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� This is a retrospective study.
� The purpose of this study was to compare the therapeutic effects of the VLCP and PKEF in the treatment of the AO type C2-3 distal radial fractures.
� Both techniques could get satisfactory results in the treatment of AO type C2-3 fractures, but PKEF leads to better wrist function than VLCP.
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Purposes: Fractures of the distal radius are extremely common in adults. However, the optimal man-
agement remains controversial, especially in AO type C2-3 (Type23 C2 or C3 of distal radial fracture,
according to AO classifications). The purpose of this study was to compare the results of the volar locking
compression plate (VLCP) and percutaneous Kirschner-wires combined with external fixation (PKEF) in
the treatment of the AO type C2-3 fractures.
Methods: From July 2012 to June 2015, 62 patients with AO type C2-3 fractures, treated by VLCP or PKEF,
were included in this retrospective study. Patients were followed up at 3 months, 6 months after
operation, and final follow up. Outcomes were assessed by radiographic features in all follow up and by
DASH and Sarmiento's modification of the Gartland-Werley score at final follow up.
Rusults: No significant difference was noted between these two groups in terms of volar inclination,
ulnar angulation and ulnar variance. There was also no significant difference on DASH score between
these two groups. However, according to the Sarmiento's modification of the Gartland-Werley scores, the
scores was higher in VLCP group than the PKEF group, and ratings of excellent and good were lower in
the VLCP group (P ¼ 0.05).
Conclusions: Both techniques could get satisfactory results in the treatment of AO type C2-3 fractures,
but PKEF leads to better wrist function than VLCP .
© 2017 The Author(s). Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Fractures of the distal radius are themost common fractures and
account for an estimated 17% of all fractures diagnosed [1].With the
ageing of the population and subsequent increase inosteoporosis,
and also with the growing participation in outdoor sports, the
incidence of comminuted distalradial fracture is increasing day by
day. Generally, fractures of the distal radius could be treated non-
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operatively, if the fracture fragments could be reduced by closed
method and kept immobilized in good alignment with a plaster
cast. But for AO type C2-3 distal radial fractures, it is difficult to
reduce and stabilize in the anatomical position by manual reduc-
tion and plaster cast immobilization because of its multi-
fragmentary nature and these is high incidence of loss of correction
inside the cast.

Reconstruction of the articular congruity and stable fixation are
the most important thing for treating unstable distal radial frac-
tures, and it allows early functional recovery and reduce post-
operational complications [2e4]. But comminuted intraarticular
distal radius fractures (AO type C2-3) are typically the most chal-
lenging to surgically treat even. The possible surgical treatment
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options for AO type C2-3 fractures are percutaneous reductionwith
the K-wires, the external fixation (EF), the open reduction and in-
ternal fixation (ORIF) with plate [5e9]. Due to ambiguity of the
results, the optimal method of treatment for AO type C2-3 fractures
in adults remains controversial [10e12].

The purpose of this study was to compare the final outcome of
the ORIF with volar locking compression plate (VLCP) and closed
reduction with percutaneous Kirschner-wires combined with
external fixation (PKEF) for the treatment of AO type C2-3 fractures
in adults.
2. Materials and methods

Inclusion criteria of this study were age 18 years or older, fresh
AO type C2-3 fractures (Injury time to operations <14 days), and no
prior injury and surgery to the same limb. Exclusion criteria were
the second surgery, concomitant fractures of the same limb, and
patients with significant comorbidities like ischemic heart disease,
poorly controlled diabetes, obesity, severe osteoporosis and
smoking.

