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Abstract. the aim of the present study was to investigate the 
value of the use of fluorine‑18 (18F)‑fluorodeoxyglucose (FDG) 
positron emission tomography (PET)/computed tomography 
(CT) vs. magnetic resonance imaging (MRI) for the diagnosis 
of and differentiation between benign and malignant lesions 
in the spinal canal. For this purpose, a retrospective analysis 
was performed on the use of MrI and 18F‑FDG PET/Ct from 
January, 2017 to December, 2020, and the final diagnosis 
was obtained by performing a post‑operative pathological 
examination or following a tissue biopsy (gold standard). The 
sensitivity, specificity, accuracy, positive predictive value and 
negative predictive value of the two examination techniques 
were calculated and comparisons between them were made. 
The PET metabolic parameters, maximum standardized uptake 
value (SUVmax), peak standardized uptake value (SUVpeak), 
mean standardized uptake value (SUVmean), metabolic tumor 
volume (MTV) and total lesion glycolysis (TLG) in the benign 
and malignant groups were calculated and compared, and the 
corresponding ROC curves were plotted. A total of 58 patients 
were enrolled, including 30 patients with malignant and 28 
with benign lesions. The specificity of MRI was significantly 
higher than that of PET/CT (P<0.05). The sensitivity and 
negative predictive value of PET/Ct were higher than those 
of MRI, although with no significant difference (P>0.05). The 
mean ± tandard deviation values of the PET metabolic param‑
eters, SUVmax, SUVpeak, SUVmean, MTV and TLG, were 
4.27±1.25, 3.49±1.07, 2.49±0.84, 6.58±5.36 and 17.12±15.50 in 
the benign, and 8.99±3.75, 7.35±3.26, 5.43±2.40, 12.25±12.18 
and 112.41±85.98 in the malignant groups, respectively. The 
SUVmax, SUVpeak, SUVmean and TLG in the malignant 
group were higher than those in the benign group. The 

differences were all statistically significant (all P<0.0001). In 
distinguishing benign from malignant lesions, the area under 
the ROC curve (AUC) for SUVmax was 0.919, which was the 
largest, and the Youden index was 0.762, indicating 83.3% sensi‑
tivity and 92.9% specificity. The AUC for SUVpeak was 0.905 
and that for SUVmean was 0.899. The aforementioned AUCs 
were significantly higher than those for MTV and TLG (0.609 
and 0.786, respectively) (P<0.001). On the whole, the present 
study demonstrates that MRI is a reliable imaging technique for 
the diagnosis of intravertebral lesions. 18F‑FDG PET/Ct, as a 
noteworthy supplement to MRI, has a high sensitivity and accu‑
racy for the qualitative diagnosis and identification of lesions. 
The synergistic effect of the two examination techniques may 
be helpful for a more accurate diagnosis.

Introduction

The vertebral canal is the tissue formed by the vertebral 
foramen of the vertebral body and the sacral canal of the 
sacrum, which is connected to the foramen magnum and 
reaches down to the sacral hiatus. It contains the spinal cord, 
spinal cord peritoneum, nerve roots, blood vessels and a 
small amount of connective tissue. There are multiple types 
of lesions in the spinal canal, which can originate from the 
aforementioned different tissues. According to their positional 
association with the spinal cord and dura mater, they can be 
classified into intramedullary, extramedullary subdural and 
epidural lesions. Astrocytoma and ependymoma are the most 
common intramedullary lesions, while neurilemmoma and 
meningioma are the most frequent extramedullary subdural 
lesions. Metastases and lymphomas are common in epidural 
space lesions, which are comprised mainly of congenital 
tumors, such as teratomas and dermoid cysts (1).

Digital radiography (DR) and computer tomography (CT) 
are not suitable for intravertebral lesions and have certain diffi‑
culties as regards their diagnosis, while magnetic resonance 
imaging (MRI) can display the morphological information 
of the spinal vertebrae and spinal cord by its high soft‑tissue 
resolution. Based on the accurate localization of the lesion, 
coupled with the MRI signal characteristics and enhancement 
mode, the accurate diagnosis of the majority of lesions can be 
achieved. This technique is widely used in clinical applica‑
tions and is usually the preferred examination technique for 
intravertebral lesions (2).
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Positron emission tomography (PET)/CT is a non‑invasive 
imaging technique that provides crucial information on tissue 
function and metabolism, and accurately displays anatomical 
structures and localizes lesions. It is often used to assess 
the malignancy of tumors, the post‑treatment response, or 
to identify tumor recurrence and necrotic tissue. It also has 
the advantages of an enhanced sensitivity, accuracy and 
safety (3,4). Fluorine‑18 (18F)‑fluorodeoxyglucose (FDG) is a 
commonly used radiotracer to identify tumors.

