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Fratture e Pseudoartrosi
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• Le fratture dello scafoide sono lesioni comuni e 
rappresentano circa l'80% di tutte le fratture carpali

• Il trattamento delle fratture e delle  pseudoartrosi dello 
scafoide carpale è un argomento molto dibattuto in 
letteratura

o per l’elevata incidenza di tali lesioni
o per la difficoltà della diagnosi
o per la scelta del trattamento 

• La pseudoartrosi è l’evoluzione naturale di una frattura che 
non è giunta a consolidazione ed ha perso la capacità di 
ottenerla. L’incidenza di tale evento varia dal 5% al 50% dei 
casi nelle casistiche riportate dai vari autori.

• Le cause che possono favorirla sono riconducibili ad una 
mancata diagnosi, oppure al fallimento di un trattamento 
conservativo o chirurgico.



Gli obiettivi quindi da raggiungere 

affrontando questo spettro di lesioni sono:

• Rispristino della anatomia

• Ripristino della biomeccanica 

• Consolidazione 

• Recupero articolare 

• Riduzione del dolore 

• Ritorno precoce all’attività lavorativa

OBIETTIVI



ANATOMICHE

• La superficie è per l’86% articolare con un 
rivestimento di cartilagine ialina 

• La superficie non articolare è ristretta e localizzata 
in corrispondenza del corpo dove sono presenti 
numerosi forami per i vasi sanguigni e si inseriscono 
i legamenti e la capsula 

PECULIARITÀ DELLO SCAFOIDE



VASCOLARI

• Vasi latero-volari raggiungono lo 
scafoide disto-lateralmente alla 
superficie articolare con il radio

• Vasi dorsali penetrano nell’osso lungo 
la cresta spirale del corpo

• Vasi distali entrano nell’osso dalla 
superficie volare del tubercolo

BIOMECCANICHE

Movimento, stabilità e trasmissione della 
forza sono il risultato di un’interazione 
complessa fra le articolazioni della radio-
scafoidea e della radio-carpica

Leitthema

Abb. 48 Blutversorgung des Kahnbeins von dorsal aus gesehen (mit
freundl. Genehmigung vonM. F. Langer)

Abb. 58 Blutversorgung des Kahnbeins von palmar aus gesehen (mit
freundl. Genehmigung vonM. F. Langer)

Abb. 68 Bewegungendes Kahnbeins vonder Palmarflexion (rot) inddieDorsalextension (blau) (mit
freundl. Genehmigung vonM. F. Langer)

nopalmar. Die beiden Gelenkflächen zu-
sammengenommen haben nachMorito-
mo[42]einendurchschnittlichenWinkel
von 68° (55–90°) zur Sagittalebene des
Handgelenks.

Das Kahnbein hat am Gewicht aller
Karpalknochen einenAnteil von 17,19%
und istmit40 %desGewichtesdergrößte
Knochen in der ersten Karpalreihe, aber
nach dem Os capitatum nur der zweit-

größte Knochen derHandwurzel [27, 38,
40].

In der Arbeit von Heinzelmann wer-
den folgende Werte angegeben: Die
maximale Länge des Kahnbeins ist bei
Männern mit 31,3 ± 2,1 mm um etwa
4 mm länger als bei Frauen mit 27,3 ±
1,7 mm. Dies entspricht auch etwa den
Erfahrungswerten bei der Osteosynthe-
se des Kahnbeins, bei der zwangsläufig
nicht diemaximale Länge des Kahnbeins

ausschlaggebend ist, sondern die opti-
male Schraubenposition. Viele Autoren
sprechen von einer durchschnittlichen
Schraubenlänge [45] für das Kahnbein
bei Männern von 24 mm und bei Frauen
von 20 mm.

Nach den Messungen von Le Minor
2001 [40] und Heinzelmann 2011 liegt
die Breite des Kahnbeins im proximalen
Polbereich bei 4,5 ± 1,4 mm für Männer
und 3,7 ± 0,5 mm bei Frauen.

Der mittlere Abschnitt (Corpus) des
Kahnbeins hat eine Breite von 13,6 ±
2,6 mm bei Männern und 11,1 ± 1,2 mm
bei Frauen.

Der distale Pol des Kahnbeins hat eine
Breite 7,2 ± 1,0 mm bei Männern und
7,2 ± 1,2 mm bei Frauen.

Kong [34] gibt bei seinen Untersu-
chungen für chinesische Männer und
Frauen folgende Werte an (ab- und
aufgerundet):
4 Maximale Länge des Kahnbeins bei

Männern 27,9 ± 2,5 mm, bei Frauen
26,5 ± 0,6 mm.

4 Breite des Tuberculums: Männer
6,8 mm, Frauen 6,3 mm.

4 Höhe des Tuberculums: Männer
11,4 mm, Frauen 10,8 mm.

4 Breite des Corpus: Männer 12,2 mm,
Frauen 11,7 mm.

4 Minimaler Durchmesser der Ska-
phoidtaille: Männer 6,6 mm, Frauen
6,4 mm.
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Abb. 79 Bewegungen
des Kahnbein von der Radi-
alduktion (rot) in die Ulnar-
duktion (blau) (mit freundl.
Genehmigung vonM. F.
Langer)

Abb. 88 MinimaleBewegungendesKahnbeinsbei derdart-throwind-motionvon radiodorsal (blau)
nach ulnopalmar (rot) (mit freundl. Genehmigung vonM. F. Langer)

4 Breite des Sulcus scaphoidei distal:
Männer 6,9 mm, Frauen 5,8 mm.

4 Breite des Sulcus scaphoidei im
Corpus: Männer 5,5 mm, Frauen
4,5 mm.

4 Breite des Sulcus scaphoidei proxi-
mal:Männer 4,7 mm, Frauen 4,0mm.

In vielen Literaturstellen wird der Anteil
der Knorpeloberfläche an der Gesamt-
oberflächedesKahnbeinmit70–80 %an-
gegeben [48]. Nach den Messungen von
Botte [9] liegt aber die Gesamtoberfläche
des Kahnbeins bei 1482 ± 212 mm2. Die
artikulierende mit Knorpel überdeckte
Fläche des Kahnbeins liegt bei 622 ±
95mm2 und die nicht artikulierende Flä-
che bei 860 ± 137 mm2. Damit umfasst
die artikulierendeKnorpeloberfläche des

Kahnbeins 42% und die nicht artikulie-
rende Oberfläche 58%.

Gefäßversorgung des
Kahnbeins

Die hohe Anzahl von Pseudarthrosen
nach Kahnbeinbrüchen hat viele Ursa-
chen. Die wichtigsten Gründe sind:
4 Die gegenläufige Verdrehung der

beiden Fragmente (Humpback-
Deformität), sodass die Kontaktfläche
nur gering ist.

4 Die große Beweglichkeit der Frag-
mente in unterschiedliche Richtun-
gen bei schon geringen Handgelenks-
bewegungen, sodass entstehende
Kallusbrücken immer wieder zerrei-
ßen.

4 Die schlechte Durchblutung des
proximalen Fragments, sodass sich
dieses proximale Fragment nicht an
der Knochenbruchheilung beteiligt.

Die Regionen, in denen Blutgefäße
in das Kahnbein ziehen können, sind
durch die großflächigen Knorpelüberzü-
ge (42–80 %) begrenzt. Bei Operationen
im Bereich des Kahnbeins können diese
kleinen Gefäße innerhalb der Kapsel-
strukturen kaum dargestellt werden, und
esbesteht dieGefahr, dass diewichtigsten
Blutgefäße zum Kahnbein unabsichtlich
durchtrennt werden.

Aus diesem Grund ist die Kenntnis
der Blutgefäße zum und innerhalb des
Kahnbeins von besonderer Bedeutung.

