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Abstract

Purpose This prospective randomized pilot study reports our
institutional experience and early results using Sonoma Wrx
(Sonoma Orthopedic Products, Santa Rosa, CA) in the treatment
of extra-articular and simple intra-articular distal radius fractures.
Material and methods A total of 64 patients, were enrolled in
the study. They were considered eligible if they had; unstable
extra-articular distal radius fractures and simple intra-
articular distal radius fractures suitable for closed reduction
(AO types; A2.2, A2.3, A3.1 C2.1, C2.2). Patients in group I
received intramedullary fixation using the Sonoma Wrx® device
and patients in group II received standard volar locking plate
fixation. Radiographic criteria of acceptable healing were used
for evaluation.

Results Two groups were similar in terms of baseline charac-
teristics. Mean time of operation was significantly shorter in
Group 1 vs. in group 2 (36.81+7.11 vs. 48.97+5.9 minutes, p=
0.001). Time to healing of the fracture was not different
between two groups (5.45+1.09 vs. 5.70+1.04 weeks for
Group 1 vs. 2, respectively p=0.36). Overall complications
occurred in 9 patients in group 1 and in 15 patients in group 2
(»p=0.17). Follow-up was completed in all patients with a
median time of 12 months and 13 months in group 1 and 2,
respectively. On radiographic evaluation radial inclination,
radial height and volar tilt were not significantly different
between group 1 and 2, respectively. There were no significant
differences between two groups in regard to wrist rotational
degrees measured in last follow-up visit.
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Conclusion Sonoma Wrx Device is reliable and effective in
terms of achieving satisfactory outcomes in treatment of distal
radius fractures. It may be reasonable to use this device to
prevent complications that are related to extensive soft tissue
dissection.
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Introduction

Distal radius fractures account for 44 % of all types of hand
and forearm fractures [1]. Incidence of distal radius fractures
increase in two distinct age groups in which the injury occurs
by two distinct mechanisms: high energy falls during sports
activities in young and low energy falls in elderly patients with
various risk factors. Closed reduction and cast stabilization is
the accepted treatment in most cases, especially in low-
demand elderly patients [2—4], whereas operative treatment
provides better anatomical stabilization of the wrist and earlier
improvement of functions in patients who had professional
expectations.

Volar locking plate fixation has increasingly gained popu-
larity in surgical treatment of distal radius fractures since it
provides better functional outcomes than dorsal plating [5, 6].
However, the volar approach has its own disadvantages, such
as large soft tissue dissection, tendon injury, hardware irrita-
tion and pain. Intramedullary nailing has been introduced as a
contemporary technique in patients undergoing surgery for
distal radius fractures. Limiting soft tissue irritation and pro-
viding earlier wrist motion, this technique may be an alterna-
tive to known methods for unstable fractures. Several devices
were introduced with promising outcomes in treatment of
extra-articular and simple intra-articular distal radius fractures
[7-10]. However, to our knowledge, there has been no
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comparative clinical study reporting outcomes regarding the
use of Sonoma Wrx (Sonoma Orthopedic Products, Santa
Rosa, CA) in treatment of extra-articular and simple intra-
articular distal radius fractures. This prospective randomized
pilot study reports our institutional experience and early re-
sults using this novel technique.

Material and methods

The study was approved by the local ethics committee. All
patients gave consent to take part in the research. The study
was undertaken on a prospective basis and study participants
were considered eligible if they had unstable extra-articular
distal radius fractures and simple intra-articular distal radius
fractures suitable for closed reduction (AO types; A2.2, A2.3,
A3.1 C2.1, C2.2). Operative fixation was considered as indi-
cated in the presence of radial shortening >3 mm, dorsal tilt
>10 degrees and intra-articular step-off >2 mm following cast
fixation. Patients who had stable fractures that were suitable
for cast fixation, previous wrist or distal radius injury or
deformity, open fractures, accompanying ulnar fractures were
not considered eligible for the study.

A total of 64 patients were enrolled in the study between
December 2012 and October 2013. Baseline characteristics of
the patients were given in Table 1. On the day of admittance,
patients’ demographic and clinical data were recorded and an
independent orthopaedist performed physical examination
and initial radiographic evaluation. Patients were randomly
allocated into two treatment arms using a computerized ran-
dom number generator. Patients in group 1 received
intramedullary fixation using the Sonoma Wrx® device and
patients in group 2 received standard volar locking plate
fixation.

