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Abstract
Background:

Bone tumors are a heterogeneous group of lesions with a wide range of biological
behavior, from benign to highly aggressive malignant tumors. It is important to
differentiate these tumors for appropriate management and prognosis. Magnetic
resonance imaging (MRI) is useful in differentiating these tumors because of its
high soft tissue resolution, as well as its ability to evaluate marrow and soft tissue
involvement; however, diagnostic overlap occurs in these tumors.

Objective:

To determine the diagnostic accuracy of magnetic resonance imaging in
differentiating benign from malignant bone tumors, using histopathology as the
gold standard.

Methods:

This study was a crosssectional diagnostic accuracy study conducted in the
Department of Radiology, Mardan Medical Complex, Pakistan, from Nov 2024
to April 2025. A total of 136 patients with suspected bone tumors were included
in the study. MRI was used as the index test, and histopathological examination
was used as the reference standard for diagnosis. Sensitivity, specificity, positive
predictive walue, mnegative predictive value, and accuracy were used as
performance measures for diagnosis.

Results:

MRI demonstrated a sensitivity of 91.36% and specificity of 87.27% in
differentiating malignant from benign bone tumors, with an overall diagnostic
accuracy of 89.70%. Malignant lesions were more frequently associated with
larger size, ill-defined margins, cortical destruction, periosteal reaction, and soft
tissue involvement, whereas benign lesions typically exhibited well-defined margins
and less aggressive imaging features.

Conclusion:

MRI is a reliable and effective diagnostic tool for the differentiation of benign
and malignant bone tumors, and it plays a vital role in the early diagnosis and

https://fmhr.net

| Hajra et al., 2025 | Page 1280


mailto:zjaurakzai@hotmail.com
https://doi.org/10.5281/zenodo.20082146

Frontier n

Medical & Health
Research

Volume 3, Issue 4, 2025

ISSN: (e) 3007-1607 (p) 3007-1593

treatment of these conditions, although histopathological examination of the

tumor tissue is necessary for the definitive diagnosis of the tumor.

INTRODUCTION

Bone tumors are a heterogeneous group of
neoplastic processes that arise from osseous or
cartilaginous tissue and are subdivided into benign
and malignant bone tumors based on their
biological behavior and metastatic ability"”.
Though  benign bone tumors such as
osteochondromas and enchondromas are
common, malignant bone tumors such as primary
bone sarcomas such as osteosarcoma and Ewing’s
sarcoma, as well as metastatic bone disease, are
associated with a high degree of morbidity and
mortality”®. Therefore, differentiation between
benign bone tumors and malignant bone tumors
is crucial and has a direct bearing on their
management, which may vary from conservative
management to radical resection’. Misdiagnosis or
delayed diagnosis may result in disease
progression, incorrect management, and poor
clinical outcomes, especially in malignant bone
tumors where accurate diagnosis is crucial for
improved survival outcomes °.

Imaging is a crucial part in the primary evaluation
of bone tumors. Though conventional
radiographs or Xcrays are the primary imaging
procedure for the evaluation of bone tumors,
computed tomography (CT) scans have better
delineation of cortical bone and matrix
mineralization than conventional radiographs®.
However, magnetic resonance imaging (MRI) has
now become the preferred imaging procedure for
the evaluation of bone tumors due to its superior
soft tissue resolution capability’.

Though MRI is useful for bone tumor evaluation,
MRI findings may sometimes overlap between
benign bone tumors and malignant bone tumors;
therefore, diagnosis may become challenging, and
histopathological correlation is still considered the
gold standard for bone tumor evaluation

89

Previous research works have also explored the
accuracy of MRI in differentiating benign from
malignant bone tumors, showing a range of
sensitivities and  specificities in  different
populations'. Though high sensitivity, i.e., greater

than 90%, has been demonstrated in some
research works, specificity results have varied
significantly, showing considerable overlap in the
imaging features of benign and malignant bone
tumors, as well as considerable interobserver
variability ''. Moreover, the results of most
research works are based on the population of
Western countries or high-resource countries,
which may not be applicable in the context of low-
and middle-income countries in South Asia,
particularly Pakistan, where variations in disease
patterns, healthcare facilities, and diagnostic tools
may affect the accuracy of MRI in differentiating
between benign and malignant bone tumors.
Therefore, in the context of the above facts, the
diagnostic accuracy of MRI in differentiating
benign from malignant bone tumors in
comparison with histopathological results needs to
be explored, which will help in establishing the
reliability of MRI in clinical practice, thereby
avoiding the use of invasive procedures in certain
clinical conditions.

