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Review Article
Periosteal osteosarcoma: a review of clinical evidence
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Abstract: Periosteal osteosarcoma (PO) is a rare primary malignant bone tumor and a variant of osteosarcoma. It 
is a surface lesion without evidence of medullary involvement. The radiologic appearance of periosteal osteosar-
coma is a broad-based surface soft-tissue mass that causes extrinsic erosion of thickened underlying diaphyseal 
cortex and perpendicular periosteal reaction extending into the soft-tissue component. The tumour presents as 
non-homogeneous masses of speculated osteoid matrix progressively denser from the periphery to their cortical 
base. The average age is around 28 and the most common location is the proximal third of the femur; with all the 
lesions diaphyseal in location. The treatment usually indicated is amputation, but in selected cases, radical seg-
mental resection is appropriate. Long-term disease-free survival is possible after resection of the local recurrence. 
Limb-salvage therapy seems to offer survival equivalent to amputation, and there does not seem to be a substantial 
risk of late recurrence, dedifferentiation, or disease progression. The current review also highlights on various rare 
occurrences of periosteal osteosarcoma including the one of calcaneum, fifth metatarsal, mandible cranium, jaws, 
clavicle, maxilla, sphenoid bone with extensive periosteal extension, metacarpal in a paediatric age group and bilat-
eral metachronous periosteal osteosarcoma. Recent findings relating to genetic factors governing the pathogenesis 
of PO is also presented.
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Introduction

Periosteal osteosarcoma (PO) is a rare primary 
malignant bone tumour and is a variant of 
osteosarcoma. It is a surface lesion without evi-
dence of medullary involvement. It was first rec-
ognized by Ewing in 1939 and later described 
by various other authors. Lichtenstein in 1959 
described periosteal osteosarcoma as a peri-
osteal counterpart of central or inter-medullary 
osteosarcoma [1]. As high-grade osteosarco-
ma, PO affects young patients (i.e. those in 2nd 
and 3rd decades of life) and most frequent loca-
tions are tibia (40%) and femur (38%), followed 
by ulna and humerus (5-10%).

Diagnosis

The tumors in PO show variable imaging appear-
ances at the site of the diaphyseal lesion of 
tibia and femur. Imaging appearances of peri-
osteal sarcoma are done by various imaging 
techniques including radiography, computed 

tomography, and magnetic resonance imaging. 
These techniques are used for detecting the 
location of tumor, size, cortical changes, medul-
lary involvement and characteristics of tumor.

Radiography 

The radiological appearance of periosteal 
osteosarcoma have been reported to present a 
broad based surface soft tissue mass, leading 
to extrinsic erosion of thickened diaphyseal cor-
tex along with periosteal reaction, which 
invades into the soft tissue component. The 
periosteal reaction is predominantly perpendic-
ular to the diaphyseal cortex. Radiography find-
ings include thickening of the diaphyseal cortex 
with scalloping and perpendicular periosteal 
reaction extending into broad based soft tissue 
mass. The most commonly occurring periosteal 
reaction is non-aggressive, and solid in nature. 
Radiography also reveals the extent of mineral-
ization in to soft tissue mass (mild, moderate, 
marked). The maturity and extent of mineraliza-
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tion in the soft tissue component is also exam-
ined by the radiography. 

Computated tomography (CT) 

Computated tomography (CT) technique is use-
ful for detecting the presence of any soft tissue 
mass adhered to the cortex, any associated 
aberrations in medullary canal, cortex thicken-
ing, cortical scalloping, and any periosteal reac-
tion perpendicular to diaphysis and extending 
into the soft tissue mass. CT is also used for 
the attenuation and homogeneity of the non-
mineralized component of soft tissue mass. 
The CT can also evaluate calcification of the 
soft tissue mass. 

