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SUMMARY
Introduction/Objectives Osteosarcoma is the most common primary malignant bone tumor in adoles-
cents and young adults, with a tendency to produce variable amounts of osteoid, cartilage, and fibrous 
matrices.
The objective of this study is to differentiate between osteosarcoma subtypes: osteoblastic and chon-
droblastic according to their magnetic resonance imaging (MRI) signal intensities and X-ray findings.
Methods We performed a retrospective analysis for 21 pathologically proven osteosarcoma subtypes: 
osteoblastic (n = 14) and chondroblastic (n = 7). Conventional images of the bone of origin, periosteal 
reactions, lytic and sclerotic features, the presence of calcification, and pathological fractures were inves-
tigated with X-rays. We measured the mean region of interest values for each lesion with MRI sequences.
Results Among the osteosarcoma lesions, 57% were localized at the knee. X-ray evaluations of the os-
teoblastic osteosarcomas revealed pure lytic lesions in 35.7%, and pure sclerotic lesions in 42.9% cases. 
Chondroblastic osteosarcomas revealed pure lytic lesions in 14.3% and pure sclerotic lesions in 42.9% 
cases. Due to variable osteoblastic, chondroblastic, and fibroblastic areas and proportions of the ossi-
fied matrix, osteosarcoma lesions have a heterogeneous MRI signal. However, no statistically significant 
value was detected. 
Conclusion According to our results, MRI signal characteristics and X-ray findings may not be able to 
distinguish osteosarcoma subtypes, so prospective studies with larger patient cohorts are needed.
Keywords: magnetic resonance imaging; osteosarcoma; subtype; region of interest
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INTRODUCTION

Osteosarcoma (OS) is the most common pri-
mary malignant bone tumor in adolescents 
and young adults, comprising 10% of solid 
cancers in patients between 15 and 19 years 
of age, with a tendency to produce variable 
amounts of osteoid, cartilage, and fibrous ma-
trices. Although myeloma is the most common 
primary bone tumor in adults, OS also shows a 
second peak in adults in their 70s and 80s [1]. 
OS is classified according to the World Health 
Organization, with conventional high-grade 
central OS (HG-OS) as the most common 
subtype, accounting for 75–80% of all cases 
[2, 3]. Differentiating OS subtypes has clinical 
importance because of the differences in their 
prognosis and treatment [4].

Conventional OS are divided into three gen-
eral subtypes: osteoblastic, chondroblastic, and 
fibroblastic. They all contain varying amounts 
of all three cell types in their matrices [5].

Radiographic assessment still has an unprec-
edented value in the initial assessment of HG-
OS. The classic radiographic features include 
aggressive lytic bone destruction, osteoblastic 
matrix production, extraosseous soft tissue 
extension, and periosteal reactions [6]. These 
allow for a confident radiological diagnosis in 
the majority of cases as Figure 1. Other rare 

morphologic forms of conventional OS are gi-
ant cell-rich variants (numerous osteoclast-like 
giant cells), epithelioid variants, osteoblasto-
ma-like variants, chondroblastoma-like vari-
ants, chondromyxoid fibroma-like OSs, clear 
cell variants, and small cell variants. Although 
few in numbers, there are still ongoing studies 
about the differentiation of OS subtypes and 
other primary bone tumor types based on the 
radiological findings [7, 8, 9].

In this study, we aimed to radiologically 
distinguish the osteoblastic type, which is the 
most common type of conventional OS, from 
the chondroblastic type, which is characterized 
by chondroid-looking immature tissues next 
to osteoid-forming areas, based upon X-ray 
findings and localizations and the quantitative 
values of intensity of the tumoral area detected 
with MRI imaging.

METHODS

This retrospective study was approved by the 
“Ethical Committee of the Faculty of Medicine, 
our institution,” and is in compliance with 
the Helsinki Declaration (ID:2022/0403). 
Information on patients diagnosed with OS 
between January 2015 and March 2021 was 
retrieved from the database. Patients who 
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were operated on in our hospital, who had a pathologi-
cally confirmed diagnosis of OS, and had MRI scans were 
included in this study. Patients with secondary OS were not 
included. MRI scans with inadequate assessment quality 
as well as those that did not have fat-suppressed sequences 
and without contrast enhancement were excluded. Patients 
only diagnosed with osteoblastic or chondroblastic con-
ventional subtypes were included in our study.

