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Abstract

Background Distal radius fractures are common, costly,
and increasing in incidence. Percutaneous K-wire fixation
and volar locking plates are two of the most commonly
used surgical treatments for unstable dorsally displaced
distal radius fractures. However, there is uncertainty re-
garding which of these treatments is superior.
Questions/purposes We performed a meta-analysis of
randomized controlled trials to determine whether patients
treated with volar locking plates (1) achieved better func-
tion (2) attained better wrist motion, (3) had better
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radiographic outcomes, and (4) had fewer complications
develop than did patients treated with K-wires for dorsally
displaced distal radius fractures.

Methods We performed a comprehensive search of
MEDLINE (inception to 2014, October Week 2),
EMBASE (inception to 2014, Week 42), and the Cochrane
Central Register of Controlled Trials to identify relevant
randomized controlled trials; we supplemented these
searches with manual searches. We included studies of
extraarticular and intraarticular distal radius fractures.
Adjunctive external fixation was acceptable as long as the
intent was to use only K-wires where possible and external
fixation was used in less than 25% of the procedures. We
considered a difference in the DASH scores of 10 as the
minimal clinically important difference. We performed
quality assessment with the Cochrane Risk of Bias tool and
evaluated the strength of recommendations using the
Grades of Recommendation, Assessment, Development
and Evaluation (GRADE) approach. Seven randomized
trials with a total of 875 participants were included in the
meta-analysis.

Results Patients treated with volar locking plates had
slightly better function than did patients treated with
K-wires as measured by their DASH scores at 3 months
(mean difference [MD], 7.5; 95% CI, 4.4-10.6; p < 0.001)
and 12 months (MD, 3.8; 95% CI, 1.2-6.3; p = 0.004).
Neither of these differences exceeded the a priori-deter-
mined threshold for clinical importance (10 points). There
was a small early advantage in flexion and supination in the
volar locking plate group (3.7° [95% CI, 0.3°-7.1%
p = 0.04] and 4.1° [95% CI, 0.6°-7.6°; p = 0.02] greater,
respectively) at 3 months, but not at later followups (6 or
12 months). There were no differences in radiographic
outcomes (volar tilt, radial inclination, and radial height)
between the two interventions. Superficial wound infection

@ Springer


http://dx.doi.org/10.1007/s11999-015-4347-1
http://crossmark.crossref.org/dialog/?doi=10.1007/s11999-015-4347-1&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11999-015-4347-1&amp;domain=pdf

3018  Chaudhry et al.

Clinical Orthopaedics and Related Research®

was more common in patients treated with K-wires (8.2%
versus 3.2%; RR = 2.6; p = 0.001), but otherwise no
difference in complication rates was found.

Conclusions Despite the small number of studies and the
limitations inherent in a meta-analysis, we found that volar
locking plates show better DASH scores at 3- and 12-
month followups compared with K-wires for displaced
distal radius fractures in adults; however, these differences
were small and unlikely to be clinically important. Further
research is required to better delineate if there are specific
radiographic, injury, or patient characteristics that may
benefit from volar locking plates in the short term and
whether there are any differences in long-term outcomes
and complications.

Level of Evidence Level I, therapeutic study.

Introduction

Distal radius fractures are common injuries with more than
600,000 occurring annually in the North American
population [4]. The distributive pattern of these injuries is
bimodal, affecting young (predominantly male) adults
through high-energy mechanisms and elderly (pre-
dominantly female) adults through low-energy falls and
osteoporosis [32]. Economic costs of distal radius fractures
also are substantial—direct costs of care are more than
USD 480 million in the United States annually; more than
USD 170 million of these costs are borne by publically
funded Medicare [39, 43]. As the population continues to
age, the burden of distal radius fractures and the costs of
care are expected to increase [33]. Unfortunately, the
treatments for these injuries is controversial [22]. There-
fore, determining effective evidence-based treatment of
distal radius fractures is crucial.

