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Abstract Objectives The aim of the present article is a clinical and radiographic evaluation of
scaphoid nonunion with humpback deformity using an iliac graft and a volar plate.
Methods Eight patients were followed-up prospectively, all male, with a mean age of
39.6 years old, with scaphoid waist nonunion, with an average of 19 months of trauma
without previous surgery. The patients were treated with a graft removed from the iliac
crest and a 1.5mm blocked volar scaphoid plate (Medarthis AG, Basel, Switzerland).
The patients were followed-up with radiographic evaluations and computed tomogra-
phy (CT) scans in the preoperative period and 1 month, 3 months, 6 months and 1 year
after the operation. The carpal height and the scaphosemilunar and intrascaphoid
angles were measured preoperatively, 3 months, and 1 year postoperatively. The
function was assessed preoperatively and repeated 1 year postoperatively using the
Disabilities of the Arm, Shoulder, and Hand (DASH) and Patient-relatedWrist Evaluation
(PWRE scores), as well as by measurement of forceps clamp and wrist and thumb range
of motion.
Results All cases were consolidated, with an average time of 3.38 months. Two
complications were observed: an infection of the iliac surgical wound and a plaque
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Introduction

Scaphoid fractures are more common in men aged 15 to
40 years old. The major risk factors for pseudoarthrosis
include deviated fractures, delayed medical attention, lack
of diagnosis (hidden fractures), and fractures of the proximal
pole of the scaphoid due to the increased risk of decreased
arterial supply to this fragment.1,2 Scaphoid pseudoarthrosis
can be defined as stable or unstable. In unstable pseudoarth-
rosis, forces through the wrist induce a flexion movement of
the proximal fragment of the scaphoid, resulting in a hump-
back deformity. The loss of this radial carpal stabilization
causes the wrist to collapse in a deformity pattern
characterized by dorsal deviation of the lunate in lateral
radiographies (dorsal intercalated segment instability
[DISI]).1 Since the edges of the unconsolidated proximal

and distal fragments of the scaphoid rub against each other,
repeated loading cycles result in progressive erosion and
bone loss.3

Conventional treatment of scaphoid pseudoarthrosiswith
bone loss typically involves the use of a corticocancellous
bone graft placed between the proximal and distal fragments
of the nonunion, possibly associated with an internal fixa-
tion. The graft can be harvested from the iliac crest or from
the distal third of the radius, with no difference in consoli-
dation rates according to the literature. Historically,
Kirschner wires (k-wires) were used with the graft, followed
by headless compression screws, isolated or in pairs. More
recently, scaphoid-specific support plates were
introduced.4,5

Studies on volar scaphoid plates placed with grafts
appeared in 2016. Dodds et al.4 used plates with pediculated

element placed in the scapholunate space. Two patients opted to remove the implant
because they had a painful click at maximum wrist flexion. There was improvement in
the parameters of wrist and thumb range of motion and pinch strength in all
measurements, with statistical significance for the PRWE and the scapholunate angle.
Conclusion Although our sample was small, we achieved consolidation in all cases;
the complications were expected in the literature and there were improvements in the
radiographic patterns, in the functional assessment, and in the pain scale of our
patients.

