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Abstract

Osteosarcoma, while rare, is the most common primary bone cancer and accounts for up to 10% of 

all new pediatric cancer diagnoses annually in the United States. Most commonly, osteosarcoma 

affects the distal femur and occurs as a high-grade intramedullary (conventional) subtype. Patients 

with osteosarcoma are treated with a multi-disciplinary team approach.1 Often, an orthopaedic 

oncologist initiates the workup after making a presumptive diagnosis based on classic clinical and 

radiographic findings. Advanced imaging and a tissue biopsy are obtained to evaluate the extent of 

disease and to histologically confirm the diagnosis. Musculoskeletal radiologists and pathologists 

are key team members who evaluate the imaging and tissue samples to make a definitive 

diagnosis, establish a prognosis, and help the clinicians develop a treatment plan. Medical/

pediatric oncologists are essential team members who provide the appropriate neoadjuvant and 

adjuvant chemotherapy treatment and assist with long-term surveillance to monitor for local or 

distant relapse. Orthopaedic oncologists develop and execute a plan for resection of the tumor 

followed by appropriate reconstruction. The current standard of care for distal femoral 

osteosarcoma is neoadjuvant chemotherapy followed by limb salvage for the surgically resectable 

tumor, reconstruction of the bone and soft tissue defect, and adjuvant chemotherapy. The survival 

for patients with isolated osteosarcoma is approximately 70% and has not substantially improved 

in over 25 years.2–6

Introduction

Osteosarcoma is the most common primary bone cancer in children and adolescents and 

accounts for approximately 400-500 new diagnoses annually, representing up to 10% of new 

cancer diagnoses in that population in the United States.7,8 Osteosarcoma usually involves 

the metaphyseal aspect of long bones with the distal femur, proximal tibia and proximal 

humerus being the most common locations. Classic, or conventional, osteosarcoma is the 

predominant subtype (~75%) and is a high-grade, intramedullary osteogenic neoplasm of 

mesenchymal origin that frequently penetrates the bone cortex with an associated soft-tissue 

mass.3,8–12 Approximately 25% of patients have radiographically detectable metastases at 
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the time of diagnosis. Patients without detectable metastases treated with modern cytotoxic 

chemotherapy and surgical resection have an approximately 70% long-term survival 

compared to ≤20% for patients with metastatic disease at time of diagnosis or those who 

develop local disease progression or metastasis over time.8,13,14 The clinical scenario 

presented in this review is an example of the standard workup, systemic treatment, surgical 

resection and follow-up. The specific surgical reconstruction performed is but one option 

amongst many. The specific implant options and outcome data on expandable prostheses are 

beyond the scope of this review.

Clinical Scenario

A 12-year-old male presented to orthopaedic oncology clinic for evaluation of worsening left 

knee pain and swelling over the previous 3 months. A left distal femur lesion was identified 

on standard radiographs obtained in the Emergency Department (ED) four days prior to 

presentation. The child denied night pain, constitutional symptoms, and neurological 

symptoms. On physical examination, he was noted to have an antalgic gait, tenderness along 

the anterolateral distal thigh, decreased knee range of motion (ROM) of 0-120 degrees, and 

4/5 quadriceps strength. Standard radiographs of the knee (Figure 1) were concerning for an 

osteosarcoma of the distal femur. The presumptive diagnosis was discussed with the patient 

and family. The patient was instructed to protect his weight-bearing on the left until his pain 

resolved in order to limit the risk of pathologic fracture. Additional imaging studies were 

obtained, including: standard radiographs and a magnetic resonance imaging (MRI) scan 

(with and without contrast) of the femur to assess the extent of local disease, a computed 

tomography (CT) scan of the chest and a whole-body positron emission tomography (PET) 

scan to assess for lung and distant bony metastases. The patient was referred to 

interventional radiology for an ultrasound-guided core needle biopsy of the soft-tissue mass. 