Strictly following the inclusion and exclusion criteria, patients
were included in the study who were either treated by ORIF with
VLCP or closed reduction and fixation by PKEF in the authors'
institution from July 2012 to June 2015. All surgical procedures
were performed by senior doctors of trauma team using standard
protocols under regional or general anesthesia, and an accept
ablereduction was defined as less than 2 mm of intra-articular step
Fig. 1. Preoperative AP and lateral radiograph (1A) of a 58 year-old man who sustained an d
with PKEF. AP and lateral radiographs (1C) before remove fixation. AP and lateral radiograp
or gap as well as volar tilt of 0� to plus 15�.
2.1. Surgical technique

In the PKEF group, 3.5 mm schanz pins were used for the
proximal radial shaft and 2.5 mm pins for the second metacarpal.
The pins were interconnected with solid connecting rod and link
joints (IRENEOrthopaedic Device Co Ltd, Taijin City, China).We used
1.5 mm or 2.0 mm K wires around the fracture site to help reduc-
tion, and then fracture fragments were fixed with the K-wires,
reduction was checked in the C-arm in antero-posterior and lateral
views. Distal radial articular surface, radial height, ulnar angulation,
and volar tilt were checked. When accept ablereduction was ach-
ieved, external fixator was applied. The K-wires and external fixator
were removed after 6e8 weeks. Hand physiotherapy was started as
soon as possible after surgery and active and passive wrist exercises
were stared after removal of the implants(Fig. 1).

In the VLCP group, the distal radial fractures were exposed by a
modified Henry approach, the interval of dissection was between
the flexor carpi radialis (FCR) and the radial artery. The pronator
quadratus was split from the radial border, and the muscle was
retracted ulnarly. The volar aspect of the distal radius and the
fracture were identified. The fracture was reduced using direct and
indirect means. When necessary, wrist capsule was incised to
examine the articular surface and autogenous bone graft was
added. A volar locking compressionplate (Synthes, Bettlach,
Switzerland or Zimmer, USA) was applied on the volar aspect of the
istal radial fracture, AP and Lateral radiographs (1B) immediately after close reduction
hs (1D) during the final follow-up time.
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distal radius.The reposition of the fragments and localization of the
plate were rechecked with C-arm fluoroscopy.After the wound was
closed, a short arm plaster cast was applied for 2 weeks in severely
osteoporotic patients. Standard rehabilitation programwas started
immediately after the surgery in most of the patients, but the wrist
movements were withheld for two weeks in severly osteoporotic
patients and started as soon as plaster cast was removed(Fig. 2).

Operative time, complications, and union time of the 2 groups
were recorded. Volarinclination, ulnar angulation, and ulnar vari-
ance were measured on anteroposterior and lateralradiographs at
each follow up time (Immediately after surgery, 3 months and 6
months after operation and the final follow up). Fracture unionwas
determined by physical examination of the wrist and radiological
study. Each patient was evaluated according to DASH score (The
DASH score ranges from 0 to 100, with the lower numbers indi-
cating a lower level of disability.) and the modification of the
Gartland-Werley score by Sarmiento et al. at the last follow up
[13,14]. (The modified Gartland-Werley score is a physician-based
demerit scoring system. The score ranges from 0 to 52 points:
excellent, 0e2 points; good, 3e8 points; fair, 9e20 points; poor,
more than 21 points.)
2.2. Ethics approval

Prior approval was obtained from Suzhou Kowloon Hospital
Shanghai Jiao Tong University School of Medicine Human Research
Ethics Committee (2010-005-C7)to conduct this study. This study
has been performed in accordance with the ethical standards laid
Fig. 2. Preoperative AP and L radiograph (2A) of a 52 year-old woman. AP and Lateral radio
lateral radiographs (2C) during the final follow-up time.
down in the 1964 Declaration of Helsinki.
2.3. Statistical analyses

Statistical analyses were performed with the SPSS version 18.0
statistical software package (SPSS Inc, Chicago, Illinois). Continuous
variables were recorded as mean ± SD. They were tested using the
t-test, and the rates were compared using Fisher's exact test.
P < 0.05 was considered statistically significant.
3. Results

The VLCP group included 40 patients (12 men and 28 women)
with a mean age of 57.6 years (range, 26e78 years). The dominant
hand was involved in 32 patients. According to the AO classifica-
tion: 16 were C2 subtype, and 24 were C3 subtype. The interval
between injury and index operative procedure is 6.1 days in average
(range, 0e11 days). Among these 40 cases, fifteen were caused by
high-energy injuries and 25 by low-energy injuries.

