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The Effect of Smoking on the Outcomes of
Vascularized Bone Graft Surgery in Scaphoid
Nonunion through Meta-analysis

Young Woo Kwon, Dong Hwan Kim

Department of Orthopaedic Surgery, Uijeongbu Eulji Medical Center, Eulji University School of
Medicine, Uijeongbu, Korea

Purpose: A vascularized bone graft is an option showing a good result to treat
scaphoid nonunion. The analysis of the effects of smoking, which affects vascular and
union of fracture, has been limited. We tried to analyze the effect of smoking on the
outcomes of vascularized bone graft in scaphoid nonunion through meta-analysis
(PROSPERO registration number: CRD42021265786).

Methods: Two researchers analyzed 923 papers searched for ‘scaphoid AND (vascular-
ized OR vascularised OR flap OR pedicled)’ on MEDLINE and Embase (until November
2020). We selected 31 papers which contain that vascularized bone graft was per-
formed for scaphoid nonunion, and the number or proportion of smokers could be
confirmed. Through meta-regression analysis and subgroup analysis, whether the
smoker's rate had an effect on union rate, union period, functional score, imaging
evaluation, range of motion, and complications rate was analyzed.

Results: A significant negative correlation between smoking and bone union rate was
confirmed in pedicled vascularized bone grafting, and a significant positive correlation
between smoking and bone union duration was confirmed in free vascularized bone
grafting.

Conclusion: It is necessary to have caution for nonunion when considering pedicled
vascularized bone graft in smoking patients with scaphoid nonunion.

Keywords: Scaphoid bone, Pseudoarthrosis, Vascularized, Bone transplantation, Smok-
ing, Meta-analysis
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Fig. 1. (A) Thirty-one studies were finally enrolled following the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
analysis) guidelines. (B) The risk of bias was assessed by RoBANS (Risk of Bias Assessment tool for Non-randomized Study). Enrolled
studies were measured unclear risk of bias in the measurement of exposure and confounding variables.
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Table 1. Characteristics of studies analyzed in meta-analysis

Study Study type Technique No. of patients Nonunion events
Aibinder et al. [10] R 1,2 ICSRA & MFC 78 12
Arora et al. [11] R Vascularized iliac bone 21 5
Bahamon et al. [12] R First metacarpal dorsal artery 1 3
Biirger et al. [13] R MFT 16 1
Biirger et al. [14] P MFC 15 0
Cavitetal. [15] R 1,2 ICSRA 17 2
Chang et al. [16] R 1,2 ICSRA 47 14
Chaudhry et al. [17] R MFC 20 2
Dailiana et al. [18] R Palmar carpal artery 9 0
Dodds and Halim [19] R Palmar carpal artery 9 1
Elgammal and Lukas [20] R MFC 30 6
Higgins and Burger [21] R MFT 16 1
Hirche et al. [22] R 1,2 ICSRA 28 7
Ingari et al. [23] R 1,2 ICSRA 45 2
Jessu et al. [24] R Palmar carpal artery 30 8
Jones et al. [25] R 1,2 ICSRA & MFC 22 6
Kapoor et al. [26] R 1,2 ICSRA 34 19
Kollitz et al. [27] R MFC 32 2
Korompilias et al. [28] R 1,2 ICSRA 23 0
Malizos et al. [29] R 1,2 ICSRA 22 0
Morris et al. [30] R 1,2 ICSRA 12 0
Ozalp et al. [31] R 1,2 ICSRA 58 8
Papatheodorou and Sotereanos [32] R Capsular artery 89 13
Rahimnia et al. [33] R 1,2 ICSRA 4 11
Ribak et al. [34] RCT 1,2 ICSRA 46 5
Sales et al. [35] P 1,2 ICSRA 20

Sauerbier et al. [36] R 1,2 ICSRA 48 14
Sommerkamp et al. [37] P Palmar carpal artery 15 0
Sotereanos et al. [38] R Capsular artery 13 3
Thompson et al. [39] R 1,2 ICSRA 11 8
Waitayawinyu et al. [40] R 1,2 ICSRA 30 2

