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Abstract

Purpose The therapy of distal radial fractures in children
is expected to be as non-invasive as possible but also needs
to deliver the definite care for gaining optimal reduction
and stabilizing the fracture. Therefore, closed reduction and
immobilization is competing with routine Kirschner wire
fixation. The aim of our study was to investigate if closed
reduction and immobilization without osteosynthesis can
ensure stabilization of the fracture.

Methods We chose a retrospective study design and ana-
lyzed 393 displaced distal radial fractures in children from
1 to 18 years with open epiphyseal plates studying medi-
cal files and X-rays. The Pearson’s x” test was applied. Sta-
tistical analysis was performed using IBM SPSS Statistics
20.0. Statistical significance was set at an alpha level of
P =0.05.

Results Of these studied fractures 263 cases were
treated with closed reduction and immobilization. Only
38 of these needed secondary interventions, 28 of these
underwent reduction after redisplacement and ten patients
received secondary Kirschner wire fixation. The last
follow-up examination after 4-6 weeks revealed that
96.4 % of fractures initially treated with closed reduc-
tion and immobilization were measured within the limits
of remodeling. 104 of the studied fractures were treated
with cast immobilization alone when displacement was
expected to correct due to remodeling. Here 22.1 % of
patients needed secondary reduction. Furthermore, pri-
mary Kirschner wire fixation was performed in only 25
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children with unstable fractures and only one received
further treatment. Interestingly, operative reports of pri-
mary closed reduction revealed that repeated maneuvers
of reduction as well as residual displacement are risk fac-
tors for redisplacement.

Conclusion For the treatment of displaced distal radial
fractures in children closed reduction and immobilization
can be considered the method of choice. However, for cases
with repeated reduction maneuvers or residual displace-
ment we recommend primary Kirschner wire fixation to
avoid redisplacement.

Level of evidence Retrospective comparative study, Level
11

Keywords Distal radial fracture - Closed reduction -
Kirschner wire fixation - Epiphyseal plate

Introduction

Distal radial fractures are among the most common injuries
in children [1, 2], and fractures at the metaphysis are espe-
cially prevalent [3, 4]. Closed reduction and cast immobili-
zation play a major role in the treatment of these fractures
in children [4, 5]. However, various rates of unacceptable
loss of reduction have been described in the literature [6—
12] and therefore many studies have been undertaken to
identify the factors which increase the risk of redisplace-
ment. Among the main determinants that have been found
are the residual displacement after initial reduction [6, 10,
13] and the initial complete displacement of the radius [9,
10, 14, 15]. Since the risk of redisplacement can be signifi-
cantly reduced by the use of percutaneous pin fixation [8,
11] the initial use of Kirschner wires has been debated for
fractures with an increased risk for loss of reduction [10,
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15-17]. However, no agreement regarding a gold standard
has been found to date.

Therefore, the aim of our study was to investigate the
rate of redisplacement after closed reduction and cast
immobilization on a large-scale analyzing 393 cases of dis-
placed distal forearm fractures and hereby to determine if
this regimen still can be accepted as the method of choice
for this type of fracture in children. Furthermore, our goal
was to identify factors that increase the risk of the compli-
cation of redisplacement and therefore determine the indi-
cation of initial Kirschner wire fixation instead of only cast
immobilization after closed reduction.

Materials and methods

The Study was carried out retrospectively. Patients with
displaced radial fractures aged 0-18 years with epiphyseal
plates who were treated in the pediatric surgery clinic at
the Dr. von Haunersches Kinderspital from 2005 through
2011 were selected from the hospital’s electronic radio-
logic archive. Patients with Salter/Harris 3 and Salter/
Harrys 4 fractures as well as stress fractures, pathological
fractures, refractures, any known bone disease or pubertas
praecox and tarda were excluded from the study. Fracture
treatment and outcome were analyzed considering angula-
tion and translation as well as involvement of the epiphysis,
concomitant fractures and volar or dorsal displacement and
therefore the use of fracture classification systems was not
incorporated in this study.

