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Introduction

Fracture of the scaphoid bone is one of the most common fra-
ctures of the carpus.1,2 Scaphoid bone heals by direct ossification
due to the lack of periosteal covering; therefore, the whole blood
arrives to the fracture from the intraosseous vascularity.3 The
reported incidence of nonunion for scaphoid fractures is approxi-

mately 5 to 10%.4 Scaphoid fractures frequently displace, depend-
ing on the directions of the forces and on the kind of fracture, and
thisworsens thealreadyweakhealingcapacity.5Nonunioncanbe
painful and, if left untreated, often leads to osteoarthritis.5

Scaphoid nonunions (SNUs) always require surgery.6Many tech-
niques that require bone graft have been suggested.6,7

Thebiological activityof platelet-richplasma (PRP) onbone
healing has been described.8–10 The use of PRP in delayed
unions and nonunions has already been investigated.10 There
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Abstract Purpose The aim of this study was to analyze the results of two different methods of
surgical treatment of waist scaphoid nonunions (SNUs). We retrospectively analyzed
data from 87 patients referred to our department from January 2010 to December
2017 who were surgically treated for waist SNU.
Methods The mean period of time passed from trauma was 11.2 (�5.6) months.
Patients were divided into two groups based on surgical treatment received: volar
exposure osteosynthesis with shape memory staple (SMS) (group A) and volar
exposure osteosynthesis with SMS and gelled platelet-rich plasma (GPRP) application
at the bone defect level (group B). A cast (thumb excluded) wasmaintained for 4 weeks.
Healing was checked clinically (pain, QuickDASH [Disabilities of the Arm, Shoulder, and
Hand] score, Mayo Wrist Score) and radiologically (standard X-ray).
Results Union was achieved in 40 patients in group A (95.2%) and in all patients in
group B (45 patients; 100%). A statistically significant difference was observed in the
improvement of the Mayo Wrist Score, QuickDASH score, and pain (measured through
the visual analog scale) after 3 months from surgery (p¼ 0.02).
Conclusion SMS is effective in treating waist SNU at more than 6 months from
trauma. GPRP application can improve bone healing and upper limb function.
Level of Evidence This is a retrospective observational Level III study.
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is no consensus on the benefit of PRP apposition in fracture
healing.11 Evidence on the use of PRP in SNU is still lacking,12

although its application has been already investigated applied
on a bone graft.13 The aim of the study was to investigate the
role of gelled PRP (GPRP) in patients with SNU (later than 6
months from fracture diagnosis or fracture occurrence)
treated surgically with staple osteosynthesis, without bone
autograft.

Methods

Study Design and Setting
This is a single-center observational retrospective analysis
performed at our Hand Surgery Unit from January 2010 to
December 2017. The study matches national ethics criteria
and is in accordance with the Helsinki convention. Consider-
ing that the study techniques were the gold standard for the
treatment of SNU classified as type Dwithout shortening and
without humpback deformity (according to the Herbert
classification14) in our institution, a formal ethical approval
was not needed for this retrospective study. All patients
provided a written informed consent before the surgery.

Inclusion and Exclusion Criteria
All adult (skeletally mature patients aged 19 years or older)
patients with a unilateral waist SNU type D (according to the
Herbert classification14) for more than 6 months from diag-
nosis, with good radiological dataset (standard X-ray preop-
erative, postoperative X-ray at 1, 2, 3, 6 and 12 months, and
preoperative computed tomography [CT] scan) and at least
one1year follow-up, were eligible for the study.

We excluded from the study patients with the following:

• Proximal pole SNU.
• Displacement gap> 2mm with shortening of the scaph-

oid (severe bone loss and severe shortening), as calculated
on a CT scan.

• Humpback deformity.
• Perilunate fracture-dislocation.
• Dorsal intercalated segmental instability.

– SNUAdvancedCollapse (SNAC) injurystages2,3, and4.15

• Previous trauma and/or surgical treatment on the treated
hand.

• Less than 6 months passed from the trauma clearly
referable to the fracture.

