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Malignant X-ray findings of primary bone tumor
By

Kiyoharu Nishioka, M.D. and Seiya Matsuyama, M.D.
Department of Diagnostic Radiology, School of Medicine, Keio University, Tokyo
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We have experienced 165 cases of primary bone tumor during the past 10 years without special
effort. Consequently, this disease is not a very common disease.

Table 1 shows the classification of bone tumor in the 165 cases. Osteochondroma, chondroma, chon-
drosarcoma, osteoma, osteogenic sarcoma, giant cell tumor, plasmocytoma, leukemia, neurofibroma,
bone cyst and fibrous dysplasia were found rather frequently. Among the 165 cases, there were 51 cases
of malignant bone tumor, 24 cases of semimalignant bone tumor, and 90 cases of benign lesion.

In order to understand the site of frequent occurrence of bone tumor and frequent age of onset, the
site of presence of abundant tumor cells acting as the origin and the time of hyperfunction of these cells
should be known. Table 2 summarizes the age of onset of main bone tumors and predominant sex.
The predominant age corresponds with the period of the highest function of the tumor cells acting as
the origin.

Fig. | shows the site of occurrence of the tumor in a long bone, corresponding to the site of abundance
of the tumor cells acting as the origin. The site of occurrence of giant cell-, chondro-, osteo-, fibro-, and
round cell group is thus regulated.

I. Judgement of malignancy in X-ray picture

Bone tumors are classified into parosteal, periosteal, cortical, eccentric cancellous, central cancel-

lous, and medullary varieties according to their location. In each site, both benign and malignant
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Fig. 1. Original location of bone tumors

Fig. 2. 12 year old female Multiple cartilagi- Fig. 3. 17 year old female Shows malignant
nous exostosis occurring from the 4th rib. osteochondroma from tibia.

bone tumors may develop. Among these, parosteal tumor is frequently malignant even if benign-ap-
pearing X-ray picture is obtained. Osteochondroma is the most frequently encountered among bone
tumors. In the X-ray picture ol osteochondroma, occurrence of irregular ossification and bone dis-
solution within a short period followed by enlargement suggests malignant change. Fig. 2 shows mul-
tiple exostosis occurring from the 4th rib of a 12 year old female, shown to be benign histologically. Fig.
3 shows osteochondroma in a 17 year old female with malignant transformation.

As representative parosteal tumors, osteochondroma, parosteal osteoma, parosteal osteogenic sar-
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Fig. 4. Cystic, Loculated, honey-comb rarefacti-
on. Enchondroma, Ecchondroma, Chondroblas- Fig. 5. Unsharp or osteolytic margin. Chondro-
toma, Chondromyxoid fibroma, Non-ossifying sarcoma, Osteogenic sarcoma, Fibrosarcoma,

fibroma, Giantcell tumor, Hemangioma, Lipo-
ma, Bone Cyst, Aneurysmal bone cyst, Fibrous
dysplasia, Myxoma, etc.

Neurosarcoma, Chondroma, Liposarcoma, Xan-
thoma, Myxosarcoma, Ewing’s Sarcoma, Plas-
mocytoma, Leukemia, Reticulum cell sarcoma,

Metastatic bone tumor, etc.

-

! Fig. 7. 35 year old male Eosinophilic granulo-
Tig. 6. 36 year old female Osteogenic sarcoma ma with osteolytic changes diffusely involving
with mixed osteosclerotic and osteolytic lesions, the 8 th rib, mixed with dense shadow indic-

border of tumor is extremely indistinct. ating bone necrosis,

coma, periosteal chondrosarcoma, parosteal fibrosarcoma, and periosteal desmoid are found. In the
diagnosis of these parosteal tumors, findings in soft tissue density are important.

2. Findings as regards the shape, contour, and edge

As shown in Fig. 4, most of the benign tumors give cystic, loculated bone defect with density of the
tumor comparable to soft tissue with marginal sclerosis and sharp demarcation. In malignant tumors,
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Fig. 11. 15 year old male Ewing’s sarcoma, 1:
Destruction of cortex as shown in Fig. 9, ¢. 2:
Infiltration of soft tissues.

Fig. 10. 13 year old male Osteogenic sarcoma,
shows destruction of cortex as shown in Fig. 9, b.

Fig. 12. 65 year old male Plasmocytoma; shows destruction
ol cortex as shown in Fig. 9, d.

on the other hand, the borderline between the tumor and normal bone is indistinct and the central part
usually appears osteolytic, with or without irregular marginal sclerosis. The necrotic tissue and se-
questra within the tumor give the appearance of dense flocculation (Fig. 5).

Fig. 6. Osteogenic sarcoma of 36 year old female, with mixed osteosclerotic and osteolytic lesion,
and extremely indistinct borders.

Fig. 7. Eosinophilic granuloma of 35 year old male, with osteolytic changes diffusely involving
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the 8th rib, mixed with dense shadow indicating bone necrosis.

Fig. 8. Malignant giant cell tumor of 23 year old male, characterized by defective destruction of
bone cortex with extensive osteolytic lesion.