The two aforementioned examination techniques have 
unique advantages in the clinical diagnosis of benign and 
malignant intraspinal lesions. However, to date, to the best of 
our knowledge, comparative studies on PET/CT and MRI are 
limited (2,5). Thus, the aim of the present study was to retro‑
spectively analyze the imaging data of 58 cases with lesions 
examined using sequential MRI and 18F‑FDG PET/CT scans 
in order to compare their value in the diagnosis and differen‑
tiation of intravertebral lesions.

Patients and methods

Patients. The present retrospective study was approved by 
review Committee of the 4th People's Hospital of Shenyang 
and all patients enrolled gave informed consent. The inclu‑
sion criteria were as follows: i) Patients who had undergone 
MRI (or enhanced MRI) and 18F‑FDG PET/CT examinations 
successively from January, 2017 to December, 2020 (the 
interval between two examinations did not exceed 10 days); 
ii) final diagnosis was obtained by performing a post‑operative 
pathological examination or following a tissue biopsy; and 
iii) clinical, imaging and pathological data were complete. The 
exclusion criteria were the following: i) No consent provided 
for surgery; or ii) patients with incomplete clinical or imaging 
data. Finally, a total of 58 cases were enrolled. The patients 
were aged 14‑82 years of age, of which 9 patients had a history 
of malignancy. All of them were post‑operative reviews, which 
included four cases of lung cancer, two cases of breast cancer, 
and one case of gastric, liver and esophageal cancer, respec‑
tively. The majority of patients presented with varying degrees 
of limb pain and sensory disorders, walking disorders, and 
even paralysis in severe cases.

MRI and PET/CT acquisition. MRI (GE Signa HDxt 3.0T 
machine) routine scanning sequences were as follows: Sagittal 
T1WI fast spin echo (FSE) repetition time (TR)/echo time 
(TE), 300/8.04 msec; T2WI FSE TR/TE, 2,760/127.12 msec; 
Field‑of‑view (FOV), 360/340 mm; transverse T2WI SE 
tr/TE, 3,500/109.62 msec; FOV, 160/140 mm; matrix, 
512x512; fractional anisotropy (FA), 90; layer thickness, 3 mm; 
layer spacing, 3.5 mm. The contrast agent (Gd‑DTPA‑BMA, 
OmniScan, GE Healthcare Ireland) 0.2 mmol/kg was injected 
through the elbow vein at a flow rate of 2 ml/sec, for T1 FSE + 
C transverse‑axis (TR/TE, 380/13.96 msec), coronal (TR/tE, 
380/8.02 msec) and sagittal (TR/tE, 700/9.46 msec) with layer 
thickness of 3 mm and a layer spacing of 3.3/3.5 mm.

Prior to PET/CT (GE Discovery PET/CT Elite, GE 
Healthcare; Cytiva) scan, the patients were injected intra‑
venously with 18F‑FDG (prepared by GE MINItrace™ II, 
GE Healthcare; Cytiva; with a chemical purity of >96%) 
through the elbow according to the body mass of 3.7 MBq/kg. 

The patients then lay flat for 60 min, and images were collected 
from the upper femoral trunk to the cranial apex, 3‑5 min/bed. 
PET scanning used a 3D model and point spread function 
acquisition and a matrix of 192x192. The spiral CT scanning 
parameters were as follows: 120‑140 kV, 30‑210 mA and a layer 
thickness of 3.25 mm. Following CT attenuation correction 
and iterative image reconstruction, the PET, CT and PET/CT 
fusion images of the whole body were obtained.