Objective: Therefore, the aim of the current study
was to assess the accuracy of MRI in differentiating
benign from malignant bone tumors in
comparison with histopathological results in a
tertiary care hospital setting.

MATERIALS AND METHODS

This cross-sectional diagnostic accuracy study was
carried out at the Department of Radiology,
Mardan Medical Complex, Mardan, Pakistan,
from Nov 2024 to April 2025. The study was
conducted following the guidelines of the
Standards for Reporting Diagnostic Accuracy
Studies (STARD) 2015. A sample of 136 patients
between the ages of 18 and 70 years, suspected of
having bone tumors on initial radiographic
evaluation, was included using a non-probability
consecutive sampling technique. However,
patients unfit for surgery, having
contraindications to MRI, and suffering from
claustrophobia were excluded. The sample size was
calculated at a 95% confidence level, 60%
prevalence, 94% sensitivity, 90% specificity, and
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8% precision'’. Informed consent was obtained
from the patients, and demographic and clinical
details were noted. Magnetic resonance imaging
was carried out on all patients. The reference
standard was histopathology. Magnetic resonance
imaging was performed on a 1.5 Tesla machine.
The images obtained were interpreted by a senior
radiologist having more than 7 years of experience.
The images were interpreted without knowledge
of the histopathology results. The lesions were
categorized as benign or malignant on the basis of
pre-defined criteria such as size, margins, cortical
destruction,  periosteal  reaction,  marrow
involvement, and soft tissue extension.
Histopathological examination of biopsy samples
was done by a consultant pathologist who was not
aware of MRI results. The target condition was
taken as malignancy, and true positives, true
negatives, false positives, and false negatives were
defined accordingly. The data was analyzed using
SPSS version 25.0. Quantitative variables are
expressed as means * standard deviation or
median along with their interquartile range,
whereas qualitative variables are expressed as
frequencies and percentages. A contingency table
was constructed, and sensitivity, specificity,
positive predictive value, negative predictive value,
and accuracy, along with their confidence intervals

at 95%, were calculated. Stratification was done
for all potential confounding variables, and chi-
square or Fisher's exact tests were applied,
considering p < 0.05 statistically significant. The
ethical approval for this study was taken from the
ethical review board of Bacha Khan Medical
College and Mardan Medical Complex, and all
procedures were done according to the Helsinki
Declaration.

RESULTS

A total of 136 patients were included in this study.
The mean age of patients was calculated as 40.29
+ 7.68 years. The majority of patients were male,
making up 92 (67.65%) of the cases, while females
comprised 44 (32.35%) of the patients. The mean
duration of disease was calculated as 5.88 + 2.73
months. The mean size of the lesions was
calculated as 7.36 £ 3.41 cm. Based on the results
of the MRI, a total of 81 (59.56%) patients were
diagnosed as having malignant lesions, while 55
(40.44%) patients were diagnosed as having
benign  lesions. The results of the
histopathological ~ examination  were  also
consistent, as a total of 81 (59.56%) patients were
diagnosed as having malignant lesions, while 55
(40.44%) patients were diagnosed as having
benign lesions

Table 1: Baseline Characteristics of Study Population (n = 136)

‘Histopathology findings

H

‘Mahgnant

181 (59.56%)

