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Abstract

The incidence of melanoma in US adults is approximately 
1.5 per million, with 2% to 5% of patients developing 
metastatic disease. In children, melanoma is distinctly 
uncommon, and metastatic disease occurs even more 
seldom. This case report, the first of a patellar lesion as 
the initial presentation of metastatic melanoma in a pedi-
atric patient, highlights use of patellectomy and intra-
operative radiation therapy in obtaining palliative local 
control while avoiding periarticular functional morbidity.

Patellar lesions are seldom encountered, owing to 
the small size and sesamoid nature of the bone. 
Osteomyelitis, most often secondary to infection 
by bacterial organisms, is perhaps most frequently 

encountered. Benign neoplasms include chondroblasto-
ma, giant cell tumor, and aneurysmal bone cyst. Primary 
malignancies are rare; metastatic deposits, including lym-
phoma, lung or renal carcinoma, and melanoma, have 
been reported in adults. As expected, almost all cases of 
pediatric patellar conditions have proved to be of infec-
tious or benign etiology. Patellar malignancies, either 
primary or secondary, are almost unknown in childhood. 
In this case report, we detail the initial manifestation of 
metastatic disease in the patella of a child with a past his-
tory of melanoma, a condition that accounts for just 1% 
to 3% of all childhood malignancies.1 Metastatic disease 
is assumed to occur less than 5% of the time in children, 

involving bone infrequently; heretofore, pediatric mela-
noma metastatic to the patella has not been described.

In a patient with a history of melanoma, the patho-
logic diagnosis of a metastasis might well be relatively 
straightforward, but management of pediatric patellar 
malignancy is fraught with potential difficulties, given 
the functional importance of the bone and the close 
proximity of the knee joint as well as the physeal plates 
of the distal femur and proximal tibia. Patellectomy 
with intraoperative radiation therapy offers the oppor-
tunity to obtain local control, optimize rehabilitation, 
and minimize both arthrofibrosis and growth distur-
bance.

The authors have obtained informed assent from the 
patient and his guardian for print and electronic publi-
cation of this case report.

Case Report
A 13-year-old boy presented with a 10-month history of 
anterior knee pain. Past medical history was significant 
for stage IIB nodular melanoma of the left upper arm. 
Almost 4 years before presentation, this lesion of 2.5 mm 
depth was biopsied at an outside institution and then was 
re-excised with negative margins at our institution; a left 
axillary sentinel lymph node dissection also was negative. 
Plain radiographs (Figure 1) and magnetic resonance 
imaging (MRI) (Figure 2) of the knee showed an aggres-
sive process involving the superior portion of the patella. 
Lack of uptake of the technetium-99m total body bone 
scan (Figure 3) and relatively limited metabolic activity 
on the positron emission tomography scan (Figure 4) 
suggested the diagnosis of eosinophilic granuloma. An 
incisional biopsy of the patella revealed metastatic mela-
noma (Figure 5). As the patient had no other evidence of 
metastatic disease, it was decided to proceed with a total 
patellectomy. In an attempt to improve the likelihood of 
local control while minimizing the chance of arthrofibro-
sis and physeal arrest, intraoperative radiation therapy 
(IORT) to a dose of 1500 centigray (cGy) was admin-
istered using 9 MeV electrons and an 8-cm cone. The 
patient recovered uneventfully, with full return of normal 
range of motion, strength, and gait pattern. Follow-
up radiographs showed no evidence of local recur-
rence or physeal closure (Figure 6). The patient received 
interferon alfa-2b 20 million units/m2/d for 5 days per 
week for 4 weeks and then maintenance therapy with  
12 million units/m2/d for 3 days per week. While on ther-
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apy, he relapsed in the proximal humerus, 4 months after 
the patellectomy. He was then treated with interleukin 2 
before undergoing palliative proximal humeral resection 
and prosthetic replacement. Two months later, he devel-
oped metastatic occipital brain disease, which was treated 
with palliative intensity-modulated radiation therapy to 
a dose of 1800 cGy, as well as subsequent brain surgery. 
The patient remains without any evidence of disease at 
3.5 years after patellar surgery; he has a full knee active 
range of motion, normal quadriceps strength, equal limb 
lengths, and a nonantalgic gait.