DasKahnbeinwird durch seine radia-
le Lage imHandgelenk entsprechend von
radial, also aus der A. radialis mit Blut
versorgt [16, 21, 24, 26, 34, 36, 47, 57]. Im
Bereichder Tabatière zieht die A. radialis
von proximal palmar kommend radial-
seitig am Kahnbein vorbei nach dorsal
distal über das Os trapezium zur Basis
der 1. Kommissur um hier wieder nach
palmarzuziehenunddenArcuspalmaris
profundus zu bilden (. Abb. 4). In die-
semAbschnitt der A. radialis finden sich
palmarseitig drei mittelgroße Abgänge,
dorsalseitig vier mittelgroße Arterienäs-
te und radialseitig mehrere kleine Äste
zum Tuberculum scaphoidei (. Abb. 5).

Auf der Palmarseite kommt zunächst
derArcusradiocarpalispalmaris,auchals
A. carpi transversa palmare bezeichnet,
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CLASSIFICAZIONE DELLE FRATTURE E PSEUDOARTROSI DI SCAFOIDE

Classificazione Krimmer / Herbert
(basata su TC di fratture dello scafoide) 

Tipo A: fratture stabili 
• A1 frattura del tubercolo, 
• A2 frattura composta del corpo, 

Tipo B: fratture instabili 
• B1 frattura trasversale, 
• B2 frattura scomposta della corpo,
• B3 frattura del polo prossimale,
• B4 associata a lussazione trascafo-perilunare del carpo
• B5 frattura pluriframmentaria del corpo

Tipo C: ritardo di consolidazione

Tipo D: pseudoartrosi
D1 pseudoartrosi fibrosa
D2 pseudoartrosi sclerotica 

from branches of the radial artery, which enter at the waist and
course in a retrograde manner to supply the proximal pole. As a
consequence, the prognosis of proximal fractures is worse than for
distal fractures.15

Treatment options and outcomes

Undisplaced scaphoid waist fractures

The majority of undisplaced scaphoid fractures can be treated in cast
with union rates of 88% to 95%.16–18 Inclusion of the thumb confers
no advantage.19 A recent systematic review by Dias et al. compared
operative and conservative treatment of undisplaced fractures and
showed that percutaneous fixation resulted in a seven-week earlier

return to work and five-week earlier union. These benefits were not
seen with open reduction and internal fixation. In addition, there is a
30% minor complication rate in patient managed with open reduc-
tion and internal fixation, which needs to be balanced against any
potential benefits. The conclusion was that the majority of undis-
placed scaphoid fractures can be treated in cast with good results.18

For some patient groups, for example, manual workers, it is sug-
gested that the benefits of early return to function and faster union
with percutaneous fixation outweigh the risks.20–22 However, a recent
study by Geoghegan et al. suggested that below elbow cast immo-
bilization for as little as four weeks may be sufficient treatment for
undisplaced fractures, with 86% of patients showing fracture union
on CT at four weeks. In this study, the majority of these patients

Fig. 1. Herbert classification of scaphoid fractures.2

Treatment of acute scaphoid fractures 119

© 2012 The Authors
ANZ Journal of Surgery © 2012 Royal Australasian College of Surgeons



STABLE FRACTURES
(Herbert / Krimmer A2)

UNSTABLE FRACTURES
(Herbert / Krimmer B1-B2-B3)

CONSERVATIVE MINIMAL INVASIVE APPROACH 
WITH CANNULATED SCREW

MINIMAL INVASIVE APPROACH 
WITH CANNULATED SCREW

OPEN APPROACH WITH 
CANNULATED SCREW

FOREARM PLASTER 
CAST 6 – 8 WEEKS

EARLY MOBILIZATION

XR AND CT AFTER 6 – 8 WEEKS

CONSOLIDATION

MOBILIZATION

EARLY MOBILIZATION
IMMOBILIZATION

IF NECESSARY

XR AND CT AFTER 6 – 8 WEEKS

ALGORITMO DI TRATTAMENTO

CONSOLIDATION

MOBILIZATION



PLACCA DI SCAFOIDE

Caratteristiche 
• Eccellente stabilità della riduzione dovuta alla struttura 

della griglia
• Due barre nel mezzo mantengono in posizione l'innesto 

osseo
• È possibile posizionare fino a 3 viti TriLock su ciascun 

lato della placca
• Placca anatomicamente presagomata per un uso 

intraoperatorio semplice e veloce
• I fori marginali hanno solo una barra per adattarsi 

facilmente alla forma dello scafoide
• Bloccaggio angolare variabile (± 15 °) in ciascun foro 

della placca
• Placca a basso 0,8 mm 



Le fratture di scafoide e le PSA guariscono per guarigione primaria; non creano callo. La guarigione 
dell'osso primario richiede stabilità rigida e contatto diretto con l'osso dei frammenti di frattura. 
La compressione attraverso il sito di frattura o di pseudoartrosi può certamente essere vantaggiosa, ma 
non è un requisito 



COSA SUGGERISCE LA LETTERATURA

Treatment of nonunions of the scaphoid with the
Ender compression blade plate system
A relatively high failure rate is associated with bone grafting with or without screw fixa-
tion in scaphoid nonunions. Complicating factors include avascular necrosis, cystic degener-
ation, and osseous size discrepancy or compromise. The Ender blade plate is suitable
for adding stability in these cases, in spite of the necessity for late removal and the possibility
of articular impingement. Twenty patients were treated with this technique. Nine of these
patients had had previous unsuccessful attempts at nonunion repair. Nineteen had satisfactory
results, but one had a persistent nonunion. The use of the Ender blade plate system is applicable
for treatment of these difficult cases that are not ideally suited to compression screw fixation.
(J HAl';D SURG 1991;16A:913-22.)

Donald R. Huene, MD, Fresno, Calif., and Donald S. Huene, MD, Stanford, Calif.

Treatment of the nonunion of the scaphoid remains
an enigma, and no fixation device that is presently
available is consistently successful. J. 2 Internal fixation
with the use of a Herbert compression screw and the
Huene alignment guide leads to an. excellent result in
properly selected patients.' Unfortunately, the results
are less satisfactory in patients who have avascular ne-
crosis of the proximal pole, fragments of dispropor-
tionate size, or cystic degeneration of the midwaist por-
tion. These conditions are not suitable for screw fixation
because of the diminished and limited holding power
of the screw threads." The Ender blade plate has been
used for internal fixation of this type of established
scaphoid nonunion."
Numerous operative procedures for nonunion of the

scaphoid have been reported in the literature." Matti-
Russe bone grafting technique is a common operative
procedure that uses autogenous bone graft without in-
ternal fixation."Nevertheless, Russe-type bone grafting

From the Division ofOrthopaedic Surgery, Stanford University, Stan-
ford, Calif.
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does have failure rates that range between 10% and
25%.8
Other treatments include the use ofa pronator quadra-

tus pedicle bone graft flap," allografts with the Herbert
bone screw, 10 or vascularized free grafts from the ulnar
artery. II These studies have had good results in these
difficult situations, but long-term clinical efficacy has
not been completely documented.
Compression osteosynthesis with the use of a scaph-

oid staple provides stability, and like the Ender plate,
provides resistance to rotational shearing, but the staple
does not afford dynamic compression at the site of the
nonunion.'! This procedure has similar disadvantages
to external application of the Ender blade plate in that
it may impinge on articular surfaces. Although the ne-
cessity for Ender plate removal is a disadvantage, me-
ticulous inspection of the nonunion site affords precise
knowledge of the osseous integrity of the scaphoid.

Methods
Between 1985 and 1988, 20 consecutive patients with

complicated scaphoid nonunions had internal fixation
with the Ender blade plate and were studied at least 1
year later. All patients had factors, such as avascular
necrosis, cystic degeneration, osseous compromise, or
small distal pole size, which are associated with a poor
result with other methods of repair. The ages of the
patients ranged from 16 to 48 years, and the average
age was 32 years. The dominant hand was involved in
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Fig. 1. Ender blade plate with corresponding drill guide. The drill is manually set to penetrate to
blade length. Available plate length varies from 16 to 22 mm in 2 mm increments.

