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Abstract

Distal radius fractures represent 16% of all fractures of the body and as much as 72% of all
forearm fractures. It’s also known as wrist fracture, a breaking of the part of the radius
bone which is close to the wrist. The aim of this study was to review recent trends and different
modalities in management of extra articular distal end radius fractures and to conclude the
optimal number of K-wires required for best fixation and best results clinically &
radiologically. Online search using the Medline database on PubMed, Google scholar, Science
direct, American and European Journals from 2010 to 2020; all the English language published
studies were identified with the search keywords of, Extra articular distal end radius fracture,
treatment of distal end radius, Closed Pinning, Number of K-wires. Among included 12
studies, 4 studies used 2 K-wires, 4 studies used 3 K-wires, 1 study used 4 K-wires and 3
studies used 5 K-wires. There was a better satisfaction rate, significant increase in grip strength
and significant increase in DASH Volar tilt with 3 K-wires group more than 5 K-wires group.
At the end we found that using 3 K-wires is perfect to maintain the reduction for the
extraarticular distal end radius fractures radiologically in a cost-effective manner and high
patient's satisfaction rate with least complications.

Keywords: Closed reduction; Pinning of unstable Extraarticular fracture Distal Radius,
Number of K-wires.

1. Introduction

Distal radius fractures represent 16% of all
fractures of the body and as much as 72%
of all forearm fractures. In younger people,
these fractures typically occur during sports
or amotor vehicle collision. In older
people, the most common cause is falling
on an outstretched hand [1].

Various modalities of treatment for distal
radius fracture are described and the four
methods generally followed in treating
these fractures are: Conservative treatment

in plaster cast with or without manipulative
reduction, Closed Pinning with K-wires to
maintain reduction while in Plaster,
External fixation (bridging or non-
bridging), And Open reduction with
internal fixation [2].

Closed reduction and cast immobilization
may lead to collapse of the radius.
Complications as malunion can occur when
a fracture heals with improper alignment,
articular incongruity, incorrect length, or a
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combination of these elements and this
could happen especially when fractures
treated only with closed reduction and cast
immobilization. Patients with symptomatic
malunions of the distal radius usually
present with restricted wrist range of
motion (ROM), wrist pain, reduced grip
strength;  unsightly  appearance; late
neuropathy especially of the median nerve,
with compression at the carpal tunnel [3].
Closed Pinning ‘“Percutancous K-wire
fixation” provides additional stability and
it’s one of the earliest forms of internal
fixation.  After achieving anatomic
reduction, the fracture is stabilized with K-
wires. This technique is relatively simple
and inexpensive. A number of techniques
of percutaneous pin fixation have been
described: These include pins placed
through the radial styloid, two pins crossing
into the radius, intrafocal pinning within
the fracture site, ulnar to radial pinning
without trans fixation of the distal
radioulnar joint, one radial styloid pin and
a second across the distal radioulnar joint
and pins from the ulnar to the radius with
trans fixation of the distal radioulnar joint.
Kapandji intrafocal pinning is used to
prevent displacement of fracture fragments
proximally and dorsally thereby acting as a
buttress. The pins are inserted into the
fracture site both dorsally and radially and
then levered up and directed into the
proximal intact cortex [4].

The five-pin technique for fixation of distal
radius fractures is a modification of the
existing closed reduction and K-wire
fixation technique. The technique involves
closed reduction followed by internal
fixation with 5 K-wires [5]. Percutaneous
K-wires fixation method could have some
disadvantages like the need for cast
immobilization and the oblique orientation
of pins which do not prevent the collapse
that occurs at the fracture site, and we may
encounter some  complications  as:
Superficial Pinning site infection, Pin
Migration and Nerve Injury [2].

The aim of this study was to review recent
trends and different modalities in

management of extra articular distal end
radius fractures and to conclude the optimal
number of K-wires required for best
fixation and best results clinically &
radiologically.

2. Material and Methods

Online search using the Medline database
on PubMed, Google scholar, Science
direct, American and European Journals
from 2005 to 2021; all the English language
published studies was identified with the
search keywords of, Extra articular distal
end radius fracture, treatment of distal end
radius, Closed Pinning, Number of K-
wires. Inclusions in this study was Humans,
English studies, Extra-articular distal end
radius, closed pinning, K-wires. Exclusions
were non-human subjects. Non-English
studies, Intra-articular distal end radius
fractures, Different methods of fixation as
cast or fixation with Plates and screws.
Abstracts of articles identified using the
search strategy were viewed, and articles
that appear to fulfill the inclusion criteria
were retrieved in full. Data on at least one
of the outcome measures must be included
in the study. The outcomes from included
trials was combined using the Review
Manager software and manually screened
for eligibility to be included and then
PRISMA flow chart was produced based
on search results and the
inclusion/exclusion criteria to make this
study.