Surgical technique
Sonoma Wrx® Wrist fracture repair device

All operations were performed with the patients under region-
al or general anaesthesia and the procedures were undertaken
by one of three experienced surgeons. The operation was
performed by using the technique provided by the manufac-
turer. A proximal arm tourniquet was applied and index and
middle fingers were placed in traction. Then, we made a 2—
3 cm incision over the radial styloid and we exposed the
superficial branch of radial nerve using blunt dissections. Care
was taken to avoid injury to this nerve. Using sharp dissec-
tions, we exposed the radial styloid between first and second
dorsal extensor compartments. We placed a temporary K wire
just beneath the subchondral bone and then we inserted a 3-
mm S-shaped awl about 3—5-mm proximal to the radial sty-
loid to create an entry hole. Then the awl was advanced
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through the radius body while stability of the reduction was
controlled under fluoroscopy guidance. An appropriate size
hub nail was selected according to the size of S-shaped awl
that could be inserted. The channel was reamed, and then the
Sonoma Wrx device was inserted. After insertion, using ap-
propriate drivers, the grippers on the device were actuated and
the device was deployed to provide solid fixation. The fixation
was confirmed by fluoroscopy and the actuation driver was
removed. Then, we inserted appropriate sized proximal and
buttress screws and confirmed the fixation of the fracture in
anteroposterior and lateral radiographic views (Fig. 1). Before
skin closure, stability of the distal radio-ulnar joint was exam-
ined in pronation, supination and rotation.

Volar locked plating

An arm tourniquet was applied and open reduction was per-
formed using the volar approach. The plate was placed and
locking screws were inserted. The position of the plate and
correct reduction were confirmed using radiographic views.
Range of motion and fracture stability were examined before
skin closure.

Postoperative care

All arms were placed in volar splints for approximately seven
to ten days after the operation. Immediate forearm, wrist and
thumb movements were encouraged. Patients were allowed to
perform strenuous tasks and weight bearing once radiographic
fracture union was achieved.

Follow-up

Patients were invited to outpatient visit after the first month
and every three months after the operation. The latest follow-
up examination included radiographic evaluation and assess-
ment of rotational capability of the affected wrist in compar-
ison with the contralateral side. Anteroposterior and lateral
radiographs were assessed by an independent radiologist.
Radial inclination, volar tilt and radial height were measured
in both healthy and affected wrists to evaluate acceptable
healing. Graham’s [11] radiographic criteria of acceptable
healing were used for evaluation. Range of wrist motions
(palmar flexion, dorsal flexion, radial deviation, ulnar devia-
tion, supination and pronation) was measured with a goniom-
eter. The difference between the degree of movement between
the healthy and affected sides was defined as loss of range of
motion. Subjective and objective data were combined in
Stewart’s scoring system [12] and Gartland and Werley [13]
scoring system for each patient.
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Table 1 Baseline patient characteristics
Variable Group 1 (flexible nail) (N=31) Group 2 (volar plaque) (N=33) P value
Age (years) 47.90+15.27 45.64+14.48 0.54
Male gender 6 (19.4 %) 6 (18.2 %) 0.90
Right sided fracture 15 (48.4 %) 14 (42.4 %) 0.63
Mechanism of injury
Fall 19 (61.3 %) 22 (66.7 %) 0.65
Vehicle accident 6 (19.4 %) 7(21.2 %) 0.85
Sports injury 5(16.1 %) 4 (12.1 %) 0.72
Assault injury 1(3.2 %) 0 (0.0 %) 0.48
Concomitant injury
None 24 (77.4 %) 24(72.7) 0.66
Calcaneus fracture 1 (3.2 %) 13 %) 1.0
Humerus fracture 1(3.2 %) 2 (6.1 %) 1.0
Lumbar vertebral fracture 1(3.2 %) 0 (0.0 %) 0.48
Shoulder fracture 2 (6.5 %) 1 (3.0 %) 0.60
Femur fracture 2 (6.5 %) 3 (9.1 %) 1.0
Malleolus fracture 0 (0.0 %) 2 (6.1 %) 0.50
Type of fracture
A22 5(16.1 %) 5(15.2 %) 1.0
A23 7 (22.6 %) 10 (30.3 %) 0.48
A3.1 14 (45.2 %) 10 (30.3 %) 0.22
C2.1 2 (6.5 %) 4 (12.1 %) 0.67
C22 3(9.7 %) 4 (12.1 %) 1.0
Values given as n (%) unless otherwise noted
oo % % p=0.009 o] p=0.50 ] p=0.73
ol p=0.65 ol _ ____ p=064 ol i é p=0.91

Treatment group

Treatment group

Fig. 1 Loss of degrees compared to healthy side

Treatment group
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Table 2 Postoperative complications

Complication Group 1 flexible nail Group 2 volar plaque P value
(N=31) (N=33)