Treatment
The enrolled patients were divided into the following two
groups based on the received treatment: osteosynthesiswith
shape memory staple (SMS) (group A) and osteosynthesis
with SMS and GPRP application at the bone defect level
(group B). All patients were treated by a single surgical team
comprising two senior hand surgeons (G. T. and R. D. V.). A
volar approach to the scaphoid was used. The radial artery
and the palmar cutaneous branch of the median nerve were
identified and protected. Volar radiocarpal capsulotomywas
performed, and the radiolunate and radioscaphocapitate
ligaments were dissected. The nonunion was exposed. An

accurate debridement was performed using nonpowered
tools: a gentle curettage of the surfaces of fracture was
performed, and the fibrous tissue interposed (if present)
was completely excised. Twoholesweremade into each bone
fragment to allow the accommodation of the staple. Before
being applied, the staple is adapted in desired width. Then it
is forcibly inserted into the holes. This kind of staple com-
pressed the bone fragments by heating with body heat16 and
it holds the correct length of the bone and it prevents
rotations of poles.

In group B patients, the bone gap was filled with GPRP. A
sample of peripheral blood was used to prepare GPRP
according to the protocol described in ►Fig. 1. After produc-
tion, the GPRP was immediately administered. It has the
consistency and appearance of a gelatinous compound that
could be gently applied to fill the gap (►Fig. 2).

GPRP is gently inserted in the gap using forceps: approxi-
mately 0.05 up to 0.1 cm3 of GPRP are necessary to complete-
ly fill the gap. Finally, the capsule is sutured over, providing
an additional protection, to avoid its leakage.

Fig. 1 Production of gelled platelet-rich plasma.
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All patients were immobilized in a short-arm cast exclud-
ing the thumb for 4 weeks. They were reviewed through
serial outpatient checks, as described previously, according
to institutional protocols.

Outcomes
The primary outcome of the studywas the union assessment.
Scaphoid union was defined as consolidation in plain radio-
graph associated with the absence of clinical findings (e.g.,
snuffbox compression pain, spontaneous pain, pain at wrist
motion) and a visual analog scale (VAS) score of <4. The
secondary outcome was to assess the improvement of hand
and wrist function and pain, the rate of complication and
surgical failure.

During recruiting, plain radiographs in semipronated
oblique, anteroposterior, and lateral views were obtained
for all patients. Every recruited patient underwent a CT
examination of the affectedwrist prior to surgical treatment
for surgical planning. A careful assessment of the scaphoid
length and deformity was performed. The radiographic
results were evaluated through plain radiographs obtained
at 1, 2, 3, 6, and 12 months after surgery.

The findings for the assessment of union have been
already reported previously.

Postoperative CT was performed at least 3 months after
surgery to confirm radiological healing (presence of bone
bridges between the two fragments) in patients with uncer-
tain healing (nondiscriminatory radiographs associatedwith
persistence of pain symptoms). The functional improvement
and the clinical success of the surgery were evaluated using
the QuickDASH (Disabilities of the Arm, Shoulder, and Hand)
score and Mayo Wrist Score (MWS) before surgical treat-
ment, and after 3, 6, and 12months. Painwas evaluated using
a 10-item VAS before the surgery, and after 3, 6, and 12
months.

Statistical Analysis
All data are presented as mean and standard deviation. Only
one decimal digit was reported (rounded up). Student’s t-test
was used to compare parametric data. For nonparametric

data, Mann–Whitney’s U test was used. The significance was
established for a value of p< 0.05. All statistical analyses
were performed using the SPPS statistical calculation soft-
ware (SPSS Inc., Chicago, Illinois, United States).

Results

A total of 87 (17 females, 70males) patientsmet the inclusion
criteria and had a good radiographic dataset therefore were
included in the study. The demographic and clinical charac-
teristics of the patients are shown in ►Table 1. Based on the
received treatment, the patients were divided into two
groups. Group A (treated with SMS) had 42 patients (6
females, 36 males) and group B (treated with SMS and
GPRP) had 45 patients (11 females, 34 males). The average
follow-up time was 14.4 months (�6.7) in group A and 12.1
(�5.2) in group B. The mean time passed from the trauma

Fig. 2 Surgical treatment. (A) Surgical exposure. (B) Debridement at the nonunion site is performed. Two K-wires are inserted to allow the
accommodation of the staple. (C) The staple fixes the bone. (D) Autologous gelled platelet-rich plasma (GPRP) is identified with a label. (E) GPRP
is gently inserted to fill the gap.