2.1 Data extraction

Data were extracted using a standardized
data collection form that was developed
according to the Cochrane guidelines [6].

The items collected included publication
details, study type, numbers of patients,
fracture types, the definition of
displacement, the type of statistical
analysis and details regarding treatment.
For each study we determined which
predictors of secondary displacement were
found statistically significant (p <0.05).
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Additionally, we assessed if the predictor
was tested in a univariate or a multivariable
analysis. For the meta-analysis, predictors
and odds ratios or coefficients of predictors
of secondary displacement were obtained
and collected in a database.

2.2 Statistical analysis

Statistical analysis was conducted using the
software Review Manager 4.2, which was
provided by Cochrane Collaboration. The
treatment effects were expressed as risk
ratios (RR), with 95% confidence intervals
(CI) for dichotomous outcomes and mean
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Figure 1: Methods of Percutaneous pinning.
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differences (MD) with 95% CI for
continuous outcomes. Heterogeneity was
tested using the Chi-square test with
significance set at p < 0.1. The I-square test
was also used to quantify the effect of
heterogeneity within 12 of 50% or higher
representing substantial heterogeneity. If
there was no statistical evidence of
heterogeneity, a fixed-effects model was
used; otherwise, a random-effects model
was adopted. If standard deviation was
required to be calculated from raw data,
SPSS 21.0 software was used.
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Figure 2: Fixation using five pin technique.

3. Results

Using the forementioned search strategy,
30 studies were identified. Following the
title and abstract screening process, 14
studies remained. After a more detailed
review on full-text 2 other studies were also
extracted. Finally, a total of 12 studies were
included in the analysis Figure 1. Among
the included studies, 4 studies used 2 K-
wires, 4 studies used 3 K-wires, 1 study
used 4 K-wires and 3 studies used 5 K-
wires. All studies involved in this study had
used the same diameter and material of K-
wires. This flow-diagram depicts the flow
of information through the different phases
of a systematic review or meta-analysis. It
maps out the number of records identified,
included and excluded, and the reasons for
exclusions. The results of meta-analyses
are often presented in a forest plot, where
each study is shown with its effect size and
the corresponding 95%  confidence
interval. The demographic characteristics
of the patients in the 12 studies are present
then Table (1). AIll the study was

prospective studies. A total of 497 patients
were included: 183 cases used 2 K-wires
and 166 used 3 K-wires, only one study
includes 54 cases used 4 K-wires, while 94
in three studies used 5 K-wires. Study
characteristics and outcome were described
in all 12 studies in Table (1). The most
important outcome results of the different
number of K-wires used was the
satisfaction, for each study the excellent
and good results considered as satisfactory
results, from the results it was found that
the most significant high satisfaction
results in group 3 K-wires, followed by 5
K-wires, while both 2 and 4 K-wires
considered as non-satisfactory results in
compare to 3 and 5 K-wires Table (2). All
the studies reported patient satisfaction
data. The test for heterogeneity
demonstrated that significant heterogeneity
existed among these studies (p < 0.001),
and a random-effects model was adopted.
There was a significant difference between
the 3 K-wires and 5 K-wires groups
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regarding the patient's satisfaction, the 3 K-
wires group show a high satisfaction more
than the 5 K-wires group. Figure (2). Ten
studies reported grip strength data. The test
for heterogeneity demonstrated that
significant heterogeneity existed among
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these studies (p < 0.01), and a random-
effects model was adopted. There was a
significant increase in grip strength in the 3
K-wires group more than the 5 K-wires
group. Table (3), Figure (3).

Figure 3: A PRISMA flowchart illustrating the selection of studies included in our systematic review.

Table (2): Comparison between different number of K-wires and final outcome (percent of satisfaction).
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Table (1): Characteristics and methodological quality of the included studies.




Al-Azhar Un. Journal for Research and Studies. Vol 5(4) Dec.2023 103

Kurup (2007) - ——

Kurup (2007) - &
Refai (2019) - |

Konde (2018) = |
El-Adawy (2021) - ——
Gunay (2015) - |

Gunay (2015) - ——
Das (2011) - s

Chen (2008) - 1

Lohith (2017) - O
Jacob (2014) - &
Bhasme (2018) - o
Total (fixed effects) |- <@

Total (random effects) |- -

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Proportion

Figure 4: Forest plot for different studies weights for the examination of a studied articles percent of satisfaction of 12
randomized trials of unstable Extraarticular fracture Distal Radius management.

