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Abstract
Background: The management of displaced distal metaphyseal radius fractures in children is controversial – specifically the prevention
of redisplacement. The aim of this article is to establish the indications for the use of Kirschner wires (K-wires) in the management of
distal radius fractures in children by reviewing the current literature. The objectives were to establish the remodelling potential in
children, factors associated with redisplacement, indications for using K-wires and potential complications of K-wires in distal radius
fractures.
Methods and results: A 7-year-old boy with a displaced distal radius fracture was taken to theatre for manipulation and percutaneous
fixation with K-wires and subsequently developed a chronic osteomyelitis secondary to the K-wire insertion.
Conclusion: Children under 10 years of age have excellent remodelling potential. The most important risk factors for redisplacement
are complete initial displacement, non-anatomic reduction and poor plaster technique. In light of a complication rate of up to 17%,
selective use of K-wire fixation in uncomplicated closed fractures should only be considered in children over the age of 10 years in
fractures with complete displacement where anatomical reduction cannot be achieved.
Level of evidence: Level 5
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Introduction
Distal radius fractures are among the most common fractures in
children. For displaced distal radius metaphyseal fractures, the
vast majority can be treated with manipulation and casting alone.1
In recent times the use of K-wire fixation after reduction of these
fractures is more common.2 Helenius et al. reported a 182%
increase in operative management between 1997 and 2006 in
children’s fractures.2 Complications of this fracture and its
treatment include acute compartment syndrome, carpal tunnel

syndrome, necrotising fasciitis, nerve injuries, osteomyelitis and
malunion.3-6 The purpose of this study is to highlight important
factors related to treatment decisions of distal radius fractures in
children and to make recommendations based on the literature
reviewed. These areas will include: 1) the remodelling potential of
distal radius metaphyseal fractures; 2) factors associated with
redisplacement of these fractures; 3) indications for using a
K-wire in paediatric distal radius metaphyseal fractures; and
4) potential complications of treatment using K-wires in these
fractures (Figure 1) will be highlighted by means of a case report.
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Methods and materials
A review of articles that included children under the age of 17 years
with distal radius metaphyseal fractures treated either with
manipulation and casting alone or with the addition of K-wires was
performed. A search was performed using Medline through
Pubmed, EMBASE and the Cochrane Controlled Trials Register. The
South African Orthopaedic Journal was also searched online for a
local context to the research question. References were reviewed
for additional relevant studies. The following search terms were
used: Distal radius metaphyseal fracture, child, malunion, K-wire
fixation, remodelling. All levels of study, including randomised
controlled trials, retrospective controls, observational cohort trials
and case reports were reviewed. Treatment method, and clinical
and radiological outcomes were recorded. The abstracts of all
English articles published between January 1960 and August 2016
were recorded according to the search criteria, saved and studied
for eligibility.
Ethics approval was granted from the University’s Ethics Board.

Case report

Figure 1A. Radiographs at one month showing reduced distal radius fracture
with cross K-wire insertion

A 7-year-old boy sustained a closed distal radius fracture and was
taken to theatre for manipulation and insertion of cross K-wires
(Figure 1A). He was placed in a below-elbow cast and was seen
again in the clinic a month after the surgery. At this time, the wound
was infected. The child was taken to theatre for a total of three
debridements and given cloxacillin as per protocol for chronic
osteomyelitis. Eventually the infection settled with closure of the
sinus. The X-rays showed changes in keeping with a healing osteitis
(Figure 1B). This case highlights the potential complications of
K-wire insertion, especially in children under the age of 10 years
where there is a large remodelling potential.

Discussion
Fracture remodelling

Figure 1B. Radiographs after K-wire removal showing chronic osteomyelitis
changes in the metaphysis of the distal radius

