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Table 2. Method of assessment in clinical result (by Maudsley and Chen?)
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AuHS SHAE 74971 109 (Acutrak WA} 5, K—741 49,
nle] UAR o)), T 5 Aoz AR A= 390 AU
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Assessment Clinical

Result i Tenderness Stiffness

Excellent (G1) () () 0

Good (G2) Mild () Mild

Fair (G3) Discomfort  (+) Restriction in full motion

Poor (G4) {+) Interfering normal work

. Radiological
Economic
Appearance
No limitation {+ Normal
Slight limitation (+) Fair
Avoidance of prolonged use () Good clear outline
Lighter type work ) Poor outline
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Fig. 1. (A) Radiographs of 23-year-old male patient shows a scaphoid nonunion at 7
months after K-wire fixation as a primary treatment. (B) Computed tomography image
shows nonunion with sclerotic change. (C) Postoperative radiographs. Herbert screw and
Leibinger screw were used for fixation. (D) Radiograph at one year after revision
osteosynthesis shows bony union.
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Fig. 2. (A) Computed tomography scans of 24-year-old male patient who had a scaphoid nonunion after 15 months from
primary fixation. (B) Removal of screw and fixation using Kirschner wires were performed as second operation.
Radiographs taken after removing K-wires shows failed union at 8 months after second operation. (C) Radiographs after
the third operation. Scaphoid nonunion was treated with Herbert screw and mini screw fixation combined with autoge-
nous cancellous bone grafting. (D) Follow-up radiographs at 14 months after the third operation shows successful union.

88

www.handsurgery.or.kr



JOURNAL OF THE KOREAN SOCIETY FOR SURGERY OF THE HAND

Min Jung, et al. Revision Osteosynthesis after Failed Surgery for Scaphoid Nonunion

I\
Ou‘.
>~

]_

’

lateral intrascaphoid angle)S S48t S WAL
& o]g3ste] A (scapholunate angle)S
Wilcoxon signed-rank testE F3al|4 Also] o2
AeE vlusiglet, 7 Zte= AR S =o]7] fld 39e
227t 2314 S8 & 1 Hatdka A =skoith

3}

s AR & 25 A TA7HA o Bt 7178 16,9704
(91: 12-4371€)ol A, 12¢] 5 11lolA A& 5 Bt 4
N Z/hE Aot} FE 2o gt YA} &) 4
gt A1, et A9 T 7He] AHo| o] R R A] oL
A7E A=l 397 39|, WigEo] U= AYEA|
U2 7L 29 T w7148 SHol A% ACRE ARES)
t}, FA-YAZH(scapholunate angle)S Alujst Uz =&
Tof| Bt 50.1° (M) 38.5°-76.5" )= SHE oY Al
Bo= 471 (9 36.5°-63.6" )= #A3FATE Wilcoxon
signed-rank test 2}, A= fon|3t Ak vet
WATHp<0.05). vi& 7HA &4 22 (dorsal intercalated
segmental instability)2 2ol 60° oA FA-YAZS
Fa A 1ooA 76' 2 SAEYoU & F 632 A5

A

i o 0%

-

1o ‘g JlN’ rx,

iih3

N

(anteroposterior intrascaphoid angle)2 Alufjst

Tof Bt 20.8" (HS]: 23.8°-41.9)E SN o A5
T 25.7 (9] 20.7-32.1)& #Aasiqith SH 4= W
Z+(lateral intrascaphoid angle) ¥ A% FARE Uzt
(anteroposterior intrascaphoid angle)2] H3} H5&
Wilcoxon signed—rank test 23} 22} =& 25 FATH S
= ou] Q= e 2AS BYTHp0.05). A Y 4lg =
(intraobserver reliability)s= Spearman A3 Al 4 4

i

¥} 37 9] H7AF Z3% i A A7) 2= 187 el
A p—value0.05, A3 A4 0.637-0.9639] Al2|=gs B3
o}, IA7E AlE] % (interobserver reliability)« 4 A%
Al%=(intraclass correlation coefficient) 24 A3} +& A
3 3709 Z4x 67 FEAA p-valued0.01, A A
0.955-0.976 0.2 =& AlZ=g R glrh",