Discussion
Compared with other pediatric malignancies, melanoma is 
rare,2,3 but it appears to be increasing in frequency.1,4-6 There 
are numerous pediatric melanoma risk factors, including, 
but not limited to, excessive exposure to ultraviolet radia-
tion (UVR), presence of giant congenital melanocytic nevi, 
immunosuppression, and family history of melanoma. Race 
and sex also appear to be factors, as whites and females are 
at increased risk for developing melanoma.1,4,7,8 However, 
UVR exposure contributes to melanoma development in 
both dark- and fair-skinned populations.8

Melanoma survival rates correlate with lesional depth 
and stage, which are directly related to delay in diagno-
sis.9,10 Most melanomas are deeper at presentation in 

children than in adults.1,11 Increased depth in pediatric 
cases could result from higher incidence of deep-tissue 
congenital nevi, increased percentage of more aggressive 
nodular melanomas (as in our patient’s case), or longer 
time to diagnosis.1 Because of the rarity of melanoma 
in children, delay in diagnosis often results in higher 
mortality rates for children compared with adults.1,3,11,12

Less commonly encountered than basal cell carci-
noma or squamous cell carcinoma, melanoma results in 
approximately three-quarters of deaths due to skin can-
cer.13 Melanoma has been observed to spread by lym-
phatic and hematogenous routes to almost any major 
organ or tissue, including bone.10,14 Sentinel lymph 
node biopsy has recently become the norm for staging 
of adolescents as well as adults.2,5 Skeletal metastasis, 
suspected on the basis of symptoms of pain, a mass, or 

Figure 1. Anteroposterior (A), lateral (B), and sunrise (C) patel-
lar radiographs show destructive, lytic lesion involving the 
proximal aspect of the bone.

Figure 2. T2-weighted sagittal magnetic resonance imaging 
confirmed presence of a large proximal patella bone lesion with 
extension into the surrounding para-articular soft tissues.

Figure 3. Technetium-99m bone scan of patella shows minimal 
radioisotope uptake.
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functional restriction, is suggested by plain radiographic 
and scintigraphic tests and confirmed by analysis of 
histologic material.10

Examining the specific location of melanoma metas-
tases, DeBoer and colleagues14 found differences in sur-
vival for various types of metastases. In a comparison of 
isolated axial and appendicular skeletal metastases, the 
appendicular cohort had a statistically higher survival rate 
when undergoing surgery.14 Although secondary bone 
lesions are generally thought to have an adverse prognosis, 
complete resection of isolated appendicular melanoma 
metastases is thought to be warranted.14 For the more 
commonly encountered long-bone lesions, reconstruction 
would be accomplished with an arthroplasty.15 For the rare 
instance of metastasis to the small bones of the hands or 
feet, or to “expendable” bones such as the patella or proxi-
mal fibula, resection alone often suffices.

Owing to the small size and sesamoid nature of the 
bone, patellar lesions of any sort are quite uncommon. 
Benign processes such as giant cell tumor,16-21 chon-
droblastoma,16,19,22-25 and bacterial infection26-35 pre-
dominate. Malignant conditions affecting the patella, 
whether primary or secondary,36 are even more unusual. 
Osteosarcoma,16,37-41 malignant fibrous histiocytoma 
(MFH),16,42,43 lymphoma,19,44-47 and a variety of metastat-
ic deposits from the lung,48-55 kidney,56,57 colon,58 esopha-
gus,59 breast,60 and other locations61-65 have been reported.

