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Abstract. 
Bone loss was in the past treated by several methods, such as bone distraction and the use of nonvascularized or tissue-bank bone grafts. With the advent of modern microsurgical techniques, the vascularized bone flap has been used with good results; it resolves local nutritional problems, repairs soft tissue that is often damaged by severe trauma, and treats bone loss due to tumors, pseudarthroses, and osteomyelitis. This paper reports the authors’ experience with the use of vascularized iliac-crest flaps to treat orthopedic pathologies in five patients with traumatic bone loss (<10 cm), three with osteomyelitis, and three with atrophic nonunion. In all cases, the same surgeon obtained a vascularized iliac-crest flap with a pedicle based on the deep iliac circumflex artery. All flaps consolidated within a mean period of 3 months. These findings demonstrate that the use of an iliac-crest flap is a treatment option in cases of bone loss and that it is associated with good functional results and minimal donor-site morbidity.


1. Introduction
Reconstructive orthopedic surgery to treat bone loss due to severe trauma, pseudarthroses, chronic osteomyelitis, or tumors can be performed using a range of techniques, such as external or internal fixation and the use of endoprostheses or nonvascularized bone flaps [1–3]. However, these techniques do not resolve the vascularization problems that can occur in these morbid conditions. With the development of the microsurgical technique, the vascularized bone flap has proven to be a good reconstructive option because it enables greater bone integration, higher consolidation rates, and better functional response [1, 4, 5].
The nonvascularized bone graft has been used with good results in cases with <6 cm bone loss [2]. The vascularized fibula flap has achieved good functional results in defects >12 cm [3], although some authors have reported high rates of donor-site morbidity, such as weakness (37%), flexion/extension difficulty (29–43%), flexion contractions, residual ankle pain, and fibular nerve lesions [6, 7]. In cases with intermediate amounts (5–10 cm) of bone loss, the use of the vascularized iliac-crest flap retains the benefits of a vascularized graft without incurring late donor-site morbidity [8].  Although iliac-crest flaps >12 cm have been used, they are not recommended because fractures may occur due to the stress applied to the lower limb [9]. Given the evidence of the benefits of vascularized iliac-crest flap application in cases of moderate bone loss, this flap was used to treat 11 patients with orthopedic lesions of different etiologies.
2. Patients and Methods
After obtaining institutional ethics committee approval, we retrospectively identified all patients who had been treated with vascularized iliac-crest grafts between January 2009 and January 2012. The inclusion criteria were acute or chronic bone loss secondary to trauma or other bone lesions, need for graft-associated osteosynthesis, such as in cases of atrophic pseudarthrosis, or pseudarthrosis due to osteomyelitis. Exclusion criteria were prior trauma in the affected region, prior pathology, such as rheumatoid arthritis or peripheral vascular insufficiency (which could affect local vascularization and graft success), psychiatric or mental disorders, neurological damage, and institutionalization.


All qualifying medical charts were analyzed, and the subjects were asked to return as outpatients. Those who agreed to participate in the study were asked to provide written informed consent (legal representatives provided consent for patients <18 years of age). Medical records were examined, and radiographs were evaluated separately by two orthopedic surgeons. Both were part of the study but did not participate in the surgery and did not know the patients (blind study). 
Eleven patients were treated with vascularized iliac-crest flaps between January 2009 and January 2012. The etiology of bone loss (4–8 cm) was a motorcycle accident in cases  1–5 (Table 1). Two patients had bone loss in the wrist (distal radius), two patients in the femur (distal femoral metaphysis), and one patient in the foot (first metatarsal). One patient (case  11) had bone loss in the left radius secondary to atrophic nonunion of a fracture treated with osteosynthesis and a dynamic compression plate (DCP). The other cases had no bone loss but atrophic nonunion of the right humerus (case
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) or right radius (case
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) or nonunion secondary to osteomyelitis with a history of previous osteosynthesis in the left forearm (case
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), the right forearm (case 8), or the left humerus (case
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) (Table 1).
Table 1: Clinical information.
	

	Patient	Age (years)	Sex	Previous diagnosis	Location	Amount of bone loss	Etiology of bone lesion (flap receptor)
	

	Case 1	55	M	Open fracture with bone loss in distal radius	Left radius	6 cm	Trauma
	Case 2	30	F	Fracture of distal radius with median nerve injury	Right radius	5 cm	Trauma
	Case 3	25	F	Open fracture of femur with bone loss	Left femur	8 cm	Trauma
	Case 4	23	M	Open fracture of foot with a lesion and loss of soft tissue	Right first metatarsal	6 cm	Trauma
	Case 5	34	M	Open fracture	Left femur	8 cm	Trauma
	Case 6	09	M	Closed fracture of forearm that developed osteomyelitis after osteosynthesis with Kirschner wires	Left radius	—	Nonunion, secondary to osteomyelitis
	Case 7	66	M	Closed fracture treated with immobilization plaster	Right humeral diaphysis	—	Atrophic nonunion (conservative treatment)
	Case 8	24	F	Closed forearm fracture that developed osteomyelitis after osteosynthesis with DCP	Right radius	—	Nonunion, secondary to osteomyelitis
	Case 9	56	M	Closed fracture that developed atrophic nonunion of the radius after osteosynthesis with DCP	Right radius	—	Atrophic nonunion
	Case 10	31	M	Open fracture that developed osteomyelitis and nonunion after osteosynthesis with DCP	Left humerus	—	Nonunion, secondary to osteomyelitis
	Case 11	40	F	Closed fracture that developed atrophic nonunion of the radius after osteosynthesis with DCP	Right radius	5 cm	Atrophic nonunion
	


M: male; F: female; DCP: dynamic compression plate.


All surgeries were performed by a single experienced surgeon according to the technique described in the literature [9–11].
Each patient was placed in the supine position with the donor site raised. A skin incision was made from the location of the anterior superior iliac spine toward that of the inguinal ligament. The pedicle was based on the deep iliac circumflex artery, which emerges from the external oblique muscle adjacent to the superior border of the iliac crest. The oblique external and internal muscles were freed, and the pedicle was found between the transverse and oblique internal muscles. It was then dissected along the inguinal ligament to the external iliac artery, where the pedicle originates 2 cm above the ligament [12]. The deep iliac circumflex artery may originate from the femoral artery (42.2% of cases) or from the external iliac artery below (40.6%) or above (17.2%) the inguinal ligament [11]. The external diameter of the artery is 1–5 mm at its origin, and the distance to the anterior superior iliac spine is 6–27 (mean: 
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)  mm. 
The receptor site was