Fig. 2. After guided drillin g of the proximal scaphoid pole, a special clamp introduces the blade
into the hole and maintains rotational and axial alignment. Final impaction is made with a punch.
Dental picks are used to stabilize the fragment s during this process .

to both portions of the scaphoid and associated bone
graft and also holds the bone graft tightly in position
(Fig. 4).
Patients were immobilized after operations with casts

for 6 to 8 weeks and then with wrist splints for an
additional 6 weeks. Plate removal was performed when
the nonunion was healed, as determined by radiographic
examination. At the time ofoperative exposure for plate
removal, meticulous inspection of the nonunion site was
carried out , and both healing and stability were con-
firmed by means of direct observation. The holes that
were left in the proximal and distal poles afforded ful-
crum sites to dynamically assess healing and specific
stability of the scaphoid. The median time for plate
removal was 4 months. The range was 3 to 15
months .

Results
Nineteen patients had radiographic evidence of heal-

ing, but one had a persistent nonunion. All healed pa-
tients reported a slight increase in wrist range ofmotion.
Eleven patients reported complete resolution of pain.
Eight patients reported only a slight decrease in pain
in spite of healing as revealed by radiographic exami-
nations (seven of these were worker's compensation
cases), and no patient reported increased pain . The pa-
tient with persistent nonunion experienced no change
in symptoms . All patients except the one with the per-
sistent nonunion returned to their previous activities .
The patient with the persistent nonunion was rehabili-
tated to lighter work after he declined wrist fusion.
Specific examples of the procedure are included in

Figs. 5 through 12. A 27-year-old auto upholsterer had
a 9-month-old scaphoid nonunion treated by bone graft-
ing and compression fixation with a Herbert screw. In
spite of good alignment and placement of the fixation
device, 1 year after the operation (Fig. 5) the x-ray film
shows persistent nonunion, loosening of distal fixation,

918 Huene and Huene
The Journal of
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Fig. 5. This 27-year-old auto upholsterer underwent bone grafting and Herbert screw fixation 9
months after injury. This radiograph I year after the operation demonstrates loosening of distal
fixation and relative avascular necrosis of the proximal pole with continued scaphoid nonunion.

Fig. 6. The same patient as in Fig. 5 I week after bone graft and Ender internal fixation.

920 Ruelle and Ruelle
The Journal of
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Fig. 9. Six weeks after combined Ender plating and ulnar lengthening, bone graft consolidation is
already evident in the scaphoid (patient in Fig. 8).

Fig. 10. One year after the operation, the scaphoid is well healed (patient in Figs. 8 and 9).

Fig. 11. A wrist film of a 39-year-old welder, 2 years after injury. The scaphoid demonstrates a
nonunion with relative avascular necrosis of the proximal fragment.
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Rotational stability in screw-fixed scaphoid fractures compared
to plate-fixed scaphoid fractures

Josef Jurkowitsch1 • E. Dall’Ara2 • S. Quadlbauer1,3,4 • Ch. Pezzei1 •

I. Jung3 • D. Pahr5 • M. Leixnering1
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Abstract
Background The literature describes the treatment of sca-

phoid fractures comparing the volar and dorsal approaches,

the advantages and disadvantages of percutaneous screw
fixation, as well as the treatment of scaphoid nonunions

using different types of cancellous or corticocancellous

bone grafts. Yet, to date no studies are available comparing
the outcome of rotational stability in screw-fixed scaphoid

fractures to angular stable systems. The purpose of this

study is to provide reliable data about rotational stability in
stabilised scaphoid fractures and to gain information about

the rigidity and the stability of the different types of

fixation.
Methods Three groups of different stabilisation methods

on standardised scaphoid B2 fractures were tested for

rotational stability. Stabilisation was achieved using one or
two cannulated compression screws (CCS) or angular

stable plating. We performed ten repetitive cycles up to

10", 20" and 30" rotation, measuring the maximum torque
and the average dissipated work at angle level.

Results Our study showed that rotational stability using a

two CCS fixation is significantly (p\ 0.05) higher than
single CCS fixation. Using the angular stable plate system

was also superior to the single CCS (p\ 0.05). There was,

however, no significant difference between two CCS fixa-
tion and angular stable plate fixation.

Conclusion Even though indications of using screws or

plate systems might be different and plate osteosynthesis
may be preferable in treatment of dislocated or commin-

uted fractures as well as for nonunions, our study showed a

better rotational stability by choosing more than just one
screw for osteosynthesis. Angular stable plating of sca-

phoid fractures also provides more rotational stability than

single CCS fixation. The authors therefore hypothesise
higher union rates in scaphoid fractures using more

stable fixation systems.

Keywords Scaphoid ! Rotational stability ! Nonunion !
Fracture ! Angular stable plate ! Headless compression

screw ! Biomechanic

Introduction

Surgical treatment of scaphoid fractures is not only chal-

lenging as nonunion rates remain high. It also remains one
of the major topics in hand surgery itself, as the scaphoid is

the most commonly fractured carpal bone accounting for

approximately 60 % of carpal fractures and 11 % of all
hand fractures [1–5].

Literature reviews show that 5–10 % of scaphoid frac-

tures develop a nonunion and displaced fractures tend to
have even higher nonunion rates [1, 2, 6, 7]. The tenuous
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Abstract
Background The literature describes the treatment of sca-

phoid fractures comparing the volar and dorsal approaches,

the advantages and disadvantages of percutaneous screw
fixation, as well as the treatment of scaphoid nonunions

using different types of cancellous or corticocancellous

bone grafts. Yet, to date no studies are available comparing
the outcome of rotational stability in screw-fixed scaphoid

fractures to angular stable systems. The purpose of this

study is to provide reliable data about rotational stability in
stabilised scaphoid fractures and to gain information about

the rigidity and the stability of the different types of

fixation.
Methods Three groups of different stabilisation methods

on standardised scaphoid B2 fractures were tested for

rotational stability. Stabilisation was achieved using one or
two cannulated compression screws (CCS) or angular

stable plating. We performed ten repetitive cycles up to

10", 20" and 30" rotation, measuring the maximum torque
and the average dissipated work at angle level.

Results Our study showed that rotational stability using a

two CCS fixation is significantly (p\ 0.05) higher than
single CCS fixation. Using the angular stable plate system

was also superior to the single CCS (p\ 0.05). There was,

however, no significant difference between two CCS fixa-
tion and angular stable plate fixation.

Conclusion Even though indications of using screws or

plate systems might be different and plate osteosynthesis
may be preferable in treatment of dislocated or commin-

uted fractures as well as for nonunions, our study showed a

better rotational stability by choosing more than just one
screw for osteosynthesis. Angular stable plating of sca-

phoid fractures also provides more rotational stability than

single CCS fixation. The authors therefore hypothesise
higher union rates in scaphoid fractures using more

stable fixation systems.

Keywords Scaphoid ! Rotational stability ! Nonunion !
Fracture ! Angular stable plate ! Headless compression

screw ! Biomechanic

Introduction

Surgical treatment of scaphoid fractures is not only chal-

lenging as nonunion rates remain high. It also remains one
of the major topics in hand surgery itself, as the scaphoid is

the most commonly fractured carpal bone accounting for

approximately 60 % of carpal fractures and 11 % of all
hand fractures [1–5].

Literature reviews show that 5–10 % of scaphoid frac-

tures develop a nonunion and displaced fractures tend to
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SD) Nmm torque. 375.9 (±29.1 SD) Nmm torque was

measured at 20! rotation and at 30! 444.6 (±49.8 SD)
Nmm torque resulted (Fig. 5).

Analysis of variance found that stability was signifi-

cantly higher (p\ 0.05) at every level when using two
CCS compared to only one CCS. The angular stable plate

fixation was also found to be significantly more

stable (p\ 0.05) than stabilisation with one CCS. No
significant difference (p[ 0.05) between two CCS and

angular stable scaphoid locking plate could be found.

Dissipated work during our tests followed similar trends
as the average maximum torque (Fig. 5).