Table 1 Principal demographic and clinical features of patients
studied

Demographics Group A Group B

Number of patients (%) 42 (48.3) 45 (51.7)

Age (y) 32.1� 9.1 31.5� 12.3

Gender 6 F, 36 M 11 F, 34 M

BMI 27.8� 2.1 26.7� 3.8

Comorbidity, n (%)

Smokers 19 (45.2) 24 (53.3)

Diabetes 1 (2.4) –

Hypertension – 2 (4.4)

Time between wrist
trauma and surgery

11.2 (�5.6) mo 12.1 (�6.2) mo

Previous nonoperative
treatment with long
arm cast

18 (42.8) 14 (31.1)

Misdiagnosed fractures
(not properly treated)

24 (57.2) 31 (68.9)

Abbreviations: BMI, body mass index; F, female; M, male.
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clearly referable to the fracture was 11.2 (�5.6) months.
Before undergoing surgical treatment, 18 (42.8%) patients in
group A and 14patients (31.1%) patients in group B under-
went nonoperative treatment with long arm cast for approx-
imately 45 days (�7.3), whereas 24 (57.2%) patients in group
A and 31 (68.9%) patients in group B were cases of misdiag-
nosed fractures (not properly treated).

Union was achieved in 40 patients in group A (95.2%) and
in all patients in group B (100%). The average healing time
after operation was 2.9 (�0.9) months in group A and 2.1
(�0.5) in group B (p¼ 0.03). In Group A, the mean MWSwas
48.5 (�6.3) before the surgery, 78.1 (�8.9) at 3 months, 85.4
(�5.5) at 6 months, and 88.3 (�7.8) at 12 months. In group B,
the mean MWS was 44.8 (�8.1) before the surgery, 87.4
(�9.3) at 3 months, 91.4 (�6.9) at 6 months, and 92.1 (�7.2)
at 12 months. A statistically significant difference was noted
in the improvement of function in both groups (p¼ 0.02 and
0.002, respectively). While comparing the two groups, a
statistically significant difference was observed only for
the value measured three months after surgery (p¼ 0.04).
In group A, the QuickDASH score improved from 47.7 (�6.2)
points to 12.6 (�3.1) points after 3 months, 8.6 (�2.7) after 6
months, and 7.9 (�4.2) after 12 months. In Group B, the
QuickDASH score improved from 46.2 (�6.2) points to 7.2
(�4.6) points after 3 months, 6.9 (�3.3) after 6 months, and
7.2 (�1.1) after 12 months. Although a statistically signifi-
cant difference was observed in the reduction of QuickDASH
scores in both groups (p¼ 0.001 and 0.002, respectively), the
major difference between the two groups was noted after 3
months of surgery (p¼ 0.02). In group A, the mean VAS score
at t0 was 5.6 (�0.9), which decreased to 3.5 (�0.7) at 3
months, 2.1 (�0.4) at 6 months, and 1.9 (�0.6) at 12 months.
In group B, the mean VAS score at t0 was 6.1 (�1.1), which
decreased to 1.9 (�1.3) at 3 months, 1.8 (�0.7) at 6 months,
and 1.5 (�0.9) at 12 months. The statistically significant
difference between the two groupswas observed only for the
value measured three months after surgery (p¼ 0.02).
Results are given in ►Table 2.

Discussion

Scaphoid fractures frequently involve young and active
adults.17–19 Hence, it is desirable to shorten the healing
time. Geoghegan et al studied undisplaced scaphoid frac-
tures treated conservatively with forearm cast. They found
that fractures that showed to be united on CT images after 4
weeks do not need further immobilization.20 Evidence
suggests to avoid cast including the thumb in undisplaced
and stable fractures.21,22 SNUs fixed with SMS are stable
and can therefore be compared with undisplaced frac-
tures.23 Hence, we decided to perform the immobilization
for only 4 weeks after surgery to avoid immobilization
overtreatment. In the literature, there is no unique way to
define and characterize SNUs.24 Age of trauma, and radio-
logical and intraoperative findings are the main parameters
to assess nonunions.24,25

SNUs are not healed fractures, but living bone alongside
the nonunion site preserves its healing capacity.26 They have

a lower healing potential compared with simple
fractures.27,28

Schmidle et al found that the healing capacity depends on
the time passed out from trauma concerning the distal pole
and gap region; conversely, there is limited healing capacity
of the proximal pole already at early stages, with few alter-
ations over time.26