Direct radiographs of all patients were viewed from the 
picture archiving and communication system. Localization 
of lesions, Codman’s and/or sunburst-type periosteal reac-
tions, lytic and sclerotic features, the presence of calcifi-
cation, and pathological fractures were investigated with 
X-rays.

Magnetic resonance imaging and measurement 
protocols

T1-weighted, T2-weighted, and contrast-enhanced T1-
weighted images were obtained. For the contrast-enhanced 
studies, gadopentetate dimeglumine (0.1 mmol/kg body 
weight) was administered, and T1-weighted sequences 
with similar imaging parameters to the pre-contrast T1-
weighted images were obtained.

T1-weighted spin-echo images were taken from the 1.5 
Tesla MR device [field of view (FOV) 16, section thickness 
4 mm, repetition time (TR) 426, echo time (TE) min], and 
T2 fast spin-echo images were taken from the 1.5 tesla MR 
device (FOV 16, section thickness 4 mm, TR 1500, TE 45).

These variations of TR, slice thickness, and FOV were 
changed depending on the number of slices and the size 
of the masses.

Lesions were grouped as femoral, tibial, and other ac-
cording to their location in the bone. The diaphyseal, me-
taphyseal, and epiphyseal involvement sites in the bone 
were also noted (Table 1).

Table 1. Radiological findings of cases

Parameters
Group-1

(Osteoblastic)
n = 14

Group-2
(Chondroblastic)

n = 7
p value

Age (years) 25.5 ± 19.6 20.8 ± 11.3 0.573
Male 4 (28.6%) 4 (57.1%)

0.346
Female 10 (71.4%) 3 (42.9%)
T1-ROI 636.3 ± 387.0 873.5 ± 610 0.288
T2-ROI 973.2 ± 525.7 981.5 ± 878.6 0.978
Contrast 1586.2 ± 945.7 1625.8 ± 1744.2 0.948
Localization
Femur
Tibia
Other

6 (42.9%)
3 (21.4%)
5 (35.7%)

3 (42.9%)
3 (42.9%)
1 (14.3%)

0.599

Only D
Only M
D + M
E + M
E + M + D
Other localization

4 (28.5%)
0

4 (28.5%)
1 (7.1%)

0
5 (35.6%)

2 (28.6%)
1 (14.3%)
2 (28.6%)
1 (14.3%)
1 (14.3%)
1 (14.3%)

0.499

Codman triangle 7 (%50) 2 (28.6%) 0.622
X-ray findings
Sclerosis
Pathological fracture
Calcification
Lytic lesion

5 (35.7%)
2 (14.2%)
1 (7.1%)

5 (35.7%)

3 (42.9%)
2 (28.6%)

0
1 (14.3%)

0.395

According to T1
Hyperintense
Hypointense
Isointense
Heterogenous

5 (35.7%)
4 (28.6%)
2 (28.6%)
3 (21.4%)

3 (42.9%)
3 (42.9%)

-
1 (14.3%)

0.688

According to T2
Hyperintense
Hypointense

11 (78.6%)
3 (21.4%)

4 (57.1%)
3 (42.9%) 0.299

ROI – region of interest; D – diaphysis; M – metaphysis; E – epiphysis

Region of interest (ROI) was placed in three different 
areas of the tumors in enhanced sequences. While placing 
ROI, the areas with contrast enhancement were chosen and 
care was given not to involve-enhancing areas showing 
necrosis and cystic cavity. Then, the average ROI value 
was calculated for each sequence (Table 1).

Statistical analysis

Statistical analyses were performed using IBM SPSS 
Statistics for Windows, Version 20.0. (IBM Corp., Armonk, 
NY, USA). Normality testing was performed with the 
Kolmogorov–Smirnov test. Normal distributions were 
shown as mean ± standard deviation, non-normal distri-
butions as median (interquartile range), and categorical 
variables as numbers and percentages. Differences between 
groups of numerical variables were evaluated with either 
the Student’s t-test, or Mann–Whitney U-test according 
to normality distribution. Comparisons of categorical 
variables were performed using χ², Yates’s correction, and 
Fisher’s exact tests. The correlations between numerical 
variables were tested by the Spearman correlation analysis. 
Changes in cardiovascular magnetic resonance param-
eters were performed with paired sample t-tests, while 
differences between groups were by repeated measures of 
ANOVA analysis.