The region of interest (ROI) on the PET/CT images was 
automatically outlined using the post‑processing workstation 
PET VCAR AW4.5 (GE Healthcare; Cytiva) to obtain the 
maximum standardized uptake value (SUVmax), peak stan‑
dardized uptake value (SUVpeak), mean standardized uptake 
value (SUVmean), metabolic tumor volume (MTV) and total 
lesion glycolysis (TLG). The TLG was calculated as follows: 
TLG=SUVmean x MTV (cm3) (6), with SUVmax >2.5 as 
the reference threshold for determining the radio concentra‑
tion (7). A tissue biopsy, post‑operative pathology, or follow‑up 
results were used as the gold standard. Two radiologists (WS 
and WT), each with >10 years experience and holding dual 
licenses in radiology and nuclear medicine, analyzed the 
MRI and PET/CT images and negotiated in the case of any 
disagreement. The case was then examined and verified by a 
senior doctor who made the final judgment.

Statistical analysis. SPSS (version 26.0, IBM Corp.) soft‑
ware was used for data analysis. The sensitivity, specificity, 
accuracy, positive predictive value and negative predic‑
tive value of MrI and 18F‑FDG PET/CT were calculated, 
respectively. Count variables were compared using the χ2 
test. The normality of quantitative data were evaluated using 
Shapiro‑Wilk tests, and are expressed as mean ± SD or as 
the median (P50), 25th percentile (P25) and 75th percentile 
(P75). The values of PET metabolic parameters SUVmax, 
SUVpeak, SUVmean, MTV and TLG were calculated for the 
benign and malignant groups, respectively. Normally distrib‑
uted data were compared using the t‑test or Fisher's test, 
while the Mann‑Whitney U test was used for non‑normally 
distributed data. The diagnostic performance was assessed 
by receiver operating characteristic curve (ROC) analysis, 
and the cut‑off value of maximum performance evaluated 
using the Youden index. P<0.05 was considered to indicate a 
statistically significant difference.

Results

A total of 58 patients who met the inclusion criteria were 
included in the present study, including 33 males and 25 females 
with an average age of 56.71±16.16 years (Table I). The 
samples included 30 cases with malignant intraspinal lesions, 
19 cases of metastasis (MRI and PET/CT images of one such 
case are presented in Fig. 1), nine cases of lymphoma, one case 
of glioblastoma multiforme and one case of melanoma. There 
were 28 cases of benign intraspinal lesions, including six cases 
of schwannoma (MRI and PET/CT images of one such case 
are presented in Fig. 2), five cases of meningioma, four cases 
of myelitis, two cases each of neurofibroma, abscess, chronic 
inflammation with fibromatous hyperplasia and spinal cord 
edema, and one case of diffuse astrocytoma, pilocytic astrocy‑
toma, teratoma, sacral cyst and tuberculosis (Table I).
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The comparison between PET/CT and MRI as regards the 
detection rate and diagnostic efficacy of benign and malignant 
intravertebral lesions is detailed in Table II. The specificity 
of MRI was higher than that of PET/CT, with a significant 
difference (P<0.05). The accuracy and positive predictive 
value of MrI in the diagnosis were slightly higher than those 
of PET/CT; in addition, the sensitivity and negative predictive 
value of PET/CT were higher than those of MRI (Table II), 
although these differences were not statistically significant 
(P>0.05).

The mean ± SD values of the PET metabolic parameters, 
SUVmax, SUVpeak, SUVmean, MTV and TLG, in the benign 
and malignant groups were 4.27±1.25, 3.49±1.07, 2.49±0.84, 
6.58±5.36 and 17.12±15.50 in the benign, and 8.99±3.75, 
7.35±3.26, 5.43±2.40, 12.25±12.18 and 112.41±85.98 in the 
malignant groups, respectively (Table III). The SUVmax, 
SUVpeak, SUVmean and TLG were higher in the malignant 
group than in the benign group, with statistically significant 
differences (all P<0.0001). However, there was no statistically 
significant difference in MTV (P=0.154) between the groups.

As regards the diagnostic efficacy between the malignant 
and benign groups, the area under the ROC curve (AUC) for 
SUVmax was 0.919, which was the largest, with a Youden 
index of 0.762, and 83.3% sensitivity and 92.9% specificity. 
In addition, the AUC for SUVpeak was 0.905, with a Youden 
index of 0.726, and 83.3% sensitivity and 89.3% specificity. 
The AUC for SUVmean was 0.899, with a Youden index was 

0.621, and 80.0% sensitivity and 82.1% specificity. The AUCs 
of the aforementioned three parameters were significantly 
greater than those of MTV and TLG (0.609 and 0.786, respec‑
tively; P<0.001), and there was no significant difference among 
the three (P>0.05; Table III and Fig. 3).