Resumo Objetivos A finalidade do presente artigo é avaliar os resultados clínicos, radiográ-
ficos e funcionais de pseudoartroses de escafoide com deformidade angular utilizando
enxerto de ilíaco e placa volar.
Métodos Foram seguidos prospectivamente 8 pacientes, todos do sexo masculino,
com idademédia de 39,6 anos, compseudoartrose de cintura de escafoide, com tempo
médio de 19 meses de trauma sem cirurgias prévias. Os pacientes foram tratados com
enxerto retirado da crista ilíaca e placa volar para escafoide. Os pacientes foram
submetidos a avaliações radiográficas e tomográficas no pré-operatório e em 1 mês, 3
meses, 6 meses e 1 ano de pós-operatório. A altura carpal e os ângulos escafossemi-
lunares e intraescafoides foram medidos no pré-operatório e aos 3 meses e 1 ano do
pós-operatório. A função foi avaliada no pré-operatório e repetida em 1 ano pós-
operatório através do escores Disabilities of the Arm, Shoulder, and Hand (DASH, na
sigla em inglês) e Patient-related Wrist Evaluation (PWRE, na sigla em inglês), assim
como pela aferição de força de pinças e de amplitude de movimento do punho e do
polegar.
Resultados Houve consolidação em todos os casos, com tempo médio de 3,38
meses. Foram observadas duas complicações: uma infecção de ferida operatória do
ilíaco e umparafuso da placa colocado no espaço escafossemilunar. Houvemelhora nos
parâmetros de amplitude de movimento do punho e do polegar e de força de pinça em
todas as avaliações funcionais, com significância estatística do PRWE e do ângulo
escafossemilunar.
Conclusão Apesar da nossa amostra ter sido pequena, obtivemos consolidação em
todos os casos operados, com complicações esperadas na literatura e melhoras tanto
no padrão radiográfico quanto na avaliação funcional e na escala de dor dos nossos
pacientes.

Palavras-chave

► fixação interna
► pseudoartrose
► osso escafoide
► placas ósseas
► enxertos
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vascularized grafts based on the radial artery in nine patients
and demonstrated that these devices could withstand the
deforming forces resulting from an old scaphoid fracture and
held the graft in place. In August 2016, Jurkowitsch et al.6

concluded that, in biomechanical studies comparing com-
pression plates and screws, fixation with plate was biome-
chanically superior to an isolated screw and equivalent to
2 compression screws.

A 1.5-mm scaphoid-specific plate was used in the present
series of 8 cases of scaphoid pseudoarthrosis with bone
resorption and hump deformity, along with a structured
corticocancellous graft of the iliac crest. The objective was to
evaluate consolidation, correction of radiographic param-
eters, and to perform functional and pain assessments during
a follow-up period of 1 year after surgery.

Material and Methods

The inclusion criteria were patients presenting a scaphoid
fracture for at least 6 months, with no previous surgery, and
with bone loss at the nonunion site and a hump deformity
classified as type IIB (unstable pseudoarthrosis, with anteri-
or bone defect and DISI) according to Alnot.

Anteroposterior (AP) and lateral radiographies of the
affected wrist were performed for determination of the
carpal height and of the scapholunate and intrascaphoid
angles before surgery. Surgical planning also included radio-
graphs of the contralateral wrist and a computed tomogra-
phy (CT) scan of the affected wrist to ensure the correct
length of the graft to be harvested and scaphoid size after
grafting.4

Surgery was performed under general anesthesia with
brachial plexus block on the affected side and an inflatable
tourniqueton thearm.TheclassicRusseanteriorapproachwas
used. Curettage of the scaphoid edges was performed until
viable bone was found, removing any potential interposed
fibrous tissues. The volar defect was measured after opening
the pseudoarthrosis focus, whichwas facilitated by 1.0-mmk-
wires placed in each bone fragment to act as joysticks.

An image intensifier was used to ensure the proper
correction of the scaphoid deformity. Lunate rotation was
corrected with the insertion of a 1.5-mm k-wire to fixate the
radius and the lunate. After measuring the bone defect, the
contralateral iliac region of the patient was infiltrated with
2% lidocaine with a vasoconstrictor and incised over the iliac
crest. The iliac graft was harvested with an oscillatory saw,
creating a tricortical wedge with a core of corticocancellous
graft, slightly bigger than the defect. A cancellous graft was
also harvested and placed subsequently next to the plate.

A low-profile, locked plate (Medarthis AG, Basel, Switzerland)
was applied to the volar face of the scaphoid. The plate was
centered by AP fluoroscopy. Fixation started with two cortical
screws, one in each fragment. Three screws were placed in each
bone fragment. There was no need for routine locked screws,
since the patients presented a good bone stock (►Figure 1).