Table (3): Meta-analysis regarding Grip strength.

Weight (%)

Study Estimate Standard Error 95% CI z P

Fixed | Random
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Figure 5: Percentage study weights for the examination of a studied articles of 3 K-wires and 5 K-wires regarding grip strength
of unstable Extra-articular fracture Distal Radius management.

Table (4): Meta-analysis regarding Dash Volar tilt.
Standard Weight (%)

Study Estimate Error 95% Cl zZ P Fixed | Random
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Nine studies reported DASH Volar tilt data.
The test for heterogeneity demonstrated
that a significant heterogeneity existed
among these studies (p < 0.01), and a
random-effects model was adopted. There
was a significant increase in DASH Volar
tilt in 3 K-wires group more than 5 K-wires
group. Table (4), Fig (4) and (5). Eight
studies reported Radial length. The test for
heterogeneity = demonstrated that a
significant heterogeneity existed among
these studies (p < 0.01), and a random-
effects model was adopted. There was a
significant increase in Radial length in 3 K-
wires group more than 5 K-wires group.
Table (5) and Figure (6). Four studies
reported Palmar fixation. The test for
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significant heterogeneity existed among
these studies (p < 0.01), and a random-
effects model was adopted. There was a
significant increase in Palmar fixation with
3 K-wires group more than 5 K-wires
group. Figure (7). The incidence of
complication in the studied groups show
that the lowest percent of complication was
found in 3 K-wires group, on the other hand
the 4 and 5 K-wires groups showed a
significant increase in the incidence of
complication which include Pin tract
infection,  Superficial radial  nerve
numbness and Nerve injury. On the other
hand, the incidence of carpal tunnel
syndrome and median nerve compression
show insignificant difference between the

heterogeneity = demonstrated that a four studied groups. Table (7).
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Figure 6: Symmetrical funnel plot for different studies weights for the examination of a studied articles percent of DASH
Volar tilt of 9 randomized trials of unstable Extraarticular fracture Distal Radius management.
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Figure 7: Forest plot for different studies weights for the examination of a studied articles DASH Volar tilt of 9 randomized
trials of unstable Extraarticular fracture Distal Radius management.
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Table (5): Meta-analysis regarding Radial Length.
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Figure 8: Forest plot for different studies weights for the examination of a studied articles Radial length of 8 randomized
trials of unstable Extraarticular fracture Distal Radius management.



Al-Azhar Un. Journal for Research and Studies. Vol 5(4) Dec.2023 107

Table (6): Meta-analysis regarding Palmar fixation.
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Figure 9: Forest plot for different studies weights for the examination of a studied articles Palmar fixation of 4 randomized

trials of unstable Extraarticular fracture Distal Radius management.

Table (7): incidence of complications in different groups of K-wires.
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4. Discussion

Fractures of the distal radius are the most
common of all orthopedic injuries
accounting for nearly 16% of all fractures
presenting in the Emergency Department
[7]. Despite the development of different
fixation devices for distal radius fractures,
Kirschner (K)-wire fixation still plays an
important role in the treatment of both
stable and unstable fractures of the distal
radius. It’s a less invasive procedure that
prevents soft tissue damage [8]. The results
of our study showed that A total of 497
patients were included 183 patients used 2
K-wires and 166 used 3 K-wires, only one
study includes 54 cases used 4 K-wires,
while 94 in three studies used 5 K-wires.
Study characteristics were described in all
12 studies. Also it was found that the most
important outcome results of the different
number of K-wires used was the
satisfaction, for each study the excellent
and good results considered as a
satisfactory results, from the results it was
found that the most significant high
satisfaction results in group 3 K-wires,
followed by 5 K-wires, while both 2 and 4
K-wires considered as non-satisfactory
results in compare to 3 and 5 K-wires.
Regarding patients’ satisfaction, all the
studies reported patient's satisfaction data.
The test for heterogeneity demonstrated
that significant heterogeneity existed
among these studies (p < 0.001), and a
random-effects model was adopted. There
was a significant difference between the 3
K-wires and 5 K-wires groups regarding
the patient’s satisfaction, the 3 K-wires
group show a high satisfaction more than
the 5 K-wires group [9]. Regarding grip
strength, it was found that ten studies
reported grip strength data. The test for
heterogeneity demonstrated that significant
heterogeneity existed among these studies
(p <0.01), and a random-effects model was
adopted. There was a significant increase in
grip strength in 3 K-wires group more than
the 5 K-wires group [10]. Regarding Dash
Volar tilt, it was found that nine studies

