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Abstract

Scaphoid nonunion without treatment can progress to carpal collapse and a predictable pattern of radiocarpal arthrosis. Surgical intervention is indicated to prevent progressive carpal instability and arthritis. In proximal pole nonunion and occasionally in scaphoid waist fracture with osteonecrosis, or when traditional bone grafting has failed to achieve union, vascularized bone grafts are used because they improve the biology of bone healing. This review describes the most common vascularized bone grafts used to treat scaphoid nonunion, either pedicled or free.   




Introduction

Scaphoid fractures are the most common carpal fracture and continue to present diagnostic and therapeutic challenges. Delayed diagnosis, inadequate initial management, proximal fracture location, osteonecrosis (ON), and associated carpal instability with acute scaphoid fracture can lead to nonunion of the scaphoid waist or the proximal pole [1]. Left untreated, scaphoid nonunion can progress to carpal collapse and a predictable pattern of radiocarpal arthrosis [2]. Surgical intervention is indicated to prevent progressive carpal instability and arthritis if fracture union is not achieved by 6 months after initial surgery. Open reduction and internal fixation in combination with non-vascularized bone graft (NVBG) is indicated as the main procedure [3]. However, in proximal pole non-unions and occasionally in scaphoid waist fractures with osteonecrosis, or when traditional bone grafting has failed to achieve union, vascularized bone grafts (VBG) are used. Although the use of VBG is more technically challenging than that of NVBG, VBG improves the biology of healing, maximizes the odds of achieving union, and may help revascularize a necrotic proximal pole [4].

VGB for the treatment of scaphoid nonunion can be divided in those that are harvested in the vicinity (local flaps), and are rotated on a pedicle and those harvested in another anatomical region from the wrist (distant flaps). These last ones require microsurgical transfer. Here, we describe the most common VBG used to treat scaphoid nonunion and their results.
 



Pedicle VBG
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Figure 1: A. Non-union of the proximal pole scaphoid in a patient previously operated on. 
B. Dorso-radial approach of the wrist. White arrow show 1,2 ICSRA and black arrow show a cutaneous artery from the 1,2 ICSRA.
 C. 1,2 ICSR graft with its pedicle demarcated in red and skin monitor demarcated in white.
D. Two weeks postoperatively showing the skin monitor without vascular complication. 
E. Five months' postoperatively x-ray showing bone union.



Local grafts from the dorsal or volar distal radius are the most common used in the setting of scaphoid nonunion. The dorsal bone graft is based on either the 1,2 or 2,3 intra-compartmental supraretinacular artery (ICSRA) (Figure 1). The volar bone graft is based on the volar carpal artery. The first authors who described
1.2	ICSRA grafts were Zaidemberg et al. [5]. They treated 11 patients with scaphoid nonunion and achieved complete union and average length of immobilization to radiographic and clinical union in 6.2 weeks, improving range of motion and grip strength of the wrist after surgery. Later, Tu et al. [6] reported, on a series of 72 patients with scaphoid nonunion treated with VBG, a union rate of 90.28% and satisfactory function rate of 81.94% in acute scaphoid fractures with an average follow-up of 5 years. The dorsal vascularized distal radius graft was based on either the
1.2	ICSRA or 2,3 ICSRA, with the latter able to provide a longer pedicle to reach the scaphoid with less tension.


In 1987 Kuhlmann et al. [7], after a cadaveric dissection of 79 wrist, reported three cases using a VBG based on the volar carpal artery. Spontaneous pain regressed completely and the patients present greatly improved motion. Gras & Mathoulin[8]	reported on 73 cases as a primary procedure achieving 96% of union rates and 38 cases with persistent scaphoid nonunion following previous surgical management, the authors reported a union rate of 89.5%, with an average time to union of 10.8 weeks. They conclude that this VBG seems feasible as a primary intervention.

Dorsal grafts may be better suited for management of scaphoid nonunion that involve the proximal pole and those without significant humpback deformity because adequate correction of the deformity often requires a separate volar approach and increased soft-tissue dissection. The 2,3 ICSRA provides a longer pedicle and allows for a greater arc of graft rotation than the 1,2 ICSRA. Relative contraindications to pedicled dorsal radius vascularized bone grafting include humpback deformity, carpal instability, or collapse. Volar-based grafts may be more useful when deformity correction is needed, but these grafts may be limited by a short pedicle [3].


Free VBG


The free VBGs from the iliac crest or the medial femoral condyle are an option of treatment when pedicled graft are contraindicated or when a structural support is needed to correct carpal instability due to scaphoid shortening. Free vascularized medial femoral condyle (MFC) grafts provide blood supply and greater structural support, which improves deformity correction [9]	(Figure 2). Doi et al. [10] developed this vascularized small bone graft harvested from the condylar region of the femur based on the articular branch of the descending genicular artery and vein and contains periosteum with cortical-cancellous bone. They used this free graft also for other bone nonunion associated to fractures with promising results either as a cortical-cancellous or cortical-periosteum graft.
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Figure 2: A. Non-union of the waist of the scaphoid with carpal instability.
 B. Medial knee approach showing the descending genicular artery. MFC flap harvested (small picture). 
C. Postoperative x-ray shows carpal alignment.




Burger et al. [11] described a series of 16 patients with scaphoid reconstruction with medial femoral trochlea (MFT) osteochondral flaps. In the early follow-up, the computed tomography scans confirmed healing in 15 of 16 reconstructed scaphoids. The patient who failed to achieve union was a smoker and continued to have wrist pain, although it was somewhat diminished. She subsequently had additional surgery with placement of a revision screw and bone graft. All patients experienced at least some improvement in wrist pain and range of motion similar to preoperative. The MFT graft provides both a robust and consistent vascular supply and optimal density of mostly cancellous bone from which large grafts can be harvested and shaped to fit the scaphoid defect with minimal donor site morbidity, and should be considered in the unique setting of a scaphoid nonunion with proximal pole ON and carpal collapse [12].

Wong et al. [13] propose a lateral femoral condyle flap as an alternative source of vascularized bone from the distal femur. They work on thirty-one fresh cadaveric limbs and concluded this flap could be an option for reconstruction of osseous defects of the upper extremity due to the anatomy of this flap enables designs combining soft tissue, bone, and cartilage. Another option is the use of a free vascularized iliac crest bone graft. Arora et al. [14] evaluated this VBGs and internal fixation with Kirschner wires to treat patients who had recalcitrant scaphoid nonunions with evidence of ON after at least two previous failed operations. In the 16 patients who achieved union, wrist extension, radial deviation of the wrist, and grip strength increased after surgery but was accompanied by a reduction in active flexion and ulnar deviation. The range of wrist movement will not return to the pre-injury level. Prevention of progressive carpal collapse, the absence of donor site morbidity, good subjective results and pain relief, justifies this procedure in the treatment of recalcitrant nonunion of the scaphoid [14].




Conclusion

Treatment of scaphoid non-union can be challenging. When the scaphoid has adequate perfusion and the grafts are rigidly fixed NVBG techniques can achieve high rates of union. In the presence of ON or proximal nonunion, VBG improves the chance of union but are more technically demanding than NVBG. Selection of a vascular pedicle is dependent of the surgeon's familiarity with techniques. Local grafts from the dorsal or volar distal radius allow for rotation of a pedicle without the need for microvascular anastomoses but in presence of humpback deformity, carpal instability, or collapse the free VBGs are a good option. Although some free VBG have been described, the MFC flap has many advantages and is a significant option for this pathology.
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