www.handsurgery.or.kr

2E FA9 23 24L el AMEEF Maudsley?} Chen®
o] 7ol w2 W 7o|oflA] 55 E HE-S TAGEA] ook -
S(grade 1) 270& B}, 49o)A= & ARth= SA0] &
A Fglot EFolu T4 Aol B5 E YEE TAE)
S(grade 2AAE Bt} 19of|4= g0l Alsta o
Zof] Zof7t 9l& Fr 9] F55 Hol= Ef(grade )4
UERSIc} A% SHAE 394 $-<=(grade 1)
S Hon oA UdT(grade 2) AAS HIh 2904
H-&(grade 3272 UEPHoH | 1904 & (grade )44
S Bk Aes & 9 25 Hle 250 & A Bt
31° (8Y: 10°-557)0llA Hat 517 (H: 10°-80°), AlHo] &
B 35 (H9]: 20°-55))lA Bt 65 (H<]: 30°-80°),
A Bt & A Bt T (H9): 5-107)0lA B 157 (F
91 5-20°), A& ¥t & A Bt 117 (HY: 10°-20°)0l|A]
21° (A9 15°-30")= bt AAA U THollA -
(grade 1) 27, 4%o) = FS(grade 2) 24, 18]l 1
ol = Eek(grade 4) 242 B}

0%

ox rr

B
o oz

s

a

K
R

we ik
flo

2

i)

ol

il

A 2= et shej ke oF 5-10%014]
FIE Y HEHE 7
S 9 Y9
O] Y9 Hd
of §1AIste] -l
BEHEQ] 75& 43
, IS, A9 A1) 5
oA LHFE Fo]
TF2E 7L Qlo] T Y9)Rol Hlste] Azt
i B ok, whebA] 9 = oA ZEo] Ay
Joll= ¢ SFEHY 84 YAt dojd 7hsAol =
oA BEREEE o ¥ vERdEer, 2958 34
203 B E0] 30-40%E =2 S Holt),
2] ERgel digt &4 A7 Ao e ®ig
I 2 Nakamura 52 549 o4 413t 2173,
3t FHO| 584 It S H

Jo
]I,?_‘i
L
32
o
f
o B

&

EO;
ol

%0,
lo
g v
re ‘1)’
i

19 HG

of

,ﬂ
to o

2

]
w e

il

1o
ol

2 (2 1o koo
N
=)
i
o
>.
o=
[

(

roox 2 H
N
(o3
ot
oft
Ol
ol

flo

u

Ho

o, T
rJ

j-)l
Ni
O
ok
lor
U
o
N
N
:?I:
>
=)
ol
jus)

X

o I
et
_10
i
rlo
fo
A
).

K<)
o
°
ol
2
A
fr
Sn)
(o
o

r o 4o
ol o

L

b fr o
/

- 12 W oF

o R ol met mi 2 Oh
ro H

o
i)
4
ix
i

N
O:
i
e
Jo
ot

S~
>
)
2
>
i
N
2



JOURNAL OF THE KOREAN SOCIETY FOR SURGERY OF THE HAND

J Korean Soc Surg Hand Vol. 16, No. 2, June 2011

U102 AEIHATE & F WA AL ApolA] 2919k 9]
Bozke] Aol olojx|x] ¢ APt ASE A97 30]
9913, CTARIA Hmggo] Foom 4HelsA) e 45
2 gololA] £ 4= Slgich WA AAE e A9E A9
U ZA 0.z Qg BebAle] Qs A9, Tola] 5 A ¥
19 S AT HolA o) astel s
o

&3] K—7J A, Acutrak YAL
AO YAL, Herbert YAE 5-o] ARS-EITH 2 Atoll A= 14 4
< 129 F, 69994 Acutrak WAF, Soflofl Al K734, 19|
A ade] W WidEE ARkl Schumd T
183919] = EE THH R AT =24 1%
WL ool 2 FFE FA Gkl syl A9k A
AU Fo% WY (humpback deformity)olA*3 HEo|
151 749 Acutrak WA} Herbert YA 5 oF8FE LAR]
9]} 041041"?—01] AR et s Agd 4= 9= 54
AL Qo] SR FAEY FEES =l ol A
Wargso ]a}gj_/,: L i = 1 R ‘/V\}‘r—z Ag-gt
2HE Acutrak AR ARSI OLE Y%

