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18
F-FDG PET/CT can differentiate vertebral metastases 

from Schmorl's nodes by distribution characteristics of 
18

the F-FDG 

Abstract
Background: Di�erentiation of vertebral metastases from Schmorl's nodes, especially with �uorine-18-

18�uorodeoxyglucose ( F-FDG) uptake, is very important for the appropriate management of these pati-
18ents in case they have malignancy. We aimed to evaluate the value of F-FDG positron emission tomogra-

phy/computed tomography (PET/CT) in di�erentiating vertebral metastases from Schmorl's nodes with 
18 18F-FDG uptake. Subjects and Methods: Fourteen patients with malignancy underwent F-FDG PET/CT, 

18which showed abnormal F-FDG uptake in 19 Schmorl's nodes. Twenty one patients with vertebral metas-
18 18tases underwent F-FDG PET/CT, which showed abnormal F-FDG uptake in 28 vertebral metastatic lesi-

ons. All these Schmorl's nodes and vertebral metastases were con�rmed by pathology or by follow-up. The 
18F-FDG PET/CT were retrospectively analyzed, including maximum standardized uptake value (SUVmax), 

18the distribution characteristic of F-FDG and the size of these lesions in PET and CT. Results: The mean 
18value of SUVmax of Schmorl's nodes with F-FDG uptake were 5.7±2.8, while the mean value of SUVmax 

of vertebral metastases were 6.6±3.2. There were no signi�cant di�erences in the SUVmax between Sch-
18morl's nodes and vertebral metastases. However, the F-FDG distribution in Schmorl's nodes and verteb-

18ral metastases showed some di�erences. The F-FDG uptake in the bordeline area surrounding the nuc-
leus pulposus was highter in Schmorl's nodes. The size of Schmorl's nodes on PET was signi�cantly smaller 
than that on CT. The size of vertebral metastases on PET was larger or similar with that on CT. Conclusion: 

18Although the SUVmax in the Schmorl's nodes and vertebral metastases was similar, the F-FDG distri-
bution characteristic in PET/CT can help di�erentiating the vertebral metastases from Schmorl's nodes.
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Introduction

Schmorl's nodes were considered as a herniation of the nucleus pulposus through 
the cartilaginous and bony endplate into the vertebral body [1]. Schmorl's nodes 
present most commonly as incidental �ndings in asymptomatic patients or in pa-

tients with back or radicular pain due to di�erent etiologies [1]. It is essential for ap-
propriate management to di�erentiate Schmorl's nodes from vertebral metastases in 
case Schmorl's nodes were demonstrated incidentally in patients with a history of mali-
gnancy. Spine is a common bone metastases site in patients with malignancy. However, 
the di�erential diagnosis of Schmorl's nodes from vertebral metastases is still challen-
ging in clinical practice.

Fluorine-18-�uorodeoxyglucose positron emission tomography/computed tomo-
18graphy ( F-FDG PET/CT) has been used in diagnosing and staging benign diseases [2], 

such as Schmorl's node [3], and malignant diseases [4, 5], such as bone metastases [6]. 
18Lin et al. (2012) reported that Schmorl's nodes had low to moderate F-FDG PET/ CT up-

take, which could cause false positive results in patient with malignancy [3]. The aim of 
18 18this study was to study the F-FDG PET/CT image and especially the F-FDG PET/CT dis-

tribution characteristics in di�erentiating vertebral metastases from Schmorl's nodes.

Case Report

Between January 2009 and December 2014, 14 patients with a history of malignancy, 8 
male and 6 female; mean age 58.7±10.8 years old were diagnosed with Schmorl's nodes 
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(Schmorl's node group). The malignancies of this group 
included 4 patients with lung cancer, 3 with breast cancer, 3 
with digestive system cancer, 2 with prostate cancer, 1 with 
liver cancer and 1 with ovarian cancer. During the same peri-
od, 21 patients also with a history of malignancy (11 male 
and 10 female, mean age 60.2±9.6 years) were diagnosed 
with vertebral metastases (vertebral metastases group). The 
malignancies of the vertebral metastases group included 7 
patients with lung cancer, 4 with digestive system cancer, 3 
with liver cancer, 3 with breast cancer, 2 with prostate cancer, 
1 with ovarian cancer and 1 with nasopharyngeal cancer. The 
diagnosis of Schmorl's nodes and vertebral metastases was 
based on pathology and/or follow- up. The follow-up time 
was between 6-42 months, mean 16.8±9.6 months. A physi-
cian could not di�erentiate vertebral metastases from Sch-

18morl's nodes before the F-FDG PET/CT scan.  All these pati-
18 18ents underwent the F-FDG PET/CT scan. The F-FDG PET/ 

18CT of Schmor's node group showed F-FDG uptake in the 
18Schmor's node. The F-FDG PET/CT images were studied 

retrospectively, including qualitative and semi-quantitative 
analysis. This study was approved by the Beijing Friendship 
Hospital, Capital Medical Universtiy ethics committee. 