A pediatric oncology referral was made after the result of the biopsy was final to discuss 

initiation of systemic treatment with chemotherapy. The patient was also referred to physical 

therapy to maximize function and independence prior to definitive surgical treatment.

Team Approach

Orthopaedic Oncology – Initial Evaluation

A detailed history and physical examination in combination with characteristic findings on 

standard radiographs frequently enable the orthopaedic oncologist to make a presumptive 

diagnosis of osteosarcoma. The initial pain and swelling are often erroneously attributed to 

growing pains or trauma in the pediatric population, resulting in a median time from 

symptom onset to osteosarcoma diagnosis of four months.8 The initial visit with the 

orthopaedic oncologist sets the stage for the evaluation and treatment the patient will 

undergo in the following weeks and months, so it is important to develop a trusting 

relationship with the patient and family. It is essential to provide an overview of the tests that 

will be performed and the additional members of the team to whom the patient will likely be 

referred. The patient should then be staged for extent of disease; guidelines for initial 

evaluation of a suspected distal femur osteosarcoma include plain radiographs and MRI of 

the femur, CT scan of the chest, and either technetium-99m-methyl diphosphonate (Tc-99m 
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MDP) whole-body bone scan or PET-CT scan.15 Additionally, a bone or soft-tissue biopsy is 

performed to provide a definitive diagnosis; this is usually performed after MRI so that the 

imaging can help guide the biopsy location. It can be prior to remaining staging studies to 

avoid unnecessary radiation exposure in case a benign diagnosis is made. A core needle 

biopsy is frequently utilized to minimize contamination, although an open incisional biopsy 

yields more tissue. Biopsy sites should ideally correlate with the planned surgical resection. 

Surgeon preference dictates whether the biopsy tract is excised at the time of definitive 

surgery; data is not definitive as to whether resection of the biopsy tract affects recurrence.16 

The patient should also be referred to pediatric oncology for evaluation and initiation of 

appropriate neoadjuvant chemotherapy.

Radiology – Diagnostic Imaging

In the setting of a suspected osteosarcoma, the radiologist plays a key role in evaluating the 

character and extent of local disease and the presence of regional or distant metastases. 

Radiographs are used for the primary evaluation of all bone lesions. Radiographically, 

osteosarcomas may be purely osteolytic or osteoblastic, but are usually mixed in appearance. 

Most conventional osteosarcomas demonstrate amorphous mineralization consistent with 

new bone production (Figure 1) and can be heterogeneous depending on the exact tumor 

characteristics. These tumors are usually >5cm at presentation, and radiographs demonstrate 

cortical destruction and periosteal elevation with soft tissue masses in 80%-90% of cases.
3,9–12,17

A contrast enhanced MRI of the femur or thigh is obtained to evaluate the extent of marrow 

disease, the presence and extent of a soft-tissue component, the presence of skip metastases 

and the involvement of important neurovascular structures.18,19 MRI is also helpful for 

identification of necrotic areas to avoid during a needle biopsy so as to improve the yield and 

utility of the specimen.

Conventional osteosarcomas are isointense to skeletal muscle on T1-weighted images 

(Figure 2).18,19 High T1-signal intensity areas usually represent areas of hemorrhage within 

the tumor, while low T1-signal intensity areas usually correspond to areas of bone 

formation. T2-weighted imaging shows bone marrow and soft tissue edema. Fluid-fluid 

levels may be seen if there is an associated aneurysmal bone cyst or in telangiectatic 

osteosarcomas.20 Post-contrast T1-weighted imaging reveals the extent of enhancing 

intramedullary tumor with areas of non-enhancement and high T2 signal corresponding to 

areas of necrosis. In this case, there was no involvement of the neurovascular bundle; 

however, there was abnormal signal extending to the distal physis (Figure 2).