At 10! and 20! we could not find any significant dif-

ference (p[ 0.05) between groups one and three. At 30!
rotation the dissipated work was significantly higher

(p\ 0.05) in group three compared to group one. At all

rotational levels the dissipated work in group two was
significantly higher (p\ 0.05) than in any other group.

Discussion

Focusing on carpal kinematics, the proximal and distal row
of carpal bones form a functional ring which is stabilised

by intercarpal and radiocarpal ligaments. If this ring is

disrupted—as in a fracture of the scaphoid—kinematics
change dramatically and arthrosis and carpal collapse will

often result if remain untreated [3]. Not only bending but

also rotational forces will act on the fractured scaphoid

bone. The amount of axial rotational force acting on sca-
phoid bones in vivo is not exactly proven. We believe that

fractures and ligamentous injuries increase the instability.

In our opinion, the results of 10! rotation should provide
the most valid information assuming that the degree of

rotation in vivo will not exceed this calibre.

The purpose of our study was to compare the three
different fixation types focusing on applied rotational

stress. The rather high rates of delayed unions and non-

unions of fractures of the scaphoid bone should be lowered
using a stable and rigid stabilisation procedure. We found

that stabilisation with two CCS is the most rigid type of

fixation, followed by angular stable plating, which is also
significantly more stable than fixation using a single screw.

Inserting two screws into a scaphoid is even more techni-

cally demanding than it is using only one screw and may
not be possible when dealing with proximal pole fractures.

The percutaneous fixation technique is also quite chal-

lenging. Using a smaller sized screw in addition to a reg-
ular double threaded screw could be more beneficial but so

far we have no data addressing this topic.

Screw placement has been discussed in many previous
studies and central placement of the screw in the proximal

pole as well as placement perpendicular to the fracture is

recommended [5, 9, 20]. To date, no study of scaphoid
fractures analysed the biomechanical stability using an

additional eccentric screw.

Fig. 6 Charts of the seventh
cycle for each load level (torque
in function of angle) analysed
for 1S (single screw), 2S (two
screws) and P (plate)
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Introduction
Scaphoid nonunion after a fracture can occur secondary to 
undiagnosed fractures, fracture displacement, rotational 
instability, ischemia, or in up to 10% of fractures treated 
acutely with a headless compression screw.12,14,15,20 Treat-
ment of scaphoid nonunion is paramount to preventing car-
pal collapse and wrist osteoarthritis.24,25,29

Surgical management of scaphoid nonunion is recom-
mended to prevent pain, disability, and arthritis.1,23,24 Opera-
tive treatment for scaphoid nonunion is an evolving technique, 
but the current gold standard is headless compression screw 
fixation, typically with some form of bone grafting.12,20

Using a volar scaphoid locking plate is a newly described 
technique that may have some advantages over screw fixa-
tion in specific circumstances.8,9,15 The plate provides rota-
tional stability, greater surface area contact for bone graft 
insertion, and may be more useful when there is a paucity of 
structurally sound bone to compress with a screw, espe-
cially in cases of segmental defect.5,7,10 The volar plate may 

improve scaphoid fracture fixation by resisting axial com-
pression, rotation, and shear.8 Current proposed indications 
for plate fixation include revision scaphoid nonunion repair 
after screw fixation, chronic nonunion delayed greater than 
2 years, and in cases of bone loss or where screw purchase 
is suboptimal with segmental bone defect.8

Bone quality has also been implicated as a potential 
determinant in strength of fixation.2 Disuse osteoporosis is 
common in chronic scaphoid nonunion, increases the diffi-
culty of fixation, and merits consideration when selecting 
choice of fixation.17,28

The optimal nonvascularized bone graft in scaphoid 
nonunion is cancellous graft due to its superior biologic 
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Abstract
Background: Volar locking plate fixation may offer several advantages over headless screw fixation for scaphoid nonunion, 
or segmental or comminuted fractures: (1) increased surface area for bony healing; (2) preserved vascularity; and (3) 
maintenance of a gap for graft insertion. The purpose of this study is to compare headless screw and locking plate fixation 
of segmental scaphoid fractures and to determine whether either fixation provides a greater mechanical advantage in 
osteoporotic versus nonosteoporotic bone. Methods: Sixteen matched-pair cadaver scaphoids were dissected from a 
range of osteoporotic and nonosteoporotic specimens. Scaphoids from each matched pair were randomly assigned to 
either volar locking plate or compression screw fixation. A 3-mm segment of bone was circumferentially excised from 
each scaphoid waist to simulate a segmental defect. Implants were applied, and each specimen was then loaded in axial 
compression. Load to failure was defined as the load required to achieve gap closure. Mechanism of failure, load to failure, 
and percent gap recovery were recorded for each trial. Results: Gap closure occurred in all trials. Difference in load to 
failure was not statistically significant between plate and screw fixation in either nonosteoporotic or osteoporotic cadaver 
specimens. However, percent gap recovery was significantly higher for plate fixation than for screw fixation. Conclusions: 
In scaphoid fractures with segmental defect, plate and screw fixation demonstrate similar loads to failure, but plate fixation 
performs superiorly to screw fixation for gap recovery after an applied load to failure.
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In consideration of the plate’s ability to superiorly recover scaphoid gaps after a load 
to failure, the authors advocate for plate fixation of “complicated” scaphoid fractures 
and nonunions, especially those with large segmental defects, disuse osteoporosis, 
delayed presentation, or failed screw fixation.
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partially return to its original shape after loading, this is 
likely due to the plate acting within its elastic modulus of 
105 GPa. This biomechanical study stresses different 
aspects of each fixation method due to their unique attri-
butes: The plate’s mechanical properties are tested, while 
the screw trials specifically stress the screw-bone interface.

In consideration of the plate’s ability to superiorly 
recover scaphoid gaps after a load to failure, the authors 
advocate for plate fixation of “complicated” scaphoid 

Figure 2. Scaphoid cadavers with plate fixation (a, preloading, and b, postloading) and screw fixation (c, preloading, and d, 
postloading) representing typical mechanism of failure and gap recovery.
Note. Percent gap recovery is represented by the space remaining between the scaphoid poles after a load to failure and is represented by the distance 
Y/X. This gap represents the space in a scaphoid nonunion model that is without structural support after bone grafting.

Table 1. Mean Load to Failure With Standard Deviation for 
Each Density/Fixation Group.

n
Average T 

score
Load to 

failure (N)

Osteoporotic plate fixation 5 −4.2 ± 1.7 118.9 ± 40.6
Osteoporotic screw fixation 6 −3.8 ± 1.6 114.1 ± 51.3
Nonosteoporotic plate fixation 9 −1.1 ± 1.2 185.0 ± 87.5
Nonosteoporotic screw fixation 8 −0.9 ± 1.2 131.5 ± 59.8
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First Experiences With a New Adjustable Plate for Osteosynthesis
of Scaphoid Nonunions

Martin Leixnering, MD, Christoph Pezzei, MD, Patrick Weninger, MD, Michael Mayer, MD,
Robert Bogner, MD, Stefan Lederer, MD, Josef Schauer, MD, and Markus Figl, MD

Background: Plate osteosynthesis of the scaphoid, as reported earlier by
Ender, has lost its importance in the past few years, after Herbert’s intro-
duction of the simple and successful technique of screw osteosynthesis. Only
in rare cases does one encounter failed healing or instability of the fragments.
Even with a vascularized bone chip, it is not always possible to achieve
consolidation. Particularly in these situations, poor interfragmentary stability
seems to be the reason for failed healing.
Methods: Between January 2007 and August 2009, we treated 7 men and 4
women of mean age 37 years (22–53 years) by scaphoid plate osteosynthesis.
All the patients had fractures of the waist of the scaphoid with established
nonunion persisting for at least 6 months after the causative injury, with wrist
pain, weakness, or both. All 11 patients had clinical and radiologic follow-up
for at least 6 months.
Results: All the fractures united at a median time from operation of !4
months. All patients reported an improvement in their symptoms and func-
tion. The mean DASH score was 28 points.
Conclusions: Scaphoid plate osteosynthesis should be regarded as a salvage
procedure, and the indication for the procedure should be established ac-
cordingly. It is a simple procedure in terms of technique. The plate can be
adjusted very well to the anatomic shape of the scaphoid, and one can
achieve a high degree of stability, particularly rotational stability.
Key Words: Scaphoid, Nonunion, Plating.

