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Abstract
PurposeThe purpose of this study is to assess the results of treatment of unstable scaphoid nonunion using a wedge iliac crest bone graft and a volar locking plate and screw system.

MethodsSeventeen patients are included in the study and the average age was 30.4 years. The mean duration of non-union was 44.8 months. All patients underwent open reduction, wedge-bone grafting from the iliac crest, and internal fixation using a 1.5 mm volar locking plate and screw. The nonunion sites were scaphoid waist in 12 patients and proximal pole in 5 patients. The mean follow up periods after the operation was 10.2 months. The mean union time was determined with plain radiographs and computed tomography scan. At final follow-up, range of motion (ROM) of the wrist, scapholunate and radiolunate angles, and height-to-length ratio were measured.

ResultsAll 17 scaphoids united in a mean time of 7.9 weeks after operation. Both scapholunate angle and radiolunate angles are recovered within the normal range. The average extension-flexion arc of the injured wrists was 127.9 degrees, which was improved over 34% of preoperative ROM. Pro- and supination were normal. There was no hardware related problems and no plate removal was necessary during the follow-up period.

ConclusionThe use of an anatomical 1.5 mm volar locking plate with an anterior wedge iliac bone graft provides optimal stability for the unstable scaphoid nonunion. The rapid union after the plate fixation allowed earlier rehabilitation without cast immobilization which is usually performed with other fixation methods.
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[image: Figure F1 ]Figure 1

Burring sclerotic fracture margin and cystic portion and check punctuate bleeding.
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[image: Figure F2 ]Figure 2

Reduction and temporary K-wire fixation then wedge structural bone graft is inserted.
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[image: Figure F3 ]Figure 3

Plate positioning and locking screw are inserted.
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[image: Figure F4 ]Figure 4

Ensure proper screw length with various radiographic views.
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[image: Figure F5 ]Figure 5

Representative case of a scaphoid waist nonunion in a 20-year-old patient with humpback deformity. (A) Preoperative radiographs and computed tomography (CT) scan in the long axis of the scaphoid. (B) Postoperative radiographs and CT scan in the long axis of the scaphoid at 8 weeks follow-up demonstrating union of scaphoid and correction of the deformity.
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[image: Figure F6 ]Figure 6

(A, B) Plain radiographs and (C) illustrations of pre-contoured 1.5 mm volar plate fixed in the scaphoid after anterior wedge bone graft.
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[image: Figure F7 ]Figure 7

Proximal scaphoid watershed line (PSWL) is the point at which the nonarticulating portion of scaphoid bone becomes articulating.
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Table 1

Treatment classification system for scaphoid nonunions		Category	Characteristic
	Grade		
	 I	Delayed presentation	Scaphoid fractures with delayed presentation (4-8 weeks).
	 II	Fibrous nonunion	Intact cartilaginous envelope, minimal fracture line at nonunion interface, no cyst or sclerosis.
	 III	Minimal sclerosis	Bone resorption at nonunion interface <1 mm with minimal sclerosis.
	 IV	Cyst formation and sclerosis	Bone resorption at nonunion interface <5 mm, cyst formation, and maintained scaphoid alignment.
	 V	Cyst formation and sclerosis	Bone resorption at nonunion interface >5 mm and <10 mm, cyst formation, and maintained scaphoid alignment.
	 VI	Pseudarthrosis	Separate bone fracture fragments with profound bone resorption at nonunion interface. Gross fragment motion and deformity is often present.
	Subtype		
	 a	Proximal pole nonunion	The proximal pole has a tenuous blood supply and a mechanical disadvantage that places it at greater risk of delayed or failed union.
	 b	Avascular necrosis	Scaphoid nonunion with avascular necrosis confirmed by magnetic resonance imaging or intraoperative lack of punctate bleeding. The fracture must heal and revitalize.
	 c	Ligamentous injury	Injury suggested by static and dynamic imaging of the carpal bones or arthroscopic, direct observation.
	 d	Deformity	Scaphoid deformity must be corrected. This requires a bicortical structural bone graft and rigid fixation.

Cited from the article of Slade and Dodds (Clin Orthop Relat Res. 2006;445:108–19)7.
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Table 2

Demographics and selective results of patients	No.	Sex	Age (yr)	Side	Stage	Fracture	Previous	Time to union	Humpback
	1	M	51	L	VI	Waist	No	9	Yes
	2	M	20	R	V	Waist	No	8	No
	3	M	30	L	VI+b	Waist	No	9	Yes
	4	M	25	L	IV	Waist	No	7	No
	5	F	20	L	V+a	Proximal	No	6	No
	6	M	46	R	VI	Waist	No	11	Yes
	7	M	34	R	V+a+b	Proximal	Yes	12	No
	8	M	33	R	VI	Waist	No	6	Yes
	9	M	23	R	VI	Waist	No	6	Yes
	10	M	21	R	V+a+b	Proximal	No	6	No
	11	M	22	L	V+a	Proximal	Yes	8	No
	12	M	21	L	VI	Waist	No	7	Yes
	13	M	24	L	V	Waist	Yes	7	No
	14	M	35	R	VI	Waist	No	7	Yes
	15	M	42	R	VI	Waist	No	7	Yes
	16	M	17	R	V+a	Proximal	No	9	No
	17	M	27	L	VI	Waist	No	10	Yes
			30.4					7.9	

M: male, F: female, L: left, R: right, IV: cyst formation and sclerosis, V: cyst formation and sclerosis, VI: pseudarthrosis, a: proximal pole nonunion, b: avascular necrosis.
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Table 3

Radiologic outcome in the patients		Preoperative	Postoperative	p-value
	Scapholunate angle (°)	69.4±10.2	54.4±12.2	<0.05
	Radiolunate angle (°)	12.8±7.2	9.6±7.3	<0.05
	Height-to-length ratio	0.67±0.1	0.58±0.1	<0.05
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Table 4

Clinical outcome in the patients			Postoperative (3 m)	Postoperative (final)
	Extension (°)	47.3	62.6	68.9
	Flexion (°)	49.1	53.2	59.1
	Quick DASH	31.9±12.5	-	9.2±5.6
	VAS	4	-	1

DASH: disabilities of the arm, shoulder, and hand, VAS: visual analogue scale, -: not available.
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