Skip metastases are foci of tumor that are distinct and separate from the primary tumor but 

within the affected bone. Up to 25% of high-grade intramedullary osteosarcomas have skip 

metastases; the 5-year overall survival in a patient with skip metastases is similar to that of a 

patient with distal metastases.21

Recent data suggests that PET/CT has increased sensitivity to identify bone metastasis 

compared to a Tc-99m MDP bone scan.22,23 Whole-body PET/CT performed in this patient 

showed a hypermetabolic tumor involving the distal femur with no evidence of osseous or 

Stitzlein et al. Page 3

JBJS Rev. Author manuscript; available in PMC 2018 April 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



pulmonary metastases. PET has been used to assess response to chemotherapy and overall 

prognosis in small studies.24,25 Chest CT with thin sections (<2mm) is more sensitive and 

accurate than PET for detection of subcentimeter pulmonary nodules.26 Staging volumetric 

chest CT showed no evidence of pulmonary metastases in this case.

Pathology – Tissue Diagnosis

The pathologist is engaged in the diagnosis of a patient with osteosarcoma at the time of 

biopsyin order to confirm the diagnosis suspected on clinical and radiologic grounds, and 

again at the time of the resection to assess the response to neoadjuvant chemotherapy and 

status of the surgical margins. The pathologist’s evaluation helps establish a prognosis and 

guides the oncology team in the subsequent clinical care of the patient.

The diagnosis of osteosarcoma relies almost exclusively on histomorphology on routine 

hematoxalin and eosin sections. Conventional osteosarcoma is a high-grade sarcoma with 

variable appearances. There are three major histologic categories of conventional 

osteosarcoma; osteoblastic, chondroblastic, and fibroblastic. Osteoblastic osteosarcoma 

consists of malignant osteoblasts with conspicuous bone formation. Chondroblastic 

osteosarcoma is characterized by cartilaginous matrix, while fibroblastic osteosarcoma has a 

fibrous matrix. Regardless of the predominant matrix-type, the histologic hallmark of 

osteosarcoma is the finding of cytologically malignant cells producing bone. Since 

malignant bone formation may be sparse (e.g. chondroblastic osteosarcoma), adequate 

sampling at the time of biopsy is required to make an accurate diagnosis.

The biopsy specimen in this case contains haphazardly deposited bone in small, irregular 

spicules and short, interlacing cords (Figure 3a, yellow arrowheads). The cellular component 

consists of polymorphous, large malignant cells bearing a superficial resemblance to 

osteoblasts but with clear features of malignancy. These cells contain enlarged, irregular 

nuclei with fine, even chromatin and nucleoli and a moderate amount of pale, eosinophilic 

cytoplasm. Mitotic forms are frequent (Figure 3a, white arrow) and include atypical forms. 

Individual cells undergoing degeneration and cell death are also apparent (Figure 3a, gray 

arrow). No ancillary immunohistochemical studies were necessary for diagnosis. The 

histologic features led to a diagnosis of high-grade conventional osteosarcoma, osteoblastic 

type. Molecular and cytogenetic tests were not necessary for diagnosis in this case but, if 

performed, would show a highly abnormal karyotype with extensive structural abnormalities 

and numerous chromosomal gains and losses.

Pediatric Oncology – Neoadjuvant Therapy

Chemotherapy is critical to achieve a cure for patients with osteosarcoma, even in those with 

localized disease, due to the presence of micro-metastases not visible even with modern 

staging techniques. The longstanding backbone of chemotherapy for the pediatric and 

adolescent patient includes cisplatin, doxorubicin and high-dose methotrexate with 

citrovorum rescue. Successful completion of therapy yields a long-term cure in 

approximately 70% of patients.8,13 Efforts to intensify therapy have, to date, not yielded an 

improved outcome.27
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A port is placed prior to chemotherapy initiation in order to facilitate the frequency and 

volume of blood draws and drug/fluid infusions. Patients are monitored closely for 

chemotherapy-related side effects/complications, and dose adjustments are made if needed. 