(J Trauma. 2011;XX: 000–000)

Conservative and a number of surgical options are avail-
able for the treatment of fractures of the scaphoid.

Nonunion of the scaphoid requires surgical treatment. In this
investigation, all patients who underwent surgery for frac-
tures of the scaphoid were treated with fixation of a Herbert
screw. Nonunion of the scaphoid was treated by iliac crest
bone grafting and implantation of a Herbert screw after
resection of the bony parts of the fracture. The cannulated,
self-tapping headless bone screw system (cannulated Herbert
screw) was used, which permits easy implantation of the

screw. Bony consolidation was achieved in a large number of
cases. Only in a few cases, healing was not achieved after
primary treatment and also after treatment of pseudarthro-
sis. In the past few years, surgeons have started to use the
titanium plate osteosynthesis in such cases. The high level
of fragment stability, particularly rotational stability, fi-
nally leads to bone consolidation after these second or
third operations.

PATIENTS AND METHODS
Between January 2007 and August 2009, we treated 7

men and 4 women of mean age 37 years (22–53 years) by
scaphoid plate osteosynthesis. Most cases were secondary
referrals to our clinic for the treatment of nonunion. All the
patients had fractures of the waist of the scaphoid with
established nonunion persisting for at least 6 months after the
causative injury, with wrist pain, weakness, or both. Patients
with severe degenerative changes in the wrist were consid-
ered unsuitable and thus were excluded. Six patients had
previous unsuccessful surgery with Herbert or AO screws in
place before our plating (Figs. 1–4). Three patients previ-
ously had an additional bone grafting. The radiologic appear-
ance before our plating operation was recorded according to
the criteria of Herbert (Table 1). Cases with implants in situ
have been classified separately as fractures of the waist with
or without degenerative changes.

Clinical assessment used a standard proforma, which
included range of movement (ROM) and grip strength in
kilograms measured by a hydraulic hand dynamometer (Ja-
mar; Sammons Preston Rolyan, Mississauga, Ontario, Can-
ada). The results were graded as showing either full function,
allowing return to prefracture levels of activity with no pain,
or as reduced function in which there was a subjective feeling
of stiffness or weakness and/or objective reduction in range
of movement. In addition, we used the DASH score1 for
evaluating our clinical results. The score ranges from 0 to 100
points (0 indicates no limitation and 100 indicate maximum
limitation). The diagnosis of radiologic union required clear
evidence of bony trabeculae traversing the graft from the
proximal to the distal pole on at least two of the four standard
scaphoid views. In four patients, computer tomography was
used to resolve any doubt.

The scaphoid is accessed by the volar approach on the
radial side of the flexor carpi radialis. The wrist capsule is
opened, and the scaphoid is viewed. By the use of small
Hohmann hooks, which are introduced at the radial convex
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Volar Plate Fixation of Recalcitrant Scaphoid Nonunions
With Volar Carpal Artery Vascularized Bone Graft

Seth D. Dodds, MD, Joseph T. Patterson, BS, and Andrea Halim, MD

Abstract: Chronic scaphoid fracture nonunion continues to present a

significant challenge to the treating orthopedic surgeon. Internal fix-

ation with threaded compression screws leads to high union rates, and

is currently the gold standard, but there are certainly circumstances

where a scaphoid screw does not provide the stability necessary for

nonunion repair. Results using a volar buttress plate have been

promising, but have not been described in conjunction with the use of

vascularized bone graft. Vascularized bone grafts have been shown to

be highly effective in achieving rapid and reproducible rates of union.

We describe a novel combination of a vascularized volar distal radius

wedge autograft pedicled on the volar carpal artery and volar buttress

plating for salvage treatment of chronic scaphoid nonunion.

Key Words: recalcitrant scaphoid nonunion, scaphoid fracture, volar

scaphoid plate, vascularized bone graft

(Tech Hand Surg 2014;18: 2–7)

HISTORICAL PERSPECTIVE
Headless scaphoid screw fixation combined with volar grafting
of a corticocancellous bone wedge achieves union in 82% to
95% of cases.1,2 Despite its relative success, there are
occasions when scaphoid screw fixation is not an ideal
treatment option. Examples include cases of persistent
nonunion after scaphoid screw fixation or cases of significant
bone loss where screw purchase may be compromised. Other
surgical options include Kirschner wire (K-wire) fixation,3 use
of hooked Ender plating,4 or internal fixation incorporating
neighboring carpal bones into the fixation montage. As in the
treatment of other fracture nonunions, an alternative mode of
fixation can provide a reasonable salvage option. It is our
contention that volar plate fixation of the scaphoid is a
potentially durable and reliable treatment option for recalci-
trant scaphoid nonunions.

Scaphoid fractures and nonunions heal by primary bone
healing; they do not make callus. Primary bone healing
requires rigid stability and direct bone contact of the fracture
fragments. Compression across the fracture or nonunion site
can certainly be advantageous, but is not a requirement. An
alternative technique to the headless compression screw for the
treatment of scaphoid nonunions is the use of a volar buttress
plate with cancellous bone graft interposition.5 Volar buttress
plating provides stability to the nonunion site by shielding it
from axial compression, rotation, and shear. This hardware
may be placed on the nonarticular aspect of the volar surface of
the scaphoid to minimize articular prominence, although some

limitation to wrist flexion with this type of plate fixation is
inevitable. Ghoneim reported a 93% union rate in 14 cases
with a mean of 3.8 months to radiographic union using volar
1.5 to 2.0 mm titanium AO miniplates designed for max-
illofacial and metacarpal osteosynthesis.6

In addition to the internal fixation technique used to treat
nonunion, choice and application of bone graft has been shown
to have a significant effect on scaphoid union rates. Cortico-
cancellous bone graft taken from the distal radius is structur-
ally weaker than that from the iliac crest, but provides com-
parable union rates and avoids a second surgical site as well as
the complications and morbidity associated with iliac bone
harvesting.7,8 Alternatively, vascularized grafting with or
without internal compression screw fixation achieves higher
and faster rates of union than nonvascularized bone graft (CI,
87% to 94% vs. 78% to 85%).9 Given the previous pub-
lications of volar scaphoid plate fixation, and the high union
rates that are achievable with vascularized graft, we describe a

FIGURE 2. Scaphoid nonunion site exposed through volar
approach.

FIGURE 1. Volar incision marked on skin for single-incision
approach.
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preservation of a significant portion of the radioscaphoid
articulation, the patient elected to undergo volar vascularized
bone grafting and internal fixation with a volar scaphoid plate
as described above (Fig. 13B). A CT performed at 3 months
postoperatively demonstrated fracture reduction and interval
healing (Fig. 13C). Her 6-month postoperative examination
was notable for complete absence of tenderness in the snuffbox
or along the proximal or distal poles of the scaphoid. Her wrist
motion was limited to 15 degrees of flexion and 30 degrees of
extension.

CASE SERIES
Six patients, aged 17 to 68 years (average, 35.2 y), with
recalcitrant scaphoid nonunions have been treated using this
technique. Follow-up for these patients is ongoing, and will
include CT scans of all patients to assess union as well as
clinical examination for tenderness and wrist motion. To date,
only 1 patient has had a postoperative CT scan, which
demonstrated radiographic evidence of osseous union. Plain
radiographs of all patients have revealed no hardware
complications or fatigue with the exception of minimal screw
back-out in 1 patient, which was asymptomatic and did not
necessitate intervention. Radiographs have demonstrated
evidence of bony healing, although the fracture line was still
visible in 1 subject at 2 months postoperatively. At the time of
last follow-up, 1 to 6 months later, no patients had snuffbox
tenderness with the exception of 1 patient who was last seen
only 1 month after surgery. Wrist range of motion was
recorded in 3 patients. Range of motion varied from 15 to 30
degrees of flexion, and from 30 to 45 degrees of extension.