Trusting in potential healing, some authors have reported
positive results of fixed SNUs without bone grafting.29–31

However, these studies are heterogeneous considering the
population, techniques, and assessment of results, even if
they reported promising results. Only one study described
the use of PRP alone in scaphoid fractures. Namazi and
Kayedi described intra-articular injection in conservative
treated scaphoid fracture (without bone grafting). They
prospectively assessed pain reduction and improved func-
tion with favorable results.12

Our study demonstrates that staple is useful in treating
waist SNUs and that GPRP is useful to improvehealing, which
is in agreement with other studies on bone healing.8–10,12,13

A faster and complete recovery leads to a higher wrist and
upper limb function, probably because it concurs with a
shorter period of immobilization and less work and sport
limitation.

GPRP is an autologous, easy-to-produce, cheap, and effec-
tive product in our experience (►Figs. 3 and 4). Furthermore,
the gel can fill very well the gap between the fragments.
Given the results, in addition to fixation, since 2018, we
routinely applied GPRP in any case of SNU without shorten-
ing, without significant bone resorption, avascular necrosis,
and deformities. Thus, we use it when bone graft is not
strictly needed.6

Table 2 Table showing the main results

Variables Group A Group B p-Value

Mean healing
time (months)

2.9 (�0.9) 2.1(�0.5) 0.03

Mayo Wrist Score

Preoperative 48.5 (�6.3) 44.8 (�8.1) >0.05

3 mo after surgery 78.1 (�8.9) 87.4 (�9.3) 0.04

6 mo after surgery 85.4 (�5.5) 91.4 (�6.9) >0.05

12 mo after surgery 88.3 (�7.8) 92.1 (�7.2) >0.05

QuickDASH score

Preoperative 47.7 (�6.2) 46.2 (�6.2) >0.05

3 mo after surgery 12.6 (�3.1) 7.2 (�4.6) 0.02

6 mo after surgery 8.6 (�2.7) 6.9 (�3.3) >0.05

12 mo after surgery 7.9 (�4.2) 7.2 (�1.1) >0.05

VAS score

Preoperative 5.6 (�0.9) 6.1 (�1.1) >0.05

3 mo after surgery 3.5 (�0.7) 1.9 (�1.3) 0.02

6 mo after surgery 2.1 (�0.4) 1.8 (�0.7) >0.05

12 mo after surgery 1.9 (�0.6) 1.5 (�0.9) >0.05

Abbreviations: DASH, Disabilities of the Arm, Shoulder, and Hand; VAS,
visual analog scale.
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The staple gives strong stability and properly compresses
the nonunion site.

In our institution, SMS is currently used to fix scaphoid
waist fractures. It is effective in compressing the nonunion site
and giving stability to the fracture. No one before us has
described the use of staple in more than 6 months SNUs,
proving that GPRP can improve healing. We hope that our
positive results could be useful for further studies. We are not
to forget our failures. Two cases of failure happened in group A
(staple without GPRP). Both cases were successfully treated
again with nonvascularized bone graft. Both cases had a very
long duration of nonunion (12 and 15 months), with one of
them being a smoker, that is, a known negative prognostic
connotation,32 but we cannot know clearly why they failed. In

fact, we successfully treated patients with a long duration of
nonunion and smokers in both groups. However, bothpatients
underwent bone graft surgery later and reached union.

This study has some limitations. It is a retrospective study.
We did not perform routine CT scan to confirm healing
(except in two cases that were not healed after 3 months),
but we assessed healing using a combination of X-rays and
clinical findings. We chose to not use postoperative MRI
because its sensitivity and specificity to asses healing after a
staple application are not clearly known. Conversely, some
studies have already been published on scaphoid healing
after fixationwith titanium screws.33,34Wedid not routinely
use preoperative MRI because avascular necrosis was direct-
ly, intraoperatively checked.

Fig. 3 A 32-year-old male patient with scaphoid nonunion in the left hand, with time passed from trauma of 12 months. (A–C) Preoperative
radiographs. (D,E) Postoperative radiographs (2 months after surgery).
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Further research would therefore be needed considering
different hardware, such as a compression screw, with and
without PRP, to compare these results.

In conclusion, SMS fixation could be considered a valid
treatment in select cases of scaphoid waist nonunions,

without bone deformity and/or shortening. GPRP seems to
be effective in improving clinical and radiological results.
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