A ekt A8 9 913 Ak¢lo] o‘ﬂ'ﬂx 0}5‘3}‘34
o] Qhdheo] AEEA] oot Wiyee i
Ritter®} Giachino™= 34949 ﬂx}i AFO R 3F AtoflA
YWoAEZ K-741, Herbert WA 2 AO 43 YAKcan—
nulated screw)E AR Al - H]J’ﬂ_ﬁ} At K-7HAS A
B3 ol & FRATA] Q5= Al7te] B 71 AL
SIATE Merrell 52 1,82799] F4E EFES o=
gk Aol A K- o= et A-(17%2 #s)Ech U
AFR AR A04%] EREE)IN B =2 REES K

o>
N ‘10[‘
XN

ot

-

R T R w B U T
ooy o
N Ho

¢

o

ﬁ

=0]4] K713 WA ZolAl( 1nterpos1tlonal wedge
bone graft), A&+ Zo]4](maltese cross bone graft), &
#3} ZolAl(vascularized bone graft) 50 AREEAL QiT},
WA Zol A4S Russe7} 2okt on) #&20] g2 HF
o= A 1L 9l oL} ZHHF o] A3l AL Qg o] WolA 1 U
e AlFEHA] 7] wiize] o]® QIgk Thde] Slrt Kang
T 149 dRE R AT Bl diste
Herbert YA WiAsHA =], e AlElolA 78 2o
FEENA = Ao 5 HolA| Aot siHES o] A3t 9o

90

A= Bt 18,55 Fofl f8= %L, AAEE(bone block)<

o A5t 5efloflAl= Hat 2115 ol o] E ik Harst
AU}, FdE SRl tisl ZolAls 227HA] Aldigt 790
13 Hz: Aof w8 f3HE0] 60%2 oAl Aoz Bl
H vh Stk A 02w 221 FolAlE AldiE 2HA1e] 67%0l
e F Tole 0] ALEs ZAoR Hag v ooy,

Kang & 745 o4 9 2ol tisl g 2k == A3
< Aufet SRS e E FAE 3919 B4 Wt A
Y& A] 052 Boflof|A] sfHEol A% 9 Herbert WAF Wil
S AR 4y} 59 mRollA 73 PolWltt Reigstad
502 1809 43 B4t Bl 1‘41611 ol 2
I ES AR Aat 169004 78 Hol 8979 REES
Hskgie},

2 A A 5 1ol A= B Bl 24 o] Acutrak
WA R K- 0= oju] = A e AL, ThA
Herbert UARE 0] 83} 32} 442 EYo|A] Alssle] E3t

= ApEe] Fo| 4 AMUUYSNE A4EE FEI H4Y
W oy 5 ehd B WEkE el o] T4 S2E 4%

o i

(four corner fusiony& Al 4= Hrofl ¢lolt}, 32t & &
CT 2774 Wik 148E ool YA F9lol= 244 44
< Boh Eeh b RS 2R Bl B E g
A&H 02 546kglal, 5 M9lE 23 107, 414 30°, &
= WY 5, A W 15 & uf$ AT AAS Bt o]
upe} Y] 4] = f3HE(four corner fusion)s Al 85
th, 7120 v A2l 22| s Qlete] ZadS Holal
2Jo] QA TA A W) APE Ao] i Almjje] Yol
2 Al=HY, Smith?} Cooney”+= 25919 & & 73
Aol ths], 199f|oflA Apstod, 150 ol A] % o= dojd
= Aol A, TS BTl A&GE St BT
3 Bsp7} ofu] g Aoz, o] QE} 0}1313}5 =4
o] TAE Kol °]E7] ozoll, Fee &71 gk vhEA 4
& Hrhe eSS Aldske 2] AdsiaL siqlct,
WA -7—* =] WA WY 9 =9 2= 1
79 o RS BT 99 F shuE dEA Sl
B Ao M = FA-E A (scapholunate angle), A% E =
W lﬂ ZHanteroposterior and lateral intrascaphoid

