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Abstract: 
Objective: Plain radiographs are vital for initial evaluations of bone tumors. However, multiplanar imaging; like magnetic 

resonance imaging (MRI), is often necessary for inconclusive cases. Hence, we aimed to determine the diagnostic value 

of MRI in evaluating bone tumor matrix and analyzing MRI characteristics of the matrix.

Material and Methods: This study reviewed 245 MRI and plain radiographs of pathologically confirmed bone tumors; 

including 123 mineralized and 122 non-mineralized bone tumors. A radiologist having 16 years of experience assessed 

tumor matrix characteristics, including border, signal intensity on T1-weighted (T1W), T2-weighted (T2W), and gradient-

echo images, along with enhancement patterns. Sensitivity, specificity, and a 95% confidence interval were used to 

present diagnostic values.

Results: MRI demonstrated a sensitivity and specificity of 78.1% and 87.7% in differentiating mineralized from non-

mineralized matrices, compared to 75.6% and 92.6% for plain radiographs. Both modalities showed high sensitivity and 

specificity in evaluating osteoid and chondroid matrices (MRI: 80.3%/84.0%, 94.5%/96.8%; radiographs: 80.3%/72.0%, 

95.1%/96.4% specificity). High specificity was noted in evaluating fibrous matrices (97.4%/99.6%) but with low sensitivity 

(23.5%/11.8%). MRI outperformed radiographs in subcategorizing fat, soft tissue, and cystic tumors. The chondroid 

matrix exhibited distinct characteristics on MRI (well-defined lobulated border with high/intermediate T2W and lobulated/

peripheral enhancement), while osteoid and fibrous matrices showed similar features, except in T1W signal intensity. 

Non-mineralized tumors displayed varied characteristics.
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Introduction
Malignant bone tumors are one of the major 

causes of death globally; especially among children and 

adolescents. It has been reported that 3,970 bone tumor 

patients were diagnosed annually, and approximately 2,140 

cases resulted in fatalities within the USA in 20231. While 

the incidence of bone tumors is not as high as that of 

other types of tumors, this disease still necessitates precise 

diagnosis for specific treatment.

The diagnosis of bone tumors requires both clinical 

information and diagnostic imaging. Plain radiographs play 

an initial role in disease evaluation, while radiographic 

images provide information regarding tumor location and 

aggressiveness; including details about margins, periosteal 

reactions, cortical changes and the presence of soft tissue 

components2–4. This imaging modality also offers insights 

into tumor mineralization, aiding radiologists in predicting 

tumor types2. However, in cases of inconclusive bone 

tumors, further investigation is necessary.

Advanced imaging; including computed tomography 

(CT) and magnetic resonance imaging (MRI), play important 

roles in further bone tumor evaluation. The use of advanced 

imaging in the assessment of bone tumors has increased, 

particularly MRI, because the modality provides excellent 

soft tissue contrast and can guide differentiation between 

aggressive and nonaggressive bone lesions5. However, the 

use of MRI in the evaluation of bone tumor mineralization 

in routine practice remains unclear. Based on our literature 

review, no studies have examined the diagnostic value 

of bone tumor mineralization and MRI characteristics in 

evaluating bone tumor matrix. This identified gap in the 

literature prompted us to conduct this present study.

This retrospective study aimed to determine the 

diagnostic value of MRI in evaluating bone tumor matrix, 

using pathology-proven cases as the reference. Additionally, 

the characteristics of bone tumor matrices identified by MRI 

were assessed.

Material and Methods
This retrospective study was conducted at a 

university tertiary hospital in southern Thailand. We 

reviewed the MRI and plain radiographs of patients having 

pathologically proven bone tumors at any site from January 

1st, 2006 to January 1st, 2019. Eligible criteria included : (1) 

patients with pathologically proven bone tumors of any age 

group; (2) patients having undergone plain radiographs and 

MRI at the tumor site before receiving specific treatment; 

and (3) patients for whom the MRI sequence included T1-

weighted images (T1W), T2-weighted images (T2W), and 

T1W contrast-enhanced fat-suppressed images. Patients 

with poor-quality MRI or plain radiographs were excluded. 

