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Abstract: Classifying spinal tumors can be challenging due to nonspecific clinical and radiological
qualities, and a precise biopsy is crucial for an accurate diagnosis and treatment planning. This
study aimed to enhance the accuracy and efficiency of spinal biopsies integrating Cone Beam Com-
puted Tomography (CBCT) and magnetic resonance imaging (MRI) modalities using an O-arm CT
navigation system. Eighteen patients with diverse spinal lesions underwent 18 biopsies following
the Stealth Station navigation system Spine 8 protocol. Preoperative MRI scans were merged with
intraoperative CT navigation systems for continuous monitoring during the biopsy process. The
combined imaging technique accurately identified the diseased lesion type in all biopsies, demon-
strating 100% sensitivity and specificity. In conclusion, combining MRI and CT imaging modalities
significantly improved spinal biopsy accuracy and efficiency, differentiating between pathological
entities. However, large-scale studies are desired to validate these findings and investigate potential
benefits in different clinical scenarios. Although this method requires general anesthesia, its poten-
tial profits in avoiding misdiagnosed lesions and decreasing the need for further invasive proce-
dures make it a promising approach for improving spinal biopsy accuracy and efficiency.

Keywords: 1. Percutaneous spinal biopsy. 2. Imaging-guided biopsy. 3. O-arm CT navigation. 4.
Spinal tumors. 5. Diagnostic accuracy. 6. Biopsy efficiency. 7. O-arm CT-MRI fusion.

1. Introduction

With the availability of advanced imaging techniques like computed tomography
(CT) and magnetic resonance imaging (MRI), it has become easier to identify abnormali-
ties in the spine (1). However, some spinal lesions may have nonspecific clinical and ra-
diological features, and a confirmatory diagnosis of the pathological tissue type is neces-
sary for initiating the appropriate treatment (2). A precise biopsy is crucial in accurately
diagnosing neoplastic lesions in such cases. Open spine procedure was executed first by
Duncan and Ferguson (3); it has traditionally been considered the most reliable method
for spinal lesions, despite its invasiveness and higher morbidity rates (4). In addition, it
typically provides sufficient tissue for histological and immunohistochemical analysis,
resulting in a highly informative procedure (5-7). Given the challenges associated with
open biopsy complications, there arose a need for improved biopsy techniques.

As a result, closed biopsy techniques emerged as a promising alternative, offering
advantages such as lower cost and reduced invasiveness compared to the open biopsy
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(8). Subsequent advancements in closed biopsy included the utilization of local anesthe-
sia and incorporating of nerve root monitoring, further enhancing the procedure (9).
However, ensuring improved accuracy remains a crucial challenge to establishing closed
biopsy as a superior technique to open biopsy (10). Fine-needle aspiration and, most im-
portantly, image-guided percutaneous spine biopsy have emerged as viable alternatives
to the open biopsy (11).

In contrast to previous studies, Fidler and Niers (12) highlighted the advantages of
an open transpedicular approach over a percutaneous procedure. They emphasize that
the open approach allows the surgeon to perform block resection and avoid potential
damage to the pedicle wall, reducing the risk of contamination in the epidural space or
paravertebral structures. Their findings suggest that the open transpedicular approach
offers certain benefits that differ from those reported in the existing literature.

The efficacy of imaging-guided percutaneous spine biopsy has been thoroughly
examined in various studies and has gained popularity as a management tool for spinal
lesions (13-16). Robertson and Ball first described the Percutaneous spinal biopsy (17)
in 1935 and later by Valls, Ottolenghi, and Schajowicz in 1948 (18). Fluoroscopy, ultra-
sound, CT, and MRI have been the most commonly used imaging modalities for guiding
percutaneous interventions, but each has limitations that can hinder the accuracy of the
biopsy (6,11,13,14,19).