There are multiple treatment options for patients with
distal radius fractures, including closed reduction and cast
immobilization, percutaneous K-wire fixation, fixation with
volar or dorsal plates (locking or nonlocking), bridge
plating, use of an external fixator, or a combination of these
techniques. Although the best choice depends to some
extent on the characteristics of the fracture (open/closed,
nondisplaced/displaced, extra-/intraarticular), there is little
high-quality evidence to inform this decision-making. For
instance, clinical practice guidelines for distal radius frac-
ture published by the American Academy of Orthopaedic
Surgeons (AAOS) made 29 recommendations; however,
none of these recommendations was given a “strong”
rating owing to limited strength of the evidence [25].

Most randomized trials and all meta-analyses conducted
to date have focused on comparisons between external
fixators and internal plate fixation [17, 26, 45]. However, it
is becoming less common for the majority of distal radius
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fractures to be treated with an external fixator because
these devices can be bulky and inconvenient for patients
and typically are reserved for more severe fracture types
[32]. According to US Medicare data, internal fixation is
the most common surgical intervention for distal radius
fracture in the United States, followed closely by percu-
taneous pinning with K-wires [3]. To our knowledge, there
have been no meta-analyses comparing these two common
interventions despite multiple trials on the topic having
been published [5, 12, 18, 21, 29, 30, 37].

The objective of this study therefore was to perform a
systematic review and meta-analysis of randomized trials
comparing K-wire fixation with volar locking plates for
displaced distal radius fractures. The specific goals of this
meta-analysis were to determine whether patients treated
with volar locking plates (1) achieved better function, (2)
attained better wrist motion, (3) had better radiographic
outcomes, and (4) had fewer complications than did pa-
tients treated with K-wires for dorsally displaced distal
radius fractures.

Materials and Methods
Search Strategy and Eligibility

Our systematic review was conducted and reported in ac-
cordance with PRISMA guidelines [31].

We performed a comprehensive search of three elec-
tronic medical databases: MEDLINE (inception to 2014,
October Week 2), EMBASE (inception to 2014, Week 42),
and the Cochrane Central Register of Controlled Trials
(inception to Issue 9 of 12, September 2014) to identify
relevant trials (Appendix 1. Supplemental material is
available with the online version of CORR™). We also
supplemented our search with manual review of recent
conference abstracts (Orthopaedic Trauma Association
2012-2014 and AAOS annual meetings 2012-2014) and
reference lists. Reference Manager Software Version 12
(Thomson Reuters, Philadelphia, PA, USA) was used to
manage the search. Our inclusion criteria were randomized
controlled trials that compared volar locking plates with K-
wires for distal radius fractures. We did not distinguish
between the type of K-wire technique used (such as Ka-
pandji, interfragmentary, mixed, or other). We defined a
volar locking plate as any plate applied to the volar aspect
of the radius with screws that locked into a plate forming a
fixed-angle construct, with or without adjunctive use of
nonlocking screws. We included studies of extraarticular
and intraarticular distal radius fractures. We attempted to
collect outcome data for only K-wires used alone; however,
if not reported independently, we accepted adjunctive ex-
ternal fixation as long as the intent was to use only K-wires
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where possible and external fixation was used in less than
25% of the total cases.

Study Selection and Data Extraction

Tworeviewers (HC and YVK) screened all titles and abstracts
for eligibility and conducted full-text reviews in duplicate.
Discrepancies were resolved by consensus after discussion
between the two reviewers. Data were collected using stan-
dardized data collection forms. We collected information
pertaining to study characteristics, including publication year,
study design, duration, location, number of centers, number of
participants, mean age of participants, types of fractures in-
cluded (AO type), and outcomes reported.

Data collection included functional outcome measures—
specifically the Disabilities of the Arm, Shoulder, and Hand
(DASH) and Patient Rated Wrist Evaluation (PRWE) ques-
tionnaires, which are the best available patient-reported
outcome measurement instruments for distal radius fractures
and have been recommended for functional outcome mea-
surement [13]. We also collected reported data on grip strength,
wrist ROM (flexion, extension, supination, pronation, ulnar
deviation, radial deviation), complications, and radiographic
outcomes. In cases in which wrist ROM was reported only as a
percentage of the contralateral (normal) wrist, we converted
percentages to a degree measurement based on normal
physiologic ROM (normal values used: 85° flexion, 80° ex-
tension, 85° supination, 80° pronation, 35° ulnar deviation, and
20° radial deviation) [7, 28]. Means and standard deviations
(SDs) were collected when reported; medians were used in
place of means when the latter was not reported because these
provide an acceptable alternate measurement for centrality
[35]. Where data were reported only in graph format, Graph-
Click software [14] was used to extract the relevant values.