Short-term chemotherapy-related toxicity includes hair loss, myelosuppression, 

chemotherapy-induced nausea and vomiting, and mucositis. The placement of a feeding tube 

is sometimes necessary to combat the decreased appetite and malnutrition secondary to 

nausea and vomiting. Long-term toxicity includes hearing loss (cisplatin), cardiac toxicity 

(doxorubicin), and renal dysfunction (cisplatin). Chemotherapy-induced sterility is a known 

risk; sperm/oocyte banking is routinely discussed prior to the initiation of chemotherapy.

Commonly, patients receive eleven weeks of neoadjuvant chemotherapy, followed by 

surgical local control. Chemotherapy begins with cisplatin and doxorubicin, followed by a 

two week period to recover from the acute toxicity. Subsequently, patients receive weekly 

high-dose methotrexate for two weeks followed by another round of cisplatin and 

doxorubicin. This sequence repeats itself until surgery. After neoadjuvant therapy, this 

patient was noted to have a decrease in soft tissue fullness around the left knee and 

resolution of pain; while potentially reassuring, there is no data to suggest that “favorable” 

clinical signs correlate with improved histologic treatment response or a better prognosis. 

Post-operatively, patients receive eighteen weeks of adjuvant chemotherapy, using the same 

drugs and cycle timing. There has been no compelling data to suggest that changing the 

chemotherapy drugs in a patient with <90% tumor necrosis at resection improves prognosis.

Radiology – Treatment Effect Imaging

The radiographic changes with treatment in this case can be seen in Figures 4 and 5. Bone 

tumors often demonstrate increased ossification and decreased size of the soft-tissue mass 

after chemotherapy due to bone remodeling and healing (as seen in Figure 4).28 Necrosis, 

hemorrhage and cystic change can be seen in response to chemotherapy (as seen in Figure 

5). After neoadjuvant chemotherapy, a new MRI of the area of tumor is obtained to assess 

response and to aid operative planning. This patient’s lesion showed increased necrosis, 

decreased enhancement, decreased size of the associated soft tissue mass, and decreased 

peritumoral soft-tissue and bone marrow edema (Figure 5). There was no evidence of 

involvement of the neurovascular bundle.

Orthopaedic Oncology – Preoperative Consultation

After neoadjuvant chemotherapy and repeat imaging (standard radiographs and MRI with 

and without contrast of the affected region), the orthopaedic oncologist meets with the 

patient for a pre-operative evaluation to discuss surgical resection of the tumor. After 

neoadjuvant chemotherapy, this patient was pain free and able to ambulate unassisted. He 

had a firm, nontender left distal thigh mass. His physical exam was notable for decreased 

knee ROM of 0-105 degrees likely due to deconditioning, as well as decreased strength in 

his quadriceps (3/5) and hip flexors (4/5).

There are several considerations that impact the planned surgical resection and 

reconstruction for distal femur osteosarcoma. The patient’s age and projected remaining 

growth are considered to best optimize function and leg length. The response to 
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chemotherapy and assessment of tumor proximity to the femoral/popliteal neurovascular 

bundle, the epiphyseal plate, and the adjacent joint are critical. Amputation should be 

performed if a functional and disease-free limb cannot be achieved otherwise. Limb salvage 

is possible for treatment of distal femoral osteosarcoma in 90% of cases and is usually not 

precluded by a pathologic fracture.29 Limb salvage is associated with faster return to 

ambulation and allows for more efficient ambulation and a more “normal” appearance. 

There is, however, no overall difference in patient satisfaction or overall survival between 

limb salvage and amputation.30–32 Limb salvage has an increased incidence of 

complications and subsequent surgery.31,32

The decision was made to proceed with a limb salvage surgery in this case. For 

reconstruction of the bone defect, there are different options available depending on the 

exact location and extent of disease, including: tumor endoprosthesis (expandable vs non-

expandable), intercalary graft with supplemental fixation, allograft prosthesis composite 

