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Complication rates, fluoroscopy exposure time, and functional
outcomes of the two K-wire fixation methods for distal radius fractures
in pediatric patients; mini-incision as a feasible surgical option
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ABST RACT
Objectives. In this study, we aimed to compare complication rates and
fluoroscopy exposure time, as well as to analyze the functional results of
percutaneous K-wire fixation and K-wire fixation with mini-open
techniques in pediatric distal radius fractures. Materials and Methods. In
this retrospective design study, one-hundred patients with completely
displaced fracture of the distal radius were evaluated in terms of
demographic data, radiological and functional evaluations, fluoroscopy
exposure time, and complications. In Group 1, 50 patients were treated by
closed reduction and percutaneous K wire application. In Group 2, 50
patients were treated with close reduction and K-wire fixation using a
mini-incision. Results. There were no statistically significant differences
between the two groups in terms of age, fracture degree, reduction degree,
and follow-up duration. We found the fluoroscopy time and
redisplacement rate were significantly lower in group 2. We did not notice
tendon irritation and neuropraxia complications in any of the patients in
group 2. We observed good functional results and no malalignment in both
groups. Conclusions. The mini-open incision technique had lower
complication rates and fluoroscopy durations. Based on the results of this
study, K-wire fixation with the mini-open technique may be recommended
as an alternative method for pediatric distal radius fractures.

Introduction
The distal radius is the most common site of the
pediatric fracture, accounting for 20–30% of all fractures
[1]. The choice of treatment for distal radius fractures is
based on the instability of the fracture and consequently on
the risk of re-displacement. Most of these pediatric
fractures have been treated by a good closed anatomical
reduction and immobilization in a cast [2,3], but redisplacement following conservative treatment of
displaced distal radius fractures has been reported at high
rates [2,4]. Because of the significant risk for redisplacement in completely displaced pediatric distal
radius fractures, K-wire placement is advocated as an
effective method [2,3,5-9].
Although good results have been reported with K-wire
fixation, superficial infection, neuropraxia, tendon
irritation, pull out of wire, subcutaneous K-wires, and
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prominent scars have been reported as complications after
pinning [9-11]. We looked for an option that eliminates
all these problems. In this study, we aimed to compare
the complication rates, and fluoroscopy exposure
time, and observe the functional and radiological results
of percutaneous K-wire fixation and K-wire fixation
with mini-open techniques in pediatric distal radius
fractures.

Materials and Methods
The local ethics committee approved the study protocol
(protocol number 48670771-514.10) and the study was
carried out according to the principles of the Declaration of
Helsinki (2013). Written informed consent was obtained
from the parents. In this retrospective consecutive case
series, we enrolled 117 patients who were treated by
surgery between March 2016- January 2019 for completely
displaced fractures of the distal radius.
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We excluded seventeen patients who had an open
fracture, a pathological fracture, a concomitant fracture,
definite physis damage, elbow injury at the initial trauma
site, and lost for follow-up from the study. Thus 100
patients were evaluated in terms of demographic data,
radiological and functional evaluations, fluoroscopic
exposure time, and complications.
In Group 1, 50 patients were treated by closed reduction
and percutaneous K wire application. In Group 2, 50
patients were treated with closed reduction and K-wire
fixation using mini-incision. There were 36 (72%) boys, 14
(28%) girls in Group 1, and 38 (76%) boys, 12 (24%) girls
in Group 2. The mean ages were 11.95±1.34 years and
11.75±1.25 years in Groups 1 and 2, respectively. We
performed the preoperative radiology evaluation by
measuring the angulation angles on the AP and Lateral Xrays.
All the operations were performed by the same surgical
team who had ≥10 years of experience. We performed
operations using general anesthesia and the patient in a
supine position with the arm placed on a hand-and-arm
table. Under fluoroscopic guidance with AP and lateral
images, we performed the reduction with traction and
closed manipulation. In Group 1, two 1.6 mm K-wires were
applied retrograde from 2 cm proximal to the radial styloid,
parallel to each other in the direction of crossing the
fracture line. The ends of the K-wires were bent, then cut
and leftover the skin.
In Group 2 following manipulation, a 10 mm transverse
skin incision was made over 2 cm proximally from the
radial styloid, and blunt dissection was made by observing
the superficial branch of the radial nerve and vascular
structures, then two K-wires were applied as described for
the patients in Group 1 (Figures 1-2). We applied short cast
immobilization for 4 weeks in both groups.

Figure 1. Preoperative anterior–posterior (AP) and
lateral (L) wrist radiographs of a 10-year-old male
patient treated with the K-wire pinning using the
mini-open technique.