Fractures were treated with cast immobilization alone or
closed reduction and cast immobilization or Kirschner wire
fixation or, although very rarely, with ESIN (elastic stable
intramedullary nailing) according to the degree of displace-
ment, the stability after reduction and the decision of the
surgeon on call. Closed reduction was performed under
general anesthesia with one exception due to cystic fibrosis.
A C-arm was used to control the position of the fragments.
Immobilization was achieved by the fitting of long-arm
plaster- or fiberglass splints.

All radiographs and patient records including operation
reports were analyzed. Optimal reduction was defined as
angulation of less than 5° and translation of less than cor-
ticalis width. Redisplacement of any degree, number of
interventions and complications were registered as well as
demographic data. Any increase in angulation or translation
after the initial treatment was registered as redisplacement
and further analyzed.

Limits of remodeling were considered <30° angulation
and <shaft width translation for children under 12 years of
age and <15° angulation and <1/2 shaft width translation
for children aged 12 years or older, respectively.
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Fig. 1 The age distribution demonstrates the majority of patients in
the study were between 6 and 11 years of age

Table 1 Frequency within the different age groups

Age group (years) Redisplacement

rate (%)
1-5 453
6-11 40.5
12-18 31.8

The pearson’s x* test was applied. Statistical analysis
was performed using IBM SPSS Statistics 20.0. Statistical
significance was set at an alpha level of P = 0.05.

Results

383 patients with displaced distal radial fractures were
detected during the study period from 2005 through 2011
yielding 393 cases since in ten patients two fractures of the
distal radius occurred either at the same time in different
arms or at different points of time in the same arm but at
different locations within the distal radius.

The mean age was 9.8 years, 72.5 % of patients were
male and 27.5 % female. The age distribution is shown in
Fig. 1. Of all cases 82.1 % extension fractures and 17.9 %
flexion fractures were noted.

Of all displaced distal radial fractures secondary dis-
placement was found in 143 cases, respectively, 36.4 %.
However, any displacement after the initial therapy was reg-
istered in this study to avoid any bias and only 56 of these
absolutely redisplaced fractures needed further treatment.
Redisplacement resulting from a new trauma or from a
defect cast was excluded. Analysis of the age pattern showed
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Table 2 Redisplacement detected mainly within the first week after
primary treatment

Time of detection of redisplacement Occurrence Rate (%)
1 day 2 1.4
1 week 82 57.3
2 weeks 13 9.1
3 weeks 14 9.8
4 weeks 21 14.7
5 weeks 3 2.1
6 weeks 7 4.9
Unknown due to treatment in external 1 0.7
hospital
Total 143 100

that redisplacement was more frequent in younger patients
pointing to the fact that the choice of treatment seems to
be strongly influenced by the growth-dependent correction
potential (Table 1). Furthermore, redisplacement was mainly
detected one week after trauma or reduction (Table 2).

Furthermore, the differentiation of fracture types
revealed a tendency of increased redisplacement rate
in radial fractures with concomitant ulnar fractures
(P = 0.051) as compared to isolated radial fractures
whereas involvement of the ulnar styloid processus did
not have any effect. Also, Salter/Harris 1 and 2 fractures
displayed a significantly lower redisplacement frequency
compared to fractures that were more located further proxi-
mal which is related to the increased instability in the more
proximal fractures (P = 0.005). Additionally, fractures
with dorsal displacement redisplaced more often than volar
fractures (P = 0.003),0f the analyzed 393 displaced distal
radial fractures 263 cases were treated by closed reduction
and immobilization while 104 fractures were only immo-
bilized according to the expected growth-related correc-
tion potential depending on the age of the patient. Only 25
fractures, respectively, 6.3 % were primarily fixated with
Kirschner wires and due to individual decision ESIN was
performed in one exceptional case (Fig. 2).