Quality Assessment

We assessed quality of each included study in duplicate
using the Cochrane Risk of Bias tool [16] and reported this in
chart format. In particular, this tool captures information on
adequacy of randomization, allocation concealment, blind-
ing, completeness of data collection, selective reporting, and
other biases. Strength of recommendation for the functional
outcome comparison was determined and reported using the
Grades of Recommendation, Assessment, Development and
Evaluation (GRADE) approach [15].

Statistical Analysis

Statistical analysis was performed using SPSS Software
Version 21 (IBM Corp, Armonk, NY, USA) and Review

Manager (RevMan) Version 5.3 software [36]. Mean dif-
ferences were pooled for common outcomes scores
reported across studies or standardized mean differences
(SMDs) for outcome scores that differed across studies. We
calculated heterogeneity between studies using the chi-
square test and the I? statistic. We considered either a chi-
square value of p less than 0.1 or I? statistic greater than
35% to represent significant heterogeneity. Outcomes with
significant heterogeneity were pooled using a random-ef-
fects model; outcomes with low heterogeneity were pooled
using a fixed-effects model.

Standard deviations were calculated for medians from
ranges using described methods [19]. Where SDs or Cls
were not reported, we imputed SDs using a trial-and-
error process to reproduce reported p values. Differences
in complication rates were compared using the chi-
square statistical test. We considered a difference in
DASH or quickDASH scores of 10 as the minimal
clinically important difference (MCID) based on previ-
ously published studies and taking into consideration that
reported values have not been evaluated specifically in
patients with distal radius fractures [10, 38]. Given that
normative data for these scoring instruments are suffi-
ciently similar, and both are reported on a scale of 100,
we pooled mean differences of these scores across all
trials. We also performed a secondary analysis using
SMDs, using 0.5 SDs as the MCID, as has been described
as an appropriate threshold [34], to further corroborate
our results. A p value less than 0.05 was used to infer
statistical significance.

Literature Search

The search yielded 1202 citations (281 MEDLINE, 361
EMBASE, 559 Cochrane Library, one from other sources),
of which we excluded 488 duplicates, leaving 714 for title
and abstract screening. Fourteen articles met criteria for
full-text review, and seven of these met inclusion criteria
for our meta-analysis (Fig. 1).

Publication Bias

To assess publication (or positive-outcome bias), we con-
structed a funnel plot. Although the number of studies was
small, we did not appreciate any asymmetry which would
suggest publication bias (Fig. 2). A small group of positive
industry-funded studies also can suggest publication bias
[24]. If this were the case, we would expect results to
positively favor the volar locking plate, as this represents a
newer technology. We therefore assessed funding sources
for each study. None of the studies were funded by
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Fig, 1 The flowchart shows the MEDLINE EMBASE Cochrane
search and screening process for
article inclusion. PKW = per- 281 Articles 361 Articles 559 Articles
cutaneous  K-wire fixation;
RCTs = randomized controlled I
trials.
Manual Search 1202 Total
1 Article Articles
488 Duplicates
Removed
714 Titles
and Abstracts
700 Articles
Excluded
14 Articles for
Full-text Review
- 4 did not include PKW as
an intervention arm
-2 were not RCTs
- 1 published protocol
7 Articles Included in
Meta-analysis
o - SE(MD) . reported final followup at 6 months. Six studies also re-
ported intermediary followup data at 3 months or earlier.
ol All trials reported less than 20% loss to followup, and in
27 °© oio six of seven trials there was less than 10% loss to
& followup.
4T 1o All trials included only dorsally displaced distal radius
fractures. Six trials included patients with extraarticular
61 © and intraarticular distal radius fractures; one trial included
patients with only extraarticular fractures. Two trials in-
8l : cluded patients who received supplemental external
fixation because of residual instability after K-wire fixation
. MD (9% of patients receiving K-wire fixation in one trial, 17%
o= 10 0 10 20 of patients in the second trial; this represented less than 3%

Fig. 2 There is no excessive asymmetry to suggest publication bias
in the funnel plot. SE = standard error; MD = mean difference.

industry, which further reinforced the lack of a publication
bias.