Magnetic resonance imaging (MRI) 

Magnetic resonance imagines (MRI) is used for 
the presence of a soft tissue mass adhered to 
the cortex, any associated aberrations in med-
ullary canal, cortex thickening, cortical scallop-
ing, periosteal reaction perpendicular to diaph-
ysis and extending into the soft tissue mass. It 
is also used to detect the presence and extent 
of mineralization in the soft tissue mass and 
percentage of the circumference of the cortex 

surrounded by the soft tissue mass. The signal 
intensity and homogeneity of the non-mineral-
ized component of the soft tissue mass is eval-
uated by this technique [2].

Differential diagnosis

Differential diagnosis of PO is important to elu-
cidate the nature of osteosarcoma. Often histo-
logical and morphological findings mingle and 
may lead to misleading classification of osteo-
sarcoma. PO may be confused with Ewing’s, 
central cancellous, parosteal or central cancel-
lous carcinomas due to closely resembling his-
tological or radiological findings. Often small 
round tumors, particularly Ewing’s sarcoma, 
may be present as a spiculated lesion in the 
cortical bone. In such cases, a permeative 
destructive lesion indicates Ewing’s sarcoma 
whereas such observations are not reported in 
PO. Further, differential diagnosis of central 
osteosarcoma, parosteal osteosarcoma and 
PO is of immense clinical significance and is 
often guided by clinical radiographic diagnostic 
features. A central cancellous osteosarcoma is 
a central destructive lesion with varying 
amounts of osteoid matrix, is radiographically 
discernable. The tumor is aggressive with poor-

Table 1. Differential diagnosis of Periosteal osteosarcoma from other carcinomas
Periosteal osteosarcoma Parosteal osteosarcoma
Purely cortical lesion, thickened intact  
cortex is visible

No such observation

Spiculated matrix, which is osteoid in  
nature and radiates out from the cortex

No such observation

No such observation Neoplasm often outgrows the base of  
origin and has a tendency to wrap  
around the cortex

2:1 Male preponderance Female preponderance
The age group falls in between the  
medullary and parosteal types

Tumor incidence is high in 3rd and 4th  
decades of life

It is a cartilaginous osteosarcoma It is fibrogenic osteosarcoma 
Periosteal osteosarcoma Central cancellous osteosarcoma
Significant male preponderance Slight male preponderance
Periosteal osteosarcoma Ewing’s sarcoma
The amount of soft tissue component is  
in similar proportion to amount of  
ossified matrix

The soft tissue component is large in  
comparison to the bone involvement

Periosteal osteosarcoma Myositis ossificans
No similar observations A predictable biological pattern of matura- 

tion is evident from periphery to centre
Inner table is intact Metastatic lesion involves the cortex  

from periosteum to the medullary cavity
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Table 2. The major pathological features of PO
Sr. No. Location Author Major findings
1 Cranium Robertson and  

Newman, 2000 [29]
i. Reticular growth pattern of osteoblast with  
associated lace like strands of osteoid.

2 Bilateral met- 
achronous  
periosteal  
osteosarcoma

Howat et al., 1986 [10] i. Destruction of outer cortex with an  
association of soft tissue matrix
ii. Calcification in upper right femur
iii. Lacy seams of osteoid present  
between tiny anaplastic cells

3 Mandible Koyama et al., 2002 [14] i. An intact cortex and presence of  
medullary tumor

4 Calcanium Singh et al., 2012 [31] i. Atypical woven bone/ malignant osteoid 
ii. Nodular aggregates and osteoblast clusters  
indicating nuclear atypia at the periphery
iii. Spindle shaped cells and chondroid cells  
with hyperchronaticneuclei and cartilagenous  
nodules along with new bone formation

5 Jaws Piattelli and Favia 2000 [27] i. Newly formed osteoid tissue with initial focci of  
calcification, osteoblast and spindle shaped cells
ii. Presence of chondroblastic differentiation with moderately  
differentiated malignant bone, osteoid, and spindle cells

6 Fifth metat- 
arsal of foot

Mohammadi et al., 2011 [20] i. Typical sunburst periosteal reacton in lateral surface  
of a signal fifth metatarsal bone

7 Metacarpal in  
paediatrics

Muir et al., 2008 [21] i. A primary chondroblastic lesion with cellular  
proliferation and atypia

8 Maxilla Patterson et al., 1990 [26] i. The mass showed a glistening, granular, gritty,  
polypoid piece of soft tissue.
ii. A richly cellular strome composed of spindle  
shaped cells was visible.
iii. Spindle shaped polyhydral cells with hyperchromatic  
nuclei consistent with malignant osteoblast were  
interspersed throughout stroma.