The majority of displaced distal radial fractures count-
ing 263 cases, respectively, 66.9 % were treated by closed
reduction and immobilization. Above-elbow casts were
applied. Angulation in these fractures ranged from 7° to
54° and translation from corticalis thickness to more than
shaft width. Most patients were between 6 and 11 years of
age (Fig. 3).

Of these patients who were treated with closed reduction
223 fractures, respectively, 84.8 % did not need any further
intervention, since 78.0 % of redisplacements were meas-
ured to be less than 10° and 96.4 % of fractures displayed
only slight residual displacements ranging within the limits
of remodeling after closed reduction.

distribution of treatment n=393
1

M closed reduction
and cast
immobilisation

M cast
immobilization

[ initial Kirschner
wire fixation

Bl ESIN

Fig. 2 It shows that most patients studied were treated with closed
reduction and cast immobilization

age distribution of patients with primary closed reduction
and immobilization
n=263

m 1-5)
6-11)
m 12-18)

Fig. 3 Primary closed reduction and immobilization was applied for
all age groups, however, the majority of patients was aged 611 years

age distribution of secondary treatment after closed
reduction and immobilization

18 — secondary Kirschner wire
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Fig. 4 The age distribution of patients needing secondary interven-
tion after primary reduction demonstrates the dependence of fre-
quency and type of secondary treatment on the remodeling potential
according to the patient’s age
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Influence of difficulties during primary intervention on redisplacement rate

Primary closed reduction
and immobilization
n=263

No further intervention
n=223

I ! 0

No difficulties Difficulties No operative reports
during primary during primary available due to
reduction reduction reductionn in
n=168 n=48 different hospital
n=7

™ Secondary intervention
n=38
Repeated Secondary
reduction Kirschner wire
n=28 fixation
n=10
Difficulties No operative Difficulties
during primary reports available during primary
ducti due to reduction ducti
reduction in different reduction
n=12 hospital n=5
n=3

g I}

Redisplacement Redisplacement
n=31 (18.5%) n=22 (43.8%)

g [

In 48.6% of cases with necessary
secondary intervention

explicitly depicted difficulties during
primary reduction of fracture

Fig. 5 Factors influencing redisplacement are shown here for patients primarily treated with closed reduction and immobilization

However, 38 fractures needed further treatment after
closed reduction. 28 patients were treated with repeated
closed reduction. Angulation and translation before
repeated reduction were measured between 11° and 44°
and 1/4 and 1/2 shaft width, respectively.

Furthermore, after primary closed reduction ten redis-
placed fractures were secondarily fixated with Kirschner
wires. Redisplacement angulation of 27°-30° and transla-
tion of 1/3 shaft width or more were noted in these cases.
Two more patients needed secondary Kirschner wires as
well, however, these two cases were excluded from the
analysis since their cast had been accidentally broken.
Interestingly, 80 % of patients with secondary Kirschner
wire fixations were between 12 and 18 years of age and
the remainining 20 % were 6-11 years while no patient
under 6 years received secondary Kirschner wires. Accord-
ingly, patients aged 6-11 years with redisplacement after
closed reduction was mainly treated with repeated reduc-
tion (Fig. 4).

To investigate the cause of spontaneous redisplacement
after primary reduction in these 38 fractures we analyzed
the operative reports. Operation reports of 35 cases were
available since three fractures were not initially treated at
our hospital. Interestingly, in 48.6 % of these cases, we
detected explicitly described problems during primary
reduction consisting of necessary repetition of reduction
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and residual angulation of more than 5° or translation of
more than corticalis width after reduction. Furthermore,
investigation of 216 of the 223 fractures without second-
ary intervention was performed, since seven were not
treated initially at our hospital. The reports revealed that
fractures that redisplaced after reduction, although within
the limits of remodeling, had raised the above-mentioned
problems significantly more often (P = 0.00029) than
fractures that did not redisplace. While 18.5 % of frac-
tures without difficulties during reduction showed sec-
ondary displacement, 43.8 % of cases with problems dur-
ing primary reduction displaced again during follow-up
(Fig. 5). We therefore, consider repeated reduction and
residual angulation and translation (5° or more and cor-
ticalis width or more, respectively) risk factors for redis-
placement and therefore indication of primary Kirschner
wire fixation. Regarding the outcome, 96.4 % of 223
cases that were treated by primary closed reduction and
immobilization alone were found to range within the lim-
its of remodeling and 78.0 % displayed an angulation of
less than 10°. Furthermore, 89.3 % of cases that needed
secondary reduction and 100 % of fractures with second-
ary Kirschner wire fixation after primary closed reduction
were measured within the limits of remodeling while 64.3
and 91.7 %, respectively, showed a residual angulation of
10° or less.
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Fig. 6 The age pattern of patients primarily treated with immobiliza-
tion is depicted here