This study was approved by the Ethics Committee of the 

study hospital (REC 60-427-07-4).

The MRI and plain radiographs of the bone tumors 

were selected and separately reviewed by a musculoskeletal 

radiologist with 16 years of experience (PT). The MRI 

and radiographs of each patient were reviewed with a 

one-month gap between the modalities. The reviewing 

radiologist was blinded to the patient’s clinical information, 

tumor diagnosis, and tumor matrix. We used the pathological 

Conclusion: While plain radiographs are essential for initial bone tumor assessment, especially for mineralization, MRI 

is superior in evaluating tumor matrices and non-mineralized tissues in providing detailed characterization for staging 

and treatment planning. 
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results as a reference standard to categorize bone tumors 

into osteoid, chondroid, fibrous, and non-mineralized matrix 

groups, including fat, cyst, and non-mineralized soft tissue. 

Mineralized bone tumors were classified as those with 

matrices that could be detected on plain radiographs, such 

as osteoid, chondroid, and fibrous subgroups. The rest were 

classified as non-mineralized subgroups, with matrices that 

could not be detected on plain radiographs.

The MRI characteristics of the bone tumor matrix 

were evaluated. The border of the bone tumor matrix was 

classified as well-defined lobulated, well-defined smooth, 

and ill-defined/patchy patterns; as identified on T2W images 

(Figure 1). Signal intensity (SI) of the matrix on T1W and 

T2W images was classified as: low, intermediate, high, and 

mixed SI as compared to muscle SI. The enhancement of 

the tumor matrix was classified as presence and absence. 

The pattern of matrix enhancement was classified as 

homogeneous or patchy enhancement, heterogeneous or 

lobulated enhancement, septal/peripheral enhancement, 

and combined patterns of enhancement. Susceptibility 

artifact on gradient-recalled echo images (GRE) was also 

classified as presence and absence. Finally, the reviewer 

categorized the final decision for the tumor matrix into 

osteoid, chondroid, fibrous, and non-mineralized groups; 

including fat, cyst, and non-mineralized soft tissue. Tumors 

without identified matrices were categorized into the non-

mineralized group. Tumors with fatty foci were classified 

into the fat group. Purely cystic tumors were classified into 

the cystic group. The remaining tumors; including pure soft 

tissue and soft tissue with cystic components, were classified 

as the non-mineralized soft tissue group.

The plain radiographs of the bone tumors were 

also evaluated. The tumor matrix in plain radiographs 

was classified based on presence or absence and then 

categorized into osteoid, chondroid, fibrous, and non-

mineralized groups.

The diagnostic value was calculated using R 

software version 3.5.1 and MedCalc statistical software to 

determine diagnostic indices; including sensitivity, specificity, 

95% confidence interval (95% CI), positive predictive value 

(PPV), negative predictive value (NPV), positive likelihood 

ratio (PLR) and negative likelihood ratio (NLR). Descriptive 

statistics were expressed as a percentage and median with 

interquartile range (IQR). The Mann–Whitney U-test was 

used to estimate differences in continuous data between 

the groups of bone tumor matrix. Fisher’s exact test was 

used for categorical data. A p-value of less than 0.05 was 

considered statistically significant.

Figure 1 Borders of the bone tumor matrix classified as: (A) well-defined smooth, (B) ill-defined/patchy, and (C) well-

defined lobulated patterns
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Results
Demographic characteristics

We retrospectively reviewed 245 patients with 

pathologically proven bone tumors. Table 1 presents the 

demographic characteristics of patients with pathologically 

proven bone tumors, stratified by tumor mineralization. The 

percentages of bone tumors with mineralized and non-

mineralized matrices were approximately 51.2% and 49.8%, 

respectively. The osteoid matrix was the most common 

subtype in the mineralized group (81 patients; 33.1%). 