Study Characteristics

All seven studies included in this systematic review were
parallel-group randomized controlled trials (Table 1). Six
of these trials were conducted in Europe and one in North
America. There was only one multicenter study, which was
conducted in the United Kingdom and included 18 centers.
Five studies reported final followup at 12 months and two
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of all patients analyzed in the K-wire group). All studies
except one excluded patients with polytrauma or multiple
injuries. Costa et al. [5] did not explicitly exclude these
high-energy injuries; however, “fall” was reported as the
mechanism of injury in 98% (451 of 461) of distal radius
fractures included in their study.

Risk of Bias

None of the trials reported any attempt to blind surgeons or
patients. Outcome assessors were blinded in two trials. One
study had a risk of selective reporting bias. The majority of
trials were at low risk of bias in terms of random sequence
generation, allocation concealment, completeness of fol-
lowup, selective reporting, or other biases (Fig. 3).
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Results
Functional Outcomes

Patients treated with volar locking plates had slightly better
DASH scores than did patients treated with K-wires at
3 months and at final followup. At 3-month followup, the
mean DASH score was 7.5 points lower (ie, better) in the

. Incomplete outcome data (attrition bias)

Costa et al. [5]

Goehre et al. [12]

Hollevoet et al. [18]

Karantana et al. [21]

Marcheix et al. [29]

' . . . . . Allocation concealment (selection bias)
. . . . . . . Blinding of participants and personnel (performance bias)

McFadyen et al. [30]

. ‘ . . . . . Selective reporting (reporting bias)

. . . . . . . Blinding of outcome assessment (detection bias)
N)
. . . . . . . Other bias

® OO O | | @ | Randomsequence generation (selection bias)
® 066

-~

Rozental et al. [37]

Fig. 3 The risk of bias for each trial included in the meta-analysis
using the Cochrane Risk of Bias tool is shown.

volar locking plate group (six trials, 414 participants; 95%
CI, 4.4-10.6; p < 0.001) (Fig. 4). The upper threshold of
the 95% CI crossed the MCID of 10, and therefore we were
unable to rule out a clinically important difference at
3 months. At final followup (6 or 12 months), the mean
DASH score was only 3.8 points lower in the volar locking
plate group (seven trials, 875 participants; 95% CI, 1.2—
6.3; p = 0.004) (Fig. 5). The upper threshold of the 95%
CI was less than 10, suggesting that this was unlikely to be
a clinically important difference at final followup. These
conclusions were consistent when SMDs were used for
analysis (3-month SMD, 0.42; 95% CI, 0.22-0.61;
p < 0.001); 6- or 12-month SMD, 0.29; 95% CI, 0.11-
0.46; p = 0.001). Removal of the two trials from the
analysis that did not follow patients to 1 year (ie, 6-month
followup only) did not substantially change the results
(mean difference [MD], 2.3; 95% CI, 0.3-4.4; p = .03).
Based on GRADE, there was low confidence in the 3-
month estimate of effect and moderate confidence in the 6-
to 12-month estimate of effect (Table 2). There were a total
of 875 participants for which these data were available.
There were no differences found between K-wires and
volar locking plates in terms of the PRWE score at either
3 months or final followup (6 months or 1 year) in either
of the two trials that reported on this endpoint [5, 12].

Wrist ROM

Flexion and supination were slightly greater in the volar
locking plate group at 3 months (four trials, 3.7° [95% CI,
0.3°-7.1°, p=0.04] and 4.1° [95% CI, 0.6°-7.6°,
p = 0.02] greater, respectively), but not at final followup.
There were no differences in wrist extension, pronation,
radial deviation, or ulnar deviation at 3 months or final
followup. Wrist ROM was reported as an outcome in five
trials [12, 18, 21, 29, 37], four of which reported sufficient
information to enable pooling. Radial deviation and ulnar
deviation were reported in only two of these trials [12, 37].