There are 2 earlier case reports of melanoma metas-
tasis, but both involved adults, ages 48 and 65 years.36,66 
The present case report is the first to describe patellar 
melanoma metastasis in a child. In fact, in our review of 
the literature, the only other reported instances of any 
form of pediatric patellar malignancy are single cases of 
hemangioendothelioma,19 MFH,16 and osteosarcoma,16 
at ages 13, 17, and 18 years, respectively. To our knowl-
edge, up until now there have been no reported cases of 
metastasis to a patella in a child.

In light of the preceding fact, and given that no 
uptake was noted on bone scan, melanoma was not 
favored on the differential diagnosis list for our patient’s 
presentation. After confirmation of  the pathologic 
diagnosis, medical management options were deferred 
in favor of local control, as the patient had no other 
evidence of metastatic disease.14

Mercuri and Casadei19 provided guidelines for 
managing patellar malignancies according to the 

Figure 4. Sagittal 18fluorodeoxyglucose positron emission 
tomography shows minimal patellar uptake.

Figure 6. Postoperative lateral radiograph shows no evidence of 
local recurrence or physeal arrest.

Figure 5. Histology of metastatic melanoma. (A) Tumor between 
articular cartilage, above, and medullary bone, below (hematoxylin-
eosin, original magnification × 20). (B) Characteristic nested archi-
tecture, amphophilic cytoplasm, and large nuclei with prominent 
nucleoli of malignant melanocytes (original magnification × 200).
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Enneking system.67-69 Simple patellectomy was 
thought to suffice for stage IA tumors, whereas “wide 
excision of  the tendons and skin involved” was pre-
ferred for stage IB tumors. In the case of  stage IIA 
tumors, extra-articular resection of  the knee was 
sometimes thought necessary, whereas amputation 
was advocated for stage IIB neoplasms with a large 
soft-tissue mass. Five of  their 9 patients with patellar 
malignancies received postoperative radiation therapy 
ranging from 44 to 54 Gray.19

In our patient’s case, radiologic imaging (Figures 
1, 2) and gross findings at time of  incisional biopsy 
confirmed that the tumor was extending through the 
articular cartilage toward the joint space and into 
the surrounding soft tissues. As a metastatic deposit 
not directly classified by the Enneking system, this 
lesion given its size and extent would nonetheless 
have dictated that a very aggressive surgical approach 
be undertaken. However, in light of  the patient’s very 
young age, the desire to maximize functional out-
come, and awareness of  his relatively high risk for fur-
ther progression of  metastatic disease, it was decided 
to perform a simple patellectomy with intraoperative 
radiation therapy.

Use of IORT techniques enables higher local control 
rates through delivery of radiation directly to the tumor 
bed and limits long-term side effects.70-76 Early clinical 
trials using IORT have reported favorable local outcomes, 
with few patients experiencing IORT-related radiation 
toxicities.77,78 IORT has been used successfully as part of 
a multidisciplinary approach in patients with sarcoma79,80 
and in children with locally advanced malignancies.81 In 
our patient’s case, IORT was used as a supplement to 
simple patellectomy to improve the chance for local con-
trol while sparing the patient more radical surgery. It also 
was hoped that avoiding adjuvant radiation would mini-
mize the risks for arthrofibrosis and physeal disturbance. 
Achievement of these goals was demonstrated clinically 
over the course of the patient’s lifetime. 

This is the first reported case of pediatric metastatic 
melanoma and, indeed, the first reported instance of a 
pediatric disease metastatic to the patella. That the patella 
was the patient’s first and only site of metastatic disease 
for 4 months makes the case more illustrative. Patellar 
malignancies of any type are very rare, particularly in chil-
dren. Nevertheless, in the appropriate setting, metastatic 
disease should be considered during initial evaluation and 
management of patellar lesions. When aggressive surgical 
resections do become necessary, advanced radiation tech-
niques, such as IORT, should be considered as an adjunct 
to multidisciplinary management so as to allow more lim-
ited resections with superior functional outcomes.

Authors’ Disclosure  
Statement

The authors report no actual or potential conflict of inter-
est in relation to this article.