9 Sphenoid Bone Hayashi et al., 2000 [9] i. Hypovascular lesion
ii. Proliferation along the bone marrow spaces with  
negligible destruction of cranial bone.
iii. Diffused proliferation of spindle shaped polygonal  
cells with nuclear atypia confirmed periosteal osteosarcoma

10 Clavicle Lim et al., 2012 [16] i. Tumour composed of immature necrotic osteoids and  
necrotic chondroids.
ii. Saucerisation accompanied by periosteal reaction and  
Codman’s triangle
iii. Atypical cells engrained in the chondriod matrix with  
hypercellularfocci, bearing tiny hyperchromaticnucli,  
unclear eiosinophilic cytoplasm and cellular spindling

11 Tibia (Bilateral  
synchronous tibial  
periosteal  
osteosarcoma)

Maheshwari et al., 2012 [17] i. Bilateral synchronous tibial periosteal osteosarcoma
ii. Cortical based sclerotic lesion on the antero-medial  
aspect of the proximal tibia with irregular erosion  
of the outer cortex
iii. Osteogenic area of the tumor showed malignant  
osteoid production

ly defined matrix and damaged cortex. In paros-
teal osteosarcoma, a radiolucent zone between 
tumor and the bone of origin indicates a void 
between tumor mass, outgrowing its pedicle 
and cortex of the normal bone. The medullary 
cavity is violated and daughter mass is fre-
quently observed. There is a mushrooming 

mass attached with a thick pedicle, which cir-
cumvents the shaft of origin and often invades 
the medullary cavity. However, these findings 
are not mirrored in PO [3]. The primary differ-
ences between various types of osteosarco-
mas and periosteal osteosarcoma have been 
outlined in the Table 1.
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Clinical symptoms 

The prominent clinical symptomatology inclu- 
des swelling accompanied by pain. Due to slug-
gish growth, tumor symptoms may be present 
years before the first surgical intervention. The 
duration of symptoms is modulated by the 
growth of neoplasm.

Risk factors

Various factors which have been identified 
defining the predilection of periosteal osteosar-
coma encompass age, gender and site of 
tumor.

Gender: There is no clinical evidence advocat-
ing a significant predilection [4]. 

Age: This has been proven to be a significant 
factor affecting the incidence of periosteal 
osteosarcoma. The peak incidence of perioste-
al osteosarcomas been reported to 15-30 
years.

Site of tumour: Periosteal osteosarcoma is pri-
marily located in the long bones of limbs. The 
major areas involve femur, tibia, humerus, radi-
us, fibula, ulna and phalanx.

Location of PO

PO is exclusively located in the long bones of 
limbs. The major areas involve femur, tibia, 
humerus, radius, fibula, ulna and phalanx. The 
lesion is primarily metaphyseal and rarely 
diaphyseal. Posterior aspect of distal femur, 
upper metaphysis in the tibia and humerus 
comprise the frequent location of periosteal 
osteosarcoma [5]. Bertoni et al [6] described 
mid uppermost and lowermost diaphysis of 
tibia, and femur to be the primary location of 
PO. Some of the rare occurrence sites of PO are 
described below and the major pathological 
features have been mentioned in Table 2.

Cranium

Robertson and Newman [7] demonstrated cra-
nial PO in their pioneer investigation. They pre-
sented PO cases arising from the outer table of 
the skull in the vicinity of occiput. The morphol-
ogy indicated a spiculated pattern of calcifica-
tion [7].