Distal radius fractures in children account for up to 45% of all
paediatric fractures. They usually occur in older children and the
thick periosteum helps with reduction and infers inherent stability.
The distal radius accounts for 80% of forearm growth and 40% of
upper extremity growth. Given its contribution to growth there is
tremendous remodelling potential for these fractures in children.3
Friberg established that the epiphyseal plate changes direction
of growth after malunion, with a mean correction per month of
0.9 degrees in the sagittal plane and 0.8 degrees in the coronal plane.
The rate of correction was higher in cases with larger primary
angulations with an exponential dependence.7 The importance of the
differential growth response of a physis (i.e. the Heuter-Volkman law)
was supported by Wallace et al.8 The majority of fracture remodelling
in their series of femur fractures in children occurred not only at the
fracture site but also at the proximal and distal physes.8 Johari et al.
confirmed that in the distal radius, more remodelling takes place in the
volar dorsal compared to the radio ulna plane.9
Fuller et al. reported that children under the age of 5 years with a
distal radius fracture malunion over 20 degrees remodelled completely.
Only 50% of children between 6 and 10 years of age remodelled
completely and no children between 11 and 14 years of age
remodelled completely at final follow-up. However, all of these older
patients had a full range of movement at final follow-up.10
Roberts stated that there was no relationship between residual
radiographic dorsal angulation and pronation/supination in children
under the age of 6 years. This was in contrast to older children (range
6–15 years) where almost 50% of patients had a loss of
pronation/supination with more than 15 degrees of malunion.11
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a measure of plaster moulding, to be the most useful parameter in
predicting redisplacement in 161 children with a mean age of 10 years.
They also noted that older children were more likely to redisplace.15
Fenton et al. found that younger patients, initial radial translation,
increased distance of the fracture from the physis and imperfect
reduction were the main risk factors for redisplacement in a group of
73 children with a mean age of 10 years.16 Marcheix et al. identified
poor cast moulding as the only risk factor for redisplacement.17 Chivers
et al. concluded that the three-point index was not a useful tool in
predicting redisplacement of distal radius fractures in children.18
Debnath et al. showed that use of the simpler cast index (the inner
diameter of the cast on the lateral radiograph divided by the inner
diameter of the cast on the anteroposterior radiograph) was a good
predictor for redisplacement.19 Kamat et al. refined this and found
that a cast index of less than 0.8 (in their study 0.7 was optimal)
was associated with a much lower redisplacement rate – in their
series of 1 001 cases, 249 had a cast index over 0.8 and of these
there was a redisplacement rate of 26% compared to 6% in those
with a cast index less than 0.8.20
The above indexes are a measure of adequate plaster moulding
or three-point moulding as described by Charnley21 and propagated
by Rang.22
The use of either a short- or long-arm cast has not been conclusively
shown to decrease the risk of recurrence. A review article was
performed by Hendrickx et al. in 2011 which concluded that belowelbow casts were as effective as above elbow casts in the treatment
of distal-third radius and ulna fractures in children.23 Advocates of the
short-arm cast cite low redisplacement rates, fewer days off school
and less interference with activities of daily living.24-26
In a retrospective review of 155 children with distal radius
fractures, McQuinn et al. found that an initial displacement of more
than 50% or a less than perfect reduction, predisposed to
redisplacement. They re-emphasised that the cast index was a
useful tool to assess cast moulding as an additional factor to assess
the risk of displacement.27 Complete initial displacement, initial
fracture type and success of reduction have recently been found to
be the most important risk factors for redisplacement. 28,29
In summary, from Table II it is evident that the most important risk
factors for redisplacement in distal radius fractures in children
appear to be complete initial displacement, non-anatomic reduction
and poor plaster application technique.

Table I: Remodelling potential of malunited distal radius fractures
Age
Remodelling Initial dorsal
(years) time (months) angulation

Author

Jeroense et al.12
13

Ghandi et al.

Final dorsal
angulation

9.1

9

24°

8°

7.7

35

26°

5°

In a recent retrospective study by Jeroense et al. the remodelling
potential of 33 children with a mean age of 9 years (range 3–14 years)
with a distal radius fracture and malunion over 15 degrees was
presented.12 They confirmed the findings of Friberg et al.7 and found
that the rate of remodelling decreased exponentially over time. The
mean initial remodelling speed was 2.5 degrees per month but
decreased exponentially over the 30-month time period. The rate of
remodelling was not found to be related to the age of the patient at
time of fracture.12 Gandhi et al. showed that with longer follow-up (over
five years), complete remodelling was possible in distal radius
fractures.13 Van der Sluijs et al.4 recently reviewed the findings of
Jeroense et al.12 and Ghandi et al.13 and postulated a model that
described remodelling of the distal radius as an exponential function
with starting speed dependent on the initial angulation. Table I
illustrates these results.
In summary, there is a tremendous remodelling potential of displaced
distal radius fractures in children. Important considerations are the age
of the child and amount of initial angulation which dictates the speed
of remodelling. Radiological malunion does not always correlate with
loss of function.