Taken together, 14.4 % of patients treated primar-
ily with closed reduction and immobilization required
further treatment, e.g., either secondary reduction in 28
cases or Kirschner wire fixation in ten cases. Eleven frac-
tures displayed residual displacement beyond the limits of
remodeling, however, limits were set very strictly. Maxi-
mal residual angulation was 40° in the group of patients
aged 1-5 years, 35° in the group of 6-11 years and 26° in
patients from 12 to 18 years in the last follow up examina-
tion after 4-6 weeks.

Next, we investigated application of immobilization
without closed reduction as initial treatment and found
104 fractures with a primary displacement degree rang-
ing from 7° to 48°. However, minor angulation was com-
bined with severe translation. Children aged 8 years or
younger received above-elbow casts while older patients
were treated with underarm-casts. Only 14.4 % of patients
were older than 11 years in this treatment group (Fig. 6).
Although in 51 fractures secondary displacement was
detected (and additionally, ten fractures revealed an
increase in displacement after another trauma or after acci-
dentally breaking the cast and therefore, were excluded),
only 18 of these needed secondary closed reduction and no
fracture was fixated with Kirschner wires (Fig. 7). Three
fractures were secondarily placed in Schede position. All
other cases maintained their status or were expected to cor-
rect their displacement spontaneously due to remodeling.
Taken together, 78 of 94 fractures (83.0 %) did not need
any further treatment after cast immobilization and 86.2 %
were noted to be within limits of remodeling at the last fol-
low-up examination after 4-6 weeks.

age distribution of repeated reduction after primary
immobilization

18

16
14
12
10
8
6
4
i
0 I
1-5years 6-11 years 12-18 years

Fig. 7 Secondary intervention after primary cast immobilization
alone consisted of secondary reduction only. Due to their remodeling
potential, most patients were between 6 and 11 years of age

age distribution of patients with Kirschner wire
fixation n=25
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6-11J

m 12-18)

Fig. 8 More than half of patients treated with Kirschner wire fixation
were older than 11 years of age

Summing up the cases of secondary reduction, 46 cases
were registered, namely 18 times after primary immo-
bilization alone and 28 times after primary closed reduc-
tion. Interestingly, of these secondary reductions only six
fractures were unsuccessful due to consolidation within 1,
2 and 7 weeks. However, all other cases were effectively
reduced secondarily.

Primary Kirschner wire fixation was performed in 25
patients corresponding to 6.11 % of all studied cases. 80 %
of the patients treated with primary Kirschner wire fixation
were older than 5 years (Fig. 8). Indication for this proce-
dure was instability after closed reduction or necessity of
open reduction intraoperatively. In the last follow-up exam-
ination, 92 % of these fractures displayed a residual angu-
lation of less than 10° and no translation. Only one fracture
redisplaced revealing an angulation of 15°. One patient, as
an exception, however, displayed an increased angulation
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even in comparison to the initial X-ray and needed plat-
ing which is applied in children only very rarely and under
special circumstances. Apart from this case complications
were uncommon as one patient developed wound infection
and one suffered from maceration of the skin in the area of
the wire tip.