Bilateral metachronous periosteal osteosar-
coma

The pioneer investigation by Howat et al. [8] 
demonstrated bilateral metachronous PO. The 
biopsy indicated femoral soft tissue lesions 
showing lobular cartilaginous tumor invading 
into connective tissue. The femoral lesion also 
demonstrated a predominant cartilaginous 
tumor involving connective tissue and skeletal 
muscles. 

Mandible

PO of mandible was demonstrated by Koyama 
et al. [9]. The findings indicated progression of 
tumor into bone marrow via periodontal liga-
ment. The lesion extended within the body of 
mandible and buccal cavity. However, the 
lesions encompassed periodontal ligament 
space sparing the buccal cortex. A mass of 
poorly differentiated cartilaginous stroma 
accompanied by tumor invasion into the bone 
marrow along periodontal ligament was also 
shown. There was discernable involvement of 
intramedullary extensions which was reported 
for the first time differentiating it from the pre-
ceding reports [10, 11].

Calcaneum

Singh et al. [12] demonstrated PO of calcane-
um. The morphological feature concluded a 
well-defined mass arising from calcaneum 
tuberosity. The features presented in this inves-
tigation were in concert with previous findings 
of Ritts et al. [13], where PO was shown to 
assess with strands of osteoid producing spin-
dle shape cells radiating between lobules of 
cartilage. 

Jaws

Piattelli and Favia [14] reported PO of jaws. The 
findings showed that the tumor were character-
ised by presence of moderately differentiated 
chondroblastic tumor with focci of osteoi and 
bone formation. 

Fifth metatarsal of foot

Mohammadi et al. [15] described a rare case of 
PO localized to foot. The findings also demon-
strated large hyperchromatic, pleomorphic car-
tilage cell. This was the pioneer report showing 
localisation of PO in foot.
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Metacarpal in paediatrics

Muier et al. [16] reported a case of PO of the 
hand of a paediatric patient. A firm, fixed, and 
mildly tender mass on the dorsal aspect of first 
metacarpal was reported. The mass was sans 
flutuance skin abnormality and was associated 
with lymph adenopathy. The lesion was located 
on the surface of metatarsal, close to proximal 
physics. Island of primitive osteoid formation 
with poorly differentiated spindle cells, report-
ed in a previous study [17], demonstrated PO of 
hand. These studies provide evidence that PO 
can occur in the hands of paediatric popula-
tion. This may be the immense value when 
patients present suspicious bone forming 
lesion in the hand.

Maxilla

PO of maxilla is primary juxtacortical in nature, 
which can be either parosteal or periosteal 
[18]. Patterson et al. [19] described PO of max-
illa. The tumor was composed of well organised 
trabeculae of lamellar bone which invaded the 
cortical plate of maxilla. Malignant tumor oste-
oid was reported in between chondroid and 
cocious trabeculae. The histopathology revea- 
led malignant tumor osteoid arising proximal to 
pleomorphic osteoblast. PO of maxilla seems 
to possess more favorable prognosis than in 
long bones due to more aggressive biologic 
behaviour of the osteosarcoma.

Sphenoid bone

Hayashi et al. [20] reported a PO of sphenoid 
bone. A ring enhanced mass in the right tempo-
ral lobe with perifocal brain edema was 
observed. An extra cranial mass including the 
temporalis muscle and an enhanced mass in 
the orbit was also reported. The sphenoid bone 
showed moderate hypertrophic changes but 
was devoid of bone destruction. 

Clavicle

Lim et al. [21] reported a rare case of PO of 
clavicle. A focal evidence of cortical erosion 
with negligible medullary component was ob- 
served. PO was confirmed with 95% necrotic 
structures in the tumor. A negligible medullary 
invasion was recorded. This was the second 
case of PO of clavicle after Oda et al. [22] A soft 
tissue mass bearing a calcified matrix was also 
evident. The clavicle is a rare site for PO 

because of its biology. The clavicle starts to 
ossify prior to any other bone in the human 
body hence, the chances of PO of clavicle are 
minimal in general population. 