R, retrospective cohort study; P, prospective cohort study; RCT, randomized controlled trial; ICSRA, intercompartmental supraretinacular artery; MFC,

medial femoral condyle; MFT, medial femoral trochlea.
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Study Events Total Proportion 950 ClI Weight
Aibinder WR, 2019 26 33 _ 0.79 0.61-0.91 4.2%
Aibinder WR, 2019 40 45 — 0.89 0.76-0.96 4.0%
Arora R, 2010 16 21 — 0.76 0.53-0.92 3.8%
Bahamon CM, 2020 8 1 —‘—'— 0.73 0.39-0.94 3.0%
Biirger HK, 2013 15 16 —)= 0.94 0.70-1.00 1.9%
Biirger HK, 2009 15 15 — 1.00 0.78-1.00 1.1%
Cavit A, 2020 15 17 —_— 0.88 0.64-0.99 2.7%
Chang MA, 2006 33 47 —'—' 0.70 0.55-0.83 4.8%
Chaudhry T, 2017 18 20 — 0.90 0.68-0.99 2.7%
Dailiana ZH, 2006 9 9 ———d 1.00 0.66-1.00 1.1%
Dodds SD, 2016 8 9 —_— 0.89 0.52-1.00 1.8%
Elgammal A, 2015 22 30 —-"—— 0.73 0.54-0.88 4.3%
Higgins JP, 2013 15 16 — 094  0.70-1.00 1.9%
Hirche C, 2017 21 28 —_—a= 0.75 0.55-0.89 4.2%
Ingari JV, 2019 43 45 i 0.96 0.85-0.99 2.8%
Jessu M, 2008 22 30 —_— 0.73 0.54-0.88 4.3%
Jones DB Jr, 2008 12 12 — 1.00 0.74-1.00 1.1%
Jones DB Jr, 2008 4 10 0.40 0.12-0.74 3.2%
Kapoor AK, 2008 15 34 . p— . 0.44 0.27-0.62 4.6%
Kollitz KM, 2019 30 32 '—"_ 0.94 0.79-0.99 2.8%
Korompilias AV, 2017 23 23 —= 1.00 0.85-1.00 1.1%
Malizos KN, 2001 22 22 — 1.00 0.85-1.00 1.1%
Morris MS, 2018 12 12 — 8 1.00 0.74-1.00 1.1%
f)zalp T, 2015 50 58 _"'_ 0.86 0.75-0.94 4.5%
Papatheodorou LK, 2019 76 89 u_n 0.85 0.76-0.92 4.9%
Rahimnia A, 2018 30 41 _'_ 0.73 0.57-0.86 4.6%
Ribak S, 2010 41 46 _'_ 0.89 0.76-0.96 4.0%
Sales JG, 2012 16 20 — & 0.80 0.56-0.94 3.6%
Sauerbier M, 2009 34 48 — e 0.71 0.56-0.83 4.8%
Sommerkamp TG, 2019 15 15 I 1.00 0.78-1.00 1.1%
Sotereanos DG, 2006 10 13 —_— == 0.77 0.46-0.95 3.1%
Thompson NW, 2008 3 n——& 0.27 0.06-0.61 3.0%
Waitayawinyu T, 2009 28 30 e 0.93 0.78-0.99 2.8%
Random effects model 908 - 0.82 0.77-0.86  100.0%
Heterogeneity: |2 = 64%, t?=0.5152, p<0.01 [ I I I
0.2 0.4 0.6 0.8
0 - E

0.045
S \".
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Residual value

Fig. 2. (A) The union rate of vascularized bone graft in 908 patients (31 studies for scaphoid nonunion) was announced from 27.3%
to 100%. Average of the union rate was analyzed as 82.1% (95% confidence interval [Cl], 0.77-0.86). (B) The funnel plot showed
asymmetry which suggests the existence of publication bias.
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Fig. 3. The correlation of age and the union rate showed a negative correlation (correlation coefficient [r]=-0.0151 95% confidence
interval, -0.0294 to —0.0008) in that union rate decreased with older age.
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analyzed as 79.6% (95% Cl, 0.73-0.85) in the pedicled vascularized bone graft group.

P

= 5993 o) AAIA(r=0.8581; 95% CI, 0.4561 -
.2601; p<0.0001)7 LA (Fig. 4), A vl&T = &
EE F-9Je ATEA T HEE A Eothp=0.0821). BHH, &
oéha}—é’— 144 AlgE 70189 SAtollA A4t Bl&t =
FET= Folgh 29 AEEAI(r=-0.0028; 95% CI, -0.0055
to ~0.0001; p<0.05)7F &RI= A2 H(Fig. 5), & FH7 174 A

£ 749 fost Al IR 9tHp=0.4792).