Figure 2. Image of intraoperative marking of the
transverse mini-incision. Early postoperative AP and L
radiographs
We used the same fluoroscopy imaging unit by the
same radiology technician in all cases.
The patient underwent clinical evaluation at the 2nd,
4th, and 6th weeks and 3rd, 6th, 12th, and 18th months
after the initial trauma. We applied the same postoperative
follow-up protocol in both groups. We planned anteroposterior and lateral radiographs during follow-up visits.
We evaluated redisplacement and union time in the early
follow-ups and malalignment in the final follow-up. The
casts were removed in the 4th week. Finally, we removed
the K wires in the outpatient clinic after 6 weeks. Active
exercises were initiated after K-wire removal. We
permitted the patients to resume their routine daily
activities. No formal physical therapy was prescribed.
Patients were called in for finally functional and
radiological evaluation at the 18th month. We assessed the
wrist range of motion (ROM) with a goniometer and
compared it with that of the contralateral wrist. Physical
appearance and patient satisfaction with the forearm were
assessed using a 10-cm visual analog scale score (VAS)
cosmetics, with the maximum score for the similar
appearance of the fractured and the non-fractured arm, to
evaluate forearm alignment and scars [5]. Fracture line
angulations were evaluated radiologically on AP and
lateral radiographs. Angles over 15° were considered as
malalignment on the lateral radiographic evaluation [3].
Patients were also evaluated in terms of complications
during follow-up. As early complications; pin site
infection, tendon irritation, neuropraxia, redisplacement,
and pin migration were evaluated. Patients with
redisplacement underwent secondary surgery. We
evaluated the patients in terms of malalignment and
functional results in late follow-up.
Statistical Analysis
The normality of variables was tested by the Shapiro–
Wilk test. Numerical variables reflecting normal
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distribution were stated as mean ± standard deviation (SD)
and those not reflecting normal distribution as median
(minimum-maximum) values. Categorical variables were
stated as number (n) and percentage (%). As there were two
groups, differences between the groups in numerical
variables not showing normal distribution were evaluated
with the Mann–Whitney U test, and relationships between
categorical variables were determined with the Pearson
chi-square test and the Fisher Exact test. P <0.05 was
considered statistically significant.

Four patients in Group 1 and 3 patients in Group 2 had
observed <10° pronation-supination ROM restriction, total
ROM was >120° and none of these patients was aware of
the restriction. There was no ROM restriction in other
directions. No statistically significant difference was
determined between the groups in terms of VAS cosmetic
scores (p>0.005) (Table 1, Figure 4).

Results
There were no statistically significant differences
between the two groups in terms of age, gender and followup duration (p>0.005) (Table 1).
Table 1. Patient demographics and follow-up data
(Group 1: Percutan K-wire fixation; Group 2: K-wire
fixation with a mini-incision)
Group 1

Group 2

P value

Age

11,95±1,34 11,75±1,25

0,458

Fracture Degree

20,62±4,65 19,55±4,98

0,267

Reduction Degree

2,60±1,42

2,51±1,53

0,762

Follow-up
Duration (Month)

18,12±4,73 18,02±4,80

0,592

Fluoroscopy time
(seconds)

28,6 ±7,1

15,4±5,3

0.002*

VAS (VAS 2-3)

3 (6%)

2 (4%)

0.86

4 (<10°)

3 (<10°)

0.99

ROM Limitations
(Pronation/
Supination)

ROM: range of motion; VAS: visual analog scale score
Pearson Chi-Square Test (Monte Carlo), *p<0.05
considered as significant
There were no also statistically significant differences
in terms of fracture and reduction degrees. We didn’t
observe malalignment in radiological evaluation in both
groups at the final follow-up (Figure 3).

Figure 4. Functional outcome at 6th week follow-up
The mean fluoroscopy time was 28.6 ±7.1 seconds in
Group 1 while, 15.4±5.3 seconds in Group 2. The
fluoroscopy time was significantly low in Group 2
(p=0.002). Re-displacement rates were 20% in Group1 and
4% in Group 2 and it was significantly lower in the miniopen group (p=0.026). Patients with redisplacement
underwent secondary surgery. Ten (20%) patients in Group
1 and 3 (6%) patients in Group 2 developed superficial pinsite infections (p=0.037); all patients recovered with oral
antibiotics and daily dressings. The K-wire had advanced
subcutaneously because of pin migration in 7 patients
(14%) in Group 1, and 1 patient (2%) in Group 2 (p=0.027).
In Group 1 transient neuropraxia and tendon irritation was
developed in 4 (8%) and 5 (%10) patients respectively.
None of the patients in Group 2 had tendon irritation or
transient neuropraxia. We found significantly lower
complication rates in the mini-open technique group than
in the percutaneous K-wire fixation group (p<0.005). The
complications were summarized in Table 2.
Table 2. Complications of the patients