Chondroid and fibrous-containing tumors were 10.2% and 

6.9%, respectively. In the non-mineralized bone tumors 

group, tumors with a soft tissue component represented the 

highest percentage (36.7%) compared to tumors with cysts 

and fat (12.7% and 0.4%, respectively). The median age 

of patients in the mineralized and non-mineralized tumor 

groups was 17 and 43.5 years, respectively (p-value<0.001). 

Patients with an osteoid matrix had the lowest median 

age (15 years), whereas patients with soft tissue tumors 

without a mineralized matrix had the highest median age 

(50 years). There were no statistically significant differences 

in the gender distribution between the mineralized and 

non-mineralized groups. Most bone tumors were located 

in long bones: constituting approximately 83.7% of the 

total. Mineralized tumors were significantly more prevalent 

in long bones compared to non-mineralized tumors (110 

patients; 89.4% and 95 patients; 77.9%, respectively: 

p-value=0.023).

A total of 67 patients (27.3%) were diagnosed with 

osteosarcoma, followed by metastasis in 19.2% (47 patients), 

giant cell tumor in 10.2% (25 patients), and Ewing sarcoma 

in 7.3% (18 patients). The remaining diagnoses (36.0%) 

included: malignant fibrous histiocytoma, osteochondroma, 

chondrosarcoma, multiple myeloma, plasmacytoma, 

chordoma, lymphoma, leukemia, aneurysmal bone cyst, 

simple bone cyst; fibrous dysplasia, osteoblastoma, osteoid 

osteoma, chondromyxoid fibroma, enchondroma; malignant 

hemangiopericytoma, spindle cell sarcoma, intraosseous 

lipoma, embryonal rhabdomyosarcoma, crystal-storing 

histiocytosis and Langerhans cell histiocytosis.

Diagnostic value of MRIs and radiographs in 

evaluation of bone tumor matrix

Table 2 displays the overall diagnostic value of MRI 

in differentiating between pathologically proven mineralized 

and non-mineralized tumor matrices. The sensitivity of MRI 

and plain radiographs in evaluating bone tumor matrices 

was high for both (78.1%, 95% CI=69.69-85.01 and 75.6%, 

95% CI=67.05-82.90, respectively). However, the specificity 

of plain radiographs in evaluating bone tumor matrices was 

higher than that of MRI (92.6; 95% CI=86.46-96.57 and 

87.7, 95% CI=80.53-92.95, respectively). Additionally, the 

PPV and PLR of plain radiographs were higher than those 

of MRI, while the NPV and NLR were almost similar.

The sensitivity and specificity of MRI and plain 

radiographs in the evaluation of each subtype of bone 

tumor matrix are presented in Table 3. MRI interpretation 

of the mineralized matrix demonstrated high sensitivity and 

specificity in osteoid and chondroid tumors: a sensitivity of 

80.3% (95% CI=69.91-88.27) and specificity of 94.5% (95% 

CI=89.84-97.46) for osteoid; and a sensitivity of 84.0% (95% 

CI=63.92-95.46) and specificity of 96.8% (95% CI=93.55-

98.71) for chondroid. MRI also exhibited excellent sensitivity 

and specificity in fat-containing tumors and tumors with 

non-mineralized soft tissue components. However, the 

sensitivity of MRI in the evaluation of fibrous matrix and 

cyst was low (23.5%, 95% CI=6.81-49.90 and 32.3%, 95% 

CI=16.68-51.37, respectively), while the specificity was high 

(97.4%, 95% CI=94.36-99.03 and 98.1%, 95% CI=95.28-

99.49, respectively).

Similarly, plain radiographs demonstrated high 

sensitivity and specificity in the evaluation of osteoid and 

chondroid matrices: a sensitivity of 80.3% (95% CI = 69.91-

88.27) and specificity of 95.1% (95% CI=90.61-97.87) for 
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Table 1 Demographic characteristics of patients with bone tumor matrices

Variables Overall Mineralized tumors Non-mineralized tumors p-value
N=245 Total Osteoid Chondroid Fibrous Total Fat Soft tissue Cystic
n(%) 123 

(51.2)
81 
(33.1)

25 
(10.2)

17 
(6.9)

122 
(49.8)

1 
(0.4)