Percutaneous K-Wires Volar Plating Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Goehre et al. [12] 15.8 19.3 19 158 10 21 10.4% 0.00[-9.67,9.67]
Hollevoet et al. [18] 27 24 20 21 21 20 5.0% 6.00[-7.98, 19.98]
Karantana et al. [21] 27 20 64 21 17 66 23.9% 6.00[-0.39, 12.39] =
Marcheix et al. [29] 33 22 53 25 21 50 14.1% 8.00[-0.30, 16.30] -
McFadyen et al. [30] 27.2 9.6 29 183 96 27 38.5% 8.90[3.87,13.93] —
Rozental et al. [37] 26 23 22 11 13 23  8.1% 15.00[4.02, 25.98] -1 =
Total (95% CI) 207 207 100.0% 7.50 [4.38, 10.62] -
Heterogeneity: Chiz = 4.67, df = 5 (P = 0.46); I = 0% _2%0 20 ; 0 2=0

Test for overall effect: Z = 4.71 (P < 0.00001)

Favors Pinning Favors Plating

Fig. 4 The individual and pooled 3-month mean differences in DASH scores and 95% Cls are shown in the forest plot. The minimum clinically
important difference is indicated by the red lines. IV = inverse variance.
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Percutaneous K-Wires Volar Plating Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Costa et al. [5] 16.2 17.9 230 13 15,6 231 24.7% 3.20[0.13, 6.27] =

Goehre et al. [12] 25 6.2 19 25 71 21 19.1% 0.00 [-4.12, 4.12] .

Hollevoet et al. [18] 13 20 20 14 16 20 4.5% -1.00[-12.22,10.22]

Karantana et al. [21] 12 15 64 9 12 66 16.7% 3.00[-1.68, 7.68] T

Marcheix et al. [29] 22 22 53 10 14 50 9.6%  12.00[4.92, 19.08] e

McFadyen et al. [30] 215 8.5 29 159 85 27 17.6% 5.60[1.14, 10.06] -

Rozental et al. [37] 9 18 22 4 8 23 7.7% 5.00 [-3.20, 13.20]

Total (95% Cl) 437 438 100.0% 3.78 [1.23, 6.32] <@

ity: 2= - Chiz = = = - 12 = 409 t u
Heterogeneity: Tau? = 4.36; Chi? = 9.98, df =6 (P = 0.13); I = 40% 20 10 0 10 20

Test for overall effect: Z =2.91 (P = 0.004)

Favors Pinning Favors Plating

Fig. 5 The individual and pooled 6- and 12-month mean differences in DASH scores, along with 95% Cls, are shown in the forest plot. The
minimum clinically important difference is indicated by the red lines. IV = inverse variance.

Table 2. GRADE summary of findings

Volar locking plate compared with percutaneous K- wires for displaced distal radius fracture

Bibliography (systematic reviews)

Outcomes Number of Quality Anticipated absolute effects
participants of the evidence - - - - - -
(studies) (GRADE) Risk with percutaneous K-wires Risk difference with
X volar locking plate
followup
Function at 3 months assessed with 414 00 The mean function at MD 7.5 lower (4.4 lower
DASH followup: 3 months (6 RCTs) Low!? 3 months in the control to 10.6 lower)
3 months group was 27.4
Function at 6-12 months (final 875 @) The mean function at MD 3.8 lower
function) assessed with DASH (7 RCTs) Moderate' 6—12 months in the (1.2 lower to 6.3 lower)
followup: range, 612 months 6-12 months control group was 15.5

! Lack of blinding of outcome assessors in most trials; > high imprecision in pooled estimate; the risk in the intervention group (and its 95% CI)
is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI); RCTs = randomized controlled
trials; MD = mean difference. GRADE Working Group grades of evidence: High quality = We are very confident that the true effect lies close
to that of the estimate of the effect; Moderate quality = We are moderately confident in the effect estimate: the true effect is likely to be close to
the estimate of the effect, but there is a possibility that it is substantially different; Low quality = confidence in the effect estimate is limited: the
true effect may be substantially different from the estimate of the effect; Very low quality = We have very little confidence in the effect
estimate: The true effect is likely to be substantially different from the estimate of effect.

