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Abstract. �����������������������������������������������This study explored the method of imaging diag-
nosis of primary spinal osseous tumors and the application 
value of imaging in clinical diagnosis. Sixty-nine patients 
with primary spinal osseous tumors who received treatment 
in Nankai Hospital from July 2016 to June 2017 were selected. 
All of them received X-ray, computed tomography (CT) and 
magnetic resonance imaging (MRI) examinations to analyze 
the imaging features of the three examination methods. 
Sensitivity (Sen), specificity (Spe), positive predictive value 
(PV+), negative predictive value (PV-) and accuracy (Acc) were 
compared. The consistency of the three examination methods in 
diagnosing primary spinal osseous tumors was analyzed. Sen, 
Acc and PV- of the three examination methods in diagnosing 
spinal osseous tumors had obvious differences. MRI showed 
the highest Sen (P<0.05). MRI had relatively high consistency 
with CT scan in diagnosing primary spinal osseous tumors, 
and κ-value was 0.72. CT scan and X-ray had obvious differ-
ence in diagnosing primary spinal osseous tumors (P<0.05). 
The consistency between CT scan and X-ray in diagnosing 
primary spinal osseous tumors was relatively low, and κ-value 
was 0.47. MRI and X-ray had obvious difference in diagnosing 
primary spinal osseous tumors (P<0.05). The consistency 
between MRI and X-ray in diagnosing primary spinal osseous 
tumors was relatively low, and κ-value was 0.41. X-ray exami-
nation is easy to operate with high resolution. CT scan has 
obvious advantages in displaying lesions with complex struc-
ture, many of which locate in overlapping sites. MRI has more 
advantages and higher accuracy in judging the scope of the 
tumor. CT and MRI examinations have obviously higher effi-
cacy than X-ray in diagnosing primary spinal osseous tumors. 
They are conducive in improving the accuracy of diagnosing 
primary spinal osseous tumors.

Introduction

Spinal osseous tumors have complex lesion types, which can 
be divided into metastatic tumor and primary tumor, in which 
primary spinal osseous tumor is a rare tumor disease taking 
up approximately 7% in systemic tumors, and its rate of dete-
rioration is relatively high with the occurrence of disease (1,2). 
The highest proportion of metastatic tumor is >50%, half of 
which are benign tumors and the remaining half are malignant 
tumors. It is characterized by various types, low differences 
in imaging features and difficult diagnosis. As the nerves and 
capillaries are densely distributed around the spine, removal 
of the tumor with minimal wound can be reached only after 
the occurrence site and the scope of the tumor are mastered 
well (3). Therefore, in order to reduce misdiagnosis and post-
operative recurrence rates, a total of 69 patients with primary 
spinal osseous tumors were analyzed to further explore the 
imaging features and provide guidance for clinical diagnosis 
and treatment.

Patients and methods

General patient data. A total of 69 patients with primary spinal 
osseous tumors who received treatment in Nankai Hospital 
(Tianjin, China) from July 2016 to June 2017 were selected 
into the study. It was confirmed by pathological diagnosis 
that all the patients suffered from the disease, and all of them 
received X-ray, computed tomography  (CT) and magnetic 
resonance imaging (MRI) examinations (4). General data of 
study patients are given in Table I. The study was approved 
by the Ethics Committee of Nankai Hospital and informed 
consents were signed by the patients or guardians.

X-ray examination. X-ray examination was conducted for all 
the patients. Siemens digital radiography (DR) machine was 
adopted for X-ray on the posteroanterior and single lateralpo-
sition of the pain site of the patient. X-ray was conducted on 
double oblique positions if necessary.

CT examination. All the patients received CT examinations 
in a supine position using a dual-source 64-row CT scanner 
(produced by Siemens, Munich, Germany). Parameters of 
the CT scanner were set as follows. Current: 260-300 msec; 
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voltage: 120 kV; layer thickness: 5 mm; interlayer spacing: 
1 mm ; matrix: 512x512. The scanning was conducted on 
the spine with lesions and the adjacent vertebral body. An 
enhanced scan was conducted with iohexol [produced by 
Guangzhou Schering Pharmaceutical Co., Ltd., Guangzhou, 
China, concentration: 300 mg   I/ml], a non-ionic iodine-
containing contrast agent, in a dose of 1.5 ml/kg (body weight) 
by bolus injection with a high-pressure syringe in the same 
method as plain scan.