90 (36.7) 31 
(12.7)

Age: median 
(IQR)

28
(14,51)

17
(13,32)

43.5
(26,58.8)

<0.001

15 
(12,21)

27 
(17,47)

44 
(23,52)

23 
(NA)

50
(30,61)

32
(21.5,37.5)

Gender: male
n(%)

129 
(52.7)

60 
(48.8)

69 
(56.6)

0.275

43 
(71.7)

9 
(15.0)

8 
(13.3)

0 
(0.0)

51 
(73.9)

18 
(26.1)

Location: long 
bone

205 
(83.7)

110 
(89.4)

95 
(77.9)

0.023

n(%) 75 
(68.2)

19 
(17.3)

16 
(14.5)

1 
(1.0)

65 
(68.4)

29 
(30.6)

IQR=interquartile range, NA=not applicable

Table 2 Diagnostic values of MRI and radiographs in differentiating pathologically proven mineralized tumor matrices 

from non-mineralized bone tumors

Modality Sensitivity Specificity PPV NPV PLR NLR

% (95% CI)

MRI 78.1
(69.69-85.01)

87.7
(80.53-92.95)

86.5
(78.69-92.23)

79.9
(72.05-86.28)

6.4
(3.91-10.29)

0.3
(0.18-0.35)

Radiograph 75.6
(67.05-82.90)

92.6
(86.46-96.57)

91.2
(83.91-95.89)

79.0
(71.43-85.38)

10.3
(5.42-19.37)

0.3
(0.19-0.36)

PPV=Positive predictive value, NPV=Negative predictive value, PLR=Positive likelihood ratio, NLR=Negative likelihood ratio, 95% CI=95% 
confidence interval, MRI=magnetic resonance imaging

osteoid; a sensitivity of 72.0% (95% CI=50.61-87.93) and 

specificity of 96.4% (95% CI=92.96-98.42) for chondroid. 

In the case of the fibrous matrix, the sensitivity was low, 

while the specificity was high (11.8%, 95% CI=1.46-36.44, 

and 99.6%, 95% CI=97.58-99.99, respectively). Plain 

radiographs also exhibited high sensitivity and specificity 

for bone tumors without a mineralized matrix.

MRI characteristics of bone tumor matrix

The MRI characteristics of bone tumors with 

mineralized and non-mineralized matrices are presented 

in Table 4. In mineralized tumor matrices, the percentage 

of ill-defined/patchy borders was higher in the osteoid 

and fibrous matrix groups (95.1%; 77 patients and 94.0%; 

16 patients) compared to the chondroid group (8.0%; 2 

patients). In contrast, well-defined lobulated and well-

defined smooth borders were more prevalent in the 

chondroid group: accounting for about 72.0% (18 patients) 

and 20.0% (5 patients), respectively. Approximately half 

of the osteoid matrix exhibited low SI on T1W, while more 

than half of the chondroid and fibrous matrices showed 

intermediate SI (60.0% and 70.6%, respectively). On 
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Table 4 MRI characteristics of pathologically proven groups of bone tumors

MRI characteristic Mineralized tumors on radiographs Non-mineralized tumors on radiographs

Osteoid Chondroid Fibrous Fat Soft tissue Cystic 
N=81 N=25 N=17 N=1 N=90 N=31
n (%) n (%) n (%) n (%) n (%) n (%)

