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Abstract Objective The aim of the present study was to analyze the clinical and radiological
results of patients with type-V cystic scaphoid nonunion who were treated with
percutaneous grafting and screw.
Methods A total of 11 patients were treated with a percutaneous bone graft with
screw fixation. The criteria for inclusion in the study were a type-V scaphoid nonunion
and age > 18 years old. Those with humpback deformity, arthritis, ligament damage
determined on magnetic resonance imaging, or avascular necrosis (AVN) in the
nonunion fragment were excluded from the study.
Results The mean follow-up time was 36 months (range: 15–53 months). At the final
follow-up examination, the mean visual analogue scale score was 1.06 (range: 0–2.3).
Postoperatively, the mean extension was 61.6° (44–80°), flexion 66° (60–80°), radial
deviation 12° (7–20°), and ulnar deviation 25° (20–34°). The mean grip strength of the
operated hand was found to be 94%, compared with the healthy side. The results
obtained in the Mayo Modified Wrist Score were poor in 2 patients, good in 2 and
excellent in 7 (64%).With the exception of 2 patients, union was obtained radiologically
in 9 patients, with a mean of 12.6 weeks (range, 8–16 weeks).
Conclusion Percutaneous grafting and screw fixation cannot replace open surgery in
cases with deformity, shortening, humpbacking, or in long term nonunions; however, it
is a reliable and effective treatment method in selected cases, such as Slade & Dodds
type-V cystic nonunion.
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Introduction

Scaphoid nonunion is defined as a bone union that does not
occur within a period of 6 months or more from the injury.1

Although there are varying rates of union, non-union devel-
ops in � 10% of all scaphoid fractures, and it is associated
with factors such as the localization of the fracture, degree of
displacement, and time when treatment is initiated.2 Other
factors, such as a high rate of retrograde blood flow, that the
bone being covered in cartilage to a large extent, and
presence of high deforming forces, affect the nonunion of
scaphoid fractures.3

Slade and Dodds3 classified scaphoid nonunions accord-
ing to anatomic and physiological characteristics. According
to this classification, patients with>5mm and<10mm
bone resorption in the nonunion line, with cyst formation
and preserved scaphoid alignment, are defined as type V.3 It
has been reported that grafting is necessary to obtain union
in these types of patients in whom the perfusion of the
nonunion fragment is good.3 The primary aim of treatment is
to provide mechanical compression and stable fixation with
osteoinductive material to increase the union.

Although awidely used approach is to open the nonunion
area, some authors have reported that a closed technique,
rather than open surgery, can be successfully used.4,5 In this
approach, the fibrocartilaginous tissue in the nonunion line
works as a mesh, and the percutaneously placed screw holds
the bone graft tightly in the nonunion region. Although Slade
and Dodds3 described the percutaneous grafting and screw
fixations technique in detail, to the best of our knowledge,

there are no clinical studies for type-V cystic nonunions in
the literature on this technique.

The aimof the present studywas to analyze the clinical and
radiological results of patients with type-V cystic scaphoid
nonunion who were treated with percutaneous grafting
and screw.

Methods

Approval for the study was granted by the local ethics
committee under the number 14/11/2018–395. A retrospec-
tive evaluation was made of patients who presented at our
clinic with scaphoid nonunion between 2014 and 2017. A
total of 11 patients were treated with a percutaneous bone
graft with a headless compression screw fixation.

The criteria for inclusion in the study were was a type-V
scaphoid nonunion despite at least 6 months having passed
since the injuryandpatientage>18years. Thosewithcystarea
< 5mm in computed tomography (CT), humpback deformity,
arthritis, ligament damage, or avascular necrosis (AVN) in the
nonunion fragment determined on magnetic resonance imag-
ing were excluded from the study. All patients were evaluated
regarding lateral and ulnar deviation on preoperative poster-
oanterior radiographs, the amount of bone resorption, the
presence of cystic formation, and scaphoid alignment on thin
section CT. The tests were interpreted by a radiologist blinded
to the study and by the surgeonwho performed the operation.