‘Benign

lVariable HValue ‘
|Age (years) 140.29 + 7.68 |
‘Duration of disease (months) H5.88 £2.73 ‘
lLesion size (cm) H7.36 +341 ‘
IGender H ‘
Male 92 (67.65%) |
‘Female H44 (32.35%) ‘
‘MRI findings H ‘
Malignant 81 (59.56%) |
‘Benign HSS (40.44%) ‘

|

|

|

155 (40.44%)
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Comparison of the MRI findings with the
histopathology results showed a high degree of
agreement between the two. As can be seen from
the table below, 74 cases of malignant tumors
detected by MRI were confirmed as malignant by
histopathology (true positives), and 48 cases of
benign tumors detected by MRI were confirmed as

benign by histopathology (true negatives).
However, 7 cases were incorrectly diagnosed as
malignant by MRI but were benign by
histopathology (false positives), and 7 cases were
incorrectly diagnosed as benign by MRI but were
malignant by histopathology (false negatives).

Table 2: Comparison of MRI Findings with Histopathology

IMRI Findings HHistopathology Malignant “Histopathology Benign HTotaI |
‘Malignant H74 (True Positive) H? (False Positive) H81 ‘
‘Benign H? (False Negative) H48 (True Negative) HSS ‘
Total 81 |55 136 |

The diagnostic accuracy of MRI was assessed by
calculating various indices. The sensitivity of MRI
for detecting malignant bone tumors was 91.36%,
and the specificity was 87.27%. The positive
predictive value of MRI was 91.36%, and the

Table 3: Diagnostic Performance of MRI

negative predictive value was 87.27%. The
diagnostic accuracy of MRI for differentiating
between benign and malignant bone tumors was

89.70%, as shown in Table 3.

‘Parameter HValue (%) ‘
[Sensitivity 91.36% |
[Specificity 187.27% |
‘Positive Predictive Value (PPV) H91.36% ‘
‘Negative Predictive Value (NPV) HS?.Z?% ‘
‘Diagnostic Accuracy H89.70% ‘

Histopathological assessment indicated
osteosarcoma to be the most common malignant
tumor, followed by Ewing's sarcoma and
chondrosarcoma. Metastatic lesions and plasma
cell myeloma were also present; however, the cases
were mostly from the older age group. Among the
benign tumors, osteochondroma was the most
common, followed by enchondroma, giant cell
tumor, and Cysts.
Malignant tumors were found to be larger in size
and more aggressive on imaging, compared to
benign tumors. Well-defined margins without
aggressive features were more commonly observed
among the benign tumors compared to the
malignant tumors. Well-defined margins without
aggressive features were more commonly observed

among the benign tumors compared to the
malignant tumors.

DISCUSSION

The present study showed that magnetic
resonance imaging (MRI) possessed excellent
diagnostic performance for differentiating benign
from malignant bone tumors when compared with
histopathology, which was taken as a gold
standard. The sensitivity of MRI was calculated at
91.36%, specificity at 87.27%, and overall
accuracy at 89.70%, showing excellent agreement
with histopathology. Although a small percentage
of false positives and false negatives were reported,
the overall accuracy of MRI was excellent.
Moreover, it was also observed that malignant
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tumors showed more aggressive features, whereas
benign tumors showed more indolent features.
The malignant tumors showed larger size, ill-
defined margins, cortical destruction, periosteal
reaction, and soft tissue extension, whereas benign
tumors showed indolent features. This indicates
the excellent use of MRI for characterizing tumors
at the initial stages.

The overall accuracy of MRI for differentiating
benign from malignant bone tumors, as reported
in this study, is comparable with previously
reported data. Several international studies have
reported the sensitivity of MRI for differentiating
benign from malignant bone tumors ranging from
85-95%, and specificity ranging from 80-90% "%,
Similarly, another research reported excellent
sensitivity of MRI but showed relatively lower
specificity, which was attributed to overlapping
features of certain tumor types '°. Another
research reported excellent use of MRI for
characterizing tumor lesions but showed relatively
lower specificity of MRI, which was attributed to
overlapping features of tumor lesions '7. Similarly,
studies conducted in South Asian countries have
shown comparable diagnostic accuracy, which
supports the use of MRI in such healthcare
settings %, The slightly lower specificity rate
could be attributed to false positive cases where
benign conditions, such as giant cell tumors or
inflammatory conditions, showed aggressive
characteristics on imaging. False negative cases
could be attributed to well-differentiated
malignancies that showed less aggressive
characteristics on imaging. These results are
comparable with the existing body of knowledge
and add regional data for future studies®.