3. Picture of destruction of bone cortex.

Fig. 9a, b, ¢, d and e is the schematic representation of the destruction of bone cortex. The names
of the tumors under the Figure represent the tumors [requently giving rise to such findings. a is seen
in benign tumor. The bone cortex becomes paper thin due to the compression [rom inside and erosion,
with subsequent bulging towards outside. b is seen in malignant tumor, characterized by irregular
destruction of the bone cortex alone, with clear cut defect occasionally. ¢ is caused by proliferation of
tumor tissue within the Haversian canal and separation of bone cortex towards the longitudinal direction.
d is caused by the compression of the bone cortex from inside by an extensive tumor occurring within
the bone marrow. Erosion subsequently occurred. e is seen in malignant and benign parosteal and
periosteal tumor. Findings ol destruction was intense in malignant cases.

Fig. 10. 13 year old male with osteogenic sarcoma.

Fig. 11. 15 year old male with Ewing’s sarcoma.

Fig. 12. 65 year old male with plasmocytoma.

In these 3 cases, destruction of bone cortex occurred as shown in Fig. 9, b, ¢, and d respectively.

4. Periosteal reaction.

Periosteal reaction is seen in various diseases of the bone, and not specific for bone tumors.

Fig. 13 shows various findings of the periosteum in schematic diagram. Fig. 14 was taken from

I year old male with leukemia, exhibiting an extensive periosteal reaction accompanied by intense de-
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a : Thickening b : Onion-peel ‘ ¢ : Codman d : Sun-ray Spicula
Fibrosarcoma : ) Osteogenic sarcoma Osteogenic sarcoma
Osteogenic sarcoma Ewing’s sarcoma Ewing’s sarcoma Ewing’s sarcoma
Chondrosarcoma (early Osteogenic: saccoma Hemangioma (subperio- | Hemangioma

stage) Reticulum cell sarcoma steal bleeding) (capillary)
Ewing’s sarcoma Chronic Osteomyelitis Metastatic bone tumor Ossilying fibroma
Leukemia Syphilis Syphilis Chondrosarcoma (much
Reticulum cell sarcoma Tuberculosis smaller)
Hemangioma
Adamantinoma .

Fig. 13. Periosteal reaction
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Fig. 14. 1 year old male Leukemia; extensive Fig. 15. 13 year old female Osteogenic sarcoma
periosteal reaction accompanied by destruction with onion peel picture.
of the bone cortex.

Fig. 16. 15 year old male Osteogenic sarcoma Fig. 17. 28 year old male Capillary hemangio-

with Sun-ray spicula. ma with Sun-ray spicula.

struction of the bone cortex. Alfter destroying the periosteurn, the tumor infiltrated to soft tissue.

Fig. 15. 13 year old female with osteogenic sarcoma with onion peel picture. Such finding is
frequently seen in Ewing’s sarcoma, and also in osteomyelitis and syphilis.
Fig. 16. 15 year old male with osteogenic sarcoma. Sun-ray spicula, along with Codman’s triangle

is frequently seen in osteogenic sarcoma and also in capillary hemangioma (Fig. 17. 28 year old male)
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Fig. 18, a. Density of tumor (benign).
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Fig. 18, b. Density of tumor (malignant).

and ossifying fibroma. The latter two give regular picture with minimal bone destruction.
5. Solt tissue density.

Among solt tissue tumors originating from bone tumor, benign tumors such as ecchondroma, heman-

gioma, aneurysmal bone cyst, and eosinophilic granuloma are found. Giant cell tumor, chordoma,
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adamantinoma and neurofibroma are found among the semimalignant varieties. Chondrosarcoma,
osteogenic sarcoma, fibrosarcoma, Ewing’s sarcoma, leukemia, reticulum cell sarcoma, and myxosarcoma,
are among the malignant varieties.

The density of most of the tumors of soft tissue is identical with that of normal soft tissue, but various
densities originating from bone tissue are included in it. Findings due to circulatory disturbance, in-
flammation, and edema are added to it. Generally speaking, complex soft tissue density indicates
malignancy, as seen in Ewing’s sarcoma, osteogenic sarcoma, chondrosarcoma, leukemia, and reticulum
cell sarcoma

6. Bone atrophy.

Presence of osteoporosis in the normal portion of the bone in which the tumor is present and in the
surrounding bone as a rule indicates malignancy. Localized osteoporosis is found in chondrosarcoma,
fibrosarcoma, and xanthoma. Generalized osteoporosis is found in Ewing's sarcoma, plasmocytoma,
leukemia, reticulum cell sarcoma and osteogenic sarcoma.

9. Density of bone tumor.

Fig. 18a, b summarized the density in benign and malignant bone tumor. In most of the bone
tumor, so-called soft tissue density is seen and the density changed along with the course. In metastasis,
the density added to the osteolytic and osteoblastic foundation is relatively mild. In benign tumor,
as shown in Fig. 18a, osteosclerotic, osteoblastic, and calcifying tendencies are noted along with the
course, resulting in a shift to the left. Findings of sequestrum and necrosis are rather rare. In malig-
nant tumors, on the other hand, as shown in Fig. 18b, findings of sequestrum and necrosis were frequently

found, with a tendency toward a shift to the right.

Conclusion
Roentgenological evaluation of the degree of malignancy was made in 165 cases of primary bone

tumors of the authors’ own experience.
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