44-year-old male

63-year-old male

54-year-old female

40-year-old female

84-year-old male

62-year-old female

Primary tumor

Retroperitoneal liposarcoma

Inguinal liposarcoma

Endometrial adenocarcinoma

No previous tumor

Right-thigh soft-tissue sarcoma 

Rectal cancer with lung 
metastasis

Lesion type and localization

Follow-up CT showed a lytic lesion on the right seventh rib, with 
increased uptake on bone scintigraphy

Magnetic resonance imaging and PET/CT showed a suspicious nod-
ules at the surgical site

CT showed a lytic lesion on the left ischium

Magnetic resonance imaging showed an intramuscular lipomatous 
lesion of the left leg, with pain and edema

Magnetic resonance imaging showed a lesion suspected to be local 
recurrence

CT showed nonspecific textural changes in the left ribs, with increased 
uptake on scintigraphy

Pathological finding

Fibrous dysplasia

Recurrent sarcoma

Metastatic, poorly differentiated 
adenocarcinoma

Intramuscular lipoma

Spindle-cell sarcoma

Negative for metastatic disease
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simpler to perform than is wire localization and produces 
lower positive margin rates and fewer reoperations(12,13).

In conclusion, the ROLL technique was found to be 
effective in the intraoperative localization of nonpalpable 
musculoskeletal lesions and allowed accurate surgical ex-
cision. It is a feasible and promising technique for the sur-
gical exploration of selected cases.

REFERENCES

 1. Povoski SP, Neff RL, Mojzisik CM, et al. A comprehensive overview 
of radioguided surgery using gamma detection probe technology. 
World J Surg Oncol. 2009;7:11.

 2. Bitencourt AG, Lima EN, Pinto PN, et al. New applications of ra-
dioguided surgery in oncology. Clinics (São Paulo). 2009;64:397–
402.

 3. Gulec SA, Hoenie E, Rheinheimer K. A multimodality localization 
technique for radio-guided surgery. World J Surg Oncol. 2007;5:43.

 4. Badan GM, Roveda Júnior D, Piato S, et al. Diagnostic underestima-
tion of atypical ductal hyperplasia and ductal carcinoma in situ at 
percutaneous core needle and vacuum-assisted biopsies of the breast 
in a Brazilian reference institution. Radiol Bras. 2016;49:6–11.

 5. Alves MLD, Gabarra MHC. Comparison of power Doppler and 
thermography for the selection of thyroid nodules in which fine-
needle aspiration biopsy is indicated. Radiol Bras. 2016;49:311–5.

 6. Cardarelli-Leite L, Fornazari VAV, Peres RR, et al. The value of per-
cutaneous transhepatic treatment of biliary strictures following pe-
diatric liver transplantation. Radiol Bras. 2017;50:308–13.

 7. Urban LABD. Fine-needle aspiration of axillary lymph nodes: a 
change of paradigm in the approach to axillary compromise? Radiol 
Bras. 2016;49(1):ix.

 8. Canella EO. Percutaneous biopsy and radiological imaging of the 
breast. Radiol Bras. 2016;49(2):ix.

 9. Morrison WB, Sanders TG, Parsons TW, et al. Preoperative CT-
guided hookwire needle localization of musculoskeletal lesions. AJR 
Am J Roentgenol. 2001;176:1531–3.

10. García JR, Fraile M, Soler M, et al. PET-CT-guided salvage surgery 
protocol. Results with ROLL technique and PET probe. Rev Esp 
Med Nucl. 2011;30:217–22.

11. Brown KJ, Bashir MR, Baker JA, et al. Imaging-guided preoperative 
hookwire localization of nonpalpable extramammary lesions. AJR 
Am J Roentgenol. 2011;197:W525–7.

12. Mariscal Martínez A, Solà M, de Tudela AP, et al. Radioguided 
localization of nonpalpable breast cancer lesions: randomized 
comparison with wire localization in patients undergoing conser-
vative surgery and sentinel node biopsy. AJR Am J Roentgenol. 
2009;193:1001–9.

13. Lovrics PJ, Cornacchi SD, Vora R, et al. Systematic review of ra-
dioguided surgery for non-palpable breast cancer. Eur J Surg Oncol. 
2011;37:388–97.

This is an open-access article distributed under the terms of the Creative Commons Attribution License.