Of the studied fractures some had special features. Eight
were open fractures, however, seven of them were rated
Gustilo grade I and one Gustilo grade II. Furthermore
78 Salter-Harrys-II and 4 Salter-Harrys I fractures were
counted as well as 14 green stick fractures and three plu-
rifragmentary fractures. Interestingly, no significant dif-
ference regarding the redisplacement rate was detected in
comparison to the fractures without special characteristics
except for the fractures with involvement of the growth
plate (Table 3).

Interestingly, involvement of the epiphyseal plate was
found to be a factor influencing the rate of redisplacement.
Of 87 cases with fractured epiphyseal plates a redisplace-
ment rate of only 25.3 % was detected as opposed to 42 %
in 288 patients with fractures located away from the phy-
sis yielding a significant P value of 0.005. The total of 375
fractures here is explained by redisplacement due to a new
trauma or a defect cast. Another influencing factor is the
direction of initial displacement as 42.8 % of dorsally dis-
placed fractures revealed redisplacement while only 20.6 %
of fractures with volar angulation did.

Furthermore, 49.1 % of patients in our study presented
with an intact ulna and 33.2 % of these displaced second-
arily and only 44.2 % needed further treatment. However,
42.5 % of complete fractures showed secondary displace-
ment so that we cannot confirm other studies that consider
an intact ulna a risk factor for redisplacement.

Discussion

The aim of our study was to investigate on a large-scale
if closed reduction and immobilization of displaced distal
radial fractures provide a sufficient treatment for children
and to establish parameters that reveal an increased risk for
redisplacement and indicate for Kirschner wire fixation.

Of 393 fractures that we investigated, 263 cases were
indicated to be reduced and immobilized because they did
not apply for mere immobilization due to their displace-
ment beyond the limits of remodeling. To avoid any bias,
we registered any change in angulation or translation after
reduction in our study. Since only 14.4 % of these fractures
needed further treatment because of redisplacement and
the outcome was good, we conclude that closed reduction
and immobilization is an appropriate method to treat these
fractures in children. In comparison to hospitals that gen-
erally treat fractures that display angulation or translation
beyond the known limits of remodeling with Kirschner
wire fixation to avoid the risk of loss of reduction, in our
study 85.6 % of patients were spared general anesthesia as
well as hospitalization for hardware removal and the risk of
wound infection.

Due to the absence of consent about the remodeling
capacity [18-22] very strict limits of remodeling were cho-
sen as described in the methods section. Limits of remod-
eling were considered <30° angulation and <shaft width
translation for children under 12 years of age and <15°
angulation and <1/2 shaft width translation for children
aged 12 years or older, respectively. Nevertheless, most
fractures were found to be within these strict limits after
closed reduction and immobilization which underlines the
usefulness of closed reduction and immobilization as the
standard treatment for distal radial fractures in children.

However, to optimize treatment of the cases that needed
secondary therapy, we analyzed operation reports and
intraoperative X-rays amongst other factors increasing the
chance of redisplacement. Interestingly, in nearly half of
these cases, reports and X-rays revealed that fractures were
not optimally reduced since residual angulation of more
than 5° or/and translation of more than corticalis width was
accepted during the intervention or more than one attempt
of reduction was needed. As it is well-known that opera-
tive reports not always contain every detail during a pro-
cedure it is even possible that these problems evolve in a
greater percentage of cases leading to loss of reduction
in need of further treatment. In our study, these above-
explained difficulties were noted in 17 cases of which five
needed secondary Kirschner wire fixation and 12 required

Table 3 Rate of redisplacement

. Type of displaced fracture
of the different fracture types

Number of fractures Redisplacement rate (%)

Distal radial fracture without special features 286 37.8

Open fracture Gustilo grade I/IT
Aitken fracture 1

Aitken fracture 0

Green stick fracture
Plurifragmentary fracture

Total

8 26.7
78 26.3
4 _
14 24.9
3 —
393
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secondary reduction. Furthermore, in 48 more cases, prob-
lems during reduction were logged, and 43.8 % of these
redisplaced, however, measurements were within the limits
of remodeling and patients did not need secondary therapy.
Although only 26.2 % of fractures with explicitly reported
problems during reduction were reduced again or fixated
with Kirschner wires, 58.6 % of fractures with difficulties
during reduction revealed loss of reduction. Therefore, we
consider the mentioned reported difficulties a risk factor
for redisplacement and recommend primary Kirschner wire
fixation for these cases to reduce the fraction of 14.4 % of
fractures that needed secondary treatment.