7k o] ool Al ST B0l A, -
9] A% 9% FAES FAT 29 FHHAE
H(r = -0.0058; 95% CI, -0.0106 to -0.001; p<0.05),

—_

:lo oﬁmox

2~ o
;(]_z —L E:_];ﬂ_é_ o

=

83 Bl

Ho

https://doi.org/10.12790/ahm.21.0106

19), H= Hi&3Hp=0.0814)F
ol

FHBAE HolA

ot Al ¥iE FeE T, A4 A 78 5, WS diE &

HeolMe

Aol 47h 5

£ 87 ot Bol4eo) AP §
olehs o3 ThEA, A

B3 et



Young Woo Kwon et al. The Effect of Smoking on VBG in Scaphoid Nonunion

Archives of Hand and MicrosurgcryAHM

o ok
2
oo 1o

c

&
>
o
A
i
o
3R
o
=
¢
Mo
1o
i)
ot
N
=
>
=]
5]
e
i
qr P
N

E SONM B2 B7HE AT S
ol tsfiAl, wet W=7t AEsHA BA
Tt 2 oS A € Ao ViRt
Y7} 710l BE AFolM FLEHA] okt
o] A& ¥FZ Ad(pack-yean o2 H7|3 A7} A=
o, & AHolA FAd& o AFTE B A= AU
<= AlF A5
TFoIM A=rE
Al ofstd, 24
E4& A Ftl42]. ol st B FAF(pack-year)

oN,
gh
i
PO
& 9
BN
ST

L ElO{l

I B R

=
o

=}

(@}

~<

ol
~
o
Mo
el
R o)
o
il
i)
i
i
A=)
e
rE
iy
r_o4
%
g
i
i)
>

>,
it
N
o
0
N
9,
fr
.
_0|L
(]
>,
L0

€ g

o
»
o
%)

=
S @5 S7HET Aaet 1A

m?_ll

>

£ o

j?—l‘ mH

O HJo > AL
i

2_,‘
ol
fo
ot
fo
Eﬁ
kel
HL
39,
i)
e
il
o o of U

1 o o 4
ekl
[¢]
L
o,

gk

Hu
2 % ;‘Hi
= e

oz 1

o

X

g

i

Sg Aol FAN VRS B
o] Tej7tElg 7hsAol ek
sfoll W BFF Z71) AT
12 et 9L Aeldt.

S~
o
J

L
=2

o
lo 30

o2

n %
o
=2
o o

ol
%
N
™o

[e]

I
=

!
e

i

s

fr e

o
o
o,
el
i
ol
i
)
nd
i
=2
e}

_,4
o
i
>
2
o
ot
re,
e &

w9,
i
rlo

rlo jg

o

RN
g oA geThe %

a7E iAoz wol 2

10
o
(e
(i
2
N
-~
)
oo
il

j?—l" :10 FI'E
o o

_O|L
o 32
o
%0 Jo

g 1St
M go
M
E?h
n1>

off i i
o,
1>
1t

o F(donor)°l
IoH44]. FoF=2
of ulsto] o] &1 F AH A7} QcH44]. 57
Fom o Walj7t =2 g WA 4+
= €7 dolert wrHd4d]. F4E &
371} 71AA Q0 170] Fa3t 810l iy
3o A9 BEEGE 7] A9l P07 QI
7Aooz 2GS A =ol, FAA HlEo]
o] Zadte AE AA HAUS Aot

e}
L
fr
a9
L
o

o
rloll
ol
S
ob
il
rr
fo
1
=)
ofy
).
i
rlo
)
i)
i
e,
ox,

~

i

]

gk

i
B
i

R o/ e}

il

N Al ¥
2 offt
il

3O, ek

Qo e

)

1

:
Ky

T
oy
e}

A9

O.

Jo
ol
=

ojN et
Ju =
o 9

N
-~

ol
S

ol

f

L

r&ﬁ;‘m&&m
]-ﬂloﬂ_h%:(c’
o 12

N

2 o, ‘o o
L 2 4 |o K

o
22
o S 2
jisd

fr

Lo

T~

|\i‘|

W

o}

1l

e

o

]