Functional and radiological evaluations were performed
for the patients at the final follow-up examinations. Flexion-
extension and ulnar-radial deviation were measured with a

Resumo Objetivo O objetivo do presente estudo foi analisar os resultados clínicos e radio-
lógicos de pacientes com não consolidação do escafoide do tipo 5 que foram tratados
com enxerto percutâneo e parafuso.
Métodos Um total de 11 pacientes foram tratados com enxerto ósseo percutâneo
com fixação de parafuso. O critério de inclusão no estudo foi não união do escafoide do
tipo 5. Foram excluídos do estudo aqueles com deformidade corcunda, artrite, dano
ligamentar determinado por ressonância magnética ou necrose avascular (NAV) no
fragmento de não consolidação.
Resultados O tempomédio de seguimento foi de 36meses (intervalo: 15–53meses).
No exame final de seguimento, o escore médio de escala visual analógica foi de 1,06
(intervalo: 0–2,3). No pós-operatório, a extensão média foi de 61,6° (44–80°), flexão
66° (60–80°), desvio radial 12° (7–20°) e desvio ulnar 25° (20–34°). A força média de
aderência da mão operada foi de 94% em comparação com o lado saudável. Os
resultados obtidos noMayo Modified Wrist Score foram ruins em 2 pacientes, bons em 2
e excelentes em 7 (64%). Com exceção de 2 pacientes, a consolidação foi confirmada
radiologicamente em 9 pacientes com média de 12,6 semanas (intervalo: 8–16
semanas).
Conclusão Enxerto percutâneo e fixação de parafusos não podem substituir a cirurgia
aberta em casos de deformidade, encurtamento ou acordundamento, ou em não
consolidação a longo prazo; no entanto, é um método de tratamento confiável e eficaz
em casos selecionados, tais como a não consolidação do tipo 5 de Slade e Dodds.
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goniometer. Grip strength was measured with a model SH
5001 Jamar hand dynamometer (Saehan Corporation,Masan,
South Korea). The comparison percentage was recorded by
measuring the operated and nonaffected hands in the same
position. The functional scores were evaluated with the
Mayo ModifiedWrist Score. According to this score, patients
are evaluated on a scale of 0 to 100, with 0 to 60 points being
poor, 60 to 80 being fair, 80 to 90 being good, and 90 to 100
being excellent. Residual pain was evaluated on a visual
analogue pain score, according to which 0 corresponded to
no pain and 10 to intolerable pain.

Surgical Technique
All operations were performed by the hand surgeon under
general anesthesia andwith the use of a tourniquet. The volar
approachwas preferred for patients with the nonunion line in
the scaphoid waist region, and dorsal approach was preferred
for proximal, andwaist regions close to the proximal. If a volar
approach was preferred, the wrist was moved into extension
and supported frombelowwitha towel. After theplacementof
a guidewire at the base of the thenar eminence, the guidewire
was advanced, taking the proximal pole center as the target
under anterior-posterior and lateral fluoroscopy imaging. If a
dorsal approach was preferred, the wrist was taken into
hyperflexion. The tendons were protected by making a small
incision so as not to damage the extensor tendons from the
dorsal. By moving the fluoroscopy device into a horizontal
position, the beamswere obtained vertical to thewrist during
imaging. To locate the central axis of the scaphoid, the wrist
was taken into flexion and pronation until the scaphoid poles
were at the same level under posteroanterior imaging. By
making a small incision from the center of the scaphoid, the
guidewire was advanced percutaneously under fluoroscopy
guidance to the proximal pole. To prevent the wire bending
during this process, the wrist was held in flexion. After good
reductionwas observed under fluoroscopy, the guidewirewas
pushed toward the distal part.

The distal end of the guidewire was advanced until it
made contact with the distal cortex (►Fig. 1A, 1B). The screw

length was measured using a second wire of equal length,
then a screw 2mm shorter than the measured value was
selected. Continuing to hold the wrist in the flexion position,
the drilling stage began under fluoroscopy guidance. Using a
cannulated drill, the nonunion line and distal pole were
reamed under fluoroscopy guidance, beginning over the
proximal pole over the guidewire in the central axis. At
this stage, great carewas taken not to pass the distal cortexof
the distal pole and not to damage the fibrocartilaginous
tissue around the nonunion line.

The drill was removed, and the percutaneous grafting
stage was started. A cancellous graft was harvested from the
iliac wing on the contralateral side to the affected hand. To
reduce morbidity while harvesting the graft, the Acumed
Bone Graft Collection System (Acumed, Hillsboro, OR, USA)
was used. Sufficient amount of cancellous bone graft
was obtained by entering with a 6-mm trephine from a
mini-incision.