From a clinical point of view, the higher sensitivity
rate of MRI is an advantage, as it helps in the early
detection of malignant lesions, thus ensuring that
a potential case is not missed. Accurate
differentiation between benign and malignant
bone tumors is an important factor that guides
treatment, as appropriate decisions regarding the
need for a biopsy, surgical intervention, or
oncological referral are necessary. MRI also
provides detailed information regarding the extent
of the tumor, bone marrow, and soft tissue
invasion, which is critical for staging the tumor for

appropriate treatment. MRI is an advanced
diagnostic tool that is considered pivotal in
settings where access to advanced diagnostic
modalities is not readily available, such as in
Pakistan. It is a non-invasive diagnostic tool that
has a higher diagnostic yield, thus providing an
advantage over invasive diagnostic procedures.
The advantages of the present study include the
use of histopathology as a gold standard for
verifying the diagnosis. In addition, the use of a
standard MRI protocol for all the subjects would
increase the reliability and reproducibility of the
imaging findings. Moreover, the use of 136
subjects would provide a fair sample size for the
estimation of the parameters for assessing the
diagnostic accuracy. Nevertheless, the present
study has a few disadvantages. Firstly, the present
study was done at a single center. In addition, the
imaging findings were read by a single radiologist.
Moreover, the use of advanced MRI techniques
such as DWI and ADC would have increased the
diagnostic performance.

Future research should be done on a larger sample
size and a wider population to increase the
generalizability of the study. In addition, the use
of advanced imaging techniques would provide
more information for the diagnosis of the lesions.

CONCLUSION

Magnetic resonance imaging was observed to have
a high diagnostic performance in differentiating
between benign and malignant bone tumors, as
indicated by a high sensitivity of 91.36%,
specificity of 87.27%, and accuracy of 89.70% in
comparison with histopathological results. The
results of the study indicated the reliability of the
use of MRI as a non-invasive diagnostic tool in the
early characterization of bone tumors and its
importance as a guiding tool in the decision-
making process for the management of the
conditions. The ability of MRI to characterize the
extent of the lesions and the soft tissue
involvement of the lesions makes it a vital tool in
the management of the conditions. In a resource-
scarce environment, MRI plays a vital role as a
diagnostic tool in a situation where diagnostic

opportunities are scarce, as in the case of Pakistan.
Although MRI was observed to have a high