=2

o

=

o,

=2

)

i

il

Y

1o

_?L
u
o,
:?l:‘
Y,
=
o
k=l
o
(¢}
ol
il
=
Nl
M
ot
oft
e
It
O,
)
:m:
N
N
inis
>,

148

2 T3te] o2 YAl A8 HY B AuB 5712 /Y
% 912 Aol

7] A7) AQHOZ YA olopr|3t FHY Y2 AT 5
o B2t §AHA e FA Bk Yol= HPAT AT 54
A TR MIEY B9 54 0E Qlste], et BAH0A
of olggo] Ugich. shg FA AT /A% $E02 Qs 5]
Yok 24o] LA /UL,

o] g7 PRISMA Heha] Aol et Wgsigion], 42

o 1y
9,
3
£
ox
091'.
)
B
r
&
=2
>
i
i
=
i
o,
offt
1o
i)
o~
M
)
o,

i
I

o =
3t AT WA 9P L WSS} HIEY BA0] BRY Ao,
Ao, ATAYI HIEY

CONFLICTS OF INTEREST

The authors have nothing to disclose.

ORCID

Young Woo Kwon, https://orcid.org/0000-0001-8575-057X
Dong Hwan Kim, https://orcid.org/0000-0002-8607-4697

REFERENCES

1. Sgromolo NM, Rhee PC. The role of vascularized bone graft-
ing in scaphoid nonunion. Hand Clin. 2019;35:315-22.

2. Little CP, Burston BJ, Hopkinson-Woolley J, Burge P. Failure
of surgery for scaphoid non-union is associated with smok-
ing. ] Hand Surg Br. 2006;31:252-5.

3. Hwang K, Son JS, Ryu WK. Smoking and flap survival. Plast
Surg (Oakv). 2018;26:280-5.

https://doi.org/10.12790/ahm.21.0106


https://doi.org/10.1016/j.hcl.2019.03.004
https://doi.org/10.1016/j.hcl.2019.03.004
https://doi.org/10.1016/J.JHSB.2005.12.010
https://doi.org/10.1016/J.JHSB.2005.12.010
https://doi.org/10.1016/J.JHSB.2005.12.010
https://doi.org/10.1177/2292550317749509
https://doi.org/10.1177/2292550317749509

Arch Hand Microsurg 2021;26(3):141-151

Archives of Hand and Microsurgery AHM

4. Richardson WS, Wilson MC, Nishikawa J, Hayward RS. The
well-built clinical question: a key to evidence-based decisions.
ACP] Club. 1995;123:A12-3.

5. McHugh ML. Interrater reliability: the kappa statistic. Bio-
chem Med (Zagreb). 2012;22:276-82.

6. Higgins JP, Thomas ], Chandler J, et al. Cochrane handbook
for systematic reviews of interventions. 2nd ed. Hoboken, NJ:
John Wiley & Sons; 2019.

7. Kim SY, Park JE, Lee Y], et al. Testing a tool for assessing the
risk of bias for nonrandomized studies showed moderate reli-
ability and promising validity. ] Clin Epidemiol. 2013;66:408-
14.

8. Egger M, Davey Smith G, Schneider M, Minder C. Bias in
meta-analysis detected by a simple, graphical test. BMJ. 1997;
315:629-34.

9. Duval S, Tweedie R. Trim and fill: a simple funnel-plot-based
method of testing and adjusting for publication bias in me-
ta-analysis. Biometrics. 2000;56:455-63.

10. Aibinder WR, Wagner ER, Bishop AT, Shin AY. Bone grafting
for scaphoid nonunions: is free vascularized bone grafting su-
perior for scaphoid nonunion? Hand (N Y). 2019;14:217-22.

11. Arora R, Lutz M, Zimmermann R, Krappinger D, Nieder-
wanger C, Gabl M. Free vascularised iliac bone graft for recal-
citrant avascular nonunion of the scaphoid. ] Bone Joint Surg
Br. 2010;92:224-9.

12. Bahamén CM, Valencia JA, Naquira LE Londoiio JA, Cuesta
DP. Scaphoid pseudoarthrosis: experience with vascularized
bone graft of the first metacarpal. Case series. Rev Colomb
Ortop Traumatol. 2020;34:60-4.

13. Biirger HK, Windhofer C, Gaggl AJ, Higgins JP. Vascularized
medial femoral trochlea osteocartilaginous flap reconstruc-
tion of proximal pole scaphoid nonunions. ] Hand Surg Am.
2013;38:690-700.

14. Biirger KH, Gaggl AJ, Kukutschki W, Mueller E. Free micro-
vascular transfer of segmental corticocancellous femur for
treatment of avascular scaphoid necrosis. Handchir Mikrochir
Plast Chir. 2009;41:44-51.