In the percutaneous grafting stage, the specially designed
grafting cannula with a diameter of 3mmwas passed tightly
over the guidewire in the wrist and advanced from the
proximal pole as far as the nonunion line (►Fig. 2A, 2B).
After placing the cancellous graft in the funnel-shaped entry
of the cannula, the cancellous graft was advanced to the
nonunion regionwith thehelp of a central trochar (►Fig. 3A).
The nonunion line was continuously checked under fluoros-
copy at this stage. Grafting was made until the radiolucent
nonunion line appeared radio-opaque (►Fig. 3B). The
cannula was removed, and the guidewire in the central
axis was left in place.

Then, the fixation stage was started. An Acutrak 2 stan-
dard headless compression screw system Acumed) was
selected for implantation. The headless compression screw
of length and thickness previously defined over the guide-
wire was placed on the scaphoid.

Postoperatively, a thumb-supporting cast was applied to all
the patients, andafter fourweeks, follow-upwas continued for
a further four weeks in a splint. After removal of the cast, wrist
exercises were initiated.

Fig. 1 (a) Final guidewire placement in anteroposterior view. The wire is centered on the proximal pole. (b) The lateral view demonstrates the
proper starting point of the guidewire.
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Radiographic evaluation was performed at 4 weeks post-
operatively, and then repeated every 4 weeks until union.

This was verified by the presence of bone trabeculation
crossing the fracture site andabsenceof tenderness.Unionwas
confirmed immediately thereafter by multislice CT.

Results

Of the total 11 patients, a volar approachwas used in 3 patients
and a dorsal approach in 8. All patients included in the study
were male with a mean age of 22 years (range: 19–29 years).
Theoperatedhandwas thedominant side in sevenpatientsand
the non-dominant in four. The time from injury to surgical
fixation was a mean of 15 months (range: 7–34 months). In
5 cases, thediagnosis had initially beenmissed, and in6 cases, a
thumb-supporting wrist plaster cast had been applied for a
mean of 5.8 weeks (range: 4–9weeks). Therewas no history of
previous wrist surgery in any patient. Regarding the localiza-
tion of the fracture, six were in the waist region and five in the
proximalpole.Allpatientspresentedwith thecomplaintofpain
inwrist extension and tenderness in the snuffboxonpalpation.
The mean follow-up time was 36 months (range: 15–53
months). At the final follow-up, the VAS improved from a
mean of 4.3 (3–6.3) to a mean of 1.06 (0–2.3). The mean
preoperative range of movement was 41.8° (32–60°), 52.4°

(33–71°),5.8° (0–16°), and15.7° (11–27°) forextension,flexion,
radial deviation, and ulnar deviation, respectively. The postop-
erative range of movement improved to means of 61.6°
(44–80°), 66° (60–80°), 12° (7–20°), and 25° (20–34°) for
extension,flexion, radial deviation, andulnardeviation, respec-
tively. Preoperatively, the Mayo modifiedwrist score was poor
in 6 patients (54%), fair in 4 (36%), and good in 1 (10%). This
improved to 7 excellent (64%), 2 good (18%), and 2 poor (18%)
results at 1 year. The mean preoperative grip strength of the
operated handwas found to be 82% comparedwith thehealthy
side. This improved 94% postoperatively. The functional scores
werenotstatisticallyanalyzed.With theexceptionof2patients,
unionwas obtained radiologically in 9 patients, with amean of
12.6weeks (range,8–16weeks)(►Fig. 4A, 4B, 4C). In2patients,
there was no union at 8 months postoperatively, and the
complaintspersisted, soopengrafting and screwswere applied
with dorsal incision. Bone unionwas achieved in the postoper-
ative 16th week in both patients.

Discussion

As a result of the percutaneous grafting and screws applied to
the patients with type-V cystic scaphoid nonunion in this
study, union and good–excellent functional results were
obtained in 9 of the 11 patients with this technique.

Fig. 2 (a) Placing the cancellous graft in the funnel shaped entry of the cannula. (b) Cancellous graft was advanced to the nonunion region with
the help of a central trochar.