O
r

1

=

angle)?] 247kl Ales ;ﬂ;r_ Ao _413] Q= 7ha
HI = E%E]r(p@ 05). thE-E9] kx| A Al4s Ao =

Wzko] A W) el EAI5AY] thel A 30 Zw
ZHa7h 2ot AAAl QRS =t 3 2= 919

27071 TOHAM
e Al A 27 o] A U Aekiol AAe A
[e)

www.handsurgery.or.kr



JOURNAL OF THE KOREAN SOCIETY FOR SURGERY OF THE HAND

Min Jung, et al. Revision Osteosynthesis after Failed Surgery for Scaphoid Nonunion

a1 et 4= BAS SN WA Aoz A 2
weo] Aak 2 9 BHANA LAo] AT e A9
BOHG WHOE Qldte] WA a0t o]Z QT HRT
o A&HA B AT J 2L B JuR L 47|08
P47 R o)k

AT 12019] FALE RO Blo] Liool A At
SOl A BHHE Herbert LA} Y448 5] 293
RS B4 08 4 9l5le) A 315 g A o
AO] 548 WO BATIO] A4Eo] Ao Aldte
2400 IO 2olte] 44 8 4 7519] Sl sl

of Qloji= dAlE = 7
I e JAso|Y dist Fo

graft)o] opd A7} sEol4] 2
IR wS Fof WA R3at

N
N
jakad
)
of
ol
X
N,
o
i
N,

o
aad
rlo
oﬁ
—[o

1<% (vascularized bone

141
Herbert YAFE o83 U]
WA DR 5 2

it

°‘5<} )\’\Oﬂ *'JH??} FE ERgoldt stujte #bE
Y= 2 790l 2lojAl= Herbert
AR O]‘lﬁ} Hige d A7) sfHBol e 783 A=
W 59 st Az,

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

2. Matti H. Technik and resilte, meiner pseudoarthosen-
operation. Z Chir. 1975;63:1442-53.

3. Cooney WP, Linscheid RL, Dobyns JH, Wood MB.
Scaphoid nonunion: role of anterior interpositional
bone grafts. ] Hand Surg Am. 1988;13:635-50.

4. Dias JJ, Taylor M, Thompson J, Brenkel IJ, Gregg PJ.
Radiographic signs of union of scaphoid fractures. An
analysis of inter-observer agreement and reproducibili-
ty. ] Bone Joint Surg Br. 1988;70:299-301.

5. Fernandez DL, Eggli S. Non-union of the scaphoid.
Revascularization of the proximal pole with implanta-
tion of a vascular bundle and bone-grafting. J] Bone
Joint Surg Am. 1995;77:883-93.

6. Reigstad O, Thorkildsen R, Grimsgaard C, Reigstad A, R
¢kkum M. Is revision bone grafting worthwhile after

www.handsurgery.or.kr

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

failed surgery for scaphoid nonunion? Minimum 8 year
follow-up of 18 patients. ] Hand Surg Eur Vol. 2009;34:
772-7.

Herbert TJ, Fisher WE. Management of the fractured
scaphoid using a new bone screw. ] Bone Joint Surg Br.
1984;66:114-23.

Maudsley RH, Chen SC. Screw fixation in the manage-
ment of the fractured carpal scaphoid. ] Bone Joint
Surg Br. 1972;54:432-41.

Bunker TD, McNamee PB, Scott TD. The Herbert screw
for scaphoid fractures. A multicentre study. ] Bone
Joint Surg Br. 1987;69:631-4.

Shrout PE, Fleiss JL. Intraclass correlations: uses in
assessing rater reliability. Psychol Bull. 1979;86:420-8.
Ring D, Patterson JD, Levitz S, Wang C, Jupiter JB. Both
scanning plane and observer affect measurements of
scaphoid deformity. ] Hand Surg Am. 2005;30:696-701.
Botte MJ, Mortensen WW, Gelberman RH, Rhoades CE,
Gellman H. Internal vascularity of the scaphoid in
cadavers after insertion of the Herbert screw. ] Hand
Surg Am. 1988;13:216-20.