MRI examination. All the patients received MRI examinations 
with an MRI scanner (MR 3.0T HDX TWINSP produced 
by General Electric Co., Fairfield, CT, USA). Routine T1 
weighted imaging (T1WI) and T2 weighted imaging (T2WI) 
examinations were conducted, in which T1WI: time of repeti-
tion (TR): 200-540 msec, time to echo (TE): 2-14 msec; T2WI: 
TR = 3,000-5,000 msec, TE = 23-138 msec. The scanning site 
was the center of the patient's pain site, and the scope of the 
scanning was the spine and the adjacent vertebral body of 
the patient.

Evaluation methods. The imaging results were analyzed by 
two senior imaging diagnosis physicians (with more than 
10-year working experience). When the results obtained by 
them were inconsistent, they would reach a common conclu-
sion by discussion. Sensitivity (Sen), specificity (Spe), positive 
predictive value (PV+), negative predictive value (PV-) and 
accuracy (Acc) were compared among the three examination 
methods using the pathological results as the gold standard.

Statistical analysis. Four parameters (including true positive, 
false positive, true negative and false negative) were esta- 
blished for X-ray, CT and MRI diagnosis tests, respectively, 
using the pathological results as the gold standard, and indica-
tors of diagnostic efficacy were calculated. Positive referred to 
malignant tumors, while negative referred to benign tumors. 
Statistical Product and Service Solutions (SPSS) 19.0 (SPSS 
Inc., Chicago, IL, USA) was adopted for statistics. A paired 
χ2 test was performed to analyze the difference and consis-
tency of accuracy of X-ray, CT and MRI examinations in 
diagnosing primary spinal osseous tumors. ANOVA was used 
for comparison between multiple groups and the post hoc test 
was LSD test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Comparison of imaging features of different examination 
methods. CT scan had obvious advantages in diagnosing 
tumors such as lesion calcification and osteolytic destruc-
tion  (Fig.  1); X-ray showed better contrast and clarity of 
the spine, and bone structure could be seen clearly by this 
method (Fig. 2); MRI was more sensitive to the imaging of the 
spinal cord, which could be used to discover early tumor lesion 
based on the change in bone marrow signal (Fig. 3).

Comparison of diagnostic efficacy of different examination 
methods. X-ray, CT and MRI examination showed that Sen, 

Table I. General data of the patients.

Items	 Subject (n=69)

Male (n, %)	 36 (52.17)
Female (n, %)	 33 (47.83)
Age (years)	 10-70
Average age (years)	 24.36±4.49
Clinical manifestation
Chest and back pain	 52 (75.36)
Radioactive pain	 14 (20.29)
Fever	 19 (27.54)
Local swelling	 5 (7.25)
Perspiration dysfunction	 11 (15.94)
Limited mobility	 3 (4.35)

Figure 2. An X-ray on a male patient with hemangioma aged 39 years reveals 
that the vertebral body is influenced by the lesion, part of the trabeculae of 
vertebral body is absorbed and part of it shows compensatory thickening and 
fence-like change.

Figure 1. A CT scan on a female patient with osteochondroma aged 42 years 
shows that the boundary is blurry and irregular, and that calcification is 
generated in the lesion.
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Acc and PV- of the three examination methods in diagnosing 
spinal osseous tumors were significantly different. MRI 
examination showed the highest Sen (P<0.05). Spe and PV+ 
of the three examination methods had no obvious differences 
(P>0.05) (Table II).

Diagnostic consistency of MRI and CT with pathological 
results. The diagnostic results of primary spinal osseous 
tumors obtained with MRI examination and those obtained 
with CT scan were compared with the pathological results, 
respectively, which showed that 45 patients had consistent 
results with the pathological results by the two methods, and 
that 19 patients had inconsistent results with the pathological 
results by the two methods. The two methods had relatively 
high consistency in diagnosing primary spinal osseous tumors 
(κ-value = 0.72) (Table III).

Diagnostic consistency of CT and X-ray with pathological 
results. The diagnostic results of primary spinal osseous tumors 
obtained with CT scan and those obtained with X-ray were 
compared with the pathological results, which showed that 
42 patients had consistent results with the pathological results 
by the two methods, and that 12 patients had inconsistent results 
with the pathological results by the two methods. The two 
methods had relatively low consistency in diagnosing primary 
spinal osseous tumors (κ-value = 0.47) (Table IV).

Diagnostic consistency of MRI and X-ray with pathological 
results. The diagnostic results of primary spinal osseous tumors 
obtained with MRI examination and those obtained with X-ray 
were compared with the pathological results,respectively, 
which showed that 41 patients had consistent results with the 
pathological results by the two methods, and that 11 patients 

Figure 3. An MRI on a female patient with chondrosarcoma aged 51 years 
shows that the distribution of density and signal of spinal tumor is not uni-
form due to the insufficient blood supply in tumor center, and that the sign of 
‘salt and pepper’ is generated.

