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Abstract 
Scaphoid fractures are the most common fracture of the carpal bones and account for 60% carpal injuries. Nonunion may occur in 5-12% of scafoid fractures. 
Aim of this study is to present result of scaphoid nonuinon treated with 1-2 intercompartmental pedicled artery bone graft and canullated screw in our clinic. 
Between 2009-2012, 19 scaphoid nonunions (18 males, 1 female) were treated with 1-2 intercompartmental pedicled artery bone graft and canullated screw. 
The average age of patients were 31,2 (range 12-47 years). The average time from initial injury to operation was 40.8 months (range 8 months -20 years). All 
scaphoid nonunions healed with union at an average of 9,4 weeks( range 6-12 weeks) after surgery. The average Mayo score of patients were 76,6 (range-25-
100). We determined that treatment with 1-2 intercompartmental pedicled artery bone graft and canullated screw is good option in scaphoid nonunions 
regardless of avascular necrosis. 
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Introduction 

Scaphoid fractures are the most common fracture of carpal 
bones; account for more than %60 of all carpal fractures 
and %11 of all hand fractures [1]. Scaphoid nonunion 
occurs in %5 to %12 of all scaphoid fractures [2,3]. The 
primary risk factor for nonunion of the scaphoid is 
displacement/instability, but delayed or missed diagnosis, 
inadequate treatment, fracture location, and blood supply 
are also risk factors [4]. Nonunion of scaphoid fractures 
can cause scaphoid nonuion advanced collapse(SNAC), 
which can lead degenerative osteoarthritic changes of the 
wrist [5]. 

There are diffent treatment options for scaphoid nonunion, 
including percutaneus fixation, open reduction and internal 
fixation with vascularized or nonvascularized bone grafts. 
The 1,2-intercompartmental supraretinacular artery(1,2-IC-
SRA) vascularized bone grafting was described by 
Zaidemberg et al in 1991 [6]. They reported %100 union 
rate. Other authors reported union rates range from %27 to 
%100 [6-10]. In this article, we aimed to report our clinical 
results in scaphoid fractures treated with 1,2- IC-SRA 
vascularized bone graft between 2009 and 2012. 

 

 

 

Materials and Methods 

A retrospective search was performed on all medical 
records of patients with diagnosis of scaphoid nonunion 
and treated with 1,2-IC-SRA vascularized bone graft in our 
clinic. Between January 2009 and March 2012. Consert 
forms had been taken preopetatively in all cases. All 
patients informed about vascularized graft would be taken 
from distal radius. 19 patients (18 males, 1 female) of 
scaphoid nonunion treated with a 1,2-IC-SRA vascularized 
graft. One patient was excluded because of lost to follow 
up. The mean age of patients was 31,2 (range 12-47) years. 
Mechanism of injury was sport injury in 17 patients, traffic 
accident in one patient. Dominant hand was affected in ten 
patients. Nine patients had right scaphoid fracture and nine 
had left scaphoid fracture. All patients presented with wrist 
pain to our outpatient clinic and had no prior surgery. All 
patients had scaphoid fractures more than six months. The 
diagnosis of scaphoid nonunion was made on plain 
radiographic assesment. We didn’t especially investigated 
for avascular necrosis (AVN) preoperatively. The delay 
between initial trauma and operation was 40,8 
months(range 8 months to 20 years).  

The operation was performed by same experienced hand 
surgeon. We used surgical technique described by 
Zaidemberg et al [6]. We used a curvilinear dorsalradial 
approach, centered the space between first and second 
extensor tunnels. Dorsal sensory branches of radial nerve 
identifeied and protected. The extensor retinaculum 
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divided. Extensor pollicis brevis and abductor pollicis 
longus are retracted palmarly and extansor carpi radialis 
brevis and longus tendons retracted ulnarly. The 1,2 IC-
SRA is identified overlying distal radius. Then, scaphoid 
fracture site is visualized and sclerotic bone ends are 
freshened with a burr drill until healthy bleeding bone 

seen(Fig. 1b). The required bone graft was harvested with 
a thin chisel. The pedicle dissected to its origin and with 
rotation of pedicle the graft is transferred into recipient 
site(Fig. 1a-1c). Fixation was achivied with a cannulated 
headless compression screw(standart Acutrak® screw)(Fig. 
1d). 