Figure 1. Osteoblastic osteosarcoma: A – anteroposterior radiograph 
shows a lytic sclerotic lesion of the distal femoral epiphysis-metaphysis 
(arrow); B – coronal T2 fast spin echo magnetic resonance image, distal 
femoral intramedullary tumor, and extraosseous extension (arrow); 
C – axial T1 fast spin echo magnetic resonance image; three dots in-
dicate region of interest measurement sites; D – axial postcontrast T1 
magnetic resonance image three region of interest marks placed in 
the same location

Osteosarcoma magnetic resonance signal intensities 
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RESULTS

We retrospectively analyzed 21 patients with OS between 
2015 and 2021. Osteoblastic OS was detected in 14 patients 
(66.6%). Chondroblastic OS was detected in seven patients 
(66.6%). In nine patients (42.8%), lesions were localized at 
the femur, and in six patients (28.5%) at the tibia. The sa-
crum was involved in three patients (14.2%), fibula in one 
patient (4.7%), and extraskeletal in two patients (9.5%). 

All but three patients underwent resection of the tumor 
for diagnostic purposes. Patients were grouped according 
to their pathological subtypes. We found no correlation 
between X-ray findings and T1-ROI, T2-ROI, and their 
contrasts (Table 1).

The studied OS lesions showed heterogeneous signal 
patterns on different MRIs. Ossified matrices, although 
in variable proportions, were present in all lesions. X-ray 
evaluations of the osteoblastic OSs revealed pure lytic le-
sions in 35.7% and pure sclerotic lesions in 35.7%; other 
X-ray findings involved pathological fracture and calcifica-
tions. X-ray evaluations of the chondroblastic OSs revealed 
pure lytic lesions in 14.3% (Figure 2), pure sclerotic le-
sions in 42.9%, and pathological fractures in 28.6%. Of the 
chondroblastic OS lesions, 85.8%were located in the long 
bones. No statistically significant difference was detected 
according to the involvement sites in the bone (Table 1). 
There was no statistically significant difference in T1 and 
T2 signal intensities and fat-suppressed contrast-enhanced 
T1signal intensity between osteoblastic and chondroblastic 
types (p = 0.288, p = 0.978, and p = 0.948, respectively).

DISCUSSION

In this study we evaluated the correlation of OS subtypes 
with a pathological diagnosis with MR sequences con-
ducted on 21 patients, no correlation was found between 
MR findings and OS subtypes.

Combining diagnostic imaging and a histopathologi-
cal examination for the detection of bone tumors is indis-
pensable [10]. Radiologically, OSs usually seem intense 
relative to muscle on T1-weighted images while hyperin-
tense on T2-weighted images. Areas of low signal inten-
sity are common in both T1-weighted and T2-weighted 
MR images and represent a mineralized matrix. In both 
intraosseous and soft tissue components, central hemor-
rhage foci appear hypointense on T1–T2 images; necrosis 
is hypointense on T1-weighted images and hyperintense 
on T2-weighted images. Variable imaging characteristics 
of rarer subtypes of OSs create diagnostic difficulties [11]. 
It may be possible with a combination of histopathologi-
cal and radiological features to diagnose OS subtypes and 
manage appropriate treatment strategies, which have an 
important role in the survival of patients.

Conventional radiography is the first imaging proce-
dure that provides a clue to the initial diagnosis, such as 
the aggressiveness of the tumor and hence prognosis. It also 
provides a differential diagnosis. Although the incidence of 
sclerotic lesions was higher in chondroblastic OS compared 

to osteoblastic sarcoma, this was not enough to produce 
a statistically significant value. However, the incidence of 
lytic lesions was higher in the osteoblastic sarcoma group 
compared to the chondroblastic OS group, but this did not 
reach a statistically significant value, probably owing to oste-
oid and chondroblastic matrix content heterogenicity. Bone 
lesions detected in radiography (the periosteal reaction, de-
fined as Codman’s triangle) were higher in osteoblastic OS, 
although not enough to reach a statistically significant value. 