Border
   Well-defined lobulated 3 (3.7) 18 (72.0) 0 (0.0) 0 (0.0) 10 (11.1) 16 (51.6)
   Well-defined smooth 1 (1.2) 5 (20.0) 1 (5.9) 1 (100) 0 (0.0) 0 (0.0)
   Ill-defined/Patchy 77 (95.1) 2 (8.0) 16 (94.1) 0 (0.0) 80 (88.9) 15 (48.4)
T1W
   Low 41 (50.6) 3 (12.0) 3 (17.6) 0 (0.0) 10 (11.1) 0 (0.0)
   Intermediate 14 (17.3) 15 (60.0) 12 (70.6) 0 (0.0) 53 (58.9) 13 (41.9)
   High 1 (1.2) 0 (0.0) 0 (0.0) 1 (100) 0 (0.0) 0 (0.0)
   Mixed 25 (30.9) 7 (28.0) 2 (11.8) 0 (0.0) 27 (30) 18 (58.1)
T2W
   Low 47 (58.0) 4 (16) 4 (23.5) 0 (0.0) 4 (4.4) 2 (6.5)
   Intermediate 1 (1.2) 4 (16) 5 (29.4) 0 (0.0) 34 (37.8) 2 (6.5)
   High 1 (1.2) 8 (32) 2 (11.8) 1 (100) 12 (13.3) 4 (12.9)
   Mixed 32 (39.5) 9 (36) 6 (35.3) 0 (0.0) 40 (44.4) 23 (74.2)
Enhancement: present 39 (48.1) 25 (100) 13 (76.5) 1 (100) 88 (97.8) 31 (100)
Pattern of enhancement
   Homogeneous/patchy 14 (35.9) 2 (8.0) 6 (35.3) 0 (0.0) 47 (52.2) 7 (22.6)
   Heterogeneous/lobulated 15 (38.5) 10 (40.0) 4 (23.5) 0 (0.0) 29 (32.2) 11 (35.5)
   Septal/peripheral 9 (23) 10 (40.0) 1 (5.9) 1 (100) 7 (7.8) 10 (32.3)
   Combined pattern 1 (2.6) 3 (12.0) 2 (11.8) 0 (0.0) 5 (5.6) 3 (9.7)
Susceptibility artifact  59/60 (98.3) 12/20 (60.0) 4/9 (44.4) 0/1 (0.0) 17/31 (54.8) 17/22 (77.3)

T1W=T1-weighted image, T2W=T2-weighted image, MRI=magnetic resonance imaging

Table 3 Sensitivity and specificity of MRI and radiographs in the evaluation of bone tumor matrices

Tumor matrix MRI Radiograph

Sensitivity Specificity Sensitivity Specificity
(95% CI) (95% CI) (95% CI) (95% CI)

Osteoid matrix 80.3
(69.91-88.27)

94.5
(89.84-97.46)

80.3
(69.91-88.27)

95.1
(90.61-97.87)

Chondroid matrix 84.0
(63.92-95.46)

96.8
(93.55-98.71)

72.0
(50.61-87.93)

96.4
(92.96-98.42)

Fibrous matrix 23.5
(6.81-49.90)

97.4
(94.36-99.03)

11.8
(1.46-36.44)

99.6
(97.58-99.99)

Non-mineralized 92.6
(86.46-96.57)

75.6
(67.05-82.90)

   Fat 100.0
(2.50-100.00)

100.0
(98.50-100.00)

   Soft tissue 90.0
(81.86-95.32)

73.6
(65.87-80.30)

   Cystic component 32.3
(16.68-51.37)

98.1
(95.28-99.49)

95% CI=95% confidence interval, MRI=magnetic resonance imaging
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T2W, the majority of the osteoid matrix displayed low and 

mixed SI; approximately 58.0% and 39.5%, respectively. 

About half of the chondroid matrix exhibited intermediate 

and high SI on T2W (48%), with approximately one-third 

showing mixed SI. In the case of the fibrous matrix, the 

signal intensity on T2W varied, with the most common 

pattern being mixed SI (35.3%). All chondroid matrices 

showed enhancement, while only 48.1% of osteoid matrices 

and 76.5% of fibrous matrices showed enhancement. In 

terms of the enhancement pattern, approximately one-

third of the osteoid matrix exhibited homogeneous/patchy 

enhancement (35.9%; 14 patients), while heterogeneous/

lobulated enhancement was observed in 38.5% (15 

patients). However, the majority of the chondroid matrix 

displayed heterogeneous/lobulated enhancement and 

septal/peripheral enhancement, approximately 40.0% for 

each. For the fibrous matrix, most showed homogeneous/

patchy enhancement (35.3%), followed by heterogeneous/

lobulated enhancement (23.5%). The susceptibility artifact in 

GRE images was approximately 98.3%, 60.0%, and 44.4% 

for the osteoid, chondroid, and fibrous matrices, respectively.