15. Cavit A, Civan O, Capkin S, Kaleli T, Ozcanli H, Ozdemir H.
Treatment of scaphoid nonunion with 1,2 intercompartmen-
tal supraretinacular artery vascularized graft and compression
screw fixation. Injury. 2021;52:2307-13.

16. Chang MA, Bishop AT, Moran SL, Shin AY. The outcomes
and complications of 1,2-intercompartmental supraretinacu-
lar artery pedicled vascularized bone grafting of scaphoid
nonunions. ] Hand Surg Am. 2006;31:387-96.

17. Chaudhry T, Uppal L, Power D, Craigen M, Tan S. Scaphoid
nonunion with poor prognostic factors: the role of the free

https://doi.org/10.12790/ahm.21.0106

medial femoral condyle vascularized bone graft. Hand (N Y).
2017;12:135-9.

18. Dailiana ZH, Malizos KN, Zachos V, Varitimidis SE, Hantes
M, Karantanas A. Vascularized bone grafts from the palmar
radius for the treatment of waist nonunions of the scaphoid. J
Hand Surg Am. 2006;31:397-404.

19. Dodds SD, Halim A. Scaphoid plate fixation and volar carpal
artery vascularized bone graft for recalcitrant scaphoid non-
unions. ] Hand Surg Am. 2016;41:e191-8.

20. Elgammal A, Lukas B. Vascularized medial femoral condyle
graft for management of scaphoid non-union. ] Hand Surg
Eur Vol. 2015;40:848-54.

21. Higgins JP, Burger HK. Proximal scaphoid arthroplasty using
the medial femoral trochlea flap. ] Wrist Surg. 2013;2:228-33.

22. Hirche C, Xiong L, Heffinger C, et al. Vascularized versus
non-vascularized bone grafts in the treatment of scaphoid
non-union. ] Orthop Surg (Hong Kong). 2017;25:230949901
6684291.

23. Ingari JV, Nayar SK, Taylor KE. Volar vascularized strut graft
for avascular scaphoid nonunion using the 1,2 intercompart-
mental supraretinacular artery. Tech Hand Up Extrem Surg.
2019;23:14-21.

24, Jessu M, Wavreille G, Strouk G, Fontaine C, Chantelot C.
Scaphoid nonunions treated by Kuhlmann’s vascularized bone
graft: radiographic outcomes and complications. Chir Main.
2008;27:87-96.

25. Jones DB Jr, Biirger H, Bishop AT, Shin AY. Treatment of
scaphoid waist nonunions with an avascular proximal pole
and carpal collapse. A comparison of two vascularized bone
grafts. ] Bone Joint Surg Am. 2008;90:2616-25.

26. Kapoor AK, Thompson N'W, Rafiq I, Hayton M], Stillwell J,
Trail IA. Vascularised bone grafting in the management of
scaphoid non-union: a review of 34 cases. ] Hand Surg Eur
Vol. 2008;33:628-31.

27. Kollitz KM, Pulos N, Bishop AT, Shin AY. Primary medial
femoral condyle vascularized bone graft for scaphoid non-
unions with carpal collapse and proximal pole avascular ne-
crosis. ] Hand Surg Eur Vol. 2019;44:600-6.

28. Korompilias AV, Lykissas MG, Kostas-Agnantis IP, Gkiatas I,
Beris AE. An alternative graft fixation technique for scaphoid
nonunions treated with vascular bone grafting. ] Hand Surg
Am. 2014;39:1308-12.

29. 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. ] Hand Surg Br. 2001;26:330-4.