(APC), osteoarticular allograft, and rotationplasty. In patients less than 8-years old, an 

expandable endoprosthesis may be considered; however, due to higher complication rates 

and greater potential for limb length discrepancy (due to greater skeletal immaturity at time 

of surgery), a rotationplasty should also be considered. In patients aged 10 to 12 years, 

expandable prostheses are sometimes considered due to increased need to account for 

skeletal growth and the complications related to the implant are less in this age group than in 

younger patients. In patients older than 12 years a traditional modular distal femoral 

endoprosthesis with or without contralateral epiphysiodesis is often used, as these patients 

(especially females) are closer to final skeletal maturity. Surgeons can use standard growth 

charts or bone age films to predict final leg lengths at skeletal maturity, and these tools are 

helpful in determining whether to use an expandable prosthesis in a young patient. The distal 

femur + proximal tibia physes can be expected to grow approximately 1.5cm-2.0cm 

annually in the final years of skeletal growth.33,34 Models for LLD, such as those by Paley35 

and Moseley,36 can provide an estimated final LLD.

Limb salvage procedures require detailed discussion of the risks and benefits to the planned 

procedure. Pediatric patients and their families must be informed of potential risks, 

including: tumor recurrence, infection, wound complications, delayed healing, injury to 

surrounding neurovascular structures, implant failure, joint stiffness, limb length inequality, 

and the possible need for additional procedures. Limb salvage with endoprosthetic 

reconstruction in adolescents incur the same potential complications as joint replacement in 

older patients, but there is also an increased risk of infection in tumor cases due to 

chemotherapy-induced immunosuppresion, an increased risk of prosthetic loosening over 

time, potential expansion mechanism failure, and a risk for limb length discrepancy as the 

child grows; patients often will require additional surgeries to address either short- or long-

term complications related to the endoprosthesis. Patients and families must also understand 

that activity restrictions to avoid regular impact loading on the extremity are often 

recommended after endoprosthetic reconstruction due to the altered anatomy and concerns 

for implant longevity in a younger patient.
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Orthopaedic Oncology – Operative Management

En bloc resection of the distal femur and associated soft-tissue mass was performed with the 

goal of adequate bone and soft tissue margins based on post-chemotherapy imaging. There is 

no consensus as to what constitutes a wide resection; however, it is clear that negative 

resection margins allow a higher chance of local control. Intraoperative frozen sections were 

sent from the adjacent marrow cavity to demonstrate negative bone margins prior to 

proceeding with reconstruction.

In this case, the distal femoral reconstruction utilized a cemented modular rotating-hinge 

expandable distal femur endoprosthesis (Figure 6). The implant inserted was 10mm longer 

than the resection specimen which allowed acute lengthening of the limb within the limits of 

sciatic nerve tolerance. Cement creates immediate fixation and allows for early weight-

bearing but does not allow for bony ingrowth. A longer stem minimizes lateral bending 

stress and a larger stem decreases the risk of aseptic loosening. The modularity of the device 

allows for appropriate re-approximation of the correct limb length. The rotating hinge 

component reduces the torsional and shear stresses transferred to the cemented stem.

Modular rotating-hinge endoprostheses have become the standard of care in this setting 

owing to increased performance; however stem fixation remains controversial. Stem fixation 

can be achieved via cement fixation, uncemented press-fit fixation or through end 

compression-based press-fit fixation. There are theoretical advantages and disadvantages to 

each type of stem fixation with clinical evidence that demonstrates good outcomes for each 

fixation type. There is no definitive evidence that supports one type of stem fixation over the 

others.37 Cemented modular rotating-hinge distal femoral endoprostheses have reported 

long-term survival of approximately 77% at 10-years to 50% at 25-years.38 Early failures are 

often related to infection, tumor recurrence or mechanical complications, whereas late 

failures are related to implant fatigue or aseptic loosening.37,39–41

Orthopaedic Oncology – Rehabilitation

Postoperatively in this patient, the goals were immediate weight-bearing and maximum knee 

ROM. After a 3-5 day inpatient stay, patients are transitioned to home or a rehabilitation 

facility. In the immediate post-operative period, regaining motion (flexion and extension) is 

critical. Physical therapists work with the patient daily and the nurses and ancillary staff 

encourage ambulation and adherence to the protocol. In a 30-year study of cemented 

modular rotating-hinge distal femoral endoprosthesis, patients achieved a mean flexion of 

110°, with a mean extensor lag of 6.9° and passive extension to 1.3°. Flexion contractures 

were present in 4.3% of patients with a mean of 10°.38

In this case, active knee ROM was 15°–95° with 3/5 strength in the quadriceps and hip 

flexors two weeks postoperatively. At one-year follow up, the patient was noted to have 

active knee ROM from 0°–130° and full 5/5 strength in all muscle groups.