Figure 3. AP and L radiographs at 18th month.
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Group 1 Group 2
P
(n/%)
(n/%) value
Re-Displacement
10 (20%) 2 (4%) 0,026*
Pin track Infection
10 (20%) 3 (6%) 0,037*
Subcutaneous K wire
7 (14%) 1 (2%) 0,027*
Failed Insertion
4 (8%)
0 (0%) 0,041*
Pull out of K wire
2 (4%)
0 (0%) 0,153*
Angulation
6 (12%) 0 (0%) 0,012*
Transient Neuropaxia
4 (8%)
0 (0%) 0,041*
Tendon Irritation
5 (10%) 0 (0%) 0,022*
Pearson Chi-Square Test (Monte Carlo), f Fisher Exact
test (Monte Carlo), OR Odds Ratio (95% Confidence
interval) * p<0.05 considered as significant
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Discussion
The distal radius is the most common site of the
pediatric fracture, accounting for 20–30% of all fractures
[1]. The choice of treatment for distal radius fractures is
based on the instability of the fracture and consequently on
the risk of re-displacement. Most of these pediatric
fractures have been treated by a good closed anatomical
reduction and immobilization in a cast [2,3], but redisplacement following conservative treatment of
displaced distal radius fractures has been reported at high
rates [2,4]. Because of the significant risk for redisplacement in completely displaced pediatric distal
radius fractures, K-wire placement is advocated as an
effective method [2,3,5-9]. In a systematic review, the
mean re-displacement rate was reported at 40% in the
casting group and 3.6% in the pinning group [9].
Although the advantages of K-wires are known, there
are some complications related to K-wires which were
reported in literatures [9,10]. In some studies, pining
complication rates were varying from 0-38% (median
8.3%) [3]. The complications were loss of reduction,
prominent scar, infection, pin migration, tendon irritation,
transient neuropraxia, failed insertion, subcutaneous Kwires [10-13]. The reported complications were all classed
as minor nevertheless there are technical challenges in the
pining of these fractures such as the presence of the physis,
the small size of the bone, and the required obliquity of
the wire [11].
McLauchlan et al. stated 2.8% pain, 5.7% prominent
scar, and 2,8% pin migration after percutaneous K-wire
stabilization in their study population [14]. In another
study, Miller et al. reported K-wire complications included
pin migration 12.5%, pin-site infection 12.5%, transient
neuropraxia of radial nerve 6.2%, and tendon irritation
6.2% after treatment with percutaneous pin fixation [15].
Finally, in the report of Colaris et al, complications were
subcutaneous K-wires 11,4%, re-fractures 4,9%,
superficial infections 3.2%, transient neuropraxia 1.6%,
failed insertion K- wires 1.6% in the treatment of 61
patients by K-wire stabilization [12].
There have been many studies comparing closed
reduction with cast immobilization or percutaneous
pinning in pediatric distal radius fractures. However, a
study comparing the application of K-wires using
percutaneous and mini-incision has not been found in the
literature.
In this study, we emphasize using mini-incision in the
course of applying K-wire to limit the technical problems
and to avoid the complications which could be irritative for
the pediatric population. We found significantly lower
redisplacement, pin-track infection, subcutaneous wire
rates in K-wire fixation using by mini-incision group. And
also, we didn’t observe potentially serious complications

such as neuropraxia, tendon irritation and failed insertion
of K-wires, angulation, and pull out of wire in this group.
The function is important because it can affect the
quality of children. In our study, we observed good
functional results in both groups after 18-month follow-up
period.
The use of fluoroscopy in closed fixation methods
increases the exposure to radiation with its associated risks;
therefore, modifying the treatment method when possible
has been recommended to minimize exposure [16-19]. In
our study, we observed that the fluoroscopy exposure time
was significantly shorter in the group in which we used
incision during the application of the K-wires. This is
considered an important gain in terms of reducing the
radiation exposure of the patient and especially the
surgeon.
Some limitations of the present study need to be
addressed. First of all, our study’s retrospective design and
the relatively low number of patients. Secondly, we could
not arrange homogenous gender distribution because of our
study design.

Conclusions
A comparison of percutaneous K-wire fixation and Kwire fixation with mini-open technique in similar pediatric
patient groups showed similar functional results. The miniopen incision technique had lower complication rates and
fluoroscopy durations. Based on the results of this study,
K-wire fixation with the mini-open technique can be
recommended as an alternative method for pediatric distal
radius fractures.
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