References
1. 	 Huynh PM, Grant-Kels JM, Grin CM. Childhood melanoma: update and 

treatment. Int Soc Dermatol. 2005;44(9):715-723.
2. 	 Roaten JB, Partrick DA, Pearlman N, Gonzalez RJ, Gonzalez R, McCarter 

MD. Sentinel lymph node biopsy for melanoma and other melanocytic 
tumors in adolescents. J Pediatr Surg. 2005;40(1):232-235.

3. 	 Son JK, Lee EY. Metastatic melanoma in a pediatric patient. Pediatr Radiol. 
2007;37(3):328.

4. 	 Strouse JJ, Fears TR, Tucker MA, Wayne AS. Pediatric melanoma: risk fac-
tor and survival analysis of the Surveillance, Epidemiology and End Results 
database. J Clin Oncol. 2005;23(21):4735-4741.

5. 	 Gibbs P, Moore A, Robinson W, Walsh P, Golitz L, Gonzalez R. Pediatric 
melanoma: are recent advances in the management of adult mela-
noma relevant to the pediatric population? J Pediatr Hematol/Oncol. 
2000;22(5):428-432.

6. 	 Linabery AM, Ross JA. Trends in childhood cancer incidence in the U.S. 
(1992–2004). Cancer. 2007;112(2):416-432.

7. 	 Lewis KG. Trends in pediatric melanoma mortality in the United States, 
1968 through 2004. Dermatol Surg. 2007;34(2):152-159.

8. 	 Hu S, Ma F, Collado-Mesa F, Kirsner RS. UV radiation, latitude, and mela-
noma in US Hispanics and Blacks. Arch Dermatol. 2004;140(7):819-824.

9. 	 Bütter A, Hui T, Chapdelaine J, Beaunoyer M, Flageole H, Bouchard S. 
Melanoma in children and the use of sentinel lymph node biopsy. J Pediatr 
Surg. 2005;40(5):797-800.

10. 	Motzkin NE, Rock MG, Wold LE, Beabout JW. Malignant melanoma meta-
static to bone. Orthopedics. 1992;15(5):657-659.

11. 	Ferrari A, Bono A, Baldi M, et al. Does melanoma behave differently in 
younger children than in adults? A retrospective study of 33 cases of child-
hood melanoma from a single institution. Pediatrics. 2005;115(3):649-654.

12. 	Kaste SC, Pappo AS, Jenkins JJ, Pratt CB. Malignant melanoma in chil-
dren: imaging spectrum. Pediatr Radiol. 1996;26(11):800-805.

13. 	Balk SJ, O’Connor KG, Saraiya M. Counseling parents and children on sun 
protection: a national survey of pediatricians. Pediatrics. 2004;114(4):1056-
1064.

14. 	DeBoer DK, Schwartz HS, Thelman S, Reynolds VH. Heterogeneous sur-
vival rates for isolated skeletal metastases from melanoma. Clin Orthop. 
1996;(323):277-283.

15. 	Aubert PM, O’Donnell RJ. Palliative care in orthopaedic surgical oncology. 
Surg Oncol. 2007;16(4):311-330.

16. 	Ferguson PC, Griffin AM, Bell RS. Primary patellar tumors. Clin Orthop. 
1997;(336):199-204.

17. 	Kelikian H, Clayton I. Giant-cell tumor of the patella. J Bone Joint Surg Am. 
1957;39(2):414-420.

18. 	Marudanayagam A, Gnanadoss JJ. Secondary aneurysmal bone cyst of 
the patella: a case report. Iowa Orthop J. 2006;26:144-146.