Bilateral synchronous tibial periosteal osteo-
sarcoma with familial incidence

A recent report by Maheshwari et al. [23] 

revealed a rare case of bilateral synchronous 
tibial PO. The tissue fragments indicated a pre-
dominantly cartilaginous composition with 
malignant features equivalent to grade II/III 
chondrosarcoma. The chondroblastic regions 
were segregated by sarcomatous cells showing 
osteoid production and immature bone which 
led to a diagnosis of bilateral intermediate 
grade PO. A needle core biopsy demonstrated 
an osteosarcoma with chondroblastic and 
osteoblastic features consistent with an inter-
mediate-grade periosteal osteosarcoma.

Prognosis

The prognosis of PO is governed by various fac-
tors. These encompass the anatomical location 
of tumors, degree of invasion into the cortex 
and medulla and histological grade of malig-
nancy [5]. Similar prognosis rates were report-
ed in patients suffering with tumor located 
proximally or distally. This trend was extrapo-
lated periosteal osteosarcoma patients pre-
senting femoral and non-femoral tumors [24].

Metastatic periosteal osteosarcoma

Metastasis is an inevitable phenomenon asso-
ciated with all forms of oncogenic prolifera-
tions. PO has been associated with metastatic 
tumour formations. In a pioneer report of meta-
static PO, by Dash et al. [25], a patient with 
periosteal osteogenic sarcoma with intravascu-
lar metastases died with cardiac and renal fail-
ure [25]. Multifocal periosteal osteosarcoma 
are very rare and have been reported only in 
metachronous mode. Howat et al. [8] reported 
a case of periosteal osteosarcoma of the femur 
with a metachronous periosteal lesion in the 
contralateral femur after 3 years. However, the 
patient suffered with multiple lung metastases 
over the next 6 months. Barakat et al. [26] 

reported a case of periosteal OS of the tibia 
that which was treated by wide excision and a 
fibular graft. Two years later, the patient devel-
oped a metachronous lesion just below the fib-



A review of periosteal osteosarcoma

42 Int J Clin Exp Med 2015;8(1):37-44

ular graft.  In a study by Grimer et al. [27], the 
combined members of the European Muscu- 
loskeletal Oncology Society, 17 of the 119 
patients with periosteal osteosarcoma devel-
oped metastasis. Of these, 16 had lung metas-
tasis and only one had intramedullary metasta-
sis to the bone in contralateral leg.  Jaffe et al. 
[28] described a case of periosteal OS with a 
metachronous osteoblastic intramedullary le- 
sion in the contralateral femur after 3 years. 
This patient died 12 months later with pulmo-
nary and intracranial metastases. These stud-
ies suggest that osteosarcoma possesses a 
prominent metastatic component which is 
devoid of any preference for a particular organ 
system. 

Treatment

Adequate surgical treatment is indispensible 
for tumor control. If surgical treatment is timely 
and adequate, the survival rate is increased 
and metastasis significantly reduced. The treat-
ment of periosteal osteosarcoma consists pri-
marily of surgical interventions, which may or 
may not be accompanied by chemotherapeutic 
interventions. Surgical treatment comprises 
amputation, limb salvation, and resection.

Amputation

The amputation of upper extremities or regions 
above/below the knee may be carried out to 
provide remission to the patient. Hemipelvictomy 
or disarticulation may also accompany such 
procedures. In case of large and recurrent 
tumor, where radiographic evidence demon-
strates involvement of medullary spaces or his-
tological indication of malignancy, amputation 
is treatment of choice. A secondary amputation 
may have to be carried out if recurrence were 
noticed in an amputation stump.

Resection

Resection may be classified into either local-
ised excision or segmental resection. Segm- 
ental selection is generally advised if the tumor 
size is small, its nature non-recurrent, and it 
does not invade cortex and medullary spaces. 
A marginal excision may also be carried out 
along with a secondary wide excision, if a recur-
rence of PO occurs.