Radiographic Outcomes

There were no differences in radiographic outcomes at the
latest reported followup between the two interventions.
Among trials that reported sufficient information for meta-
analysis, there were no differences in volar tilt (four trials,
0.1° greater in K-wire group; 95% CI, —4.6° to 4.9%
p = 0.96), radial inclination (four trials, 0.4° greater in K-
wire group; 95% CI, —0.9° to 1.7°; p = 0.58), or radial
height (three trials, 0.4 mm greater in K-wire group; 95%
CI, —0.3 mm to 1.0 mm; p = 0.31) at final followup. Of
the two trials that could not be included in meta-analysis,
one reported better volar tilt, radial height, and radial in-
clination with the volar locking plate but did not report
absolute values [30]; the other trial reported a greater
median volar tilt in the K-wire group (4° vs 0° in volar
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locking plate group) but did not provide any data to esti-
mate variance (eg, SD, interquartile range) or statistically
analyze the data. Only one study reported articular step-off
postoperatively [21], and it detected no difference between
the two interventions. Radiographic outcomes were re-
ported in six of the seven trials.

Complications

There were more total complications in the K-wire group
than in the volar locking plate group. This difference was
driven predominantly by a difference in superficial wound
infections (8.2% versus 3.2%; RR = 2.6; p = 0.001), all
of which were treated successfully with oral antibiotics.
There were no differences in the risks of any of the other
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Table 3. Common complications

Complication Percutaneous ~ Volar locking  p value
K-wires plate

Superficial infection 36 14 0.001

Deep infection 2 2 1.00

Neurologic injury* 33 (22) 32 (28) 0.89 (0.39)
(carpal tunnel)

Tendon rupture’ 6 6 1.00

Reoperations 14 17 0.59

* Includes transient nerve palsies; Tdoes not include tendinitis.

reported complications (deep infection, neurologic injury,
tendon rupture, or reoperations) between the two groups
(Table 3). In total, there were 102 complications reported
in the K-wire group and 66 reported in the volar locking
plate group. All trials reported complications.

Discussion

Distal radius fractures are common and costly injuries [4,
32, 39]. With unstable dorsally displaced fractures requir-
ing surgical intervention, the optimal surgical treatment
option remains equivocal. Clinical practice guidelines have
bemoaned the lack of high-quality evidence to inform
orthopaedic practice in this area [22, 25]. Despite this lack
of evidence, there has been a large shift in the treatment of
dorsally displaced distal radius fractures toward the use of
the volar locking plates, especially among younger ortho-
paedic surgeons [20, 23]. To our knowledge, there have
been no published meta-analyses to date comparing volar
locking plates with K-wires for dorsally displaced distal
radius fractures. In our meta-analysis of 875 patients, we
found lower (ie, better) DASH scores with use of volar
locking plates at 3 months and 12 months. Although we
cannot exclude the possibility of a small clinically impor-
tant difference at 3 months, the magnitude of improvement
by 12 months is most likely imperceptible to patients.

An important limitation of our review is that followup of
all included trials was limited to a maximum of 1 year and
in some trials just 6 months. This followup interval is not
long enough for development of posttraumatic arthritis, one
of the long-term complications of a malreduced articular
surface. One of the potential advantages of volar plating is
that the fracture can be reduced under direct observation
leading to more accurate articular reduction in AO Types B
and C fractures. Studies with longer-term followup will be
necessary to determine whether there is a difference in
clinical symptoms of posttraumatic arthritis between these
two treatment modalities. Included trials, in general, had
low risk of bias—with the exception of blinding, which is
difficult given the nature of the interventions. However,

given that both interventions were surgical, the presence of
a “placebo bias” is less likely. The inclusion of patients
with adjunctive external fixation in the K-wire group is a
potential limitation. However, only two trials included
patients with external fixation and a small proportion re-
quired this adjunct (< 3% of all patients treated with K-
wires). If K-wires alone would have led to a poorer out-
come in these patients treated with adjunctive external
fixation, then this meta-analysis potentially may be un-
derestimating the benefit of the volar locking plate in some
situations. However, given the small number of patients,
the degree of this underestimate is expected to be minimal.
Differences resulting from adjunctive treatments that were
not reported consistently across trials (eg, use of bone
graft) is another limitation to this meta-analysis.