19. 	Mercuri M, Casadei R. Patellar tumors. Clin Orthop. 2001;(389):35-46.
20. 	Ofluoglu O, Donthineni R. Iatrogenic seeding of a giant cell tumor of the 

patella to the proximal tibia. Clin Orthop. 2007;(465):260-264.
21. 	Wilson JS, Genant HK, Murray WR. Patellar giant cell tumor. AJR Am J 

Roentgenol. 1976;127(5):856-858.
22. 	Gottschalk FA, Solomon L, Isaacson C, Schmaman A. Aneurysmal bone 

cysts of the patella secondary to chondroblastoma: case reports. South Afr 
Med J. 1985;67(3):105-106.

23. 	Kochhar VL, Srivastava KK. Unusual lesions of the patella. Int Surg. 
1976;61(1):37-39.

24. 	Moser RP Jr, Brockmole DM, Vinh TN, Kransdorf MJ, Aoki J. 
Chondroblastoma of the patella. Skeletal Radiol. 1988;17(6):413-419.

25. 	O’Mara JW Jr, Keeling J, Montgomery EA, Aaron AD. Primary lesions of the 
patella. Orthopedics. 2000;23(4):328, 348, 370, 376-377.

26. 	Angella JJ. Osteomyelitis of the patella. Am J Dis Child. 1967;113(5):590-
593.

27. 	Cahill BR. Nontraumatic osteomyelitis of the patella. Clin Orthop. 
1978;(132):177-179.

28. 	Choi HR. Patellar osteomyelitis presenting as prepatellar bursitis. Knee. 
2007;14(4):333-335.

29. 	Durani Y, Attia MW. An unusual cause of knee pain. Pediatr Emerg Care. 
2006;22(6):426-429.

30. 	Guerci A, Mainard D, Thiery D. Acute haematogenous osteomyelitis of the 
patella revealed by a pathologic fracture in multiple myeloma. J Intern Med. 
1992;231(1):87-88.

31. 	Kankate RK, Selvan TP. Primary haematogenous osteomyelitis of the 
patella: a rare cause for anterior knee pain in an adult. Postgrad Med J. 
2000;76(901):707-712.

32. 	Miller WB, Murphy WA, Gilula LA, Kantor OS. Brodie’s abscess of the 
patella. JAMA. 1977;238(11):1179-1180.

December 2010    585



584  The American Journal of Orthopedics®

Patellar Metastatic Melanoma in a 13-Year-Old Boy

33. 	Roy DR, Greene WB, Gamble JG. Osteomyelitis of the patella in children.  
J Pediatr Orthop. 1991;11(3):364-366.

34. 	Roy DR. Osteomyelitis of the patella. Clin Orthop. 2001;(389):30-34.
35. 	Vaninbroukx J, Martens M, Verhelst M, Mulier JC. Haematogenous 

osteomyelitis of the patella: report of three cases. Acta Orthop Scand. 
1976;47(5):566-569.

36. 	Stoler B, Staple TW. Metastases to the patella. Radiology. 1969;93(4):853-
856.

37. 	Goodwin MA. Primary osteosarcoma of the patella. J Bone Joint Surg Br. 
1961;43(2):338-341.

38. 	McGrath BE, Schlatterer D, Mindell ER. Osteogenic sarcoma of the patella 
spread to lateral meniscus after arthroscopy. Clin Orthop. 2006;(444):250-255.

39. 	Nagai S, Okuda N, Azuma H, Suzuki M, Takahama M. Osteosarcoma of the 
patella: a case report. Clin Orthop. 1993;(289):243-246.

40. 	Okada K, Hasegawa T, Nishida J, et al. Osteosarcomas after the age of 50: 
a clinicopathologic study of 64 cases—an experience in northern Japan. 
Ann Surg Oncol. 2004;11(11):998-1004.

41. 	Okada K, Sato K, Abe E, et al. Case report 858. Postradiation osteosar-
coma of the patella. Skeletal Radiol. 1994;23(6):471-474.

42. 	López-Barea F, Rodríguez-Peralto JL, Burgos-Lizalde E, González-López J, 
Sánchez-Herrera S. Case report 639. Malignant fibrous histiocytoma (MFH) 
of the patella. Skeletal Radiol. 1991;20(2):125-128.