Fig. 3 (a) The fluoroscopic imaging used to monitor the progress of the percutaneous bone grafting. Anteroposterior view shows the
radiolucent zone of the scaphoid nonunion. (b) After percutaneously placed bone grafting, the fluoroscopic image shows the radiolucent zone
becoming radiopaque.
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The main aim of treatment in scaphoid nonunion is to
obtain rigid fixation without disrupting circulation.6 There-
fore, fixations made with less soft-tissue dissection with a
minimally invasive technique has become widely preferred
in recent years.7,8

Closed drilling in the nonunion line using a percutaneous
technique stimulates healing by removing fibrous tissue
from the pseudoarthrosis line, and in cases in which there
is excessive bone resorption, it allows closed grafting with-
out damaging the scaphoid surface.9–11 According to the
Slade and Dodds classification of scaphoid nonunions, which
is of great use in minimally invasive surgical treatment, rigid
fixation without grafting is recommended for early scaphoid
nonunions without significant bone resorption (types I-III),
while for late nonunions with significant bone resorption
(types IV–V), it is recommended that grafting be applied in
addition to rigid fixation.3 The percutaneous screw and
closed grafting technique has been described in detail.3

Although there are authors in the literature who prefer
percutaneous screw only or percutaneous grafting only in
types IV–V nonunions, to the best of our knowledge there are
no previous studies that have used the two techniques
together in a patient series, as we aimed to do in the present
study. Mahmoud et al. applied percutaneous screws with a
volar approach without grafting to 14 patients diagnosed

with a type V (> 5mm) scaphoid nonunion and reported that
union developed in amean of 10.8weeks.12 It was stated that
union could be obtained without any need for grafting,
irrespective of the size of the gap in nondisplaced fractures.12

In this respect, the views of Mahmoud et al.12 contrast with
Slade.3 However, all the fractures in that study with a high
rate of union were waist region fractures, and proximal pole
fractures were not included in the study.12 There are two
studies in the literature that used a technique similar to ours.
Ohta et al.13 report excellent results of six scaphoid fibrous
nonunion treated by percutaneous fixation with curettage
and bone grafting through the distal insertion hole of a fully
threaded headless screw. Similarly, Bokhari et al.14 used a
Jamshidi trocar needle for percutaneous grafting for 15
scaphoid fibrous nonunion. The difference between these
two studies and ours is that they were performed in patients
with fibrous non-union (Slade and Dodds type II) rather than
cystic non-union.13,14 In a study, 33 patients with no hump-
back deformity, AVN in the proximal pole, or arthritis,
percutaneous grafting was applied with corticocancellous
peg, cancellous graft harvested from the iliac wing and no
additionalfixation, and unionwas obtained at a rate of 76%.15

In the current study, union was obtained in 9 of 11
patients. Of the 6 patients with nonunion in thewaist region,
union was obtained in all cases, and of the 5 patients with
proximal pole nonunion, union was achieved in 3. Grafting
was applied to patients with significant bone resorption
(5–10mm), as recommended by Slade, and it was thought
necessary to apply additional fixation independently of the
graft selection.3

When the two patients where union did not developwere
examined, the fractures were seen to be extremely proximal,
and the nonunion could be attributed to the proximal
fragment being very small.

The preoperative localization of the nonunion is critical for
the outcome. While studies of nonunions located only in the
waist region have reported union rates of 92 to 100%, this
rate falls to 64% in proximal pole nonunions.10–12,16 Proximal
pole fractures are not an absolute contraindication for percu-
taneous grafting and screw application. However, in patients
with a very proximal fracture and a small fragment, other
treatment options may be considered.8

The major advantages of this technique are that there is no
need for soft-tissue dissection, and fixation and grafting can
be applied without damaging the scaphoid surface or the
fibrocartilaginous membrane around the nonunion line. Thus,
the blood supply of the scaphoid, which is already poor, is not
further disrupted. Another minimally invasive method is
arthroscopic-assisted bone grafting. Gvozdenovic et al.8

compared arthroscopically-assisted bone grafting with percu-
taneous screw fixation. They achieved similar high union rates
in both groups but stated that the operation time was signifi-
cantly higher in the arthroscopic group due to the learning
curve of this technically more advanced method.8

A disadvantage of the percutaneous technique is that it
requires the frequent use of fluoroscopy. For this reason,
possible harmful effects of radiation on the patient and
surgical team should be kept in mind.

Fig. 4 (a) Preoperative wrist anteroposterior (AP) and lateral view
showing Slade type-V scaphoid nonunion. (b) Wrist AP and lateral
view 1 month after surgery. (c) Wrist AP and lateral view 1 year after
surgery confirms bony union of the scaphoid.
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The limitations of this study may include the low number
of patients, the absence of a control group for comparison,
and the retrospective nature of the study.

Conclusion

In conclusion, although the present study included a low
number of patients, it was seen that a Slade type-V cystic
scaphoid nonunion could be successfully treated percutane-
ously. It is a reliable and effective treatment method in
selected cases.
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