Although MRI modality may be superior in the staging 
of suspected or proven osteosarcomatous disease, as with 
other intraosseous lesions, it is the radiographic features of 
the tumor that are of primary importance in the generation 
of a specific diagnosis.

Conventional OSs are usually presented as intramedul-
lary masses. Differentiating chondroblastic OS from other 
conventional OS types has clinical importance because 
of the differences in the prognosis [12]. Unfortunately, 
chondroblastic OSs are associated with a poor response to 
chemotherapy and display a high incidence of metastases. 
As chondroblastic OS are chemoresistant, the effect of a 
resection margin and the role of radical surgery is more 
important compared to osteoblastic OS for treatment and 
survival [13].

Due to the relatively low incidence of chondroblastic OS, 
cases describing its diagnosis and treatment strategies are ex-
tremely rare. The diagnosis of chondroblastic OS was made 
when the chondroid component involved at least 30% of the 
lesion, which is not always easy to detect. Non-enhanced 
T1-weighted magnetic resonance imaging (T1WI MRI) is 
an important preoperative examination used to visualize 
the intramedullary extent of malignant long bone tumors 
(Figures 2 and 3). Early reports showed that MRIs, espe-
cially T1WI MRIs in patients with primary bone tumors, 
were reliable for delineating lesion characteristics [14]. 
T1signal characteristics for the non-mineralized component 
is isointense, and for the mineralized/ossified component, 
it is hypointense. However, the T2 signal characteristics of 
the non-mineralized component are hyperintense, and the 
mineralized/ossified component is hypointense. No statisti-
cally significant difference was found between the T1 and 
T2 signal characteristics for osteoblastic and chondroblas-
tic OSs. The potential additional value of Diffusion MRI 
imaging is to provide in vivo functional tissue information 
when it has been added to conventional MR to improve the 
specificity of lesion characterization. It is well understood 
that apparent diffusion coefficient (ADC) values reflect the 
pathological content of the tissues and the diffusion of water 
molecules in the extracellular space. Hence, it is expected in 
malignant tumors that high cellularity, pleomorphism, and 
hyperchromatism contribute to diffusion restriction [15, 16]. 

Diffusion-weighted (DW) MRI can be used to evaluate 
chemotherapy response in OS.

An increase in ADC is expected in assessing adequate 
treatment response [17]. Multiple studies have demon-
strated the ability of DWI to differentiate between good 
and poor treatment responses in HG-OS. Wang et al. [17] 
assessed chemotherapy responses with DWI between dif-
ferent histological subtypes of HG-OS, identifying that 
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tumor necrosis could be differentiated from a viable tumor 
in fibroblastic and osteoblastic OS, but not in chondro-
blastic OS due to the inherently high ADC values of viable 
chondroblastic tissue [18].

In their studies, Pekcevik et al. [19] reported that chon-
drosarcomas had the highest ADC values among malig-
nant bone tumors. Hayashida et al. [20] reported that there 
was no significant difference between the ADC values of 
solitary bone cysts, fibrous dysplasia, and chondrosarco-
mas with chondrosarcomas values lying in between the 

other two benign lesions. In another study, it was revealed 
significantly higher minimum ADC values of chondroblas-
tic OS compared to other OS subtypes [8]. In our study, 
we could not involve DW MRI and ADC values because 
DW images (DWI) have only become standard after 2021.

Setiawati et al. [21] tried to analyze the histological sub-
types of OS with dynamic contrast-enhanced MRI in addi-
tion to ADC characteristics. They found that osteoblastic 
OS had the highest value according to time intensity curve 
analysis and chondroblastic type OS had the highest value 

Figure 2. Chondroblastic osteosarcoma: A – lateral radiograph shows 
Codman triangle (arrow); B – sagittal T1-weighted fast spin echo mag-
netic resonance image of the femur intramedullary tumor extension di-
aphysis to epiphysis; C – postcontrast T1-weighted magnetic resonance 
imaging significant contrast enhancement; D – coronal T2-weighted 
fast spin echo magnetic resonance imaging extramedullary extension

 Figure 3. Chondroblastic osteosarcoma: A – axial T1-weighted fast 
spin echo magnetic resonance image of the tibia showing a lobular 
isointense morphology to the tumor (Stars); B – axial postcontrast T1-
weighed magnetic resonance imaging displaying significant contrast 
enhancement; C – sagittal T1-weighted magnetic resonance imaging 
showing a lobular hypointense intramedullary component; D – hy-
perintense lesion extending to the epiphysis at coronal T2 weighted 
fast spin echo image