43. 	Roger DJ, Uhl RL, Carl A. Malignant fibrous histiocytoma of the patella. 
Orthopedics. 1994;17(2):189-192.

44. 	Cha S, Schultz E, McHeffey-Atkinson B, Sherr D. Malignant lymphoma 
involving the patella. Skeletal Radiol. 1996;25(8):783-785.

45. 	Hughes C, Spencer R. Recurrent non-Hodgkin’s lymphoma presenting as 
pathological fracture of the patella. Knee. 2000;7(4):249-251.

46. 	Kransdorf MJ, Moser RP Jr, Vinh TN, Aoki J, Callaghan JJ. Primary tumors 
of the patella. A review of 42 cases. Skeletal Radiol. 1989;18(5):365-373.

47. 	Linscheid RL, Dahlin DC. Unusual lesions of the patella. J Bone Joint Surg 
Am. 1966;48(7):1359-1366.

48. 	The AYM, Ball D, Cassumbhoy R, Guglani S. Bilateral patellar metastases 
from non-small cell lung cancer. J Thorac Oncol. 2007;2(1):79-80.

49. 	Pauzner R, Istomin V, Segal-Lieberman G, Matetzky S, Farfel Z. Bilateral 
patellar metastases as the clinical presentation of bronchogenic carcinoma. 
J Rheumatol. 1996;23(5):939-941.

50. 	Gall EP, Didizian NA, Park Y. Acute monarticular arthritis following 
patellar metastasis: a manifestation of carcinoma of the lung. JAMA. 
1974;229(2):188-189.

51. 	Cooper ME, Mess D. Isolated skeletal metastasis to the patella. Am J 
Orthop. 2000;29(3):210-212.

52. 	Pazzaglia UE, Barbieri D, Cherubino P. Solitary metastasis of the patella 
as the first manifestation of lung cancer: a case report. Int Orthop. 
1989;13(1):75-76.

53. 	Benedek TG. Lysis of the patella due to metastatic carcinoma. Arthritis 
Rheum. 1965;8(4):560-567.

54. 	Cavaciocchi A, Fusi M, Rigutti E. A solitary metastasis of the patella. Ital 
J Orthop Traumatol. 1992;18(4):557-560.

55. 	Ganjoo K, Loyal JA, Cramer M, Loehrer PJ. Lung cancer presenting with 
solitary bone metastases. J Clin Oncol. 1999;17(9):2995-3001.

56. 	Kwa S, Nade S. Metastasis in a patella: a rare site. Aust N Z J Surg. 
1989;59(4):351-352.

57. 	Lim CT, Wong AS, Chuah BYS, Putti TC, Stanley AJ, Nathan SS. The 
patella as an unusual site of renal cell carcinoma metastasis. Singapore 
Med J. 2007;48(12):e314-e319.

58. 	Urvoy P, Mestdagh H, Butin E, Lecomte-Houcke M, Maynou C. Patellar 
metastasis from a large bowel adenocarcinoma. Acta Orthop Belg. 
1993;59(4):409-411.

59. 	Ashby ME, Dappen N. Esophageal carcinoma metastatic to the patella: a 
case report. JAMA. 1976;235(23):2519-2520.

60. 	Keeley CD. Bilateral patellar metastases from carcinoma of the male breast. 
Can J Surg. 1973;16(5):328-329.

61. Choi YS, Yoon YK, Kwak HY. Patellar metastasis from a squamous cell 
carcinoma of the larynx. AJR Am J Roentgenol. 2000;174(6):1794-1795.

62. 	Kawamura H, Ogata K, Miura H, Sugioka Y. Patellar metastases: a report 
of two cases. Int Orthop. 1993;17(1):57-59.

63. 	McLeod GG, Macnicol MF. Plasmacytoma of the patella. J R Coll Surg 
Edinb. 1990;35(3):195-196.

64. 	Ehara S, Khurana JS, Kattapuram SV, Rosenberg AE, El-Khoury GY, 
Rosenthal DI. Osteolytic lesions of the patella. AJR Am J Roentgenol. 
1989;153(1):103-106.