Discussion

Given that the treatment and prognosis of various benign and 
malignant lesions in the spinal canal are differ greatly, the 
early diagnosis and assessment of their properties are essential 
in clinical practice. Early diagnosis facilitates the selection of 
individualized treatment schemes and improves the quality of 
life of patients with cancer. Traditional techniques, such as DR 
and CT are usually not sufficient to correctly identify spinal 
canal or spinal cord lesions. With the continuous develop‑
ment of medical imaging technology, it has become possible 
to effectively identify benign or malignant intraspinal lesions 
using MRI and PET/CT (2,4,5).

MRI is the preferred examination technique for evaluating 
intravertebral lesions due to high soft‑tissue resolution, and 
multi‑sequence and multimodality. Therefore, MRI plays a 
prominent role in clinical practice. The present study found 
that the accuracy, sensitivity, specificity, positive predictive 
value and negative predictive value of MRI were 82.8, 83.3, 
82.1, 83.3 and 82.1%, respectively, which was similar to values 
previously reported (8). Conventional MR sequences distin‑
guish neoplastic from non‑neoplastic lesions mainly based on 
lesion location, signal intensity and morphological criteria (9). 
Alternatively, in multiple conditions, intravertebral lesions 
caused by various etiologies have a similar morphology, signal 
manifestations, or enhancement patterns on MRI, which are 
prone to produce similar imaging results, rendering the diag‑
nosis very challenging or even leading to misdiagnosis (2). For 
instance, some benign lesions are large, have mixed T1 and T2 
signals and infiltrative growth, which cannot be easily distin‑
guished from malignant tumors. In the present study, in the 
30 cases of malignant lesions, MRI misdiagnosed two metas‑
tases as astrocytomas, two cases of lymphoma as schwannoma, 
and one case of melanoma as meningioma. On the other hand, 
PET/CT correctly diagnosed two of them (one lymphoma and 
one metastasis) as malignant lesions, considering the abnormal 
concentration of FDG metabolic radioactivity.

With the rapid development of PET/CT in recent years, 
its clinical application has been widespread for the detection 
of malignant tumors, and to differentiate between neoplastic 
and non‑neoplastic lesions. Particular advantages are the 
ability to assess the grading of brain tumors, identify tumor 
recurrence and radiation necrosis following radiotherapy with 
‘one‑stop’ evaluating anatomical structure and systemic func‑
tional metabolism (10). Previous studies on intraspinal tumors 
(mesenchymal astrocytomas, ventricular meningiomas, etc.) 
have confirmed the feasibility of PET/CT in intradural lesions 
and that it can further improve the diagnostic efficiency (10,11). 
In addition, relevant studies (12,13) have also demonstrated 
that PET/CT combines the advantages of the high sensitivity 
of PET for the detection and accurate anatomical localization 
of CT, and can simultaneously evaluate soft tissue involve‑
ment. This is of particular value in the diagnosis of intradural 
and vertebral metastases with a higher sensitivity than MrI, 

Table I. Characteristics of the patients in the present study.

Characteristic Value (n=58)

Sex 
  Female 25
  Male 33
Age in years, mean (range) 56.71±16.16 (14‑82)
Tumor volume (metabolic tumor 9.95±9.06 (2.42‑42.51)
volume), mean (range)
Histological type, n (%) 
  Metastasis 19 (32.8%)
  Lymphoma   9 (15.5%)
  Glioblastoma multiforme 1 (1.7%)
  Melanoma 1 (1.7%)
  Schwannoma   6 (10.3%)
  Meningioma 5 (8.6%)
  Myelitis 4 (6.9%)
  Neurofibroma 2 (3.4%)
  Abscess 2 (3.4%)
  Chronic inflammation with  2 (3.4%)
  fibromatous hyperplasia 
  Spinal cord edema 2 (3.4%)
  Diffuse astrocytoma 1 (1.7%)
  Pilocytic astrocytoma 1 (1.7%)
  Teratoma 1 (1.7%)
  Sacral cyst 1 (1.7%)
  Tuberculosis 1 (1.7%)
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providing richer imaging information for clinical diagnosis 
and treatment.