Figure 4. In osteoblastic osteosarcoma, the osteoid matrix is thin, re-
ticulated, and lacy (Hematoxylin eosin × 100)

Figure 5. In chondroblastic osteosarcoma, the dominant component 
(usually 80–90%) is the chondroid, which is usually hyaline, less often 
myxoid cartilage matrix (Hematoxylin eosin × 100)

Osteosarcoma magnetic resonance signal intensities 
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according to ADC. They argued that in addition to deter-
mining the subtypes, the healing status of the disease and 
treatment response can be evaluated with this study [21].

Conventional OSs contain varying proportions of osteo-
blastic, chondroblastic, and fibroblastic areas. OS is clas-
sified as subtypes according to the matrix and dominant 
components. The variable histopathological structure of 
OS subtypes complicates the diagnosis. In OS, cells display 
marked pleomorphism and atypia. Neoplastic cells are in 
close association with the osteoid or chondroblastic matrix. 
In osteoblastic OS, the osteoid matrix is thin, reticulated, 
and lacy, and it has a yellowing appearance (Figure 4). In 
chondroblastic OS, the dominant component is usually the 
chondroid tissue (Figure 5). Chondroid areas are usually 
similar in grades 2–3 chondrosarcoma histology, and even 
a small amount of neoplastic osteoid formation should 
be present in chondroblastic OS. OS usually have mixed 
histology. ROI values in our study failed to distinguish 
between chondroblastic or osteoblastic types possibly due 
to mixed histological heterogeneity.

To our knowledge, this is the first study to differentiate 
conventional OSs involving osteoblastic and chondroblas-
tic subtypes with quantitative T1, T2, and post-contrast 
signal intensity values by MRI. The main limitation of this 
study was having a small sample and studies with larger 
population should be planned in the future. Another limi-
tation is that the study was conducted by a single observer.

CONCLUSION

Although no correlation was found between MRI param-
eters and histopathological findings in OS subtypes in 
the current study, it is promising to evaluate measurable 
parameters in MR sequences for prospective studies with 
larger patient groups to be conducted on this subject.

Conflict of interest: None declared.
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САЖЕТАК
Увод/Циљ Остеосарком је најчешћи примарни малигни 
тумор костију код адолесцената и младих одраслих, са 
тенденцијом да производи различите количине остеоида, 
хрскавице и фиброзног матрикса.
Циљ овог истраживања је да се направи разлика између 
остеосаркомских подтипова, остеобластичних и хондро-
бластичних, на основу налаза магнетне резонанце (МР) и 
рендгенског сигнала.
Методе Ретроспективна анализа је урађена за 21 патоло-
шки доказан подтип остеосаркома: остеобластични (n = 14) 
и хондробластични (n = 7). Рендгенским снимком су испитана 
уобичајенa коштана порекла, периосталне реакције, литичке 
и склеротичне карактеристике, присуство калцификације 
и патолошких прелома. Измерили смо средње вредности 
области интересовања за сваку лезију помоћу МРИ секвенце.

Резултати Међу лезијама остеосаркома, 57% је било лока-
лизовано на колену. Рендгенски прегледи остеобластичних 
остеосаркома су открили чисте литичке лезије у 35,7% и 
чисте склеротичне лезије у 42,9% случајева. Хондробла-
стични остеосаркоми су открили чисте литичке лезије у 
14,3% и чисте склеротичне лезије у 42,9% случајева. Због 
променљивих остеобластичних, хондробластичних и фи-
бробластичних подручја и пропорција окошталог матрикса, 
лезије остеосаркома имају хетерогени МР сигнал. Међутим, 
није откривена статистички значајна вредност.
Закључак Према нашим резултатима, карактеристике МРИ 
сигнала и рендгенски налази можда неће моћи да разликују 
подтипове остеосаркома, тако да су неопходне проспектив-
не студије са већим групама болесника.
Кључне речи: магнетна резонанца; остеосарком; подтип; 
област интересовања

Можемо ли разликовати конвенционалне подтипове остеосаркома 
(остеобластичне и хондробластичне) на основу интензитета магнетне 
резонанце
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