Pathology – Surgical Specimen

The pathologist reviews gross and histologic findings in the resection to determine the 

biologic extent of the tumor, the completeness of the resection and the percentage of tumor 
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necrosis. The gross resection is carefully inspected and the distance of tumor to all margins 

is documented both on the gross specimen and on the representative histologic sections. A 

complete slab of the tumor at the point of its greatest cross-sectional area is also processed 

for histologic examination to determine the amount of remaining viable tumor (Figure 3b, 

lower right, inset).

In this case, the gross specimen consisted of a solid continuous tumor mass centered within 

the metaphyseal-diaphyseal junction and extending beyond the confines of the native cortex. 

There were extensive areas of necrosis and cystic degeneration (Figure 3b, black arrows). 

The tumor was separated from the proximal resection margin by a segment of viable, normal 

bone. There was firm, gritty material throughout the tumor consistent with neoplastic bone 

(Figure 3b, green arrowhead). On histologic sections, the cellularity seen in the biopsy 

specimen was nearly gone. The tumor was more than 95% non-viable, with extensive 

mottled, irregular, neoplastic bone left behind as the malignant population died away. The 

appearance of this abnormal bone was distinct from the residual areas of normal, mature, 

lamellar bone of the medullary cavity (Figure 3b, blue arrowhead).

Pediatric Oncology – Adjuvant Therapy & Surveillance

Adjuvant chemotherapy begins approximately 2 weeks postoperatively after the incision has 

healed to minimize chemotherapy-related wound complications. Surgical complications 

such as wound dehiscence or infection can delay the resumption of adjuvant therapy. 

Surgical margins and histologic response following chemotherapy are important prognostic 

factors in osteosarcoma; >90% necrosis in the surgical specimen portends a favorable 

prognosis, while authors have reported <50% survival for patients with a poor histological 

response (<90% necrosis).42,43 The addition of etoposide and ifosfamide in the adjuvant 

setting for patients with a poor histologic response has been evaluated and does not improve 

overall or event-free survival.44 Inadequate surgical margins lead to a higher risk of local 

recurrence which is associated with poor prognosis.

Following completion of chemotherapy, patients are monitored closely for local recurrence, 

metastatic disease, and end-organ toxicity. The lungs are the most common site of 

osteosarcoma metastasis. Isolated pulmonary metastases can sometimes be treated with 

surgery alone. Thus, chest CTs are obtained every three months for the first two years off 

therapy. After that, surveillance occurs every six months until five years post-therapy 

completion. In the absence of clinical symptoms, imaging for distant disease ceases at the 

five-year mark, and patients are transitioned to an oncology survivorship clinic. There is no 

standard regimen for disseminated relapse, and the prognosis for this population is poor.

Radiology – Post-operative Surveillance

Clinical exam and plain radiographs are used for assessment of local recurrence and to 

assess hardware integrity and alignment. Local recurrence is often noted by increased 

sclerosis, periosteal reaction, or development of an ossified soft tissue mass.

In this case, routine thin-section chest CT scans are used for surveillance. While chest CTs 

are more sensitive than chest radiographs for the detection of subcentimeter pulmonary 

nodules, it is unclear whether this increased sensitivity translates into better clinical 
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outcomes. PET-CT is not routinely used for surveillance due to the relatively high radiation 

dose.