https://fmhr.net

| Hajra et al., 2025 |

Page 1284



Frontier n

Medical & Health
Research

Volume 3, Issue 4, 2025

ISSN: (e) 3007-1607 (p) 3007-1593

diagnostic accuracy, it could not be used in 10. Shomal Zadeh F, Pooyan A, Alipour E,
isolation from histopathological results. Hosseini N, Thurlow PC, Del Grande F, et
al. Dynamic contrast-enhanced magnetic
REFERENCES resonance  imaging (DCE-MRI) in
1.  Thompson KG, Dittmer KE. Tumors of differentiation of soft tissue sarcoma from
bone. Tumors Domest Anim. 2016;356- benign lesions: a systematic review of
424. literature. Skeletal Radiol.
2. Kattoor ], Geothe ]J. Bone tumors: evidence- 2024;53(7):1343-57.
based approach in  diagnosis and 11. Liu H, Zhang Y, Ma X, Gao L, Wang B, Xu
management. Springer Nature; 2024. T, et al. Quantitative assessment of benign
3.  Forsyth R, Hogendoorn PC. Epidemiology and malignant bone tumours using
of primary bone tumors and economical synthetic magnetic resonance imaging and
aspects of bone metastases. In: Bone diffusion measures. Sci Rep.
Sarcomas and Bone Metastases-From Bench 2025;15(1):39730.
to Bedside. Elsevier; 2022. p. 17-23. 12.  Liaquat F, Alia N, Ayub M, Sikander M.
4. Ofori EK, Kumahor EK. Bone cancer: Diagnostic ~ Accuracy  of  Magnetic
Advances in diagnostic research. In: Resonance  Imaging in  Diagnosing
Diagnostic Landscape in Cancer Research. Malignant ~ Musculoskeletal ~ Tumours,
Elsevier; 2025. p. 51-67. Taking Histopathology as Gold Standard.
5. De Salvo S, Pavone V, Coco S, Dell’Agli E, Indus ] Biosci Res. 2025 Jun 11;3(6):114-7.
Blatti C, Testa G. Benign bone tumors: an doi:10.70749/ijbr.v3i6.1496
overview of what we know today. ] Clin 13. Mansour T, El-Barody M, Tammam H,
Med. 2022;11(3):699. Okasha A. Role of diffusion-weighted MRI
6.  Hosseini H, Heydari S, Hushmandi K, in differentiating between benign and
Daneshi S, Raesi R. Bone tumors: a malignant bone lesions: a prospective study.
systematic review of prevalence, risk Clin Radiol. 2021;76(8):576-84.
determinants, and survival patterns. BMC 14. Rao A, Sharma C, Parampalli R. Role of
Cancer. 2025;25(1):321. diffusion-weighted MRI in differentiating
7. Debs P, Ahlawat S, Fayad LM. Bone tumors: benign from malignant bone tumors.
state-of-the-art imaging. Skeletal Radiol. BJR|Open. 2019  Jul;1(1):20180048.
2024;53(9):1783-98. doi:10.1259/bjro.20180048
8. Gaume M, Chevret S, Campagna R, 15.  Miller SL, Hoffer FA. MALIGNANT AND
Larousserie F, Biau D. The appropriate and BENIGN BONE TUMORS. Radiol Clin
sequential value of standard radiograph, North  Am. 2001  Jul;39(4):673-99.
computed tomography and magnetic doi:10.1016,/S0033-8389(05)70305-5
resonance imaging to characterize a bone 16.  Nascimento D, Suchard G, Hatem M, De
tumor. Sci Rep. 2022;12(1):6196. Abreu A. The role of magnetic resonance
9. Azad H, Ahmed A, Zafar I, Bhutta MR, imaging in the evaluation of bone tumours
Rabbani MA, Kc HR, et al. X-ray and MRI and tumour-like lesions. Insights Imaging.
correlation of bone tumors using 2014 Aug;5(4):419-40.
histopathology as gold standard. Cureus. doi:10.1007/513244-014-0339-z
2022;14(7). 17. Gaume M, Chevret S, Campagna R,
Larousserie F, Biau D. The appropriate and
sequential value of standard radiograph,
computed tomography and magnetic
resonance imaging to characterize a bone
tumor. Sci Rep. 2022 Apr 13;12(1):6196.
doi:10.1038/s41598-022-10218-8
https://fmhr.net | Hajra et al., 2025 | Page 1285



Frontier n

Medical & Health
Research

Volume 3, Issue 4, 2025
ISSN: (e) 3007-1607 (p) 3007-1593

18.  Wahid M, Sharma A, Rehman M,
Ramachandran S, Chalian M, Bajaj G, et al.
MRI findings for differentiating benign and
malignant soft tissue tumors: a systematic
review—part 2: key imaging findings.
Skeletal ~ Radiol. 2026 Feb 1.
doi:10.1007/500256-026-05155-w

19. Altaf A, Baqai MWS, Urooj F, Alam MS,
Aziz HF, Mubarak F, et al. Utilization of an
ultra-low-field, portable magnetic resonance
imaging for brain tumor assessment in lower
middle-income countries. Surg Neurol Int.
2023 Jul 28;14:260.
doi:10.25259/SNI1_123_2023

20. Goyal S, Rangankar V, Deshmukh §,
Prabhu A, S ]J. MRI Evaluation of Soft
Tissue Tumors and Tumor-Like Lesions of
Extremities. Cureus. 2023 Apr 2.
doi:10.7759/cureus.37047

https://fmhr.net | Hajra et al., 2025 | Page 1286