 

 
Fig 1a. Harvested 1,2 IC-SRA pedicled graft, Fig.1b. Preperarion of nonunion site for grafting Fig 1c. Pedicled graft is transferred into recipient site. 
Fig 1d. Fixation of graft with screw. 
 

Postoperatively, all patients were placed into thumb free 
short arm splint for 6 weeks. Radiological examinations 
were performed at 4,8,12 and at the latest follow up. 
Outcome scoring was performed at the end of follow up 
period by Mayo Wrist Score[11]. 

Results  

Fracture union was achieved in all patients in a mean 9,4 
(range 8-12) weeks. The criteria for fracture union was 
bridging trabeculae crossing the fracture side on plain 

radiographs or on computed tomography(CT)if plain 
radiograph was suspicious for union. The mean Mayo 
Wrist Score was 76,6(25-100). All patients returned their 
previous occupations. No wound complication(e.g. 
infection) was seen.  

Discussion 

The ideal treatment for scaphoid nonunion is still unsolved 
and controversial. Despite optimal treatment in scaphoid 
fractures, nonunion and malunion may ocur [2,3]. Despite, 
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we did not see any SNAC in our series even patient with 
20 years history, scaphoid nonunion could cause 
radiocarpal arthrosis [5], so early diagnosis and treatment 
is essential. Since described by Zaidemberg in 1991,the 
vascularized bone graft based on 1,2-IC-SRA was used for 
scaphoid nonunion by many authors and union rates range 
from 27% to 100% (Table 1). In our series, we had %100 
union at 18 patients.  

Table 1. Results of 1,2-IC-SRA for treatment of scaphoid nonunion 

Authors Number of 
patients 

Union 
Rate(%) 

Time to 
Union 

Year 

Zaidemberg et 
al.6 

11 100 6,2 weeks 1991 

Boyer et al.12 10 60 18,4 
weeks 

1998 

Uerpairojkit et 
al.13 

10 100 6,5 weeks 2000 

Malizos et al.14 22 100 6-12 
weeks 

2001 

Steinmann et 
al.15 

14 100 11,1 
weeks 

2002 

Tsai et al.7 5 100 <18 
weeks 

2002 

Straw et al.8 22 27  - 2002 

Chang et al.16 48 70,8 15,6 
weeks 

2006 

Waitayawinyu 
al.17 

30 93 5,1 
months 

2009 

Ong et al.18 13 77 152 days 2011 

Our series 19 100 9,4 weeks  

Other authors reported good results with other vascularized 
bone bone grafts [19-25]. In these series union rates were 
between 80% and 100%. In some of these techniques, 
surgical time is longer than technique we chose due 
necessity of arterial anastomosis of free vascularized grafts 
[25,28]. Nonvascularized bone grafts have been also used 
for treatment of scaphoid nonunions [26-28]. Union rate 
was 80% to 90%. Braga-Silva et al. compared vascularized 
and nonvascularized bone graft treatment for scaphoid 
nonunion and found similar results functionally [29]. 
Union rate was 100% in non vascularized group, they had 
3 nonunions in vascularized group. They had associated 
these nonunions with technical difficulties.  

In treatment of scafoid nonunions, different types of 
fixation were used (e.g; K-wires or screws or both). Type 
of fixation did not show difference in union rate in series 
of Straw et al [8]. In their series, they had %27 union rate, 
this could be explained by their removal of K-wire 
regardles of union at 8 weeks. In a cadaveric study, 
Panchal et al. found better results in terms of strenght of 
stability and stiffness in screw fixation group than K-wire 
group [30]. Screws also had advantage of achieving 
interfragmentary compression. Compression in fracture site 
has been shown to enhance healing [31]. In an other 
biomechanical study, Dodds et al. reported no statically 
significant difference in stability between screw fixation 
and both screw and K-wire fixation [32].  