18F-FDG PET/CT imaging protocol and data analysis
18Each patient was asked to fast for at least 6 hours before F-

FDG PET/CT imaging. All scans were performed on a com-
bined PET/CT scanner (Discovery LS; GE Healthcare, Milwa-
ukee, WI). Fluorine-18-FDG PET/CT images of each patient 
were acquired approximately 60min after the intravenous 

18injection of F-FDG. In addition, their serum blood glucose 
18levels were measured before the injection of F-FDG, and if 

the level of glucose was over 6.7mmol/L, the examination 
was deferred. 

An unenhanced CT scan was performed �rst for PET atte-
nuation correction and then PET data were acquired in two 
dimensional (2D) mode, for 3.5min of acquisition time per 
bed position. The CT images were reconstructed onto a 512× 
512 matrix with a section thickness of 3.75mm. Using the CT 
data for attenuation correction, the images were then recon-
structed with an ordered set expectation maximization (OS-

18EM) algorithm. At the conclusion of the F-FDG PET/CT scan, 
all reconstructed image data were transferred to a worksta-
tion for clinical evaluation and also to a local server for lesion 
volume data analysis. The SUVmax of Schmorl's nodules and 

18vertebral metastases on F-FDG PET/CT images were recor-
ded.

18Imaging analysis and measurement of F-FDG PET/ 
CT parameters

18The F-FDG PET/CT images were assessed by two experi-
enced nuclear medicine physicians. Any discrepancy was 
resolved by consensus. The SUVmax, distribution characte-

18ristics of Schmorl's nodules and vertebral metastases of F-
FDG PET/CT were compared and analyzed.

Statistical analysis
18The average value of SUVmax on F-FDG PET/CT was 

expressed as mean±standard deviation (M±SD). The mean 

value of SUVmax of Schmorl's nodes and vertebral metas-
18tases on the F-FDG PET/CT scan were compared using Wil-

coxon's rank-sum test. The distribution characteristics of 
18Schmorl's nodes and of vertebral metastases on  the F-FDG 

PET/CT scan were compared. All statistical tests were perfor-
med by using SPSS 20.0 software (SPSS. Inc., Chicago, IL, 
USA).

Results

Patients characteristics
18 18In the Schmorl's nodes group, F-FDG PET/CT showed F-

FDG uptake in 19 nodes of which 14 patients with maligna-
ncy. Eight of the 19 Schmorl's nodes were located in the tho-
racic vertebrae and 11 in the lumbar vertebrae. Five of these 
patients had two Schmorl's nodes and 9, a single Schmorl's 
node. The mean value of SUVmax of Schmorl's nodes with 
18F-FDG uptake was 5.7±2.8. 

18In vertebral metastases group, F-FDG PET/CT showed 
18F-FDG uptake in 28 vertebral metastases of 21 patients 
with malignancy. Seven patients had two vertebral metasta-
ses and 14 a single vertebral metastasis. The mean value of 
SUVmax of vertebral metastases were 6.6±3.2. There was no 
signi�cant di�erence in the SUVmax between Schmorl's no-
des and vertebral metastases. 

18However, the F-FDG distribution characteristics in Sch-
morl's nodes and vertebral metastases showed some di�e-

18rences. The F-FDG uptake in the bordeline area surrounding 
the nucleus pulposus was higher than that of areas surroun-
ding  Schmorl's node. The size of Schmorl's nodes on the PET 
scan was signi�cantly smaller than that on CT. Moreover, the 

18higher F-FDG uptake of these borderline areas surrounding 
the Schmorl's nodes were located around the nucleus pulpo-
sus (Figure 1). The size of vertebral metastases on the PET scan 
was larger or similar with that on CT (Figure 2).

Discussion

The di�erential diagnosis of Schmorl's nodes from vertebral 
metastases is essential in patients with malignancy. Di�e-
rent diagnostic methods have been used in the di�erential 

18diagnosis, including CT [7], MRI [8] or F-FDG PET/CT [3]. 
However, the di�erential diagnosis of the two diseases is still 
challenging in patients with malignancy. Previous studies 
have reported that Schmorl's nodes caused a false positive 

18result on the F-FDG PET/CT scan [3, 9]. 
Based on the present study, the mean value of SUVmax of 

Schmorl's nodes was similar with that of the vertebral metas-
18tases group. However, the F-FDG distribution characteris-

tics in Schmorl's nodes and vertebral metastases showed so-
me di�erences.

Schmorl's node is herniation of nucleus pulposus through 
the cartilaginous and bony end plate into the body of an ad-
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Figure 1.  A 50 years old man with the history of lung cancer was diagnosed with 
18Schmorl's nodes based on the F-FDG PET/CT. The SUVmax of the Schmorl's nodes 

was 4.3. The size of Schmorl's nodes on PET (thin arrow in B) was smaller than that on 
18CT (thick arrow in A). Moreover, the high F-FDG uptake of Schmorl's node was located 

on the inferior borderline area surrounding the nucleus pulposus (thin arrow in C). 