Overall 9(29.0 %) 15 (45.5 %) 0.17
Tendon rupture 0 (0.0 %) 1(3.0 %) 1.0
Carpal tunnel syndrome 0 (0.0 %) 3(9.1 %) 0.23
Sudek atrophy 0 (0.0 %) 2 (6.1 %) 0.49
Radial nerve paraesthesia 3(9.7 %) 0 (0.0 %) 0.10
Pain at wrist 1 (3.2 %) 3 (9.1 %) 0.61
Infection 2 (6.5 %) 4 (12.1 %) 0.67
Tenosynovitis 39.7 %) 2 (6.1 %) 0.66

Values given as n (%)
Statistical analyses

All statistical analyses were performed using SPSS (SPSS
version 16.0 Inc., Chicago, IL, USA) packaged software.
Visual histograms and analytical methods (Kolmogorov-
Simirnov/Shapiro-Wilk’s test) were used for determination
of normal distribution. Continuous variables were defined by
the mean =+ standard deviations. Parametric data were com-
pared using independent sample ¢ test, and non-parametric
data were compared using Mann Whitney test. Categorical
variables were compared using chi-square test or Fisher’s
exact test where appropriate. A p-value of less than 0.05 was
considered to be statistically significant.

Results

There were no significant differences between two groups in
regard to baseline demographics, mechanism of injury and
classification of fracture type (Table 1). No crossover occurred
between treatment arms during the pre-operative stage, and all
patients were operated on as planned. Three patients who had
concomitant humerus fractures received an initial closed re-
duction and cast fixation before the operation. Patients with
other concomitant fractures were treated appropriately before
the operation for distal radius fracture was undertaken. Mean
time from injury to operation was 3.45+1.45 days and 3.61=+
1.40 days in group 1 and group 2, respectively (p=0.66).

Mean time of operation was significantly shorter in group 1
than it was in group 2 (36.81£7.11 min vs. 48.97+5.9 min,
p=0.001). Time to healing of the fracture was not different
between two groups (5.45+1.09 vs. 5.70+1.04 weeks for
group 1 vs. 2, respectively; p=0.36). Although, loss of palmar
flexion was significantly higher in group 2 than that found in
group 1, the difference was not of functional and clinical
importance (<10 degrees).

Overall complications occurred in nine patients in group 1
and in 15 patients in group 2 (p=0.17) (Table 2). Tendon
damage occurred in one patient from group 2 and this patient
received an additional operation for tendon transfer. Mild
symptoms of carpal tunnel syndrome were observed in three
patients in group 2 without requiring further interventions.
Paresthesia of the radial nerve occurred in three patients in
group 1 whereas such complication was not encountered in
any one of the group 2 patients (p=0.10). These three patients
were those whom we operated on earlier during the study
course and such complication has not occurred in the last 20
patients. The symptoms in these three patients were transient
and improved without treatment. Patients who had skin infec-
tion (two patients in group 1 and four patients in group 2)
responded well to administration of parenteral antibiotics
and those who had tenosynovitis (three patients in group 1
and two patients in group 2) also responded well to analgesics
and anti-inflammatory drugs.

Follow-up was completed in all patients with a median
time of 12 months (range nine to 17 months) and 13 months
(range ten to 19 months) in groups 1 and 2, respectively. On

Table 3 Fulfilling rates of the radiographic healing criteria defined by Graham et al. [10]

Variable Group 1 flexible nail Group 2 volar plaque P value
(N=31) (N=33)

Radial inclination >15 degrees 30 (96.8 %) 32(97.0 %) 0.96

Radial shortening <5 mm vs. healthy wrist 29 (93.5 %) 29 (87.9 %) 0.67

Volar tilt <20 degrees 31 (100.0 %) 33 (100.0 %) 1.0

Values given as n (%)
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Fig. 2 Fluoroscopic images of intramedullary nail

radiographic evaluation radial inclination (19.58+2.65 degrees
vs. 19.79+2.59 degrees, p=0.75), radial height (8.55+
2.04 mm vs. 8.33£2.31 mm, p=0.69) and volar tilt (9.61+
1.45 degrees vs. 9.39+1.65 degrees, p=0.57) were not signif-
icantly different between grosup 1 and 2, respectively. Table 3
shows rates for fulfilling Graham’s criteria for acceptable
healing. We achieved similar rates in two groups. There were
no significant differences between two groups with regard to
wrist rotational degrees measured in last follow-up visit (pal-
mar flexion: 70.32+11.48 vs. 66.03+10.71, p=0.12; dorsal
flexion: 65.19+12.08 vs. 66.09+11.98, p=0.76; radial devia-
tion 21.13+6.7 vs. 21.67£6.77, p=0.75; ulnar deviation:
38.71£7.18 vs. 39.09+6.55, p=0.82; supination: 85.32+
7.40 vs. 85.91+6.78, p=0.74; and pronation: 82.10£9.01 vs.
81.97+£8.74, p=0.95, for groups 1 and 2, respectively). Fig-
ure 2 shows loss of motion with healthy wrist was considered
as the base of reference in each individual patient. Stewart and
Gartland and Werley scores are given in Table 4.