There is some limitations in our study. First; our study is a 
retrospective study with limited sample size. Second; we 
did not classify type of fracture. 

In conclusion; we think the vascularized bone graft based 
on 1,2-IC-SRA for treatment of scaphoid nonunion is a 
good option and have excellent results. We recommend 
this procedure for good selected patients with scaphoid 
nonunion.  

Acknowledgements 
All of authors declarated no conflict interest 

References 

1. Hove LM. Epidemiology of scaphoid fractures in Bergen, Norway. 
Scand J Plast Reconstr Surg Hand Surg.1999;33(4):423–6. 

2. Larsen CF, Brøndum V, Skov O. Epidemiology of scaphoid 
fracturesin Odense, Denmark. Acta Orthop Scand. 1992;63(2):216-8. 

3. Filan SL, Herbert TJ. Herbert screw fixation of scaphoid fractures. J 
Bone Joint Surg Br. 1996;78:519–29. 

4. Geert A. Buijze, Lidewij Ochtman, David Ring. J Hand Surg. 
2012;37(5):1095–100. 

5. Kawamura K, Chung KC. Treatment of scaphoid fractures and 
nonunions. J Hand Surg. 2008;33(6):988–97. 

6. Zaidemberg C, Siebert JW, Angrigiani C. A new vascularized bone 
graft for scaphoid nonunion. J Hand Surg Am. 1991;16(3):474-8. 

7. Tsai TT, Chao EK, Tu YK, Chen ACY, Lee MSS, Ueng SW- 
N.Management of scaphoid nonunion with avascular necrosis using 
1, 2 intercompartmental supraretinacular arterial bone grafts. Chang 
Gung Med J. 2002;25(5):321-8. 

8. Straw RG, Davis TRC, Dias JJ. Scaphoid nonunion: treatment with a 
pedicled vascularized bone graft based on the 1,2 intercompartmental 
supraretinacular branch of the radial artery. J Hand Surg Br. 
2002;27(5):413-6. 

9. Hankins CL, Budoff JE. Analysis of wrist motion following 
vascularized bone graft to the proximal scaphoid. J Hand Surg Am. 
2011;36(4):583-6. 

10. Malizos KN, Dailiana ZH, Kirou M, Vragalas V, Xenakis TA, 
Soucacos PN. Longstanding nonunions of scaphoid fractures with 
bone loss: successful reconstruction with vascularized bone grafts. J 
Hand Surg. 2001;26(4):330–4. 

11. Amadio PC, Berquist TH, Smith DK, Ilstrup DM, Cooney WP 3rd, 
Linscheid RL. Scaphoid malunion. J Hand Surg Am. 1989;14(4):679-
87. 

12. Boyer MI, von Schroeder HP, Axelrod TS. Scaphoid nonunion with 
avascular necrosis of the proximal pole: treatment with a vascularized 
bone graft from the dorsum of the distal radius. J Hand Surg. 
1998;23(5):686–90. 

13. Uerpairojkit C, Leechavengvongs S, Witoonchart K. Primary 
vascularized distal radius bone graft for nonunion of the scaphoid. J 
Hand Surg. 2000;25(3):266–70. 

14. Malizos KN, Dailiana ZH, Innocenti M, Mathoulin CL, Mattar R, 
Sauerbier M. Vascularized bone grafts for upper limb reconstruction: 
defects at the distal radius, wrist, and hand. J Hand Surg Am. 
2010;35(10):1710-8. 



doi: 10.5455/medscience.2017.06.8585          Med Science 2017;6(3):427-30 

 

430 

15. Steinmann SP, Bishop AT, Berger RA. Use of 1,2 
intercompartmental supraretinacular artery as a vascularised pedicle 
bone graft for difficult scaphoid nonunion. J. Hans Surg. 
2002;27(3):391-401. 