The present study demonstrated that PET/CT had a high 
diagnostic efficacy with a sensitivity of 90.0%, an accuracy 

of 77.6%, and a negative predictive value of 85.7% for the 
diagnosis of intravertebral lesions. Among the 30 malignant 
lesions, 27 cases were correctly diagnosed, apart from two 
cases of lymphoma and one case of a metastatic tumor with 

Figure 1. Female patient, 48 years of age, reviewed after breast cancer surgery. (A) Sagittal T2WI; (B) sagittal T1WI + C showing an irregular T1WI, low 
T2WI, slightly high signal mass in the medulla oblongata and anterior to the spinal cord at the level of cervical 1‑2. The enhanced scan reveals a significant 
enhancement, spinal cord compression, poorly demarcated from the lesion, and localized signal elevation. (C) Transverse CT; (D) transverse PET; (E) PET‑CT 
fusion image showing a slightly hyperdense occupancy with a CT value of ~55 HU and a significantly increased FDG metabolism at the level of cervical 1‑2 
spinal canal with maximum standardized uptake value, 17.35; peak standardized uptake value, 15.8; mean standardized uptake value, 10.63; metabolic tumor 
volume, 23.13 and total lesion glycolysis, 245.872. Metastasis was considered in the MRI and PET/CT of this case, which was confirmed by a post‑operative 
pathological examination combined with immunohistochemistry. PET, positron emission tomography; CT, computed tomography.

Figure 2. Female patient, 60 years of age, with numbness in both lower limbs and paresthesia. (A) Sagittal T2WI; (B) sagittal T1WI + C; (C) coronal T1WI + C 
showing a nodular T1 low T2 low signal shadow with clear borders in the extramedullary dura at the level of thoracic 9‑10 vertebrae, with adjacent spinal cord 
compression, and significant enhancement with more uniform enhancement. (D) Transverse CT; (E) transverse PET; and (F) PET‑CT fusion images showing 
slightly heterogeneous density within the thoracic 9‑10 spinal canal, no significant enlargement, no destruction of adjacent bone, mildly increased FDG 
metabolism; maximum standardized uptake value, 3.71; peak standardized uptake value, 3.57; mean standardized uptake value, 2.46; metabolic tumor volume, 
4.39; and total lesion glycolysis, 10.799. Meningioma was considered in the MRI and PET/CT, and the post‑operative pathological diagnosis was schwannoma. 
PET, positron emission tomography; CT, computed tomography.
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an insignificant increase in FDG metabolism, which led to 
a false‑negative diagnosis. False‑negatives may be due to 
highly differentiated or low‑grade malignant tumors with 
poor FDG metabolism or sparse radioactive distribution. 
Primary intramedullary lymphoma is rare, accounting for 
only 1% of central nervous system lymphomas. PET/CT shows 
intravertebral occupations that may involve adjacent vertebral 
and paravertebral areas. Metastases usually have a history of 
malignancy, presenting in multiple nodular lesions, which can 
be accompanied by vertebral and accessory bone destruction 
and perineural edema. Both pathologies exhibit an increased 
FDG uptake; however, intradural astrocytomas and schwan‑
nomas usually have a lower FDG uptake than lymphomas 
or metastases (14,15). False‑positives of PET/CT imaging in 
intraspinal lesions are primarily due to tuberculosis, abscess, 
inflammatory demyelinating lesions (16,17), where FDG 
metabolism levels are generally increased. Intramedullary 
tuberculoma is rare, with a low or slightly high density, single 
or multiple nodules, ~1 cm in diameter, a circumferential or 
homogeneous enhancement, and a high FDG uptake. PET/CT 
is helpful for determining cases involving tuberculosis of other 
systems and the extent of involvement; in spite of this however, 
it has limited specificity in distinguishing tuberculomas from 
tumors (16).