Factors associated with redisplacement
A large number of studies have also explored the risks for
redisplacement of distal radius fractures in children. The many risk
factors that have been identified and studied are summarised in
Table II.
It is evident from Table II that there are many possible risk factors for
redisplacement. Hang et al. concluded that complete displacement,
ipsilateral ulna fracture, failure to achieve a perfect reduction and
poor plaster moulding were the main factors associated with
redisplacement14 whereas Mazzini et al. found the three-point index,
Table II: Risk factors for distal radius fracture redisplacement
Patient factors
Level of
evidence

Number of
patients

Mean age
of patients
(years)

III

48

9.8 (0–17)

III

161

10.2

Fenton

III

73

10.4 (5–16)

Marcheix17

III

60

IV

Debnath
Kamat20

Author (ref)

Hang14
15

Pretell Mazzini
16

18

Chivers

19

23

Hendrickx

Fracture characteristics
Complete
Distance
displacement from physis

Treatment factors

Initial
angulation

Ipsilateral
ulna fracture

Anatomic
reduction

–

7

3

–

–

–

–

–

Moulding

9.8 (5–15)

3
3
3
7

3
7

7

7

3
3
3
7

3
3

43

–

–

–

–

–

–

III

174

9.8 (2–15)

–

–

–

–

–

III

109

< 10

–

–

–

–

–

3
3

–

–

–

–

–

–

–

–

3

Review

300

Chess

24

IV

761

–

–

–

–

–

–

–

Bohm25

IV

102

8.6

–

–

–

–

–

–

I

113

Check

–

–

–

–

–

McQuinn

II

155

< 15

–

–

–

Asadollahi28

II

135

9.9 (3–17)

III

107

10

26

Webb

27

Jordan

29

3
3
3

–

7

7
7

7
3

3
3
3

Short
equivalent
to long arm
cast

3
3
7
3

3 Discussed in article and regarded as significant 7 Discussed in article and regarded as not important – Not discussed in the article

–
–

3
–
–
–
–

3
3
3
3
–
–
–
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Manipulation alone vs use of K-wires
The results of outcomes following various treatment methods are
abundant. The main articles from each type of treatment were
identified and used in the discussion of this paper.
The excellent remodelling potential of these fractures was
emphasised by Do et al.30 This was confirmed by Crawford et al.
who reviewed 51 children at an average age of 7 years with
overriding distal radius fractures with less than one centimetre of
overlap or 15 degrees of angulation. These children were treated
without reduction in below-elbow casts. All fractures united and
had full range of wrist movement at one-year follow-up. They
concluded that children under the age of 10 years did not require
anatomical reduction to achieve an excellent result and there was
the added benefit of cost saving by avoiding a general
anaesthetic.31 Roth et al. presented a retrospective cohort of
66 children that presented with redisplacement of more than
15 degrees angulation. They concluded that re-manipulation after
initial loss of reduction was not necessary in the majority of
patients. They all remodelled to near anatomical alignment and
they concluded that they would accept angulation up to
30 degrees in children under 10 years of age, 25 degrees in
children between 10 and 12 years and 20 degrees in children
over 12 years of age.32
Some authors advocate the use of K-wires in selected patients. Van
Leemput et al. recommended the use of K-wires in unstable distal
radius fractures where there was complete initial displacement,
ipsilateral ulna fracture and oblique fracture patterns. This was a
Level III comparative cohort study of 39 patients.33 This was supported
by Wendling-Kim et al.34 Selective K-wire insertion was confirmed by
Jordan et al. who advocated the use of K-wires for patients in whom
suboptimal initial reduction was obtained. Optimal reduction was
defined as less than 10% translation or less than five degrees of
angulation. In their series 40% of patients with suboptimal reduction
redisplaced.35 Bae et al. considered age an important factor when
considering the use of a K-wire. They concluded that children over
the age of 10 years should be stabilised with a K-wire if there was
initial complete displacement or initial angulation over 15 degrees.36 A
subgroup of patients with median nerve neuropathy and distal radius
fractures were also shown to benefit from selective use of K-wire
treatment.37
There are only two prospective randomised controlled trials which
compare closed reduction alone with closed reduction and
percutaneous pinning.
The first study reviewed 68 children with completely displaced
distal radius fractures at a mean age of 7.9 years ± 2.7 years. The
authors reported that seven out of 33 patients who had an initial
manipulation and cast required a second manipulation. A further
seven had residual dorsal angulation more than 20 degrees at union
– one of these required a corrective osteotomy at six months. None
of the 35 children in the K-wire group required a second procedure.
Complications in the K-wire group included two prominent scars
and one pin migration which necessitated surgical removal of the
K-wire. There was no overall clinical difference between the two
groups at three-month follow-up. The authors recommended the
use of K-wires for completely displaced distal radius fractures in
children.38
The second study involved 34 older children with a mean age of
12.4 years. The patients all had either complete initial displacement
or initial angulation more than 30 degrees. There was no clinical or
cost difference between the two groups at 10.5 week follow-up.
Seven (39%) of the children in the manipulation group required
repeat manipulation and one had a transient ulnar nerve palsy.
In the K-wire group seven children (39%) had pin-related
complications (two superficial infections, two pin migrations under
the skin, one tendon irritation and one transient radial nerve palsy)
but all resolved with no long-term complications. They could not
recommend one treatment method over the other.39
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Bernthal et al. highlighted the discrepancy in treating these
fractures among orthopaedic surgeons and highlighted
differences when comparing hand, paediatric and general
orthopaedic surgeons. Hand- and paediatric-trained orthopaedic
surgeons accepted more angulation than their adult-trained
colleagues.40
From these studies, we do not advocate the routine use of
K-wires after distal radius fracture manipulation, especially in
children under 10 years of age, as the remodelling potential is
substantial and there is a risk of complications using K-wires.