For non-mineralized bone tumors, there was one 

case of a fat-containing tumor, showing a well-defined 

smooth border with high SI on T1W, high SI on T2W, 

and peripheral enhancement. Regarding the tumors with 

a non-mineralized soft tissue component, 88.9% of this 

group showed an ill-defined/patchy border (80 patients), 

while tumors with a cystic component showed well-defined 

lobulated and ill-defined/patchy features; each accounting 

for about 50.0%. The majority of tumors with a soft tissue 

component and those with cysts showed intermediate SI 

and mixed SI on T1W. On T2W, mixed SI was the most 

common pattern in tumors with a soft tissue component 

(44.4%), followed by intermediate SI (37.8%), while 

three-quarters of the tumors with cysts showed mixed SI 

on T2W (74.2%). Overall, nearly all tumors with a non-

mineralized matrix exhibited enhancement. The majority 

pattern of enhancement in the tumors with a soft tissue 

component was homogeneous/patchy enhancement 

(52.2%; 47 patients), followed by heterogeneous/lobulated 

enhancement (32.2%; 29 patients). About two-thirds of 

the tumors with cysts showed heterogeneous/lobulated 

patterns and septal/peripheral patterns (35.5% and 32.3%, 

respectively).

Discussion
Our study aimed to evaluate the diagnostic value of 

MRI in distinguishing mineralized bone tumors from non-

mineralized tumors, utilizing pathological results as the 

reference standard. It was found that both MRI and plain 

radiographs exhibited high sensitivity in evaluating bone 

tumor matrices, with MRI demonstrating greater sensitivity 

than plain radiographs. However, plain radiographs 

demonstrated higher specificity. This indicates that while 

MRI is more sensitive in detecting the presence of tumor 

matrices, plain radiographs are more specific in accurately 

categorizing them. 

When comparing subtypes of mineralized bone 

tumor matrices, high sensitivity and specificity of MRI in the 

interpretation of osteoid and chondroid tumors were found. 

This suggests that MRI is a reliable tool for diagnosing 

these types of bone tumors. Plain radiographs also 

demonstrated high sensitivity and specificity in evaluating 

osteoid and chondroid matrices; nearly paralleling the 

MRI’s performance. This finding is particularly relevant in 

clinical settings with limited MRI availability, as it suggests 

that plain radiographs can be a valuable diagnostic tool 

for the initial evaluation of osteoid and chondroid tumors. 

Both MRI and plain radiographs provided low sensitivity 

and high specificity for fibrous matrix in our study. This 

suggests that while MRI and plain radiographs are highly 

specific in ruling out fibrous-containing tumors, they may not 

be as effective in correctly identifying all cases. However, 

MRI is superior to plain radiographs in categorizing non-
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mineralized bone tumors, as it can categorize the tumors 

into fat, soft tissue, and cyst subgroups. Additionally, MRI 

has been known to be an advantageous modality in the 

evaluation of the soft tissue component of bone tumors5–7. 

In both fat- and soft tissue-containing tumors, it was found 

that MRI provided high sensitivity and specificity. However, 

MRI exhibited low sensitivity in the evaluation of tumors 

with a cystic component. This may be because fat and 

soft tissue components are clearly evaluated using MRI. 

Also, when there is a combined portion of cystic, blood, 

necrotic, and soft tissue components in each case, indicating 

uncertainty for the radiologist to subcategorize the tumors 

into these groups. 

It was found that the MRI characteristics of 

mineralized tumor matrices revealed variations in border 

definitions and SI across different subtypes. Osteoid and 

fibrous matrices share similar characteristics, including 

borders and patterns of enhancement. Most osteoid and 

fibrous matrices showed an ill-defined/patchy border, 

with homogeneous/patchy or homogeneous/lobulated 

enhancement (Figure 2.1 and 2.2). However, these two 

matrices showed differences in SI. While most of the osteoid 

matrix exhibited low or mixed SI on T1W and T2W, the 

fibrous matrix showed intermediate SI on T1W and variable 

SI on T2W. Studies conducted on these subtypes of bone 

tumors have revealed findings similar to ours. The osteoid 

matrix showed low SI on both T1W and T2W images, while 

the fibrous component typically displays intermediate SI on 

T1W in addition to variable low signal intensity on T2W8–12. 