Green DP. The effect of avascular necrosis on Russe
bone grafting for scaphoid nonunion. ] Hand Surg Am.
1985;10:597-605.

Nakamura R, Horii E, Watanabe K, Tsunoda K, Miura T.
Scaphoid non-union: factors affecting the functional
outcome of open reduction and wedge grafting with
Herbert screw fixation. ] Hand Surg Br. 1993;18:219-24.
Inoue G, Shionoya K, Kuwahata Y. Herbert screw fixa-
tion for scaphoid nonunions. An analysis of factors
influencing outcome. Clin Orthop Relat Res. 1997;(343):
99-106.

Schuind F, Haentjens P, Van Innis F, Vander Maren C,
Garcia-Elias M, Sennwald G. Prognostic factors in the
treatment of carpal scaphoid nonunions. ] Hand Surg
Am. 1999;24:761-76.

Fowler JR, Ilyas AM. Headless compression screw fixa-
tion of scaphoid fractures. Hand Clin. 2010;26:351-61.
Ritter K, Giachino AA. The treatment of pseudoarthrosis
of the scaphoid by bone grafting and three methods of
internal fixation. Can J Surg. 2000;43:118-24.

Merrell GA, Wolfe SW, Slade JF 3rd. Treatment of scap-
hoid nonunions: quantitative meta-analysis of the liter-
ature. ] Hand Surg Am. 2002;27:685-91.

Adams JD, Leonard RD. Fracture of the carpal scaphoid.
A new method of treatment with report of one case. New

91



JOURNAL OF THE KOREAN SOCIETY FOR SURGERY OF THE HAND

21.

22.

J Korean Soc Surg Hand Vol. 16, No. 2, June 2011

England ] Med. 1928;198:401-4. Joint Surg Am. 1985;67:428-32.

Kang ES, Kang HJ, Lee JM, Shin SJ, Hahn SB. Comparison 23. Kang HJ, Jung SH, Park SH, Lee SK, Hahn SB. Revisional
between Kirschner’s wire and Herbert’s screw fixation in surgery for scaphoid nonunion. ] Korean Soc Surg Hand.
scaphoid nonunion. J Korean Soc Surg Hand. 1999; 2008;13:8-14.

4:151-8. 24. Smith BS, Cooney WP. Revision of failed bone grafting
Ruby LK, Stinson ], Belsky MR. The natural history of for nonunion of the scaphoid. Treatment options and
scaphoid non-union. A review of fifty-five cases. ] Bone results. Clin Orthop Relat Res. 1996;(327):98-109.

Revision Osteosynthesis after Failed Surgery
for Scaphoid Nonunion

Min Jung, MD, Yun-Rak Choi, MD, IlI-Hyun Koh, MD,
Young-Jin Kim, MD, Ho-Jung Kang, MD

Department of Orthopaedic Surgery, Yonsei University College of Medicine, Seoul, Korea

Purpose: The purpose of this study was to evaluate the outcomes of revision osteosynthesis using Herbert screw fixa-
tion combined with autogenous cancellous bone grafting for scaphoid nonunions after failed primary surgery.
Materials and Methods: Twelve patients who underwent revision osteosynthesis for a scaphoid nonunion after a
mean of 13.6 months following primary surgical failure were studied. There were 9 waist fractures and 3 proximal
fractures. The revision osteosynthesis was performed using autogenous iliac cancellous bone grafting combined with
Herbert screw fixation.

Results: Union was achieved in 11 of 12 cases. The results of eleven united cases were clinically satisfactory at the
mean follow up of 16.9 months after revision. The motion range of wrist joint improved: average flexion was 51°,
average extension was 65°, average radial deviation 15°, and average ulnar deviation was 21°.

Conclusion: Herbert screw fixation and autogenous iliac cancellous bone grafting was proved to be a useful method

as a revisional operation for a scaphoid nonunion after failed primary surgery.
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