The PKEF group included 22 patients (Eight men and 14women)
with a mean age of 52.8 years (range, 29e76 years). The dominant
hand was involved in 16 patients. According to AO classification, 10
were type C2, and 12were type C3. The interval between injury and
index operative procedure is 4.8 days in average (range, 0e9 days).
Among these group, six were caused by high-energy injuries and 16
by low-energy injuries.

Mean follow-up time was 32.8 months in VLCP group and 30.6
months in PKEF group. No statistically significant differences
graphs (2B) immediately after open reduction and internal fixation with VLCP. AP and



Table 1
Patient's data.

Variable VLCP Group PKEF Group p

Female, No(%) 28 (70.00%) 14 (63.63%) >0.05
Mean age, year 54.30 ± 15.20 55.82 ± 15.86 >0.05
Dominant hand injury, No(%) 32 (80.00%) 16 (72.72%) >0.05
High-energy injury, No(%) 15 (37.50%) 6 (27.27%) >0.05
The interval between injury and

surgery, day
6.06 ± 3.55 4.87 ± 2.93 >0.05

Mean operative time, min 71.23 ± 14.58 63.19 ± 13.25 >0.05
Mean union time, week 12.69 ± 1.51 11.96 ± 1.83 >0.05

Table 3
Comparison of Functional Scores at final follow-up time.

Post-op time VLCP Group PKEF Group p

DASH Scores 8.51 ± 1.49 7.48 ± 1.67 0.51
Gartland-Werley scores 7.30 ± 6.06 5.31 ± 4.29 0.05
Excellent and good rate 72.50% 86.36% 0.17
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existed between these two groups in terms of age, sex, dominant
hand injury, causes of injuries and operative time (Table 1). Post-
operative complications occurred in three patients, one had a mild
subcutaneous infection in the PKEF group. Other two were in VLCP
group. One developed complex regionalpain syndrome, and in
another case reduction was lost partially. All these three patients
were treated conservatively. No nonunion, or malunion occurred in
our series, and no patient required revision surgery. No statistically
significant differences was found between these two groups in
mean volar inclination, ulnar angulation, or ulnar variance imme-
diately, three months, six months postoperatively and at final
follow up (Table 2).

There was no significant difference in mean DASH scores in
patients between these two groups at the final follow up
(8.51 ± 1.49 VS 7.48 ± 1.67). However, we observed a vast difference
in wrist function in patients treated with PKEF compared to pa-
tients treatedwith VLCP, with amodified Gartland-Werley scores of
7.30 ± 6.06 and 5.31 ± 4.29, though the result is not statistically
significant (P ¼ 0.05). The ratings of excellent and good were found
in 72.50% in the VLCP group and 86.36% in the PKEF group (Table 3).
4. Discussion

AO type C2-3 distal radius fractures are the most difficult to
reduce and stabilize in the anatomical position because of its
multifragmentary nature. The aim of treatment in this fracture is
restoration of articular congruity, axial alignment, maintenance of
reduction and preservation of function. Poor reduction of the
articular surface has been shown to correlate with post-traumatic
arthritis [15], and malalignment would decrease grip strength,
reduce range of motion and instability [16]. Different surgical
strategies are available for treating unstable intra-articular distal
radius fractures, but the best treatment option for this injury re-
mains controversial.
Table 2
Post-op Radiographic Features of the two Groups.