30. Morris MS, Zhu AF, Ozer K, Lawton JN. Proximal pole

149


https://doi.org/10.7326/ACPJC-1995-123-3-A12
https://doi.org/10.7326/ACPJC-1995-123-3-A12
https://doi.org/10.7326/ACPJC-1995-123-3-A12
https://doi.org/10.11613/BM.2012.031
https://doi.org/10.11613/BM.2012.031
https://doi.org/10.1016/j.jclinepi.2012.09.016
https://doi.org/10.1016/j.jclinepi.2012.09.016
https://doi.org/10.1016/j.jclinepi.2012.09.016
https://doi.org/10.1016/j.jclinepi.2012.09.016
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1111/j.0006-341X.2000.00455.x
https://doi.org/10.1111/j.0006-341X.2000.00455.x
https://doi.org/10.1111/j.0006-341X.2000.00455.x
https://doi.org/10.1177/1558944717736397
https://doi.org/10.1177/1558944717736397
https://doi.org/10.1177/1558944717736397
https://doi.org/10.1302/0301-620X.92B2.22367
https://doi.org/10.1302/0301-620X.92B2.22367
https://doi.org/10.1302/0301-620X.92B2.22367
https://doi.org/10.1302/0301-620X.92B2.22367
https://doi.org/10.1016/j.rccot.2020.04.007
https://doi.org/10.1016/j.rccot.2020.04.007
https://doi.org/10.1016/j.rccot.2020.04.007
https://doi.org/10.1016/j.rccot.2020.04.007
https://doi.org/10.1016/j.jhsa.2013.01.036
https://doi.org/10.1016/j.jhsa.2013.01.036
https://doi.org/10.1016/j.jhsa.2013.01.036
https://doi.org/10.1016/j.jhsa.2013.01.036
https://doi.org/10.1055/s-2008-1038765
https://doi.org/10.1055/s-2008-1038765
https://doi.org/10.1055/s-2008-1038765
https://doi.org/10.1055/s-2008-1038765
https://doi.org/10.1016/j.injury.2020.02.037
https://doi.org/10.1016/j.injury.2020.02.037
https://doi.org/10.1016/j.injury.2020.02.037
https://doi.org/10.1016/j.injury.2020.02.037
https://doi.org/10.1016/j.jhsa.2005.10.019
https://doi.org/10.1016/j.jhsa.2005.10.019
https://doi.org/10.1016/j.jhsa.2005.10.019
https://doi.org/10.1016/j.jhsa.2005.10.019
https://doi.org/10.1177/1558944716661994
https://doi.org/10.1177/1558944716661994
https://doi.org/10.1177/1558944716661994
https://doi.org/10.1177/1558944716661994
https://doi.org/10.1016/j.jhsa.2005.09.021
https://doi.org/10.1016/j.jhsa.2005.09.021
https://doi.org/10.1016/j.jhsa.2005.09.021
https://doi.org/10.1016/j.jhsa.2005.09.021
https://doi.org/10.1016/j.jhsa.2016.04.021
https://doi.org/10.1016/j.jhsa.2016.04.021
https://doi.org/10.1016/j.jhsa.2016.04.021
https://doi.org/10.1177/1753193414561900
https://doi.org/10.1177/1753193414561900
https://doi.org/10.1177/1753193414561900
https://doi.org/10.1055/s-0033-1351789
https://doi.org/10.1055/s-0033-1351789
https://doi.org/10.1177/2309499016684291
https://doi.org/10.1177/2309499016684291
https://doi.org/10.1177/2309499016684291
https://doi.org/10.1177/2309499016684291
https://doi.org/10.1097/BTH.0000000000000215
https://doi.org/10.1097/BTH.0000000000000215
https://doi.org/10.1097/BTH.0000000000000215
https://doi.org/10.1097/BTH.0000000000000215
https://doi.org/10.1016/j.main.2008.04.004
https://doi.org/10.1016/j.main.2008.04.004
https://doi.org/10.1016/j.main.2008.04.004
https://doi.org/10.1016/j.main.2008.04.004
https://doi.org/10.2106/JBJS.G.01503
https://doi.org/10.2106/JBJS.G.01503
https://doi.org/10.2106/JBJS.G.01503
https://doi.org/10.2106/JBJS.G.01503
https://doi.org/10.1177/1753193408092038
https://doi.org/10.1177/1753193408092038
https://doi.org/10.1177/1753193408092038
https://doi.org/10.1177/1753193408092038
https://doi.org/10.1177/1753193418789329
https://doi.org/10.1177/1753193418789329
https://doi.org/10.1177/1753193418789329
https://doi.org/10.1177/1753193418789329
https://doi.org/10.1016/j.jhsa.2014.04.021
https://doi.org/10.1016/j.jhsa.2014.04.021
https://doi.org/10.1016/j.jhsa.2014.04.021
https://doi.org/10.1016/j.jhsa.2014.04.021
https://doi.org/10.1054/jhsb.2001.0570
https://doi.org/10.1054/jhsb.2001.0570
https://doi.org/10.1054/jhsb.2001.0570
https://doi.org/10.1054/jhsb.2001.0570
https://doi.org/10.1016/j.jhsa.2018.01.001

Young Woo Kwon et al. The Effect of Smoking on VBG in Scaphoid Nonunion

Archives of Hand and Microsurgery AHM

31.