The low signal intensity of osteoid tumors on T1W and 

T2W, similar to the bony cortex, results from a reduced 

number of mobile protons available to generate the MR 

signal13. However, the chondroid matrix revealed unique 

characteristics. In our study, most of the chondrogenic 

tumors exhibited a well-defined lobulated/smooth border, 

intermediate SI on T1W, variable SI on T2W, and lobulated 

or peripheral/septal enhancement (Figure 2.3). All of the 

chondroid matrices exhibited enhancement. Several studies 

have been conducted on the characteristics of chondrogenic 

tumors, and their results are similar to our findings8,14–17. 

The variable T2W component of the chondroid matrix could 

result from a high T2W component due to the high water 

content of hyaline cartilage and a low T2W component 

arising from immature chondroid matrix, calcifications, or 

chronic hemorrhage6,18,19. Susceptibility artifacts on GRE 

images varied among different matrices, possibly indicating 

distinct mineralization properties. However, almost all cases 

of the osteoid matrix exhibited susceptibility artifacts on GRE 

images that differed from those in chondroid and fibrous 

matrices. This can be explained by the fact that susceptibility 

artifacts are caused by paramagnetic substances, creating 

blooming foci on gradient techniques20,21. The mineralized 

osteoid matrix is predominantly composed of calcification/

ossification components, resulting in susceptibility artifacts 

in most cases. However, the hemosiderin substance from 

blood components also exhibits susceptibility artifacts20,21. 

Therefore, chondroid or fibrous matrices containing 

calcifications or blood components also showed susceptibility 

artifacts on GRE.

For non-mineralized matrices, we found the 

prevalence of tumors with a soft tissue component and the 

distinctive features of those with cystic components The 

majority of these tumors exhibited intermediate and mixed SI 

on T1W and T2W, emphasizing the complexity of the internal 

composition (Figure 3.1 and 3.2). Enhancement patterns in 

these tumors varied, with a predominant homogeneous/

patchy pattern in those with a soft tissue component and 

heterogeneous/lobulated patterns in cystic tumors. Cystic-

containing tumors typically exhibit high SI on T2W and 

variable SI on T1W, accompanied by septal or peripheral 

enhancement22. The variation in SI is attributed to the 

diverse internal components of these tumors6. Similarly, soft 

tissue components without mineralization, characterized by 

a variety of cell types, also display variable signal intensity 
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Figure 2 Figure 2.1 A 9-year-old boy with osteosarcoma at the right proximal tibia. (A) The matrix on a plain radiograph 

shows an ivory-like matrix representing the osteoid matrix (white arrow). (B) Axial T1W (C) and axial T2W MR 

images of the tibia show an ill-defined/patchy border of low signal intensity of the osteoid matrix on both T1W 

(black arrowhead) and T2W images (white arrowhead). (D) The susceptibility artifact on the GRE image is 

seen (black arrow). Some areas of heterogeneous enhancement are shown on (E) axial and (F) coronal T1W 

fat-saturated MR images with gadolinium enhancement (dotted white arrow); Figure 2.2 A 25-year-old woman 

with fibrous dysplasia at the left proximal femur. (A) The plain radiograph shows a well-defined geographic 

osteolytic lesion, with a ground glass appearance at the left proximal femoral metaphysis; compatible with 
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and enhancement patterns, which are dependent on their 

internal composition8,18. There was only one case of a tumor 

containing fat in our study, which exhibited typical findings 

of an intraosseous lipoma (Figure 3.3). This led to superior 

sensitivity and specificity in identifying fat-containing tumors.