VLCP Group PKEF Group P

Volar inclination, deg
Immediately 12.22 ± 1.73 11.20 ± 1.82 0.89
3 months 12.09 ± 1.66 11.11 ± 1.77 0.92
6 months 12.03 ± 1.65 11.07 ± 1.79 0.86
Finial follow-up 12.00 ± 1.64 11.02 ± 1.77 0.88
Ulnar angulation, deg
Immediately 21.65 ± 2.12 20.73 ± 2.08 0.73
3 months 21.51 ± 2.07 20.26 ± 2.22 0.94
6 months 21.43 ± 2.06 20.10 ± 2.20 0.98
Finial follow-up 21.31 ± 2.03 19.68 ± 2.52 0.66
Ulnar variance, mm
Immediately �0.65 ± 0.67 �0.51 þ 0.82 0.39
3 months �0.57 ± 0.65 �0.41 ± 0.87 0.22
6 months �0.56 ± 0.63 �0.40 ± 0.90 0.19
Finial follow-up �0.55 ± 0.63 �0.39 ± 0.92 0.18
External fixation (EF) augmented with or without additional
Kirschner-wires relies on ligamentotaxisto obtain and maintain
fracture alignment [17]. EF has the ability to maintain the reduction
until the fractures healed. And this technique has many advantages,
such as it is less invasive, so provides less surgical trauma and
relatively easy to apply.

Since the introduction of VLCP, open reduction and internal-
fixation (ORIF) has become more popular in the treatment of distal
radial comminuted fractures [18].By direct visualization and
manipulation of the fracture fragments, stable rigid fixation could
be achieved by this technique. It allows early mobilization and may
result in more rapid recovery and improved wrist function [19,20].
But, still there is no conclusive evidence favoring ORIF with VLCP
over external fixation or vice versa [21].

Kumbaraci et al. reported a retrospective study comparing EF
versus VLCP in the treatment of AO type-C distal radius fracture,
and showed that the radiological parameters of the VLCP group
were better than PKEF group [22].However, in our study, no sig-
nificant differences in mean volar inclination, ulnar angulation, or
ulnar variance were found immediately, 3 months, 6 months
postoperatively or even at final follow up time. We found that both
VLCP and PKEF could provide satisfactory reduction and enough
stability for AO type C2-3 distal radial fractures. We analyzed the
reason is that the distal radial fractures performed with PEKF
provided better reduction and stability than only with external
fixation.

There was no significant difference in mean DASH scores in
patients between these twogroups at the final follow-up time.
However, we observed a vast difference inwrist function inpatients
treated with PKEF compared to patients treated with VLCP ac-
cording to modified Gartland-Werley score at final follow up,
though the result is not statistically significant. Grewal R et al. had
reported that 45 unstable distal fractures treated with ORIF or
closed reduction and percutaneous fixation, VLCP group had ad-
vantages in the early postoperative period, but overall scores
equalized at 1 year [23]. Marcheix et al. showed that 103 patients
(aged more than 50 years old)with unstable extra-articular and
intra-articular fractures treated with pins fixation or volarfixed-
angle plate. At 3 and 6 months, the plated patients had better
objective functional results, but at one year after operation, the
DASH scores were similar between the groups [24]. Rajeev Shukla
et alrandomized 106 patients with unstable distal radial fractures
to VLCP or EF. At 3 and 6 months, the plated patients had better
Green and O'Brien scores, but at one year results of EF showed
superiority over VLCP [25]. The results of these studies were similar
to our findings. Though VLCP allow faster early rehabilitation than
PKEF, PKEF has smaller interventions to soft tissue. So functional
recovery in terms of long term wrist functions is better in this
group.
5. Conclusion

Both VLCP and PKEF techniques could give satisfactory results in
the treatment of AO typeC2-3 distal radial fractures. We observed a
vast difference in wrist function in patients treated with PKEF
compared to patients treated with VLCP, with a modified Gartland-
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Werley scores of 7.30 ± 6.06 and 5.31 ± 4.29, though the result is
not statistically significant (P ¼ 0.05), So we think that PKEF tech-
nique has superiority over VLCP at wrist functions recovery at final
follow up, and we would recommend PKEF technique for treating
AO typeC2-3 distal radial fractures. The current study was a non-
randomized, comparative trial and having some limitations like
small sample size, short follow-up, and lack of multiple factors
analysis. So we also recommend further evaluation of our findings
by a prospective randomized, comparative studies with larger
sample sizes.
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