Salvation therapy

In case of inadequate tumor control, evident by 
frequent local recurrence at the marginal or 
intra lesion involvement, limb salvage tech-
nique may provide disease alleviation. Limb 
salvation techniques are appropriate in tumor 
remission when wide margins are available. 
The limb sacrificing surgery may be substituted 
with limb sparing procedures without impera-
tive need of reoperation when limb salvage pro-
cedures are used to treat the tumor.

Chemotherapy

Adjuvant chemotherapy may be prescribed to 
provide pharmacological support to surgical 
procedures. An adjuvant cisplatin and doxorubi-
cin regimen has been occasionally prescribed 
but the outcome remains inconclusive. The 
patients are prescribed chemotherapeutic regi-
mens with the caveat of its uncertain benefits. 
The findings of Cesari et al. [29] recently dem-
onstrated the inability of chemotherapeutic 
agents to halt reverse or alleviate PO and 
enhances probability of survival. 

Pre operative investigations to establish the 
involvement of medullary cancer is indispensi-
ble before carrying out any surgical procedures, 
which may be determined using well-defined CT 
(computer tomography). Usually a conservative 
treatment is advocated to treat PO. Generally a 
marginal excision maybe insufficient, elucidat-
ing the need of wide surgical excision which 
may or may not involve amputation. The reason 
for such guidelines is insufficiency of marginal 
excision to elude recurrence. Primary wide exci-
sion is effective in inhibiting recurrence but suf-
fers from contamination and uncontrolled 
spread of tumour in to surrounding tissues in 
case of previous biopsy. 

Role of genetic factors

In a recent report, of bilateral synchronous tibi-
al PO was described by Maheshwari et al. [30] 

where the pathogenesis of PO two patients 
belonging to same family was directed towards 
a TP53 mutation. Direct sequencing of exons 5 
through 8 demonstrated missense mutation in 
at least one allele of the TP53 gene (exon 8). A 
connection with Li-Fraumeni Syndrome was 
suspected and both the cases are under follow 
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up currently. TP53 is one of the most commonly 
mutated genes in human cancer and mutations 
leading to inactivation of TP53 are common in 
osteosarcoma tumorigenesis [31]. TP53 plays 
a crucial role in a number of pathways related 
to cellular stress, DNA repair, and apoptosis 
[32]. TP53 is regulated by MDM2, a protein that 
blocks the activity of the TP53 protein by direct-
ing it to the ubiquitin-mediated degradation 
pathway which in turn is linked to Wnt signaling 
via a number of pathways punctuated with 
p14ARF, CHK2, Dkk1, LRP5 [33-35].

It is known that Wnt signaling plays an impor-
tant role in aggravation of osteosarcoma 
tumorigenesis by downregulating repair of the 
surrounding bone and by enhancing the motility 
and invasiveness of the tumor cell signaling via 
Wnt pathway is decisive for differentiating pro-
genitor cells into osteoblasts. When Wnt signal-
ing is inhibited, mesenchymal stem cells enter 
the cell cycle and osteogenesis is halted. 
Dickkopf 1 (DKK1) disturbs the Wnt signaling 
cascade leading to inhibition of osteogenesis 

[36]. A similar genetic derangement may be 
implicated in precipitation and aggravation of 
PO. The recent findings of Maheshwari et al 
[23] depicting the genetic origin of periosteal 
osteosarcoma may be a new facet for further 
research in this domain and may open novel 
avenues of treatment regimens to assure com-
plete remission of PO. 

Conclusion

The clinical evidence suggests that PO needs 
to be treated using well defined surgical proce-
dures instead of chemotherapeutic interven-
tion to ensure complete remission and elude 
chances of relapse. Investigation of genetic 
factors contributing to the pathogenesis must 
be examined using the state of the art technol-
ogy to unravel the underlying cause of PO dur-
ing initial phases of diagnosis and care.
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