The patients used a plaster cast immobilization, including
the thumb, for 2 weeks postoperatively. After removal of the
suture, the patients used an orthosis until consolidation

criteria, based on postoperative radiographs and CT scans,
were met. Consolidation criteria included lack of pain, radio-
graphic evidence of bone bridge through the graft (> 50% of
bone trabeculae crossing the fragments on CT), and absence
of signs of implant loosening.3

Outpatient follow-up visits occurred at 2 weeks (suture
removal and immobilization replacement), 4 weeks (k-wire
removal), 3 months, 6 months, and 1 year postoperatively.
Radiographs were taken 4 weeks, 3 months, 6 months, and
1 year after surgery. Computed tomography scans were
performed at 3 months and were repeated every 3 months
if there was any doubt regarding consolidation.

Assessments were carried out with the physical therapy
team before surgery and at 3, 6 and 12 months postopera-
tively. The evaluation was excluded from the study 6 months
after surgery due to the nonattendance of some patients.
These evaluations included lateral pinch strength test with a
hydraulic dynamometer (PinchGauge), active range of mo-
tion of the thumb and wrist (flexion, extension, radial and
palmar abduction of the thumb; flexion, extension, radial
and ulnar deviations, pronation, and supination of thewrist),
visual analog scale (VAS) for pain (at rest and during move-
ment), and the Disabilities of the Arm, Shoulder, and Hand
(DASH) and Patient-Rated Wrist Evaluation (PRWE)
questionnaires.

Fig. 1 Images of intraoperative fluoroscopy. (A) Correction of the
lunate extension using a Kirschner wire. (B) Placement of a cortical
screw in each fragment. (C) Oblique view to confirm the correct size of
the screws. (D) Last lateral radiograph showing the plate in the correct
position, the coapted graft, and ideal screw sizes.
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Due to the small sample size, data were described as
median, minimum, maximum, and standard deviation (SD)
values. The Wilcoxon test compared physical therapy find-
ings from the preoperative period and 1 year after surgery.
Student t-tests compared radiographic parameters obtained
preoperatively and 3 months and 1 year after surgery.
Statistical significance was set at p<0.05.

Ethics

The present study was approved by the research ethics
committee, according to resolution CNS 466/2012, on Au-
gust 7, 2017, opinion number 2.204.444.

Results

Eight male patients with scaphoid pseudoarthrosis on the
dominant hand underwent surgery; the right side was
affected in seven subjects, and the left side was affected in
one patient. The average age of the patients was 39.6 years
old (range: 27 to 65 years old).

The average time from trauma to surgery was 19 months
(range: 6 to 24 months).

Bone consolidationwas achieved in 100% of the patients at
an average time of 3.38 months (only 1 patient had definite
radiographic consolidation 6 months after surgery; the
remaining patients presented definite radiographic consolida-
tion at 3 months). All patients underwent CT scans 3 months
after surgery; CTwas repeated in 1 patient 6 months after the
procedure due to doubts regarding consolidation.

One patient presentedwith severe pain as a complication,
and the presence of a proximal plate screw at the scapholu-
nate space was noted. The plate was removed 4 months after
the procedure, when tomographic signs of consolidation
were observed. One patient had an acute infection (28
days postoperatively) of the surgical wound in the iliac
region. Surgical debridement and culture-guided antibiotic
therapy resulted in wound healing.

