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         Defi nition 

•        An intermediate-grade chondroblastic osteosarcoma aris-
ing on the surface of the bone     

    Synonyms 

•     Juxtacortical chondroblastic osteosarcoma     

    Etiology 

•     Unknown     

    Clinical Features 

    Epidemiology 

•     One to two percent of all osteosarcomas    

    Sex 
•     Slight female predominance     

    Age 
•     Majority of patients are in the second and third decades of 

life.  
•   Median age: 18 years; average age: 22 years.      

    Sites of Involvement 

•     The most common location is the femur followed by the 
tibia.  

•   Less common sites include the humerus, fi bula, ulna, and 
pelvis.  

•   Majority involve the diaphyseal region of the bone.     

    Abstract  

  Periosteal osteosarcoma is an intermediate- grade chondroblastic osteosarcoma arising on 
the surface of the bone. It has a slight female predominance. Majority of patients are in the 
second and third decades of life. The median age is 18 years and average age 22 years. The 
most common location is the femur followed by the tibia. Less common sites include the 
humerus, fi bula, ulna, and pelvis. Majority involve the diaphyseal region of the bone. 
Radiologically, the image shows a broad-based attachment of mass to the cortex in the 
diaphyseal region of the long bone. Histologically, it predominately contains lobules of 
malignant hyaline cartilage with obvious cytologic atypia. Peripheral condensation and 
spindling of the tumor cells are commonly seen. Lesser amount of malignant osteoid, often 
in the form of spicules arrayed perpendicular to the cortical surface, is usually found in the 
center of the cartilage lobules. Treatment is surgical resection with a wide margin. The role 
of neoadjuvant and adjuvant chemotherapy is unclear.  

      Periosteal Osteosarcoma 

           Carrie     Y.     Inwards       and     Doris     Wenger    

  14

        C.    Y.     Inwards ,  MD     (*)  
  Division of Anatomic Pathology  ,   Mayo Clinic  ,  
  Rochester  ,   MN  ,   USA    

  College of Medicine, Mayo Clinic  ,    Rochester  ,   MN  ,   USA   
 e-mail: inwards.carrie@mayo.edu   

    D.     Wenger  ,   MD    
  Department of Diagnostic Radiology  ,   Mayo Clinic  ,  
  Rochester  ,   MN  ,   USA    

mailto:inwards.carrie@mayo.edu


228

    Clinical Signs and Symptoms 

•     Swelling or mass and pain      

    Image Diagnosis 

    Radiographic Features 

•     Broad-based attachment of mass to the cortex in the 
diaphyseal region of the long bone  

•   Cortical thickening and scalloping of the underlying bone  
•   Periosteal reaction, aggressive and nonaggressive, frequently 

perpendicular to the osseous long axis (the so- called “hair on 
end” appearance) extending into surrounding soft tissue     

    CT Features 

•     Heterogeneous mass intimately associated with the peri-
osteal surface of the bone with mineralized and nonmin-
eralized components  

•   Cortical thickening and periosteal reaction at the site of 
attachment  

•   Variable degree of mineralization of the mass, with min-
eralization typically more marked near the base  

•   Nonmineralized component may be of low attenuation 
refl ecting myxoid change within the chondroid tissue  

•   Well-defi ned margins     

    MRI Features 

•     Heterogeneous solid mass with mixed signal characteris-
tics on T1 and T2. Soft tissue component often has signal 
intensity which is isointense or hypointense relative to 
muscle on T1-weighted images, heterogeneous but pre-
dominately hyperintense signal intensity on T2-weighted 
images, and prominent regions with minimal to no 
enhancement with gadolinium refl ecting the myxoid 
component of the chondroid tissue.  

•   Well-defi ned margins.  
•   Cortical thickening and scalloping.  
•   Areas of poorly marginated hazy abnormal signal inten-

sity (low signal on T1-weighted images and high signal 
on T2-weighted images) in the soft tissues and marrow 
about the mass compatible with reactive change.     

    Bone Scan 

•     Marked uptake of radionuclide, eccentrically positioned 
on the bone      

    Imaging Differential Diagnosis 

    Parosteal Osteosarcoma 

•     Involves the metaphyseal region of the underlying 
bone  

•   More heavily mineralized with mineralization throughout 
the entire lesion, including the surface of the mass     

    Parosteal Chondrosarcoma 

•     Involves the metaphyseal region of the underlying 
bone  

•   Lacks perpendicular periosteal reaction     

    High-Grade Surface Osteosarcoma 

•     Usually surrounds a greater amount of the bone 
circumference  

•   Lacks features of myxoid change suggestive of cartilagi-
nous component (low attenuation at CT, hyperintense sig-
nal intensity on T2-weighted and minimal enhancement 
on gadolinium-enhanced MR images)      

    Pathology 

    Gross Features 

•     Firm, lobulated gray-white mass resembling cartilage.  
•   Broad-based attachment to the underlying bone.  
•   Tumor wraps around the underlying bone with occasional 

full circumferential envelopment.  
•   Well-defi ned outer pushing margin.  
•   Focal cortical erosion by the tumor with minimal medul-

lary invasion only rarely present.  
•   Average size: 10 cm.     