Fluoroscopy, a commonly used technique in percutaneous spine biopsy, offers cer-
tain advantages and considerations compared to computed tomography (CT) guidance
(10). While fluoroscopy may have limitations in accurately visualizing vital structures
surrounding the lesion and paravertebral lesions, CT provides a more precise image of
these structures (20). However, it is essential to note that CT-guided procedures may
result in longer procedure times and an increased risk of needle slippage into adjacent
structures, as real-time imaging is not feasible with CT (21). In cases where fluoroscopy
fails to identify the lesion or when dealing with paraspinal soft-tissue tumors, CT be-
comes necessary (22). Moreover, CT is considered safer for evaluating lesions in chal-
lenging areas such as the upper thoracic and cervical spine (10).

Some authors argued that despite these differences, it is worth noting that the out-
comes between fluoroscopy and CT in terms of accuracy and overall effectiveness do not
show a significant difference (20). Therefore, the choice between the two techniques
should be based on the specific requirements of the case, considering the need for pre-
cise visualization, real-time imaging, and safety considerations in different anatomical
areas.

Even though some authors have reported a lower accuracy in CT-guided needle
biopsies in dorsal levels (14), CT-guided biopsies remain the preferred method for evalu-
ating suspected spinal lesions in many countries (14). This preference can be attributed
to several factors: A) the ability to perform the procedure without general anesthesia,
making it quicker; B) cost-effectiveness; and C) high success rates in some spinal lesions.
However, it has been reported that in some cases, the biopsy procedure had to be re-
peated due to the indecisiveness of the sample obtained, either due to the insufficient
amount of the sample tissue or a necrotic part of the lesion in other cases (14). Hence,
researchers must prioritize the development of a more accurate diagnostic method.

This study aims to enhance spinal biopsy procedures' accuracy, efficiency, and ade-
quacy by integrating CT and MRI modalities using an O-arm CT navigation system. In
addition, we aim to develop a comprehensive and reliable approach for spinal biopsies
that addresses the limitations of individual imaging techniques, ensuring the
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procurement of viable, non-necrotic samples of the tumor for accurate diagnosis and
subsequent treatment planning.

In conclusion, our study advocates for integrating CT and MRI imaging modalities
in spinal biopsy procedures, emphasizing the potential for remarkable diagnostic accu-
racy and efficiency enhancements. While we anticipate this approach becoming a valua-
ble tool for clinicians, it is crucial to recognize the need for larger-scale studies to vali-
date these findings.

2. Materials and Methods

The study population consisted of 18 patients with different spinal tumors who were
scheduled to undergo surgery. The Stealth Station navigation system Spine 8 (SSS8) (Med-
tronic, Medtronic Sofamor Danek, Minneapolis, MN, USA) protocol was followed, and a
gadolinium contrast MRI scan of the spinal segment was performed using the SIGNA™
Voyager 1.5T MRI machine.

After informed obtained consent, all biopsies were performed under general anes-
thesia, and the patients were positioned in the prone position on a Maquet carbon operat-
ing table. The O-arm device was sterilely isolated using the Sterile Tube Drape O-arm
System.

The Spine Stealth Air reference frame (RF)was attached to the spinous process of the
above the target vertebral body. The O-arm registration menu was prepared in the Cranial
software on the SSS8. The navigation camera was used to ensure that the O-arm trackers
and the RF were visible, and the O-arm device was connected to the SSS8 via an Ethernet
cable.

2.1. Imaging Procedure

The first step of the imaging procedure involved taking O-arm scans of axial and
sagittal planes to verify the target area, followed by a three-dimensional (3D) scan of the
selected spinal region. For the lumbar spine, 3-4 levels were scanned; for the thoracic
spine, 4-5 levels were scanned. After verification, the 3D scan was performed with the O-
arm device. Later, 3D scans were registered and automatically transmitted to the SSS8.
Then, in the Images menu of the SSS8 Cranial software, the patient's O-arm and MR scans
performed according to the SSS8 protocol were selected.

2.2. Images Processing and Analysis:

In the "Merge Images" menu, the O-arm and MR scans were merged manually using
the "Manual Merge" function. Then the "Verify Merge" option was selected to confirm the
merging process of the O-arm and MRI scans. The memory function of the O-arm was
used to determine the scan and parking positions of the O-arm device. The navigating
instruments were registered on Patient Reference, including the Passive Planar Blunt
Probe, SureTrak II Large Clamp, and SureTrak II Small Passive Tracker Orange. The Sure-
Trak II Large Clamp was attached to the Johnson and Johnson 8G Vertebroplasty Needle.
The SureTrak I Small Passive Tracker Orange was linked to the SureTrack Il Large Clamp.