CONCLUSIONS
Recalcitrant scaphoid nonunions can be treated with a single
volar incision through which vascularized bone graft and volar
buttress plating can be performed. Advantages of this scaphoid
plate fixation over the headless compression screw remain
untested.
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FIGURE 13. Images illustrating the case example presented. A, Plain radiograph demonstrating scaphoid nonunion in this 47-year-old
female. B, Plain radiograph demonstrating scaphoid fracture with Medartis plate in place after vascularized bone graft and volar plating.
C, Coronal slice from CT scan done 3 months postoperatively demonstrating osseous union.
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Fractures of the scaphoid are the most common carpal
fractures and account for 60% of all carpal fractures, 10% of
all hand fractures, and 2% of all fractures.1 Most undisplaced
fractures will unite after conservative treatment with a
plaster for 4 to 8 weeks.2 Several anatomical aspects of the
scaphoid fracture are crucial for the time and likelihood of

union; proximal pole fractures have a nonunion rate of up to
30 to 40% with conservative treatment.3–5 Fracture displace-
ment of >1 mm, comminution and humpback deformity
increase the nonunion rate significantly.2,5,6

Healing of scaphoid nonunion is essential for prevention
of carpal collapse and subsequent progressive osteoarthritis.
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Abstract Background Around 5 to 15% of all scaphoid fractures result in nonunion. Treatment
of long-lasting scaphoid nonunion remains a challenge for the treating surgeon. Healing of
scaphoid nonunion is essential for prevention of scaphoid nonunion advanced collapse
and the subsequent predictable pattern of radiocarpal osteoarthritis.
Purpose The purpose of this study was to investigate the feasibility of fixation of the
scaphoid nonunion with a volar angular stable miniplate and cancellous bone grafting.
We hypothesized that this technique could be successful, even in patients with
previous surgery for nonunion and in patients with a long duration of nonunion.
Methods A total of 21 patients enrolled in a single-center prospective cohort study.
Healing of nonunion was assessed on multiplanar computed tomography scan of the
wrist at a 3-month interval. Functional outcome was assessed by measuring grip
strength, range of motion, and bymeans of the patient-rated wrist and hand evaluation
(PRWHE) questionnaire.
Results During follow-up, 19 out of 21 patients (90%) showed radiological healing of
the nonunion. The range of motion did not improve significantly. Postoperative PRWHE
scores decreased by 34 points. Healing occurred regardless of the length of time of the
nonunion (range: 6–183 months) and regardless of previous surgery (38% of patients).
Conclusion Volar angular stable miniplate fixation with autologous cancellous bone
grafting is a successful technique for the treatment of chronic unstable scaphoid
nonunion, even in patients with long-lasting nonunion and in patients who underwent
previous surgery for a scaphoid fracture. Rotational interfragmentary stabilitymight be
an important determining factor for the successful treatment of unstable scaphoid
nonunion.
Level of evidence Level IV.
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[…] When screw osteosynthesis is not possible 
(for example, in wedge and multifragmentary 
fractures or fractures with large pre-existing 
intraosseous cysts of the scaphoid, a special 
locking plate can be used instead (Medartis AG, 
Basel, Switzerland). 
The plate adjusts very well to the anatomy of the 
scaphoid. This new technology is an option for 
particularly difficult cases as a backup 
procedure. However, hardware removal after 
scaphoid fracture fixation is often necessary due 
to mechanical disturbances caused by hardware 
prominence [40]. Bone grafting is rarely 
necessary in acute fractures […].
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Lessons learned from volar plate fixation
of scaphoid fracture nonunions

Seth D. Dodds, John B. Williams, Max Seiter and Clark Chen

Abstract
Treating scaphoid nonunions presents difficulties particularly when there is bone loss, significant humpback
deformity or avascular necrosis. We describe a new type of fixation with a volar scaphoid plate that adds to the
methods of internal fixation that are available for the treatment of recalcitrant scaphoid nonunions. We will
also discuss ‘lessons learned’ from a cases series. The case series includes 20 consecutive patients treated
with volar buttress plating and a pedicled vascularized bone graft from the ipsilateral volar distal radius.
There was clinical and radiographic evidence of union in 18 of 20 patients, 13 of which were verified by
computed tomographic scan. The range of motion was improved in all patients post-operatively. Four patients
with radiographic union experienced intermittent clicking with maximal wrist flexion, believed to be due to the
impingement of the plate on the volar aspect of the radioscaphoid articulation and underwent removal at
approximately 1 year after the index procedure. Volar scaphoid plating is a useful alternative to headless
scaphoid screw fixation in the treatment of unstable scaphoid waist fractures and nonunions.

Level of evidence: IV
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Introduction

Scaphoid fractures and nonunions present significant
difficulties to even the most experienced hand sur-
geons. The occurrence of nonunion after scaphoid
fractures can be lowered substantially with early rec-
ognition of injury, appropriate treatment and immo-
bilization (Bunker et al., 1987; Chen et al., 2005).
However, despite the best of circumstances and
appropriate treatment, some fractures do not heal.

Several factors contribute to the increased non-
union rate associated with scaphoid fracture treat-
ment, for example:

. it is an intra-articular bone, nearly 80% of which is
covered by articular cartilage;

. synovial fluid circulates about the scaphoid and
between-fracture fragments inhibiting primary
bone healing;

. a retrograde dorsal capsular blood supply sup-
plies the proximal pole;

. the lack of soft tissue attachments leads to poor
vascularity and inherent instability of scaphoid
fracture fragments;

. the intercalary location between the proximal and
distal carpal rows causes passive scaphoid
fracture motion whenever the wrist moves
(Amadio et al., 1989; Berger, 2001; Gelberman
and Menon, 1980; Kawamura and Chung, 2008).

In a previously published study, the senior author
(S.D.) defined scaphoid nonunions as recalcitrant
under the following circumstances: failed previous
fixation; osseous necrosis of the proximal pole;
bone loss of 7 mm or more at the nonunion site; or
a nonunion present for more than 2 years (Dodds and
Halim, 2016) (Figure 1). In these clinical scenarios,
many surgeons carry out salvage operations, such as
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leave the most superficial fibers of both the scapholu-
nate and lunotriquetral interosseous ligaments at-
tached to the capsular flap, as they contain a large
amount of the mechanoreceptors that provide affer-
ent stimuli to the PIN6 (Fig. 3C).

10. The flap, which is left attached to the dorsum of the
radius, can be fully raised to provide wide carpal
exposure and yet preserve the majority of PIN inner-
vation of the dorsal wrist capsule (Fig. 3C).

11. The capsule and extensor compartments can be
easily re-adapted following completion of the
procedure.

VOLAR NERVE-SPARING APPROACH
Anatomy
As with the dorsal wrist joint, there is one nerve pri-
marily innervating the central two thirds of the volar
wrist capsule, the terminal branch of the anterior in-
terosseous nerve (AIN) (Fig. 4).3 After innervating the
pronator quadratus, the AIN gives off branches to the volar
aspect of the radiocarpal and distal radioulnar joints,2 and
it also provides a nerve branch to the radioscapholunate
ligament, which should be considered a neurovascular
bundle rather than a true ligament.29 The AIN branch
within the radioscapholunate then innervates the volar
scapholunate ligament.30 Other minor sources of capsular
innervation include the lateral antebrachial cutaneous
nerve, the volar cutaneous branch of the median nerve, and
the deep branches from the ulnar nerve.4

On a microscopic level, the volar wrist ligaments
have been shown to have a more variable degree of
innervation as compared to the dorsal wrist ligaments.25

In general, the volar and radial wrist ligaments are
dense, collagenous structures with mechanoreceptors
and/or nerve fibers found in 20% to 60% of the speci-
mens studied.6 The volar ligaments with the most abun-
dant innervation are the ligaments stabilizing the scaph-

oid, and thus they are the focus of our surgical
procedure described later.