    Histological Features 

•     Predominately contains lobules of malignant hyaline car-
tilage with obvious cytologic atypia. Peripheral conden-
sation and spindling of the tumor cells are commonly 
seen.  

•   Cartilage matrix may contain areas with myxoid 
change.  

•   Lesser amount of malignant osteoid, often in the form 
of spicules arrayed perpendicular to the cortical sur-
face, is usually found in the center of the cartilage 
lobules.  
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•   Occasionally, areas composed of malignant spindle cells, 
with or without osteoid formation, blend with the hyaline 
cartilage portion of the tumor.  

•   The degree of cytologic atypia places these tumors into an 
intermediate-grade osteosarcoma.      

    Pathologic Differential Diagnosis 

    Parosteal Osteosarcoma 

•     Predominately composed of low-grade fi bro-osseous tis-
sue. Low-grade cartilage a minor component     

    Parosteal Chondrosarcoma 

•     Entire tumor composed of malignant hyaline cartilage 
with or without focal areas of bland metaplastic bone 
formation     

    High-Grade Surface Osteosarcoma 

•     Composed of high-grade tumor cells producing abundant 
malignant osteoid     

    Bizarre Parosteal Osteochondromatous 
Proliferation 

•     Contains a cytologically benign cartilage cap that under-
goes enchondral ossifi cation to trabeculae of the bone sur-
rounded by a bland fi brovascular stroma     

    Osteochondroma 

•     Benign cartilage cap undergoing enchondral ossifi cation 
into benign underlying trabeculae of the bone surrounded 
by fatty marrow      

    Genetics 

•     No consistent cytogenetic abnormalities     

    Prognosis 

•     Better prognosis when compared to intramedullary con-
ventional osteosarcoma  

•   Overall 5-year and 10-year survival of 89 % and 84 %, 
respectively  

•   Local recurrence uncommon, but associated with a higher 
incidence of metastases and death     

    Treatment 

•     Surgical resection with a wide margin  
•   Amputation only if an adequate surgical margin cannot be 

achieved by en bloc resection  
•   Role of neoadjuvant and adjuvant chemotherapy unclear     

    Images 

 See Figs.  14.1 ,  14.2 ,  14.3 ,  14.4 ,  14.5 ,  14.6 ,  14.7 , and  14.8  for 
illustrations of periosteal osteosarcoma.             
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  Fig. 14.1    AP radiograph ( a ) of 
a 15-year-old male shows a 
region of cortical thickening, 
aggressive periosteal reaction, 
and subtle matrix production 
along the medial aspect of the 
proximal tibial diaphysis with the 
suggestion of an associated 
unmineralized soft tissue mass. 
The axial and sagittal T1 ( b ,  d ) 
and axial and sagittal fat-
suppressed T2 weighted ( c ,  e ) 
MR images show that the mass 
involves the surface of the bone 
without involvement of the 
medullary canal. The mass is 
heterogeneous with a region of 
predominantly low T2 signal 
intensity near the attachment to 
the cortex that correlates with the 
periosteal reaction and matrix 
production on the radiograph. In 
addition, there is an 
unmineralized component to the 
soft tissue mass with nonspecifi c 
intermediate T1 and hyperintense 
T2 signal         

a
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ed
Fig. 14.1 (continued)

  Fig. 14.2    Periosteal osteosarcoma forming a surface-based mass 
involving the diaphyseal portion of the underlying bone. The tumor 
contains zones of  gray-white  tissue refl ecting areas of cartilaginous 
differentiation       

  Fig. 14.3    Periosteal osteosarcoma showing histological features of a 
chondroblastic osteosarcoma. The malignant osteoid forms spicules of 
bone arranged perpendicular to the surface of the underlying cortical 
bone       
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  Fig. 14.4    Periosteal osteosarcoma composed of an intermediate-grade 
chondroblastic osteosarcoma       

  Fig. 14.5    The predominant tissue type in periosteal osteosarcoma is 
malignant hyaline cartilage       

  Fig. 14.6    Periosteal osteosarcoma containing nodules of malignant 
hyaline cartilage permeating peripheral portions of fi brous tissue       

  Fig. 14.8    Peripheral condensation of tumor cells at the periphery of 
the cartilaginous nodules is frequently seen in periosteal osteosarcoma       

  Fig. 14.7    Spicules of malignant osteoid within the central portion of a 
cartilaginous nodule in periosteal osteosarcoma       
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