Discussion

We achieved satisfactory outcomes using a novel
intramedullary fixation device in patients with unstable distal

Table 4 Stewart and Gartland and Werley [12] scores of patients

radius fractures. In this study, two groups were similar in
terms of acceptable healing criteria [11]. We demonstrated
that the technique seems non-inferior to the standard treatment
(i.e. volar locking plating) in terms of radiographic and func-
tional outcomes. In addition, it takes shorter time to implant
the intramedullary device, although this finding is subject to
criticism since the difference we found between the two
groups (about ten to 15 minutes) does not seem to be of clinical
significance. However, operative times that we had using the
new device were not longer than those we had in volar locking
plating which we have already been familiar with. Therefore,
we think that the novel technique seems to offer a steep
learning curve. The number of patients was limited to draw
a conclusion regarding the superiority of any technique over
the other in terms of postoperative complications. However,
the fact that the Sonoma Wrx device requires a smaller inci-
sion than that is made when implanting a volar locking plate
seems to be its major advantage without taking further risk of
complications.

There have been no clinical studies comparing the
reliability and effectiveness of the technique described
here. Rhee et al. reported [14] their preliminary results
in six patients aged between 42 and 81 years. Mean range
of motion parameters they reported in a mean of
17.4 weeks were slightly lower than those we found in
about one-year follow-up (wrist flexion=46 degrees, wrist
extension=56 degrees, radial deviation=18 degrees, ulnar
deviation=27 degrees, pronation=89 degrees and supina-
tion=82 degrees). Mean time to healing they reported was
longer (ten weeks, range six to 20 weeks) than that we report-
ed herein. They reported similar values for mean radial
height (11 mm, range 9-14 mm) and mean radial inclina-
tion (24 degrees, range 18-29 degrees) to those we found;
whereas they found a lower mean volar tilt (3 degrees,
range —4 to 10 degrees) than that found in our patients.

Variable Group 1 flexible nail Group 2 volar plaque P value
(N=31) (N=33)

Stewart score

Mean 1.52+0.62 1.45+0.66 0.57

Excellent 17 (54.8 %) 21 (63.6 %) 0.47

Good 12 (38.7 %) 9(27.3 %) 0.33

Fair 2 (6.5 %) 3(9.1 %) 1.00

Gartland and Werley score

Mean 1.77+£0.84 1.64+0.82 0.46

Excellent 14 (45.2 %) 18 (54.5 %) 045

Good 11 (35.5 %) 10 (30.3 %) 0.66

Fair 5(16.1 %) 4 (12.1 %) 0.73

Poor 1 (3.2 %) 1 (3.0 %) 1.0

Values given as mean + SD or 1 (%)
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Recent studies regarding other types of intramedullary nail
fixation devices reported satisfactory results. Gradi et al. [15]
reported in a prospective randomized trial that they achieved
similar clinical outcomes in patients who received either volar
locking plates or Targon DR intramedullary fixation device
for treatment of distal radius fractures. Postoperative compli-
cations occurred rarely and the authors could not draw a
definitive conclusion within this context. Safi et al. [16] com-
pared MICRONAIL intramedullary nailing device with volar
plating and they found better clinical outcomes six weeks after
the operation, whereas one-year results of two techniques
were similar. The authors concluded that, since this technique
requires minimal invasiveness and provides better stability, it
allows for early active rehabilitation. Using the Sonoma Wrx
device, we found no significant differences in terms of both
postoperative healing and complications.

Injury to the superficial branch of the radial nerve is one
possible complication during implantation of intramedullary
nail fixation devices that is introduced over the radial styloid.
Safi et al. [16] encountered this complication in one out of 31
patients they treated using the MICRONAIL device whereas
Gradi et al. [15] found it in seven out of 55 patients they
treated using the Targon DR device. We experienced that this
complication would be prevented with increasing familiarity
with the technique.

The Sonoma Wrx Device stands out with two partic-
ular features: flexible insertion of the distal
intramedullary portion of the nail which is then convert-
ed into a solid part when the final position is achieved
and actuation of the grippers provides increased stabili-
zation within radius shaft [14]. We conclude that the
Sonoma Wrx Device is reliable and effective in terms
of achieving satisfactory clinical outcomes in treatment
of distal radius fractures. It may be reasonable to use this
device to prevent complications that are related to exten-
sive soft tissue dissection. However, further study is
needed to establish its safety and usefulness in various
age groups and in presence of different clinical scenarios.
This pilot study is subject to criticism due to low number
of patients, exclusion of cases with complex fractures
and lack of early radiographic data.
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