Table II. Comparison of diagnostic efficacy among X-ray, CT 
and MRI examination methods (%).

Examination method	 Sen	 Spe	 Acc	 PV+	 PV-

X-ray	 76.81	 86.96	 78.26	 92.75	 62.32
CT	 86.96	 88.41	 86.96	 94.20	 72.46
MRI	 92.75a 	 89.86 	 91.30a	 95.65	 85.51a

aP<0.05, comparisons between X-ray and values.

Table III. Comparison between MRI examination and CT 
scan (n).

Results obtained	 Results obtained with CT
with MRI	s can vs. pathological results
examination vs. 	 ---------------------------------------------------
pathological results	 Consistent	 Inconsistent	 Total

Consistent	 45	   3	 48
Inconsistent	   5	 16	 21
Total	 50	 19	 69

MRI examination and CT scan have no significant difference in 
diagnosing primary osseous tumors (χ2=0.816, P=0.314). They have 
relatively high consistency in diagnosing primary spinal osseous tumors. 
κ-value = 2 x (45x16-5x3)/(45+3) x (3+16) + (45+5) x (5+16) = 0.72.

Table IV. Comparison between CT scan and X-ray (n).

Results obtained	 Results obtained with X-ray
with CT scan	 vs. pathological results
vs. pathological	 -----------------------------------------------------
results	 Consistent	 Inconsistent	 Total

Consistent	 42	 11	 53
Inconsistent	   4	 12 	 16
Total	 46	 23	 69

CT scan and X-ray have significant difference in diagnosing primary 
osseous tumors (χ2=5.287, P=0.032). They have relatively low 
consistency in diagnosing primary spinal osseous tumors. κ-value = 
2 x (42x12-4x11)/(42+11) x (11+12) + (42+4) x (4+12) = 0.47.

Table V. Comparison between MRI examination and X-ray (n).

Results obtained	 Results obtained with X-ray
with MRI	 vs. pathological results
examination vs.	 ---------------------------------------------------
pathological results	 Consistent	 Inconsistent	 Total

Consistent	 41	 13	 54
Inconsistent	   4	 11	 15
Total	 45	 24	 69

MRI and X-ray have significant difference in diagnosing primary 
osseous tumors (χ2=56.247, P=0.025). They have relatively low 
consistency in diagnosing primary spinal osseous tumors. κ-value = 
2 x (41x11-4x13)/(41+13) x (13+11)+(41+4) x (4+11) = 0.41.
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had inconsistent results with the pathological results by the 
two methods. The two methods had relatively low consistency 
in diagnosing primary spinal osseous tumors (κ-value=0.41) 
(Table V).

Discussion

Spinal osseous tumors can occur in any part of the vertebrae, 
mainly in the thoracic vertebrae, followed by the sacral and 
lumbar spine, but rarely occur in cervical spine (5,6). They 
include benign tumors (such as giant cell tumor of bone, 
osteochondroma, hemangioma and aneurysmal bone cyst) and 
malignant tumors (such as chordoma, myeloma, chondrosar-
coma and Ewing's sarcoma), of which the malignant spinal 
tumor frequently occurs in the middle-aged and the elderly, 
while the benign tumors are mainly concentrated in the young 
people (7). Surgical treatments such as radiotherapy, chemo-
therapy and laminectomy are usually adopted in clinic for 
the treatment of spinal osseous tumors. With the continuous 
development of imaging and related medical technology, early 
detection and surgical treatment have become indispensable 
treatment methods (8).

X-ray plain film can be available to find most of the verte-
bral tumors. Its diagnostic principle is that it has relatively high 
sensitivity and relatively high spatial resolution in imaging 
bone tissues, and can clearly show the size and the structure 
of the bone as well as the destruction on the bones in the skel-
eton and the periosteal reaction based on the change in bone 
mineral density caused by the change in the concentration of 
calcium in the spine (4,9). However, it cannot be used for the 
examination and analysis of cartilage lesions due to its limita-
tions, and the adnexal tumors and those under the adnexa are 
easy to be omitted. The examination is the most basic method 
for the diagnosis of tumors  (10). Vertebral tumors can be 
diagnosed with CT examination by the discovery of calcified 
lesions (11). The imaging of spinal tumors with MRI examina-
tion is characterized by clear lesion site and the generation of 
‘salt and pepper’ sign. In addition to displaying the change in 
morphology of the tumors, it can also reflect the change in 
signal strength of the lesion, thus effectively improving the 
accuracy of diagnosis (12).