Surgical procedure
The volar nerve-sparing approach is primarily intended
to provide access to the radiovolar aspect of the radio-
carpal joint; for instance, in treating a pseudoarthrosis
of the scaphoid. This technique uses a radiovolar zigzag
skin incision that has previously been described31 and
extensively used in clinical practice, and which will
provide wide exposure while preserving the AIN inner-
vation of the radial wrist ligaments. The approach will
also provide access to the radial styloid and distal ra-
dius, which can be used for concurrent styloidectomy
and/or harvesting of corticocancellous bone grafts. The

FIGURE 4: Schematic drawing of the innervation of the volar
wrist capsule and ligaments, and the proposed surgical approach
(dotted line). AIN, anterior interosseous nerve; SBR, sensory
branch of the radial nerve.

FIGURE 3: Nerve-sparing capsular approach to the dorsal wrist. A Incision of the wrist capsule from the ulnar corner of the distal
radius, along the floor of the fifth compartment, and to the dorsal aspect of the triquetrum. B Transverse capsular incision carried
from the dorsum of the triquetrum, along the dorsal intercarpal ligament, onto the scaphotrapezio-trapezoidal joint space. C Distal
to proximal elevation of the dorsal wrist capsule, providing wide exposure to the midcarpal and radiocarpal joints, while
maintaining branches of the PIN in the proximal capsular flap.
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SURGICAL TECHNIQUE

Nerve-Sparing Dorsal and Volar Approaches to the
Radiocarpal Joint

Elisabet Hagert, MD, PhD, Àngel Ferreres, MD, PhD, Marc Garcia-Elias, MD, PhD

Surgical approaches to the wrist joint have traditionally been focused on providing wide exposure
to allow adequate access to the carpus. In light of recent investigations on the innervation and
proprioception of the wrist joint, one should also take into consideration not to denervate the wrist
capsule and ligaments. In this manuscript, we propose 2 surgical approaches to the dorsal and
volar radiocarpal joint, intended to minimize damage to the innervation of the capsule while
providing ample access to the wrist. (J Hand Surg 2010;35A:1070–1074. Copyright © 2010 by
the American Society for Surgery of the Hand. All rights reserved.)
Key words Anterior interosseous nerve, nerve-sparing, posterior interosseous nerve, surgical
technique, wrist.

IN 1958, WILHELM was the first to thoroughly delineate
the innervation of the joints of the upper extremity,
including the wrist.1 His pioneering anatomical work

described the nerve branches approaching the wrist, as
well as the detailed innervation of the wrist capsule, find-
ings that have since been confirmed and enhanced by
several authors.2–4 In the past decade, the microscopic
innervation of the extrinsic and intrinsic wrist ligaments
have also been studied, to reveal a variable degree of
sensory innervation by highly specialized nerve endings,
called mechanoreceptors.5–8 Although the nerves inner-
vating the wrist joint have been attributed a role in chronic
wrist pain,9–11 and partial or complete denervation has
been advocated as a treatment in pain patients,12–15 the
intact innervation of the wrist joint has a number of im-
portant functions for a proper wrist homeostasis.16,17

Extensive studies on the role of innervation for lig-
ament function have been primarily conducted on ani-
mals, but the physiological conditions in a human

model are similar and can thus be compared. In studies
on rabbit and rat knee joints, denervation of intra-
articular ligaments have revealed alterations on a mac-
roscopic level with a loss of nerve endings and ves-
sels,18 as well as on a microscopic level with disturbed
mRNA expressions in denervated ligaments.19 Further-
more, ligament denervation reduces the healing capac-
ity following ligament injury,20 and it has even been
shown to promote joint osteoarthritis,21 possibly due to
a subsequent ligament laxity or a disturbance of neuro-
muscular functions.22

The neuromuscular functions of the wrist have re-
cently been illuminated, whereby proprioceptive re-
flexes have been seen following stimulation of the
dorsal scapholunate interosseous ligament.16 These re-
flexes are greatly altered after the posterior interosseous
nerve (PIN) was blocked with lidocaine,17 indicating
that an intact innervation is essential for a proper wrist
proprioceptive function. Hence, based on the animal
studies on the importance of ligament innervation for a
proper joint function and in light of the known inner-
vation of wrist ligaments and wrist proprioception, we
hereby wish to contribute 2 novel dorsal and volar
nerve-sparing approaches to the radiocarpal joint.

DORSAL NERVE-SPARING APPROACH
Anatomy
The dorsal wrist capsule and the dorsal wrist ligaments
are primarily innervated by the terminal branch of the
PIN.1,4 After giving off a final motor branch to the
extensor pollicis longus, the PIN continues in the radial
part of the floor of the fourth extensor compartment23
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L'incisione pianificata è disegnata come una linea tratteggiata. Il legamento RSC è diviso 
dal bordo distale del radio ed elevato in direzione distale. 
L'inserzione distale del legamento radioscafoideo (RS) sullo scafoide viene incisa per 
consentire l'elevazione del legamento in direzione prossimale, fornendo un'ampia 
esposizione allo scafoide del volare.



FCR-Sehne

Os scaphoideum

Abb. 79 Nach
Darstellung des
Kahnbeinswird so-
wohl radial als auch
ulnar jeweils ein
speziell geformter
Hohmann- oder
Ender-Haken ein-
gesetzt. FCR Flexor
carpi radialis Sehne

Abb. 88 Aufrichten des Lunatums unter Bildwandlerkontrolle aus der DISI-Position („Dorsal Interca-
lated Segment Instability“) und temporäre Transfixationmit einem1,4mmBohrdraht an die Speiche
(Linscheid-Manöver, [29]). Durch die Aufrichtung des Lunatumswird über das intakte skapholunäre
Bandder proximale Kahnbeinpol reponiert unddas tatsächlicheAusmaßdes Knochendefekts darge-
stellt. Dadurchwird die Korrektur der Humpback-Deformität erleichtert. Die temporäre radiolunäre
Bohrdrahttransfixation kannauch vonpalmardurchgeführtwerden.Der Bohrdrahtwird amEndeder
Operationwieder entfernt
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Abb. 99 a,b Zusätzlich kann je ein Bohr-
draht der Stärke 1,4mmals „Joystick“ in das
proximale unddistale Fragment von beu-
geseitig gesetzt werden, umdas Kahnbein
aufzurichtenunddie Längewiederherzustellen.
c,d Intraoperative Röntgenkontrolle vor (c)
und nach (d) Korrektur der Humpback-De-
formität. e Zur Sicherung des Repositions-
ergebnisseswerden zwei Bohrdrähte vom
STT(Skapho-Trapezio-Trapezoidales)-Gelenk in
der Längsachse des Kahnbeins nach proximal
eingebracht
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Manovra di  Linscheid per ottenere una correzione della DISI
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Abb.129Nunwirdder
entnommeneSpongio-
sablockverwendet,um
diePseudarthrosehöhle
aufzufüllen,wobeimitei-
nemStößeldieSpongiosa
komprimiertwird.Wirver-
wendenzurAuffüllungder
DefekthöhlebevorzugtBe-
ckenkammspongiosa

Abb.139DieKahnbein-
plattewirdbeugeseitigmit
derlängerenPlattenkrüm-
mungnachradialseitigan-
gelegt,unterBildwandler-
kontrolleausgerichtetund
miteinemBohrdrahtdis-
taltemporärfixiert.Hierbei
istdaraufzuachten,dass
diePlattenichtzuweitpro-
ximalliegt,dadieszuei-
nemImpingementmitder
Speichengelenkflächefüh-
renkann.DiePositionie-
rungderPlattemussvor
derdefinitivenSchrauben-
besetzungexaktmittels
Bildwandlerkontrolliert
werden