2.3. Biopsy Procedure:

Initially, the entry point is determined through the O-arm scan (Figure 1). Next, the
target point for sampling is set using an MRI scan (Figure 2). Afterward, the surgical plan
for the needle biopsy is progressed by utilizing the instrument projection function.
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Figure 1. Intraoperative O-arm scan, the yellow projection line indicates the entry point for the nee-
dle biopsy, with A) Axial view, B) Coronal view, and C) Sagittal view.

Figure 2. MRI scan, the yellow projection line displays the targeted biopsy site for the needle biopsy
procedure, with A) Axial view, B) Coronal view, and C) Sagittal view

After a 5 mm skin incision, the surgical technique projected on the screen entered
the vertebral body and performed a needle biopsy sampling using the Johnson and John-
son 8G vertebroplasty needle. During vertebroplasty sampling, the position of the needle
to be inserted was also checked on the O-arm scan, not only on the MRI scan. After the
needle biopsy sampling, the O-arm device was returned to the previous O-arm scanning
position. Next, an O-arm scan of the same spinal segment was performed, and then the
O-arm scan was merged with the needle biopsy plan previously selected in the MRI scan
using the "Merge Image" function. If the position of the needle biopsy channel in the sec-
ond O-arm scan matched the needle biopsy plan selected in the MRI scan, the needle bi-
opsy sampling was considered successful (Figure 3). Finally, the Spine Stealth Air refer-
ence frame was removed.
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Figure 3. Post-biopsy O-arm and MRI fused image, with A) Axial view, B) Coronal view, and C)
Sagittal view. The left half of each view displays the MRI scan. The right half displays the O-arm
scan. Red arrows indicate the biopsy sample location.

2.4. Measurement and Statistical Analysis:

To validate that CT images were improved through merging with MRI images, the
tumor dimensions were measured separately on axial, sagittal, and coronal planes in cases
where the tumor was found in both modalities. While MRI scans revealed tumors in all
17 patients, CT scans revealed tumors in only 8 cases, implying that some tumors were
not visible on CT (Figure 4). As a result, we could only compare tumor dimensions in
these 8 cases. GraphPad Prism 9 software was used to perform statistical analysis with a
significance level set at p < 0.05. Normality was checked for all data distributions, and a
student t-test was employed depending on the results. The Pearson correlation coefficient
was also calculated to examine the correlation between data sets.

Figure 4. O-arm and MRI fused images, with A) axial view, B) coronal view, and C) sagittal view.
The left half of each view displays the O-arm scan. The right half displays the MRI scan. Red arrows
indicate the tumors, and yellow arrows show where the tumor should be visible.

3. Results

In this study, we conducted 18 biopsy procedures on 18 patients to obtain viable por-
tions of suspected lesions for cytological examination (Table 1). The procedures included
10 lumbar, 1 sacral, and 8 dorsal biopsies. For 16 out of the 18 patients, PET-CT FDG im-
aging was initially performed to identify the lesions; however, for all patients, we fol-
lowed up with MRI investigations due to low resolution and sensitivity. The remaining
two patients underwent MRI imaging directly. Contrasting with the remaining ten biop-
sies that had no previous attempts, seven (4 lumbar and three dorsal) had prior negative
cytology results from C-arm free-hand guided biopsies.
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Of the 18 patients, 13 had confirmed primary malignancies. Among them, 7 cases
were diagnosed with breast cancer, with 3 of these patients having an additional primary
tumor, including 2 cases of adenocarcinoma and 1 case of renal cell carcinoma. Four cases
were identified as non-Hodgkin lymphoma, including 2 follicular lymphomas and 2 dif-
fuse large B-cell lymphomas. The remaining 2 cases involved ovarian squamous cell car-
cinoma and prostate cancer. We aimed to identify metastatic spinal tumors in these cases,
while 5 patients had no confirmed primary tumor.