the findings of the present study demonstrated the 
sensitivity of PET/CT diagnosis was 90.0%, and the negative 
predictive value was 85.7%, which was higher than the MRI 
sensitivity (83.3%) and negative predictive value (82.1%). 
The PET/CT specificity (64.3%) and positive predictive value 
(72.9%) were lower than the MRI specificity (82.1%) and posi‑
tive predictive value (83.8%). Compared with MRI, PET/CT has 
a higher sensitivity, particularly in screening metastases, where 
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Figure 3. In the diagnostic efficacy between malignant and benign groups, 
the AUC for SUVmax (0.919) was the largest, with a Youden index of 0.762, 
and 83.3% sensitivity and 92.9% specificity; the AUC for SUVpeak was 
0.905 and that for SUVmean was 0.899; the AUCs of the first three were 
also significantly greater than those of MTV and TLG (0.609 and 0.786; 
P<0.001). AUC, area under the ROC curve; SUVmax, maximum standard‑
ized uptake value; SUVpeak, peak standardized uptake value; SUVmean, 
mean standardized uptake value; MTV, metabolic tumor volume; TLG, total 
lesion glycolysis.
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sensitivity is more valuable than specificity, as false‑negative 
results often have severe consequences for patients, and delay 
timely and effective treatment. Mostardi et al (18), by linking 
PET and MR imaging features, also confirmed that PET could 
detect the majority of intramedullary metastases. Moreover, for 
the monitoring of post‑operative and post‑treatment changes in 
some cases, even with MRI with contrast enhancement, it can 
be challenging to assess recurrence. By contrast, FDG‑PET 
can provide additional information in this regard. In patients 
diagnosed with benign astrocytoma or schwannoma by MRI, 
PET is also useful for follow‑up. When the uptake of FDG 
increases, it may indicate a malignant transformation of the 
tumor (5,15).

The application of PET/CT in intravertebral lesions is 
limited, possibly due to the slightly lower spatial resolution of 
PET, whereas, with the continuous improvement of resolution, 
PET/CT can now clearly confirm the location. The mechanism 
of FDG uptake is complex, reflecting the process of glucose 
transport and consumption. Glucose depletion is related to 
tumor grade, cell attenuation and bioinvasiveness (19). The 
significant increase in FDG uptake highly suggests malignant 
tumors, although it may also occur in tissues with high cell 
proliferation, such as in aggressive benign tumors, inflamma‑
tory infections, etc. Unlike in brain tissue, an increased FDG 
uptake is not common in the normal spinal cord. The uptake 
of FDG by intraspinal lesions can be quantitatively evaluated. 
The most commonly used semi‑quantitative index parameter 
of glucose metabolism is SUVmax, which is the largest SUV 
value of a single voxel in the target volume. It has a simple 
operation and good repeatability. The results of the present 
study indicated that the SUVmax, SUVpeak and SUVmean 
values were higher in the malignant group (8.99±3.75, 
7.35±3.26 and 5.43±2.40, respectively) than in the benign 
group (4.27±1.25, 3.49±1.07 and 2.49±0.84, respectively) and 
the differences were statistically significant (all P<0.0001). In 
particular, in distinguishing the diagnostic efficiency, the AUC 
for SUVmax was 0.919, which was the largest, with a Youden 
index of 0.762, and a 83.3% sensitivity and 92.9% specificity. 
It was significantly higher than the AUC values for MTV or 
TLG (0.609 and 0.786, respectively; P<0.001). Similarly, the 
study by tomura et al (11) revealed that benign intraspinal 
tumors exhibited a slight to moderate increase in FDG uptake, 
while malignant tumors, such as mesenchymal astrocytoma 
had an abnormally high SUVmax.

The present study has some limitations which should be 
mentioned. Retrospective analysis may result in selection bias. 
In addition, the current sample size was small; hence, further 
prospective studies with larger sample sizes are required. It is 
considered that the coordination effect of MRI and PET‑CT 
will be higher than that of a single‑mode, and the authors aim 
to closely plan any future studies.

In conclusion, as demonstrated in the present study, MRI 
remains a reliable examination for the diagnosis of benign or 
malignant intravertebral lesions. 18F‑FDG PET/CT, as a useful 
supplement, also has a high sensitivity and accuracy for the 
qualitative diagnosis and differentiation. The synergistic effect 
of both techniques reflects different aspects of the lesions and 
contributes to a more accurate diagnosis.
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