Iatrogenic complications of distal radius fractures
Major complications following distal radius fractures are rare but as
seen in Figure 1B they can be devastating and result in chronic
osteomyelitis or growth disturbance. Acute complications related
to the fracture itself include neurovascular injury, compartment
syndrome, infection with open fractures and even necrotising
fasciitis.2 More long-term complications include malunion resulting
in a decreased range of movement but these complications are
extremely rare in the light of the remodelling potential described
above.3,4,7-13
Treatment using K-wires is not without its own complications. The
major complications associated with K-wires are neurovascular
injuries or infection. A study done by Battle et al. of 202 children
(27% wrist and forearm fractures) showed an overall risk of infection
following the use of K-wires in all areas of 7.9% – the overall rate of
deep infection involving bone was 2%.5 Tosti et al. in a review of
884 children who had K-wires inserted reported 12 infections – only
one was from a distal radius fracture and was associated with a
superficial abscess.41
Ramoutar et al. reviewed 248 patients who had distal radius
fractures which were manipulated and K-wired. There was a 17%
(42 patients) complication rate related to the K-wires. These
complications included K-wire migration requiring general
anaesthetic to remove the K-wire, wound over-granulation and
scarring, wound infection requiring antibiotics, redisplacement
requiring revision surgery, ulna neuropraxia and redisplacement.
They concluded that clinicians should be careful before considering
the use of K-wires after manipulation of distal radius fractures in
children.6
Another case report highlighted the risk of developing a Brodie’s
abscess of the distal radius five-and-a-half years later as a result of
initial K-wire fixation.42 This case highlights the patient in Figure 1A
and 1B in which a 7-year-old developed chronic osteomyelitis of
the distal radius following manipulation and K-wiring.

Conclusions
Traditional methods of distal radius metaphyseal fracture care have
been challenged in the last few years with increasing parental
expectations for a perfect reduction and K-wires with an expedient
return to activity. However, according to the literature, this is
unsupported as distal radius fractures in children have excellent
remodelling potential and associated good functional outcomes
after reduction with attention to a well-moulded below-elbow plaster
cast. As our case illustrates, the use of K-wires is not without
potentially significant complications. Absolute indications for
stabilisation using percutaneous K-wires are irreducible fractures
requiring open reduction, multiple ipsilateral upper limb fractures,
open fractures, and those with associated neurovascular
compromise. Indiscriminate use of K-wires in all cases should be
avoided. However, from this review, selective K-wiring may be
considered when there is complete initial displacement of the
fracture or when anatomic reduction is not achieved, particularly in
older children.
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