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Background
Pediatric distal radius fractures are an increasingly common musculoskeletal injury and 

represent the most common forearm fracture in the pediatric population. Injuries to the distal radius 
represent 20 to 30% of all pediatric fractures and are more common in boys [1]. The incidence of 
malunion in pediatric distal radius fractures is inconsistently reported, due to the multiple variables 
associated with reporting these injuries and to the variable follow-up in this patient population. 
The incidence of growth arrest of the distal radius varies between 1 and 7% [2-4]. Nietosvaara et al 
[5] reported a 50% incidence of malunion in 109 consecutive children with displaced fractures of 
the distal radius treated with manipulation under anesthesia, despite documentation of anatomic 
primary reduction in 85% of these patients. Their logistic regression model predicted that marked 
initial displacement of the fracture (> 50% displacement or > 20% angulation) was an independent 
risk factor for complications and redisplacement of the fracture. An additional independent risk 
factor identified by this group was failure to obtain anatomic reduction of the fracture. This group 
found a 10% incidence of clinically significant growth arrest among the 20 patients (of their initial 
group of 109 patients) selected for long-term follow-up (up to two years). Clinically significant 
growth arrest refers to both complete arrest leading to shortening and/or angulation that results 
in impairment of function or partial arrest resulting in angulation. Both involve impairment of 
function, and this is the rationale for use of the descriptor, “clinically significant”. It is important 
to emphasize that physeal arrest with malalignment or malrotation must not be confused with 
malunion.

Distal radius fractures often occur from an indirect injury related to a fall on an outstretched 
hand causing axial compression force that is transferred through the distal radius based on direction 
and rotation [6]. These fractures behave very differently from midshaft and proximal radius fractures 
secondary to the different deforming forces and the unique biomechanics of those areas. 

Depending on the degree of force and location of transmission, this can result in either 
incomplete green stick or torus fractures or a complete fracture [7]. The fracture profile through the 
distal radius and the extent of the injury is related to the mechanism of injury, rotational position of 
the hand, degree of elbow flexion, and body mass [8]. Distal radius fractures may occur through the 
physis as an isolated injury, while others have concomitant distal ulnar fractures such as distal ulnar 
physeal injuries or distal radial ulnar joint dislocations also known as Galeazzi fractures.
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Abstract

Pediatric distal radius fractures are common injuries. Most can be treated with closed reduction and 
immobilization. However, malunions can be sequelae of this injury pattern due to the risk of re-displacement after 
initial reduction, and clinical manifestations of these complications can be significant. In addition to malunion, 
the most concerning of these complications are nonunion and growth arrest. Addressing these concerns, 
particularly accurately determining which are clinically significant and may warrant surgical intervention, presents 
considerable clinical challenges. Acceptable parameters for flexion-extension angulation, radial-ulnar deviation 
and malrotation are controversial and vary based on age. Patients with functional impairment of motion, pain, 
and or deformity due to malunion may be candidates for surgical reconstruction. Among these, the greatest 
improvements have been documented in patients with supination deficits, but the literature provides insufficient 
evidence to draw specific and definitive conclusions. The most commonly used reconstruction techniques are 
dorsal opening wedge osteotomy of the distal radius with volar bone grafting and ulnar shortening osteotomy, 
with release of the interosseous membrane. These are complex procedures that require assessment of 3-D 
anatomy, meticulous pre-operative planning and templating and continuous intra-operative reassessment. In 
addition, the risks of long-term sequelae, such as residual deformity resulting in impaired function, as well as an 
unacceptable cosmetic result, must be discussed with patients and their families at length when discussing the 
potential benefits, as well as complications, of operative versus non-operative management of malunions of the 
distal radius and forearm.
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Figure 1:  13 year-old female status post fall onto an outstretched hand. At 
the time of initial injury, she had a dorsally displaced distal radius fracture 
and ulnar styloid fracture. DRUJ disruption was under appreciated at the 
time of injury and she underwent closed reduction and casting by outside 
orthopaedic surgeon. Over 3 months there was progressive DRUJ widening 
with associated dorsal dislocation of the DRUJ. At the time of this print 
the patient was booked for a dorsal opening osteotomy through a volar 
approach with ulnar shortening osteotomy.