All 18 biopsies yielded positive outcomes. Our cytology examination exposed non-
Hodgkin lymphoma in 5 cases, with 4 confirming the previously known tumor and 1 de-
tecting another follicular non-Hodgkin lymphoma with no known primary tumor, for the
7 patients with a history of breast cancer, metastatic tumors in the spine were confirmed
through cultures. Among the patients with multiple primary tumors, 2 had metastatic
breast cancer, while 1 had lung adenocarcinoma in the vertebrae. In addition, the biopsies
for the patients with ovarian squamous cell carcinoma and prostate cancer supported a
definitive diagnosis. The remaining 5 lesions were identified as 2 cases of monoclonal
gammopathy of undetermined significance, 1 hemangioma, and 1 benign synovial cyst.

Our analysis showed that the average tumor dimensions in CT axial, sagittal, and
coronal planes were 20.3 mm (+9.7), 17.8 mm (+15.6), and 18.9 mm (+15.2), respectively.
On the other hand, the mean tumor dimensions in MRI axial, sagittal, and coronal planes
were 26mm (+10.4), 23.4 mm (+13), and 23.7 mm (+12.6), respectively. The variations of
the measured tumor dimensions between CT and MRI in axial and sagittal planes were
statistically significant (Figure 5).

Table 1. Summary of biopsy details and results.

Patient # Biopsy Previous Cytol- Previously diag- | O-arm - MRI navi-
level ogy nosed tumor gated biopsy re-

sult

1 L III Yes FL FL

2 S1 No NK FL

3 L IIT Yes NK MGUS

4 D VIII No BC BC

5 D VII Yes NK BH

6 LV No NK BSC

7 LV Yes FL FL

8 D IX No DLBCL DLBCL

9 D XI No BC BC

10 D XII Yes DLBCL DLBCL

11 LI No NK MGUS

12 LV No BC & RCC BC

13 LII Yes BC BC

14 D VI Yes BC BC

15 LV No PCa PCa

16 D XII No BC & LUAD LUAD

17 LV No BC & LUAD BC

18 LV No 0OSCC 0OSsCC

Abbreviations: breast cancer (BC), lung adenocarcinoma (LUAD), ovarian squamous cell carcinoma
(OSCC), prostate carcinoma (PCa), and diffuse large B-cell lymphoma (DLBCL), benign haemangi-
oma (BH), benign syovial cyst (BSC), follicular lymphoma (FL), monoclonal gammopathy of unde-
termined significance (MGUS), not known (NK).
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Figure 5. Comparison of Tumor Dimensions in CT and MRI. n =9, mean * SD, * p <0.05 vs CT.

4. Discussion

The examination of spinal lesions, whether infectious, tumor-related, or of other ori-
gins, has been dramatically enhanced by CT and MRI imaging. This advancement primar-
ily provides a detailed visualization of the anatomical extent and identification of the ac-
tive regions of the lesion following medium contrast injection. Nevertheless, the limited
specificity of these imaging techniques often precludes a definitive etiological diagnosis
based solely on radiographic findings. Consequently, histological analysis is typically nec-
essary to accurately diagnose most spinal tumors and pseudo-tumorous lesions.

Open biopsy has long been regarded as the gold standard technique for obtaining
tissue samples for histological analysis due to its perceived accuracy and adequacy. How-
ever, the significant complications associated with open biopsy have led to the exploration
of alternative approaches, particularly closed biopsy techniques. In recent years, notable
advancements have been made in closed biopsy, with a key focus on incorporating imag-
ing modalities to ensure precise and sufficient sampling from the target tissue. The out-
comes of numerous studies have been remarkable, demonstrating the potential of closed
biopsy to overcome the challenges associated with open biopsy while retaining its ad-
vantages. Nevertheless, these compelling results warrant further investigation and the
continuous search for a technique that strikes the balance between accuracy, adequacy,
and minimized complications, such a technique holds immense promise for the future of
tissue sampling in diagnostic procedures. Fluoroscopy, ultrasound, CT, and MRI have
been the most commonly used imaging modalities for guiding percutaneous interven-
tions, but each has limitations that can hinder the accuracy of the biopsy (6,11,13,14,19).