Another important limitation relates to the external va-
lidity—or generalizability—of the findings of this review.
The results of this meta-analysis are most applicable to the
low-to-moderate energy dorsally displaced distal radius
fracture (with or without an intraarticular component),
which is reducible under fluoroscopy and allows for good
purchase of bone with K-wires. Extreme cases of either
high-energy trauma (eg, motor vehicle accidents) or very
low-energy trauma in patients with osteoporosis are either
underrepresented or excluded entirely in the trials consti-
tuting our meta-analysis. Therefore we cannot make any
definitive conclusions regarding these subgroups.

We found that use of volar locking plates for displaced
distal radius fractures showed a small improvement in
DASH scores at 3 months (MD, 7.5; 95% CI, 4.4-10.6;
p < 0.001) and 12 months (MD, 3.8; 95% CI, 1.2-6.3;
p = 0.004) compared with K-wires. Uncertainty in the
estimate precludes the conclusion that there is no clinical
advantage at 3 months postoperatively; however, by 1 year
the magnitude of this difference was less than our a priori-
established MCID on the DASH scale of 10 points [10, 38].
This represents the best (ie, lowest risk of bias) estimate of
functional differences in the literature to date, as we were
able to pool the results of seven recent and good quality
RCTs to achieve a large sample size. Our endeavor was
facilitated by the use of a common and recommended
functional outcome instrument across all RCTs, the DASH
questionnaire. Inconsistent and varying use of outcome
instruments has presented limitations to previous meta-
analyses in the orthopaedic and distal radius literature [2,
17]. Future trials must continue to use common outcome
instruments to allow for meaningful meta-analysis.

Our analysis also found small early advantages in flex-
ion and supination in the volar locking plate group (3.7°
and 4.1° greater, respectively) at 3-month followup, but
these differences disappeared at final followup. Not all
trials standardized postoperative protocols for both groups
(eg, patients treated with volar locking plates were allowed
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to mobilize at 1 week in three trials versus 6 weeks for
patients with K-wires), which may have contributed to the
finding that volar locking plates lead to improved DASH
scores, flexion, and supination at 3 months. However, pa-
tients treated with volar locking plates typically are
permitted earlier mobilization [42], and it would be rea-
sonable to expect this to contribute to some the early
advantage in ROM. Furthermore, the three trials that
standardized postoperative protocols showed possible early
improvements as well; therefore, the early improvements
seen with volar locking plates may not be entirely at-
tributable to reduced immobilization times as has been
suggested [27].

There were no differences in radiographic alignment
(volar tilt, radial inclination, and radial height, or articular
incongruity) between the two interventions. The relation-
ship between radiographic outcomes—including articular
incongruity—and clinical outcomes is controversial [11].
In terms of short-term outcomes, small amounts of radial
shortening (as little as 3 mm) have been shown to
negatively affect function [1, 41]. However, the distal ra-
dius appears to be relatively tolerant to changes in volar
tilt, with no apparent functional deficits with even a small
amount of dorsal angulation [44]. In terms of long-term
outcomes, an articular step-off of 2 mm has been shown to
result in radiographic signs of arthritis. However, this has
not consistently translated into poorer clinical outcomes [6,
11]. Therefore, small differences in radiographic outcomes
are likely not clinically important.

Superficial infections were more frequent in patients
treated with K-wires, but otherwise no differences in
complication rates were found between the two treatments.
It has been argued that in the absence of convincing evi-
dence of superiority of volar locking plates, economic
considerations should drive clinical decision-making and
policy in the treatment of dorsally displaced distal radius
fractures [8, 9, 40]. However, a robust economic analysis
will need to consider differences in costs associated with
complications (eg, antibiotic treatment for superficial in-
fections) in addition to differences in costs of the implants,
length of surgery, requirement for adjunctive treatments
(eg, external fixation, casting), and postoperative protocols
(eg, clinic visits, radiographs) [8].

We found that volar locking plates result in lower (ie,
better) DASH scores compared with K-wires for dorsally
displaced distal radius fractures in adults. However, these
differences were small and likely to have been impercep-
tible to the patient, since they were smaller than the
predefined MCID. Further research is required to better
delineate if there are specific radiographic, injury, or pa-
tient characteristics that may benefit from volar locking
plates in the short term. Further, the incidence of post-
traumatic arthritis would not have been detected at the

@ Springer

short-term followups in the studies included in this meta-
analysis. Therefore, future research must evaluate if there
are any differences in outcomes and complications between
these two interventions in the long term.
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