Orthopaedic Oncology – Post-operative Follow-up

Following distal femoral resection with endoprosthetic reconstruction, patients should be 

evaluated clinically for assessment of limb function and for tumor surveillance 

approximately every three months for the first two years and then every six months to one 

year thereafter. Evaluation of the endoprosthesis can be accomplished via standard 

radiographs and clinical exam.

Due to this patient’s relative skeletal immaturity and the decision to utilize an expandable 

endoprosthesis, the patient’s leg lengths are evaluated at regular intervals with lower 

extremity scanograms. If a LLD is identified and is clinically significant, appropriate 

treatment should be initiated. For a small (<2cm) LLD, a shoe lift is most appropriate. For a 

LLD >2cm, surgical management should be considered. Surgical options include 

lengthening of the expandable prosthesis and/or contralateral epiphysiodesis. Considerations 

include the overall LLD, remaining growth estimate, and the remaining expandable length of 

the prosthesis. Long-term survival for distal femoral endoprosthesis has been reported 

between 20%-70%.39,40,45 There is no long-term data on newer generations of expandable 

endoprostheses. There is data that expandable prostheses have high complication rates 

related to aseptic loosening, infection and implant failure.46–48 Patients with certain 

expandable prostheses may require subsequent procedures to expand the implant, and it may 

be necessary to exchange the expandable prosthesis for a more durable implant at or near 

skeletal maturity.41

Conclusion

This case demonstrates the common presentation, evaluation and management of 

conventional osteosarcoma of the distal femur in a 12-year old boy. The team approach to 

successful management requires cohesive, coordinated care delivered by members of 

orthopaedic oncology, pediatric oncology, radiology, pathology, and physical therapy, in 

addition to the nurses and ancillary staff who help throughout the process. Following initial 

diagnostic and prognostic workup, this patient underwent a standard course of neoadjuvant 

chemotherapy. The patient then proceeded with a limb salvage resection and reconstruction 

using an expandable distal femoral endoprosthesis. Pathologic analysis of the surgical 

specimen confirmed good therapeutic response and adequate surgical margins, so the patient 

underwent standard adjuvant chemotherapy. He is currently 18 months out from surgery and 

undergoing active postoperative surveillance with an excellent functional outcome. He does 

have a limb length difference of approximately 0.5cm and is being monitored to determine if 

and when his endoprosthesis will be expanded.
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Figure 1. 
High-grade intramedullary (conventional) osteosarcoma of the distal femur in a 12-year-old 

boy with knee pain and swelling. (a) Anterior-posterior and (b) lateral radiographs of the left 

knee demonstrate bone formation (black asterisk) and bone destruction. There is an 

associated large soft tissue component. The lesion results in periosteal reaction and elevation 

of the periosteum (Codman triangle) (white arrow). Note that the physes are open.
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Figure 2. 
High-grade intramedullary (conventional) osteosarcoma of the distal femur in a 12-year-old 

boy with knee pain and swelling. (a) Coronal T1-weighted MRI without fat saturation of the 

left knee. White arrows identify the soft tissue component of the lesion. There is low T1 

signal within the lesion corresponding to bone formation (white asterisk). The lesion extends 

to the physis (black arrow). (b) Coronal short-tau inversion recovery (STIR) MRI of the left 

knee demonstrates that the soft tissue component of the mass elevates the periosteum (white 

arrow). There is low STIR signal within the lesion corresponding to bone formation (white 

asterisk). Extensive peritumoral edema is noted (white hash sign). (c) Sagittal T2-weighted 

MRI with fat saturation of the left knee showing epiphyseal edema (black arrow). (d) 