We found that the median age of patients with a 

mineralized tumor matrix was statistically significantly lower 

than that of the non-mineralized tumor group. Additionally, 

the prevalence of long bone locations in mineralized tumors 

was significantly higher compared to the non-mineralized 

group. This can be explained by the high prevalence of 

osteosarcoma in our study (67 patients; 27.3%), which 

is part of the osteoid matrix subgroup and predominantly 

affects the adolescent and young adult population13,23,24. 

Metastasis was the second most common tumor type in our 

study (47 patients; 19.2%), along with a certain percentage 

of multiple myeloma and plasmacytoma cases, all of which 

belong to the non-mineralized tumor group. These tumors 

are more prevalent in older age groups and tend to occur 

in marrow-rich locations; particularly in flat bones25-27. These 

factors elucidate the differences between the mineralized 

and non-mineralized groups in our study.

Evaluation of the bone tumor matrix is crucial, 

as it aids clinicians in establishing a definitive diagnosis 

and determining appropriate treatment strategies28. Plain 

radiography is a primary tool for investigating bone tumors 

due to its ability to reveal tumor aggressiveness and offer 

detailed pathological guidance2,18. However, the development 

of MRI techniques has expanded the role of MRI in the 

evaluation of bone tumors; including the assessment of 

the tumor matrix4–7,18,29-32. The significant increase in the 

utilization of cross-sectional imaging modalities for bone 

tumor evaluation is a notable trend. 

Our study had certain limitations. Firstly, being a 

retrospective study, it faced constraints with limited patient 

information, a non-standardized MRI protocol, and a small 

sample size. Secondly, being a single-center study, it may 

not represent the generalizability of the study population. 

However, we adhered to an eligible protocol to include all 

patients. Lastly, the MRIs in our study were reviewed by a 

single, experienced radiologist and this may have limited 

our ability to evaluate inter-reader reliability using the 

Kappa value. Future studies involving multiple radiologists 

are recommended to better assess inter-reader reliability 

in the interpretation of tumor matrix evaluation on MRIs.

fibrous dysplasia with a fibrous matrix (black arrowhead). It shows a well-defined smooth border of the fibrous 

matrix, with homogeneously intermediate signal intensity on (B) axial T1W image (black arrow), mixed signal 

intensity on (C) axial T2W image (white arrow), and no susceptibility artifact on (D) GRE image (dotted white 

arrow). (E) Axial T1W fat-saturated MR image with gadolinium enhancement shows lobulated enhancement 

of the fibrous matrix (white arrowhead); Figure 2.3 A 21-year-old woman with chondrosarcoma at the left 

humerus. (A) The plain radiograph shows an ill-defined geographic osteolytic lesion at the metaphysis of the 

left proximal humerus, with an internal ring-and-arc chondroid matrix (black arrowhead). The chondroid matrix 

shows a well-defined lobulated border, with intermediate signal intensity on (B) axial T1W image (black arrow) 

and high signal intensity on (C) axial T2W image (white arrow). (D) Multiple small foci of susceptibility artifacts 

on the GRE image are seen (dotted white arrow). (E) Coronal T1W fat-saturated MR image with gadolinium 

enhancement shows lobulated enhancement of the chondroid matrix (white arrowhead)
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Figure 3 Figure 3.1 A 36-year-old woman with a giant cell tumor at the right proximal tibia, representing a non-mineralized 

soft tissue tumor. (A) Plain radiograph shows an ill-defined geographic osteolytic lesion at the lateral aspect 

of the right tibial epi-metaphysis without visualized mineralized matrix (dotted black arrow). The tumor shows 
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Conclusion
In conclusion, our findings highlight the complementary 

roles of MRI and plain radiographs in evaluating bone 

tumors. While plain radiographs are essential as an initial 

assessment tool for bone tumors and their mineralization, 

MRI offers high diagnostic performance in evaluating 

both tumor matrices and non-mineralized soft tissue 

components. Furthermore, MRI can serve as an alternative 

imaging modality in the evaluation of bone tumors, as it 

provides detailed tumor characterization and staging and 

aids in treatment planning. However, further research is 

required to assess the significant differences between matrix 

subtypes as observed on MRI.
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