32.

scaphoid nonunion reconstruction with 1,2 intercompartmen-
tal supraretinacular artery vascularized graft and compression
screw fixation. ] Hand Surg Am. 2018 43:770.e1-770.e8.

Ozalp T, Oz C, Kale G, Erkan S. Scaphoid nonunion treated
with vascularised bone graft from dorsal radius. Injury.
2015;46 Suppl 2:547-52.

Papatheodorou LK, Sotereanos DG. Treatment for proximal
pole scaphoid nonunion with capsular-based vascularized
distal radius graft. Eur ] Orthop Surg Traumatol. 2019;29:337-
42.

33. Rahimnia A, Rahimnia AH, Mobasher-Jannat A. Clinical and

34.

35.

36.

37.

functional outcomes of vascularized bone graft in the treat-
ment of scaphoid non-union. PLoS One. 2018;13:e0197768.
Ribak S, Medina CE, Mattar R Jr, Ulson HJ, Ulson HJ, Etche-
behere M. Treatment of scaphoid nonunion with vascularised
and nonvascularised dorsal bone grafting from the distal radi-
us. Int Orthop. 2010;34:683-8.

Sales JG, Irajian M, Elmi A, Manand JS, Moradi A. Using a
vascularized bone graft from the distal metaphysis of radius in
treating scaphoid nonunion: first report from a developing
country. Pak ] Biol Sci. 2012;15:524-9.

Sauerbier M, Bishop AT, Ofer N. Pedicled vascularized bone
grafts from the dorsum of the distal radius for treatment of
scaphoid nonunions. Oper Orthop Traumatol. 2009;21:373-85.
Sommerkamp TG, Hastings H 2nd, Greenberg JA. Palmar ra-
diocarpal artery vascularized bone graft for the unstable

humpbacked scaphoid nonunion with an avascular proximal

150

38.

pole. ] Hand Surg Am. 2020;45:298-309.

Sotereanos DG, Darlis NA, Dailiana ZH, Sarris IK, Malizos
KN. A capsular-based vascularized distal radius graft for
proximal pole scaphoid pseudarthrosis. ] Hand Surg Am.
2006;31:580-7.

39. Thompson NW, Kapoor A, Thomas J, Hayton MJ. The use of

40.

a vascularised periosteal patch onlay graft in the management
of nonunion of the proximal scaphoid. ] Bone Joint Surg Br.
2008;90:1597-601.

Waitayawinyu T, McCallister WV, Katolik LI, Schlenker JD,
Trumble TE. Outcome after vascularized bone grafting of
scaphoid nonunions with avascular necrosis. ] Hand Surg
Am. 2009;34:387-94.

41. Scott J, Checketts JX, Cooper CM, Boose M, Wayant C, Vassar

42.

M. An evaluation of publication bias in high-impact ortho-
paedic literature. JB JS Open Access. 2019;4:e0055.

Michael Pittilo R. Cigarette smoking, endothelial injury and
cardiovascular disease. Int ] Exp Pathol. 2000;81:219-30.

43. Rancy SK, Schmidle G, Wolfe SW. Does anyone need a vascu-

44,

45.

larized graft? Hand Clin. 2019;35:323-44.

Al-Jabri T, Mannan A, Giannoudis P. The use of the free vas-
cularised bone graft for nonunion of the scaphoid: a systemat-
ic review. ] Orthop Surg Res. 2014;9:21.

Jubbal KT, Zavlin D, Suliman A. The effect of age on micro-
surgical free flap outcomes: an analysis of 5,951 cases. Micro-
surgery. 2017;37:858-64.