65. 	Singh HK, Silverman JF, Ballance WA Jr, Park HK. Unusual small bone 
metastases from epithelial malignancies: diagnosis by fine-needle aspiration 
cytology with histologic confirmation. Diagn Cytopathol. 1995;13(3):192-
195.

66. 	Jaeger HJ, Kruegener GH, Donovan AG. Patellar metastasis from a malig-
nant melanoma. Int Orthop. 1992;16(3):282-284.

67. 	Enneking WF, Spanier SS, Goodman MA. A system for the surgical staging 
of musculoskeletal sarcoma. Clin Orthop. 1980;(153):106-120.

68. 	Enneking WF, Spanier SS, Goodman MA. The surgical staging of musculo-
skeletal sarcoma. J Bone Joint Surg Am. 1980;62(6):1027-1030.

69. 	Enneking WF. A system of staging musculoskeletal neoplasms. Clin Orthop. 
1986;(204):9-24.

70. 	Abe M, Takahashi M. Intraoperative radiation therapy: the Japanese experi-
ence. Int J Radiat Biol Phys. 1981;7(7):863-868.

71. 	Abe M, Shibamoto Y. The usefulness of intraoperative radiation therapy in 
the treatment of pelvic recurrence of cervical cancer. Int J Radiat Biol Phys. 
1996;34(2):513-514.

72. 	Hanks GE, Lanciano RM. Intraoperative radiation therapy: cut bait or keep 
on fishing? Int J Radiat Biol Phys. 1996;34(2):515-517.

73. 	Kim HK, Jessup JM, Beard CJ, et al. Locally advanced rectal carci-
noma: pelvic control and morbidity following preoperative radiation therapy, 
resection, and intraoperative radiation therapy. Int J Radiat Biol Phys. 
1997;38(4):777-783.

74. 	Valentini V, Balducci M, Tortoreto F, Morganti AG, De Giorgi U, Fiorentini 
G. Intraoperative radiotherapy: current thinking. Eur J Surg Oncol. 
2002;28(2):180-185.

75. 	Willett CG. Intraoperative radiation therapy. Int J Clin Oncol. 2001;6(5):209-
214.

76. 	Matsumoto K, Kakizoe T, Mikuriya S, Tanaka T, Kondo I, Umegaki Y. Clinical 
evaluation of intraoperative radiotherapy for carcinoma of the urinary blad-
der. Cancer. 1981;47(3):509-513.

77. 	Cromack DT, Maher MM, Hoekstra H, Kinsella TJ, Sindelar WF. Are com-
plications in intraoperative radiation therapy more frequent than in conven-
tional treatment. Arch Surg. 1989;124(2):229-234.

78. 	Pisters PWT, Ballo MT, Fenstermacher MJ, et al. Phase I trial of preopera-
tive concurrent doxorubicin and radiation therapy, surgical resection, and 
intraoperative electron-beam radiation therapy for patients with localized 
retroperitoneal sarcoma. J Clin Oncol. 2003;21(16):3092-3097.

79. 	Gunderson LL, Martin JK Jr, Earle JD, et al. Intraoperative and external 
beam irradiation with or without resection: Mayo pilot experience. Mayo Clin 
Proc. 1984;59(10):691-699.

80. 	Tran QNH, Kim AC, Gottschalk AR, et al. Clinical outcomes of intraoperative 
radiation therapy for extremity sarcomas. Sarcoma. 2006;(1):1-6.

81. 	Schomberg PJ, Gunderson LL, Moir CR, Gilchrist GS, Smithson WA. 
Intraoperative electron irradiation in the management of pediatric malignan-
cies. Cancer. 1997;79(11):2251-2256.

586  The American Journal of Orthopedics®