16. Chang MA, Bishop AT, Moran SL, Shin AY. The outcomes and 
complications of 1,2 intercompartmental supraretinacular artery 
pedicled vascularized bone grafting of scafoid nonunions. J.Hand 
Surg. 2006;31(3):387-96. 

17. Waitayawinyu T, McCallister MV, Katolik LI, Schlenker JD, 
Trumble TE. Outcome after vascularized bone grafting of scaphoid 
nonunions with avascular necrosis. J Hand Surg. 2009;34(3):387–94. 

18. Ong HS, Tan G, Chew WYC. Treatment of scaphoid non-unionwith 
1,2 intercompartmental supraretinacular artery (1,2 ICSRA) 
vascularised graft. Singapore Med J. 2011;52(9):658-61. 

19. Guimberteau JC, Panconi B. Recalcitrant non-union of the scaphoid 
treated with a vascularized bone graft based on the ulnar artery. J 
Bone Joint Surg. 1990;72(1):88–97. 

20. Mathoulin C, Brunelli F. Further experience with the index 
metacarpal vascularized bone graft. J Hand Surg. 1998;23(3):311–7. 

21. Mathoulin C, Haerle M. Vascularized bone graft from the palmar 
carpal artery for treatment of scaphoid nonunion. J Hand Surg. 
1998;23(3):318–23. 

22. Doi K, Oda T, Soo-Heong T, Nanda V. Free vascularized bone graft 
for nonunion of the scaphoid. J Hand Surg. 2000;25(3):507–19. 

23. Yuceturk A, Isiklar ZU, Tuncay C, Tandogan R. Treatment of 
scaphoid nonunions with a vascularized bone graft based on the first 
dorsal metacarpal artery. J Hand Surg. 1997;22(3):425–7. 

24. Waters PM, Stewart SL. Surgical treatment of nonunion and 
avascular necrosis of the proximal part of the scaphoid in adolescents. 
J Bone Joint Surg. 2002;84(6):915–20. 

25. Gabl M, Reinhart C, Lutz M, Bodner G, Rudisch A, Hussl H, 
Pechlaner S. Vascularized bone graft from the iliac crest for the 
treatment of nonunion of the proximal part of the scaphoid with an 
avascular fragment. J Bone Joint Surg. 1999;81(10):1414–28. 

26. Russe O. Fracture of the carpal navicular. Diagnosis, non-operative 
treatment, and operative treatment. J Bone Joint Surg. 
1960;42A:759–68. 

27. Barton NJ. Experience with scaphoid grafting. J Hand Surg. 
1997;22(2):153–60. 

28. Green DP. The effect of avascular necrosis on Russe bone grafting 
for scaphoid nonunion. J Hand Surg. 1985;10(5):597–605. 

29. Braga-Silva J, Peruchi FM, Moschen GM, Gehlen D, Padoin AV. A 
comparison of the use of distal radius vascularised bone graft and 
non-vascularised iliac crest bone graft in the treatment of non-union 
of scaphoid fractures. J Hand Surg. 2008;33(5):636–40 

30. Panchal A, Kubiak EN, Keshner M, Fulkerson E, Paksima N. 
Comparison of fixation methods for scaphoid nonunions: a 
biomechanical model. Bulletin of the NYU hospital for joint diseases, 
2007;65(4):271-5. 

31. Aro HT, Chao EY. Bone healing patterns affected by loading, 
fracture fragment stability, fracture type and fracture site 
compression. Clin Orthop Relat Res. 1993;293:8-17. 

32. Dodds SD, Panjabi MM, Slade JF. Screw fixation of scaphoid 
fractures:a biomechanical assessment of screw length and screw 
augmentation. J Hand Surg Am. 2006;31(3):405-13. 

 