Sagittal T1-weighted MRI of the left knee obtained after intravenous administration of 

contrast material reveals the extent of enhancing intramedullary and soft tissue components 

of the lesion (white arrow). There is enhancing peritumoral edema (black arrow). There is an 

area of necrosis (white asterisk) noted.
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Figure 3. 
Pathology of a high-grade intramedullary (conventional) osteosarcoma. (a) At low-(100x, 

left) and intermediate (200x, right) magnification, the diagnostic biopsy reveals a cellular 

malignancy with conspicuous malignant osteoid formation (yellow arrow). The cellular 

component is composed of pleomorphic cells with osteoblast-like morphology. Increased 

mitotic activity (white arrow) and individual cell necrosis (gray arrow) are evidence of rapid 

cell turnover. (b) Gross images of the resected specimen (left) reveal an expansile mass 

centered in the medullary cavity with areas of hemorrhage and cystic degeneration (black 

arrows) and neoplastic bone formation (green arrowhead). In routine processing of these 

specimens, a complete cross section is blocked out (grid, small inset) and submitted for 

Stitzlein et al. Page 15

JBJS Rev. Author manuscript; available in PMC 2018 April 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



histologic processing to assess treatment response. The histologic findings in the resection 

specimen (right) are typical of treated osteosarcoma. The cellularity is markedly diminished, 

with necrosis and neoplastic bone remaining. The marbled, irregular seams of osteoid have a 

paucicellular stroma and are distinct in appearance from the native, lamellar bone (blue 

arrowhead).
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Figure 4. 
High-grade intramedullary (conventional) osteosarcoma of the left distal femur in a 12-year-

old boy after neoadjuvant chemotherapy. (a) Anterior-posterior and (b) lateral radiographs of 

the left knee demonstrate extensive new bone formation (black asterisk). There is periosteal 

reaction (black arrows). Note interval increase in periosteal reaction as well as development 

of mineralization of the periosteum surrounding the soft tissue mass that often occurs with 

treatment (white arrow).
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Figure 5. 
High-grade intramedullary (conventional) osteosarcoma of the left distal femur in a 12-year-

old boy with distal femoral osteosarcoma after neoadjuvant chemotherapy. (a) Coronal T1-

weighted MRI without fat saturation of the left knee. The lesion shows interval decrease in 

size of the soft tissue mass (black arrow). There are now new foci of increased T1 signal 

within the lesion consistent with hemorrhage (white arrow). An area of necrosis with 

hemorrhage and cystic change is seen in the medial metaphysis (white asterisk). (b) Axial 

T2-weighted MRI with fat saturation illustrating an area of necrosis with hemorrhage and 

cystic change with a fluid-fluid level (white arrow). There remains unchanged low T2 signal 

within the lesion corresponding to malignant bone formation (white asterisk). (c) Sagittal 

T1-weighted MRI of the left knee obtained after intravenous administration of contrast 

material reveals interval decrease in size of the soft tissue mass with decreased enhancing 

peritumoral edema and internal necrosis within the tumor after chemotherapy. (d) Sagittal 

T1-weighted MRI of the left knee obtained after intravenous administration of contrast 

material shows internal cystic change within the tumor.
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Figure 6. 
High-grade intramedullary (conventional) osteosarcoma of the distal femur in a 12-year-old 

boy one year after chemotherapy and surgical resection. (a) Anterior-posterior radiograph of 

the left knee demonstrates interval resection of the distal femur and reconstruction with a 

cemented, mobile-bearing, modular, expandable distal femur endoprosthesis. (b) Cross-table 

lateral radiograph of the left knee demonstrates heterotopic ossification posterior to the 

femur at the bone prosthesis interface (white arrow).

Stitzlein et al. Page 19

JBJS Rev. Author manuscript; available in PMC 2018 April 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Introduction
	Clinical Scenario
	Team Approach
	Orthopaedic Oncology – Initial Evaluation
	Radiology – Diagnostic Imaging
	Pathology – Tissue Diagnosis
	Pediatric Oncology – Neoadjuvant Therapy
	Radiology – Treatment Effect Imaging
	Orthopaedic Oncology – Preoperative Consultation
	Orthopaedic Oncology – Operative Management
	Orthopaedic Oncology – Rehabilitation
	Pathology – Surgical Specimen
	Pediatric Oncology – Adjuvant Therapy & Surveillance
	Radiology – Post-operative Surveillance
	Orthopaedic Oncology – Post-operative Follow-up

	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6