Regarding radiographic parameters, the scapholunate
angle, indicating carpal alignment, went from 65° (SD:
14.8) to 40° (SD: 40.2) after surgery, with p¼0.006. All
functional parameters improved when comparing preoper-
ative and 1-year postoperativefindings: radial thumb abduc-
tion increased from an average value of 49.63° to 56°; the
mean radial deviation increased from 12° to 14°; the ulnar
deviation increased from 23° to 28°; the average wrist
flexion increased from 53° to 61°; and wrist extension
increased from 37° to 46°. Pinch strength and flexion and
extension of the metacarpophalangeal joint of the thumb
remained unaltered. Pain at rest decreased from 3 to 1.5,
while pain during movement decreased from 8 to 5.3. The
quick-DASH score decreased from 56 to 34 points, and the
PRWE score decreased from 68 to 31 points, with p¼0.0190
(►Tables 1 and 2).

Discussion

The treatment of scaphoid pseudoarthrosis with plates has
been described by Huene et al.,7 who used a plate in the
proximal fragment along with a screw in the distal fragment
in complex cases inwhich screw fixationwas not ideal. Plates
must be reserved for cases with scaphoid hump deformity,
unsuccessfully operated and with no room for an isolated
screw. The plate acts as a latch, holding the graft in place,
preventing its extrusion and nullifying theflexion forces that
act on the scaphoid waist.8

The literature reports consolidation rates ranging from 71
to 95% with several grafts and headless Herbert-type com-
pression screws. In 2011, Gohneim3 reported consolidation
in 93% of the 14 cases operated with a 1.5-mm Medartis
plate. Dodds et al.4,8 achieved an 87% consolidation rate, that
is, in 8 out of 9 cases operatedwith a vascularized radial graft
and scaphoid plate after an initial treatment failure. In 2017,
these same authors increased this series to 20 subjects,
observing consolidation in 18 cases (90%), with improved
function and pain. As such, they demonstrated that this

Table 1 Preoperative functional assessment of patients undergoing surgical treatment

PREOP RADIAL
ABD
THUMB

FLEX MCP
THUMB

EXT MCP
THUMB

RADIAL
DEV

ULNAR
DEV

W
FLEX

W EXT REST
VAS

VAS
ROM

LPS CLPS QUICK
DASH

PRWE

1 60 70 �6 20 38 90 66 0 9 7.6 7.8 52.27 57

2 50 50 0 10 25 45 35 2 5 19.3 22 80 78

3 40 50 0 15 20 60 10 3 9 5.3 9.3 34 55

4 65 60 0 20 25 85 60 5 10 10 10.5 82.3 89

5 24 40 20 20 20 46 40 5 10 10.5 11.7 86.3 80.5

6 48 60 0 20 16 24 24 7 9 6.5 9.5 27.3 55.5

7 60 54 0 20 20 50 24 2 8 9.7 10.7 45 66

8 50 60 0 20 20 30 42 0 4 4.2 9.2 45.5 63.5

Abbreviations: CLPS, contralateral lateral pinch strength; EXT MCP THUMB, extension of the metacarpophalangeal joint of the thumb; FLEX MCP
THUMB, flexion of the metacarpophalangeal joint of the thumb; LPS, lateral pinch strength; PREOP, Preoperative; RADIAL ABD THUMB, radial
abduction of the thumb; RADIAL DEV, radial deviation; REST VAS, visual analog scale for pain at rest; ULNAR DEV, ulnar deviation; VAS ROM, visual
analog scale for range of motion; W EXT, wrist extension; W FLEX, wrist flexion.
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surgery was an alternative to salvage procedures in reoper-
ated patients. Esteban-Feliu et al.,9 in 2017, followed-up 15
patients for 3 years and achieved 87% of consolidation. The
follow-up of the present study was of 12 months, and 100%
consolidation was achieved in the 8 operated cases
(►Figure 2).