https://doi.org/10.12790/ahm.21.0106


https://doi.org/10.1016/j.jhsa.2018.01.001
https://doi.org/10.1016/j.jhsa.2018.01.001
https://doi.org/10.1016/j.jhsa.2018.01.001
https://doi.org/10.1016/j.injury.2015.05.032
https://doi.org/10.1016/j.injury.2015.05.032
https://doi.org/10.1016/j.injury.2015.05.032
https://doi.org/10.1007/s00590-018-2329-1
https://doi.org/10.1007/s00590-018-2329-1
https://doi.org/10.1007/s00590-018-2329-1
https://doi.org/10.1007/s00590-018-2329-1
https://doi.org/10.1371/journal.pone.0197768
https://doi.org/10.1371/journal.pone.0197768
https://doi.org/10.1371/journal.pone.0197768
https://doi.org/10.1007/s00264-009-0862-6
https://doi.org/10.1007/s00264-009-0862-6
https://doi.org/10.1007/s00264-009-0862-6
https://doi.org/10.1007/s00264-009-0862-6
https://doi.org/10.3923/pjbs.2012.524.529
https://doi.org/10.3923/pjbs.2012.524.529
https://doi.org/10.3923/pjbs.2012.524.529
https://doi.org/10.3923/pjbs.2012.524.529
https://doi.org/10.1007/s00064-009-1908-z
https://doi.org/10.1007/s00064-009-1908-z
https://doi.org/10.1007/s00064-009-1908-z
https://doi.org/10.1016/j.jhsa.2019.10.037
https://doi.org/10.1016/j.jhsa.2019.10.037
https://doi.org/10.1016/j.jhsa.2019.10.037
https://doi.org/10.1016/j.jhsa.2019.10.037
https://doi.org/10.1016/j.jhsa.2006.01.005
https://doi.org/10.1016/j.jhsa.2006.01.005
https://doi.org/10.1016/j.jhsa.2006.01.005
https://doi.org/10.1016/j.jhsa.2006.01.005
https://doi.org/10.1302/0301-620X.90B12.20808
https://doi.org/10.1302/0301-620X.90B12.20808
https://doi.org/10.1302/0301-620X.90B12.20808
https://doi.org/10.1302/0301-620X.90B12.20808
https://doi.org/10.1016/j.jhsa.2008.11.023
https://doi.org/10.1016/j.jhsa.2008.11.023
https://doi.org/10.1016/j.jhsa.2008.11.023
https://doi.org/10.1016/j.jhsa.2008.11.023
https://doi.org/10.2106/JBJS.OA.18.00055
https://doi.org/10.2106/JBJS.OA.18.00055
https://doi.org/10.2106/JBJS.OA.18.00055
https://doi.org/10.1046/j.1365-2613.2000.00162.x
https://doi.org/10.1046/j.1365-2613.2000.00162.x
https://doi.org/10.1016/j.hcl.2019.03.005
https://doi.org/10.1016/j.hcl.2019.03.005
https://doi.org/10.1186/1749-799X-9-21
https://doi.org/10.1186/1749-799X-9-21
https://doi.org/10.1186/1749-799X-9-21
https://doi.org/10.1002/micr.30189
https://doi.org/10.1002/micr.30189
https://doi.org/10.1002/micr.30189

Arch Hand Microsurg 2021;26(3):141-151 Archives of Hand and Microsurgery AHM

HERZMS Set TS =t S014 2 240 SHE0| 0]X=

X FME SRE0IM st 20|4&(vascularized bone graft)2 HO| AIYE D QUOLL Syt M FEE0N Fs F= A0
fHet ok B2 oPdMO|LE. 0]0] MAS2 HEFZAE 0|80, o5 2R A0 EC10| Fitet 20|M=9 20| 0|X|=
ks 2MotAUCHPROSPERO S5 HS: CRD42021265786).

HHH: 20204 117X MEDLINEXZ EmbasedlA ‘scaphoid AND (vascularized OR vascularised OR flap OR pedicled) 2 A=

22 29| ARAI} BAGIH FAS SRENA st S0/AES AR XL 4= E= HISS &2l 7
MU SCAL HIE0| REE, FEVIT 7I1SH HIt FASH It B#E 25 e, YHS g2 F=XIE HE

HEML SIYETH 242 S50 2A6IUC

ascularized) 20[A&0M S0 B QEEQ| QoI5 S| MELUA T, Q2| E&SHfree vascularized)0| A

E ed v

SN = RV Folet YO YA 2= RACt
A

=

B
40
oY
et
r_E
%\
[0}

o
g
0

JE 2FYE MM G S0/MES 1Y I SR B2 =F7E /H5E0| AN FOIE QBT

MOITHO: YT, 7HIE, st Z0|4s, 89, HEEY
B4 20214 62 242 Y 20214 78 272 AREYY 20214 78 27Y
w MR St

11759, AFEA SY=Z 712, HISX| St HA HHLt
TEL 031-951-1777 FAX 031-951-1009 E-mail Donghwan@eulji.ac.kr
ORCID https://orcid.org/0000-0002-8607-4697

https://doi.org/10.12790/ahm.21.0106 151



	서론
	대상 및 방법
	결과
	고찰
	결론
	CONFLICTS OF INTEREST
	ORCID
	REFERENCES