Percutaneous spine biopsy performed under fluoroscopy guidance has been exten-
sively studied regarding its accuracy and adequacy. The reported accuracy of this proce-
dure ranges between 16% and 92%, while the complication rates range from 0% to 10%
(21). Notably, Kamei et al. conducted a series of 128 cases and reported a high accuracy
rate of 93.8% for percutaneous spine biopsy performed under fluoroscopy guidance (23).
Similarly, Dave et al. reported an adequacy rate of 88.7% for percutaneous spine biopsy
conducted under fluoroscopy guidance (24). These findings highlight the promising out-
comes and reliability of fluoroscopy-guided percutaneous spine biopsy as a valuable di-
agnostic tool for obtaining accurate and adequate tissue samples.

Renfrew et al. (25) proposed that CT-guided percutaneous transpedicular spine bi-
opsy is recommended in cases where the location of a vertebral body lesion makes it chal-
lenging to access using the posterolateral approach. This recommendation was due to the
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proximity of neural elements to the pedicle. However, with the availability of high-reso-
lution image intensifiers, it is possible to visualize the vertebral aspects in sufficient detail,
allowing for the protection of the medial and inferior walls of the pedicle during biopsy
and thereby avoiding injury to neural elements. On the contrary, Dave et al. (24) did not
observe any distinct advantages of CT guidance over image intensification. Furthermore,
image intensification offers the benefits of maintaining an aseptic environment in the op-
erating room and being more cost-effective than CT scans.

CT guidance has become the modality of choice due to its higher accuracy and re-
duced complications. However, the reliability of this technique varies between 70-93%. It
is believed that these rates depend significantly on the level (cervical, dorsal, or lumbar)
of the biopsy obtained from, the type (primary or secondary) of tumor targeting, and its
nature (heterogenous or homogenous) (14,26-29). Hence, a second needle biopsy, or inci-
sional biopsy for the misdiagnosed lesions usually is done.

Since MRI has a superior soft-tissue and bone marrow contrast (11,30) and some le-
sions like metastatic multiple myeloma and non-Hodgkin's lymphoma can only be visu-
alized better by MRI (2), MRI guidance is becoming an accurate complementary diagnos-
tic method to other imaging modalities for biopsy guidance spinal tumor biopsies (11).
Liu M et al. even argued that MR-guided spinal biopsy alone is enough and has accuracy
rates higher than the CT-guided method (2).

To increase diagnostic accuracy and reduce the need for additional invasive proce-
dures, this study examined the effectiveness of combining MRI and CT imaging modali-
ties for directing spinal biopsies in 18 patients with diverse spinal pathologies. Our find-
ings showed that in all 18 biopsies, the combined technique accurately identified the dis-
eased tissue type, offering a solid foundation for other treatment choices.

Our study leveraged the strengths of both MRI and CT imaging by utilizing MRI
preoperatively and merging it with the intraoperative CT navigation system. This ap-
proach allowed for continuous monitoring of the biopsy process, ensuring accurate sam-
pling of viable, non-necrotic tumor tissue; additionally, comparing pre-and post-operative
scans validated the biopsy outcomes.

5. Conclusions

Our study offers a compelling argument for integrating CT and MRI imaging mo-
dalities in spinal biopsy procedures, highlighting the potential for significant improve-
ments in the 100% diagnostic accuracy and efficiency rate. Although, as we continue to
refine this approach and expand its application, we anticipate that it will become a valu-
able tool for clinicians, it is essential to acknowledge the need for larger-scale studies to
validate these findings and explore the potential benefits of this approach in different clin-
ical scenarios. Moreover, it is time-consuming since the patient must be under general
anesthesia, but it is a way to avoid further misdiagnosed lesions. Our study findings rein-
force the significance of careful consideration in choosing the appropriate imaging mo-
dality for accurate tumor size measurements. Our results indicate a substantial disparity
between MRI and CT modalities, particularly in the axial and sagittal planes. This discrep-
ancy highlights the superiority of MRI images in providing more reliable and detailed
information, which is crucial for precise diagnosis and effective treatment planning. More-
over, these observations underscore the essential role of utilizing MRI imaging for obtain-
ing biopsy samples with the necessary accuracy and adequacy.
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