The fact that the plate has a volar support and that it is
placed within the joint can cause problems. Technically, in
the intraoperative period, countless fluoroscopy images are
recommended. These images must be in oblique views to
determine scaphoid reduction, graft location, and the posi-
tioning of the plate and the screws. The penetration of intra-
articular screws can be difficult to avoid, especially in the
radioscaphoid and, distally, the scaphotrapeziotrapezoid
joint. In addition, the plate must be removed 9 to 12 months
after surgery in patients presenting an impact at maximal

wrist flexion and a painful click during wrist flexion.8,9 Plate
removal was required in one case because a screwwas at the
scapholunate space, and in two cases due to pain and limited
wristflexion. Inmore recent studies, from2019, Burgos et al.,
despite achieving 100% consolidation in their series of 8 cases
also operatedwith iliac crest grafts and volar plates, reported
a decrease in range of motion and in grip strength 12 weeks
after surgery.10 In the functional evaluation of the present
study, carried out 1 year after the procedure, all evaluated
parameters improved; in addition, the PRWE score presented
a significant improvement, dropping from 68 to 31 points
(p¼0.01).

The success of our cases is not exclusively due to the use of
plates. Factors such as a relatively short pseudoarthrosis time
(19months), young patients with no comorbidities andwith
a good bone stock certainly influenced the success of

Fig. 2 Three months after surgery. (A) Anteroposterior radiograph showing a well-placed plate and consolidated pseudoarthrosis. (B) Lateral
radiograph showing total integration between the fragments. (C) Frontal section of a computed tomography (CT) scan showing a bone
bridge between the fragments. (D) Lateral CT image showing consolidation of pseudoarthrosis.

Table 2 One-year postoperative functional assessment of patients undergoing surgical treatment

POSTOP RADIAL
ABD
THUMB

FLEX
MCP
THUMB

EXT
MCP
THUMB

RADIAL
DEV

ULNAR
DEV

W
FLEX

W EXT REST
VAS

VAS
ROM

LPS CLPS QUICK
DASH

PRWE

1 60 60 0 20 30 70 40 0 8 9 9 40 38.5

2 60 60 0 14 42 80 70 2 3 4.7 11 11.8 24

3 54 60 0 6 18 54 22 0 3 9.3 10.3 18.2 27.5

4 60 60 0 8 30 56 64 2 2 10.7 10.5 25 29

5 24 40 0 18 20 46 40 5 10 10 11.7 86.3 80.5

6 60 56 0 10 30 60 40 0 4 9.83 8.3 37 9.09

7 68 50 0 8 30 30 40 0 6 11.6 14 15.5 14.5

8 62 60 0 28 24 92 52 3 9 7.2 9 40.9 27.5

Abbreviations: CLPS, contralateral lateral pinch strength; EXT MCP THUMB, extension of the metacarpophalangeal joint of the thumb; FLEX MCP
THUMB, flexion of the metacarpophalangeal joint of the thumb; LPS, lateral pinch strength; PREOP, Preoperative; RADIAL ABD THUMB, radial
abduction of the thumb; RADIAL DEV, radial deviation; REST VAS, visual analog scale for pain at rest; ULNAR DEV, ulnar deviation; VAS ROM, visual
analog scale for range of motion; W EXT, wrist extension; W FLEX, wrist flexion.
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consolidations. The present series of cases has limitations,
such as the small number of patients;we emphasize the need
for a comparative study with headless screws. Due to the
scarcity and high cost of plates compared with the wider
availability and diversity of headless screws for the scaphoid
bone,webelieve that this techniquewill hardly be used in the
short-term and routinely. However, it can be an option in
selected cases and in recalcitrant pseudoarthrosis with
previous consolidation failure.

Conclusion

The use of a plate with an iliac graft in scaphoid pseu-
doarthrosis with angular deformity improved the carpal
alignment, wrist mobility, and pain of the patients com-
pared with preoperative findings. In addition, it increased
DASH scores and presented consolidation and complication
rates similar to those described in the literature. The need
for further studies is emphasized, with a control group
using Herbert-type screws and greater availability of the
material used.

Note
The present study was developed at the Department of
Orthopedics and Anesthesiology of the Hospital das Clíni-
cas, Faculdade deMedicina de Ribeirão Preto, Universidade
de São Paulo (HC-FMRP-USP), Ribeirão Preto, SP, Brazil.
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