With the continuous development of imaging diagnosis, 
CT and MRI techniques have been commonly used in the 
diagnosis of skeletal diseases, and the early diagnosis of bone 
tumors and the confirmation of benign lesions are improved. 
Imaging diagnosis can be used to know the extent of the 
lesion, and understand whether the surrounding tissues are 
changed, which is of great significance for clinical diagnosis 
and treatment (13). The results of this study showed that Sen, 
Acc and PV- of the three examination methods had no obvious 
differences in the diagnosis of spinal osseous tumors. MRI 
examination showed the highest Sen (P<0.05). Spe and PV+  
of the three examination methods had no obvious differences 
(P>0.05). This is because the displaying of soft tissue mass of 
spinal osseous tumors on the X-ray plain film is sometimes 
unobvious even though X-ray examination is easy to be 
performed with strong integrity (14). However, CT examination 
is more sensitive to the resolution of calcified lesions, espe-
cially lobular calcified lesions. For example, chondrosarcoma 
often occurs in the sacrococcygeal vertebra and the thoracic 

vertebra, and the soft-tissue mass will be ring-arc shaped, and 
represented as osteolytic destruction, which can be displayed 
clearly by enhanced CT scan (15). With the progress of the 
disease, osteolytic destruction is aggravated, the tumor shows 
invasive growth, and the blood supply in the center of the mass 
is insufficient. Upon MRI examination, the distribution of 
density and signal of the tumor is not uniform, most of T1WI 
show relatively low signal, while T2WI shows relatively high 
mixed signals. Moreover, MRI has the advantages of direct 
multi-plane imaging and high resolution. It is more accurate 
than X-ray plain film and CT scan in displaying tumors inside 
and outside the spine (16).

The results of this study showed that MRI and CT had 
no obvious difference in diagnosing primary spinal osseous 
tumors (P>0.05), and they had relatively high consistency in 
diagnosing primary spinal osseous tumors (κ=0.72); CT and 
X-ray film had obvious difference in diagnosing primary 
spinal osseous tumors (P<0.05), and they had relatively low 
consistency in diagnosing primary spinal osseous tumors 
(κ=0.47); MRI and X-ray film had obvious difference in 
diagnosing primary spinal osseous tumors (P<0.05), and 
they had relatively low consistency in diagnosing primary 
spinal osseous tumors (κ=0.41). This is because X-ray plain 
film mainly relies on the display of change in bone mineral 
density to diagnose bone tumors, while it has relatively low 
sensitivity in diagnosing tumors such as hemangioma and 
chondrosarcoma. CT scan has the advantages of rapid scan-
ning speed and clear images. With the rapid development of 
medical imaging technology, CT scan has grown from the past 
4 rows to 8, 16 and 64 rows, and even higher (17). Multi-row 
CT scan reduces the scanning time, and its interference by 
the motion artifact is reduced. Moreover, Z-axis resolution is 
higher, which is conducive to showing tiny lesions clearly, thus 
realizing early detection of primary spinal osseous tumors, 
and effectively avoiding the shortcomings of X-ray plain film. 
However, CT scan still has some defects. For example, it is not 
sensitive to the micro-periosteal reaction of the spinal osseous 
tumors, which causes missed diagnosis or misdiagnosis. 
In addition, the radiation generated during examination is 
harmful to the patient, and frequent examinations in a short 
term are not appropriate (18). MRI is an imaging technology 
developed on the basis of magnetic resonance phenomenon. It 
is a non-radioactive examination with the advantages of high 
spatial resolution and multi‑directional and multi-sequential 
imaging. It has relatively high sensitivity for the examination 
in a local range, and can determine the scope of the lesions in 
the parts involved by the tumors. Furthermore, it has relatively 
high resolution for tissues, and is more sensitive for displaying 
the change in osteogenesis of osteoblastoma (19). The scope of 
the lesion in the spinal cord can be shown effectively and the 
anatomical structure of the bone with tumor can be reflected 
clearly through T1WI sequence examination. The correla-
tion of the lesion with blood vessels, nerves and muscles at 
the adjacent vertebral segment can be shown through T2WI 
sequence examination, thus effectively judging the violation 
of the lesion on the surrounding soft tissues. Therefore, MRI 
examination has relatively high consistency with pathological 
examination (20).

In conclusion, X-ray, CT and MRI examinations have their 
own advantages in diagnosing primary spinal osseous tumors. 
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Comparatively speaking, CT and MRI examinations have 
higher accuracy, and they are more conducive to improving the 
accuracy in the diagnosis of primary spinal osseous tumors. 
Thus, they have higher clinical values.
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