Figure 2.  A 55 years old female with the history of breast cancer was diagnosed 
18with vertebral metastases based on F-FDG PET/CT. The SUVmax of the Schmorl's 

nodes was 5.4. The size of vertebral metastases on PET (thin arrow in B) was similar 
with that on CT (thick arrow in A). The image of PET almost overlapped to that of CT 
(thin and thick arrows in C). 

jacent vertebra [10]. A number of theories have tried to ex-
plain the pathogenesis of Schmorl's nodes. Schmorl's nodes 
were considered a developmental disease [10], a degene-
rative bone disease [11], discs and vertebral bodies weake-
ning disease [10], or an autoimmune disease [12]. Zhang et 
al. (2010) reported that the immune system played a key role 
in the development of symptomatic Schmorl's node beca-
use when a disc herniates into the vertebral endplate  it co-
uld be considered as �non-self� tissue and in contact with 
blood would incite an immune reaction, edema, an in�ux of 
cytokines, and pain to the herniated material [12]. Other 
researchers also reported that the immune system played a 
role in symptomatic Schmorl's node formation as demon-
strated by magnetic resonance imaging (MRI). Histologic 
examination of bone marrow from Schmorl's nodes patients 
showed evidence of in�ammatory cell in�ltration and bone 
marrow edema in the vicinity of the Schmorl's node [13]. 
Takahashi et al. (1995) reported that symptomatic Schmorl's 
node were seen as low-intensity lesions on T1-weighted 
MRI, but high-intensity on T2-weighted images, which were 
caused by the presence of in�ammation [13]. This pheno-

18menon can explain the high F-FDG uptake in the bordeline 

area surrounding the pulpous nuclear that was higher than 
18in other areas of Schmorl's nodes. Moreover, the high F-

FDG uptake of Schmorl's nodes was located in the border-
line area surrounding the nucleus pulposus. Increased 

18uptake and retention of F-FDG has been shown in high 
concentration of in�ammatory cells lesions [14]. Any in�am-
matory process can demonstrate hypermetabolic activity on 
18F-FDG PET/CT studies because of the high degree of glu-
cose metabolism by in�ammatory cells due to expression of 
high-concentration glucose transporters. 

Bone metastases frequently happen in cancer patients. 
About 70% of patients with prostate cancer or breast cancer, 
and 15% to 30% of patients with colon, lung, bladder or renal 
cancer develop bone metastases [15]. Tumor cell dissemi-
nation to the bone is a complex process that involves reci-
procal interplay between cancer cells, cells in the surroun-
ding microenvironment, and the stroma itself [16]. Radio-
graphic detection of bone metastases is most commonly 
performed by identifying sites of active bone remodeling 
[17]. Totally, the bone lesions arise as a function of the can-
cer/stroma interaction rather than as the detection of the 
cancer cells themselves. Bone metastases can be divided 
into osteolytic, osteoblastic, and/or of a mixed type. The des-
truction of bone by cancer cells is caused by the increasing 
number of osteoclasts rather than by the tumor cells [18]. In 
most bone destroying metastases, there is also an increase in 
new bone formation. Therefore, X-rays show a ring of new 
bone surrounding the destroyed bone [15]. In osteoblastic 
metastases, new bone formation is the primary feature. 
There-fore, the size of vertebral metastases on PET is larger 
or similar with that on CT. The images of PET almost over-
lapped completely that of CT in vertebral metastases lesion. 

18It is well known that the F-FDG PET has a higher sensitivity 
in the detection of osteolytic bone metastases and lower 
sensitivity in osteoblastic bone metastases compared with 
bone scan [19]. Recently, Uchida K et al. (2013) reported that 
PET in PET/CT could be a substitute for bone scan regarding 
the evaluation of spinal metastases, especially for patients 
with spinal osteolytic lesions identi�ed by CT. With the in-

18creased application of whole-body F-FDG PET/CT for the 
staging and follow-up of malignant disease, it is our opinion 

18that F-FDG PET/CT may support the diagnosis of Schmorl's 
nodes as related to vertebral metastases.

We recognized several limitations of this study. Firstly, this 
was a retrospective study with a small number of patients. 
Secondly, bone metastases included the osteolytic, osteo-

18blastic, or mixed lesions. We know that F-FDG PET/CT is 
more sensitive in detecting osteolytic or mixed lesions than 
the osteoblastic lesions [20]. Lytic lesions induce continuous 
bone removal and increased activity of tumor cells invasion 
with lysosomal enzymes, which act as osteoclastic process. 
In contrast, sclerotic lesions like �brosis or collagen deposi-

18tions do not contain many cells which can take up F-FDG. 
Thirdly, some bone metastases were diagnosed by follow-
up, not by pathology, which may in�uence the results. At the 
same time, we did not study the related �ndings in old or 
recent disc prolapse. Multicenter prospective studies with a 
larger number of patients are needed to con�rm the result of 
the present study.
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In conclusion, although the SUVmax in the Schmorl's 
18nodes and in vertebral metastases was similar, the F-FDG 

distribution characteristic in PET/CT can help di�erentiate 
the vertebral metastases from Schmorl's nodes.
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