Furthermore, our results regarding residual displace-
ment as a risk factor for redisplacement are in agreement
with earlier studies [6, 10, 13, 23-26]. Strikingly, repeated
attempts of reduction have not been described in this
context so far. On the other hand, another finding under-
lines our statement, since only 6.9 % of fractures without
any reported problems or without residual displacement
needed further treatment and this number does not take
into account when repeated attempts of reduction were not
noted in the reports possibly due to lack of detailed descrip-
tion of a routine procedure.

Additionally, fractures with involvement of the epiphy-
seal plate were more resistant to redisplacement pointing
to a higher stability of distal fractures. However, we can-
not confirm results from some studies that hypothesize that
an intact ulna increases the rate of secondary displacement
[11, 15, 24, 27, 28] as opposed to others that found no influ-
ence of an intact ulna on the rate of redisplacement [15, 28]
since our study found a tendency of increased redisplace-
ment risk that is associated with a fractured ulna. Notably,
when using the term “intact ulna” we did not include ulnar
buckle fractures or ulnar styloid fractures in this term as
opposed to other groups [24].

Only 25 patients in our study were treated with primary
Kirschner wire fixation. Indication for this operation was
instability during reduction or need of open reduction.
The outcome was highly satisfying since only one patient
needed further treatment and complication rate was also
low since we detected only one case of wound infection and
one patient with skin maceration due to Kirschner wires.
However, as mentioned above, further hospitalization and
anesthesia was necessary for hardware removal so that we
confirm our recommendation to keep this method back for
the explained selected cases. Furthermore, a recent study
has shown that there is no long-term benefit of Kirschner
wire fixation regarding the outcome of these fractures in
children [29].

Limitations of this study are the short follow-up time
of mostly 4-6 weeks so that we can not draw any conclu-
sions on the long-term outcome of the fractures. However,
the remodeling potential and long term outcomes after

radial fractures in children have been investigated in pre-
vious studies [18-22] whereas our goal was to investigate
the redisplacement rate after closed reduction without
osteosynthesis of fractures in children and its risk factors to
avoid this complication and to evaluate this method of treat-
ment. Nevertheless, a follow-up study addressing the group
of patients with residual deformities has been planned.
Another point to consider is, of course, the retrospective
design of the study. However, performing a prospective
study with children regarding treatment in an emergency
setting will raise ethical concerns and recruitment might be
severely prolonged due to the anxiety of the parents. Fur-
thermore, limitating, this has been a single-center study,
collecting data from various centers might be a task for the
future. Additionally, 7 different attendings and 14 different
residents have performed the analyzed reductions, but the
large number of cases should compensate for this inhomo-
geneity. Also, we investigated different fracture types, how-
ever, this was considered in the analysis. A further interest-
ing follow-up trial might be an analysis in our institution
regarding the impact of the recommended change in the
management of the mentioned distal radial fractures on the
rate of secondary displacements.

This study presents a large series of distal displaced
radial fractures in children. In conclusion, 85.4 % of cases
with primary closed reduction and immobilization did not
need any further intervention while 10.7 % of reduced frac-
tures needed secondary reduction and 3.8 % of reduced
cases were treated with secondary Kirschner wire fixa-
tion. Due to our analysis of operative reports, we consider
repeated reductions and residual displacement of angula-
tion of 5° or more and translation of corticalis thickness
or more a major risk factor for redisplacement and suggest
primary Kirschner wire fixation in these cases.
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