OperativeOrthopädieundTraumatologie



OperativeTechniken

Abb.129Nunwirdder
entnommeneSpongio-
sablockverwendet,um
diePseudarthrosehöhle
aufzufüllen,wobeimitei-
nemStößeldieSpongiosa
komprimiertwird.Wirver-
wendenzurAuffüllungder
DefekthöhlebevorzugtBe-
ckenkammspongiosa

Abb.139DieKahnbein-
plattewirdbeugeseitigmit
derlängerenPlattenkrüm-
mungnachradialseitigan-
gelegt,unterBildwandler-
kontrolleausgerichtetund
miteinemBohrdrahtdis-
taltemporärfixiert.Hierbei
istdaraufzuachten,dass
diePlattenichtzuweitpro-
ximalliegt,dadieszuei-
nemImpingementmitder
Speichengelenkflächefüh-
renkann.DiePositionie-
rungderPlattemussvor
derdefinitivenSchrauben-
besetzungexaktmittels
Bildwandlerkontrolliert
werden

OperativeOrthopädieundTraumatologie



OperativeTechniken

Abb.129Nunwirdder
entnommeneSpongio-
sablockverwendet,um
diePseudarthrosehöhle
aufzufüllen,wobeimitei-
nemStößeldieSpongiosa
komprimiertwird.Wirver-
wendenzurAuffüllungder
DefekthöhlebevorzugtBe-
ckenkammspongiosa

Abb.139DieKahnbein-
plattewirdbeugeseitigmit
derlängerenPlattenkrüm-
mungnachradialseitigan-
gelegt,unterBildwandler-
kontrolleausgerichtetund
miteinemBohrdrahtdis-
taltemporärfixiert.Hierbei
istdaraufzuachten,dass
diePlattenichtzuweitpro-
ximalliegt,dadieszuei-
nemImpingementmitder
Speichengelenkflächefüh-
renkann.DiePositionie-
rungderPlattemussvor
derdefinitivenSchrauben-
besetzungexaktmittels
Bildwandlerkontrolliert
werden

OperativeOrthopädieundTraumatologie





MASSIMA 
FLESSIONE

MASSIMA 
ESTENSIONE

CORREZIONE
HUMPBACK



CONTROLLO CLINICO A 3 MESI DALL’INTERVENTO CHIRURGICO



CONTROLLO RX A 3 MESI DALL’INTERVENTO CHIRURGICO



CASO CLINICO 
N. 2



Coronal Fractures of the Scaphoid: A Review
David J. Slutsky, MD1 Guillaume Herzberg, MD, PhD2 Alexander Y. Shin, MD3

Geert A. Buijze, MD, PhD4 David C. Ring, MD, PhD5 Chaitanya S. Mudgal, MD6 Yuen-Fai Leung, MD7

Christian Dumontier, MD8

1The Hand and Wrist Institute, Torrance, California; Department of
Orthopedics, Harbor-UCLA Medical Center, Los Angeles, California

2Department of Orthopaedic Surgery, Orthopaedic Upper Limb
Surgery Unit, Edouard Herriot Hospital Claude, Lyon, France

3Division of Hand and Microvascular Surgery, Department of
Orthopedic Surgery, Mayo Clinic, Rochester, Minnesota

4Department of Orthopedic Surgery, Academic Medical Center,
University of Amsterdam, Amsterdam, The Netherlands

5Department of Orthopedic Surgery, Dell Medical School,
University of Texas, Austin, Texas

6Department of Orthopedic Surgery, Harvard Medical School,
Boston, Massachusetts

7Department of Orthopaedics and Traumatology, Tseung Kwan O
Hospital, Hong Kong

8Service de Chirurgie Orthopédique, Hôpital Saint-Antoine, Paris, France

J Wrist Surg 2016;5:194–201.

Address for correspondence David J. Slutsky, MD, The Hand and Wrist
Institute, 2808 Columbia Street, Torrance, CA 90503
(e-mail: d-slutsky@msn.com).

Russe et al1 described a vertical, oblique scaphoid fracture
relative to the long axis of the scaphoid on an anteroposterior
X-ray view. Vertical oblique fractures are rare and are consid-
ered the most unstable. In one radiographic study only one
vertical oblique fracture was seen in 442 scaphoid fractures.2

The Russe classification, however, did not take into account
fractures in the frontal plane. A coronal fracture cleaves the
scaphoid into a volar and a dorsal fragment along the frontal
axis of the scaphoid, which is 90 degrees relative to the usual
fracture plane.

Coronal fractures of the scaphoid are distinctly uncommon
with few published reports.3–7 In the French language litera-
ture, Schernberg et al proposed a classification that did
include a diagram of a trans tuberosity coronal fracture
through the middle third of the scaphoid, which he classified
as a type IV fracture.8 Coronal fractures are often missed on

the initial X-ray films. Our purpose is to present a case series
demonstrating the variability in the types of coronal plane
fractures and to propose a classification and an algorithm for
treatment.

Case Series

Case 1. Complete Coronal Fracture
A 35-year-old man presented to D. S. with dorsal wrist pain,
5 weeks following a fall onto an outstretched hand. The
patient had tenderness over the dorsal aspect of the scaphoid
and a painful scaphoid shift test. The initial anteroposterior
(AP) X-ray showed a double contour of the proximal pole
(►Fig. 1 A) but no obvious scaphoid fracture and a normal
scapholunate angle on the lateral X-ray view. The scapholu-
nate gap appeared normal at 2 mm. A computed tomography

Keywords
► scaphoid
► fracture
► coronal

Abstract Coronal (or frontal plane) fractures of the scaphoid are distinctly uncommon. There are
few published reports of coronal fractures of the scaphoid. This fracture is often missed
on the initial X-ray films. A high index of suspicion should exist when there is a double
contour of the proximal scaphoid pole on the anteroposterior X-ray view. A computed
tomography scan is integral inmaking the diagnosis. Early recognition is key in salvaging
the scaphoid fracture and in preventing articular damage.
Level of Evidence IV. Retrospective case series.
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LONGITUDINAL PEG GRAFTCRUENTAZIONE
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RISULTATI

§ 14 fratture fresche

§ 5 ritardo di consolidazione

§ 6 PSA

§ Tutti pazienti maschi

§ Età compresa tra 18-50 anni

§ Follow up medio 18 mesi (min 9 
mesi max 36) 

§ La consolidazione è stata ottenuta in 12 casi

§ Un paziente (forte fumatore) a 6 mesi presenta una 
rima di frattura ancora visibile e scarsi segni di 
formazione di trabecolatura ossea, senza fallimenti 
dell’hardware

§ Il tempo medio di consolidazione è stato di due mesi 

§ L’articolarità è risultata compresa tra 35° e 65° di 
flessione e tra 40° e 75° di estensione. L’arco di 
flesso-estensione è risultato in media di 108,7° (75-
130) pari all’73% del polso controlaterale 



FORZA FORZA CONTROLATERALE

PRESA TIP PINCH KEY PINCH PRESA TIP PINCH KEY PINCH

B.S. 47 9,5 10 45 8,25 10
C.F 28 4,5 8,5 20 2,75 7
G.G 34 5 10 42 6 10,5
BA.S 32 16 13 48 16 16
VALORE 
MEDIO

35,25 8,75 10,375 38,75 8,25 10,875

• Grip test  medio 35,25 (min 28-max 47), pari al 90,96% del controlaterale

• Tip pinch medio 8,75 (min 4,5-max 16) pari al 106% del controlaterale 

• Key pinch medio 10, 37 (min 8,5-max 13), pari al 95,4% del controlaterale 



CONCLUSIONI

La fissazione con placca di scafoide può essere considerata un'opzione di 
salvataggio per le seguenti lesioni:

§ Fratture instabili, come Herbert tipo B.  Una placca volare può prevenire collasso e 
accorciamento e resistere alla torsione, rendendola adatta per le fratture comminute 
(Herbert B5) e scomposte (Herbert B2 e B4).

§ PSA di scafoide che abbiano fallito prima la fissazione chirurgica

§ PSA con perdita di sostanza ossea > 1 cm

§ PSA complicate da necrosi avascolare del polo prossimale 



Grazie