reported Dash Volar tilt data. The test for
heterogeneity  demonstrated that a
significant heterogeneity existed among
these studies (p < 0.01), and a random-
effects model was adopted. There was a
significant increase in DASH Volar tilt in 3
K-wires group more than 5 K-wires group.
Regarding Radial Length, it was found that
eight studies reported Radial Length data.
The test for heterogeneity demonstrated
that a significant heterogeneity existed
among these studies (p < 0.01), and a
random-effects model was adopted. There
was a significant increase in Radial length
in 3 K-wires group more than 5 K-wires
group. Regarding Palmar fixation, it was
found that four studies reported palmar
fixation data. The test for heterogeneity
demonstrated that a  significant
heterogeneity existed among these studies
(p <0.01), and a random-effects model was
adopted. There was a significant increase in
palmar fixation in 3 K-wires group more
than 5 K-wires group. Regarding
Complications,  the incidence  of
complication in the studied groups show
that the lowest percent of complications
was found in 3 K-wires group, on the other
hand the 4 and 5 K-wires groups showed a
significant increase in the incidence of
complication which include Pin tract
infection, loss of reduction, Superficial
radial nerve numbness and Nerve injury. In
agreement with our results, Gunay et al.,
[11] study Which modality is the best
choice in distal radius fractures treated with
two different Kirschner wire fixation and
immobilization techniques, they found that
significant  cortical and  cancellous
comminution in the distal radius on the
dorsal and on the radial side may lead to
late collapse due to resorption of the
crushed bone. Therefore, an additional
dorsal third K-wire was used to reduce the
risk of collapse and regain better radiologic
results. The use of the third K-wire reduced
loss of radial length by about 1mm in
Group | who managed by 3 K-wires
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compared to Group Il who managed by 2
K-wires. Therefore, the better functional
results in Group | patients can be
considered to be due to not only early
movement but also to the lower reduction
loss of radial length [12]. In radius fracture
management, a satisfactory functional
outcome is unlikely unless a good
anatomical result is achieved. Most authors
estimate loss of radial length as the most
important radiologic parameter influencing
the functional outcome, and it seems that
any technique maintaining the radial length
may attain better functional results.
However, loss of radial length has been
reported in various forms in the literature
[13]. Many studies have shown that the
number or position of K-wires does not
influence radial inclination. In the present
study, although radial inclination was
better in Group |, there were no statistically
significant differences between the groups
in loss of radial inclination at follow-up
[14]. Also, in Gunay study they found that
the grip strength was minimally higher in
Group | compared to Group I, but this was
not statistically significant as previously
reported in other studies. A meta-analysis
study has demonstrated that external
fixation may lead to greater recovery of
grip strength, especially compared to
fixation with locking volar plates. Since
this treatment protocol resembles a kind of
external fixation with K-wires and
supporting  devices, grip  strength
measurements may have showed higher
scores in both groups [11]. Loss of
reduction usually happens after 2 weeks of
casting despite a perfect initial anatomic
reduction. Gartland and Werley obtained a
68.3% satisfactory result, and Sarmiento et
al. reported an 82% satisfactory result
treated with the casting technique [15].
Spira and Weigl. Reported a 51.4%
unsatisfactory result with reduction and use

of cast in the treatment of comminuted
fracture of distal radius with articular
involvement. Closed reduction and
percutaneous pinning hold the fracture in
an appropriate anatomic alignment [16].
Clancey reported a 96.4% satisfactory
result in 30 patients treated with
percutaneous pinning if the articular
surface of the radius was not comminuted
into more than two fragments. However,
the tenting effect is not strong enough in
comminuted fracture, which often results in
subsiding and dorsal angulation [17]. From
results we found that, using only 2 K-wires
may lead to collapse of the fracture or
losing of radial length, also many patients
complained with weak grip strength.
However using 3 K-wires showed better
results radiologically and clinically with
better patient’s satisfaction rate, perfect
grip strength and perfect Dash Volar tilt.

Meanwhile using 4 or 5 K-wires can
provide more rotational stability to the
fracture and lead to better results
radiologically, but patients may have some
complications as adding more K-wires will
increase the risk of superficial pin tract
infections, Nerve injury or tendon
tethering.

5. Conclusion

At the end we found that using 3 K-wires is
perfect to get the best reduction for the
extraarticular distal end radius fractures
radiologically in a cost-effective manner
and high patient's satisfaction rate with
least complications.
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