Distal radius fractures are routinely treated with closed reduction 
and immobilization to obtain and maintain acceptable alignment. 
The definition of acceptable alignment is particularly controversial 
as anatomic reduction is not necessary for functional motion and 
strength [7]. Surgical indications for pediatric distal radius fractures 
include irreducible or unstable fractures, open fractures, soft tissue 
or neurovascular injuries precluding cast immobilization, those 
approaching skeletal maturity, Galeazzi fractures with an unstable 
distal radial ulnar joint, or floating elbow injuries [6,7]. Operative 
techniques include closed reduction with percutaneous pinning or 
nailing, or open reduction with pinning, nailing, or internal fixation 
with plates and screws. Despite closed reduction or even open 
reduction and immobilization, loss of reduction can occur resulting 
in malunions (Figure 1). Numerous factors have been correlated with 
loss of reduction including initial displacement greater than 50% 
or 100%, the accuracy of the initial reduction, an associated ulnar 
fracture, an isolated distal radius fracture, muscle atrophy, reduction 
of swelling from the initial injury, surgeon experience, fracture 
obliquity and the quality of casting [9]. Malunion is more likely 
following metaphyseal and diaphyseal injuries, when compared with 
physeal injuries: (53% [10,11] vs 14% [12,13]).

Cast wedging has been proposed as a method to potentially 
address the complication of rediscplacement. It is reasonable to 
suggest that cast wedging is a reasonable alternative to address loss of 
reduction. However, this should be used in the context of the injury 
and understand that it is less effective the farther the fracture is out 
from the index time of injury. Cast wedging with physeal fractures 

can be effective, but the fracture pattern and displacement need to be 
taken into account. Greater displacement will require more wedging, 
i.e. manipulation, which will put the growth plate at risk.

McLauchlan et al [14] reported that 7/33 patients (21.2%) in 
a prospective, randomized controlled trial including 68 children 
with completely displaced fractures of the metaphyses of the radius 
and ulna undergoing manipulation under anesthesia alone (vs 
percutaneous pinning) had to undergoing a second procedure due 
to loss of initial reduction. This was a significantly higher incidence 
of loss of reduction when compared to patients undergoing operative 
fixation. These are among the clinical concerns cited in the need for 
consideration of operative management of these fractures.

Diagnosis
Distal radial malunions occur when bony healing results in 

unacceptable alignment with flexion-extension angulation, radial-
ulnar deviation, or malrotation. Acceptable parameters vary based on 
age and are controversial. Complicating things further is the definition 
for loss reduction and angulation is not consistent throughout the 
literature. Adrian et al [15] defined angulation, as sufficient for 
inclusion in a randomized, controlled trial evaluating fractures of 
the distal forearm in children (AFIC), managed non-operatively 
versus with reduction and K-wire osteosynthesis, as follows: patients 
with fractures with angulation up to 30 degrees were included, with 
stipulations based on age (Table 1). Remodeling capacity decreases 
exponentially over time in pediatric forearm fractures [16].

The starting speed of remodeling depends on the initial 
displacement, allowing for increased remodeling potential in more 
displaced fractures [16], i.e., fractures with greater displacement at 
the time of injury should have the greatest biologic capacity for initial 
healing following the injury. Remodeling is anticipated in the young 
since the angular malunion is usually in the plane of motion of the 
joint, adjacent to the physis. Since 80% of the forearm growth comes 
from the distal radial physis there is great remodeling potential in 
this region [17]. Malunion in distal radius and/or ulna metaphyseal 
and physeal fractures may present significant clinical challenges 
[18-21]. Unfortunately, not all distal radius or ulnar fractures heal 
anatomically or remodel to an acceptable alignment. Specifically, 
rotational malunion is unlikely to remodel [22]. Angular malunion 
greater than 20 degrees will result in loss of forearm rotation at 
1:2 ratio degree loss. These malunions may lead to a restriction in 
forearm rotation, possible ulnocarpal impingement and radiocarpal 
malalignment may lead to midcarpal instability.

Treatment 
Prevention

Injuries to the distal forearm are primarily treated with closed 
reduction and immobilization. The principles of reduction generally 
require the use of traction to help gain length, recreation of the 
deformity to reduce tension through the periosteum, restoration 
of anatomic alignment and immobilization. A well molded splint 
Table 1: Patients meeting criteria for diagnosis of angulation.

Age Angulation

5-7 years 15-30 degrees

8-11 years 10-25 degrees
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is often used initially to allow for swelling followed by conversion 
to a cast once the swelling has resolved a few days after the injury. 
Overwrapping the splint as swelling decreases during this period is 
another method of safely ensuring proper immobilization during 
this time. This decreases the risk of vascular compromise associated 
with early application of a cast, while potentially also diminishing the 
risk of loss of reduction during the resolution of swelling in a cast 
applied soon after an injury. Obstacles to reduction include indirect 
impediment to reduction by the thick periosteum, commonly seen 
in younger children [11]. In addition, technical aspects associated 
with the environment may pose challenges to safe reduction of 
these fractures, as well as to maintaining reduction. These include 
inappropriate allocation of space to allow for appropriate access to the 
injured extremity, as well as use of pillows during and immediately 
following reduction and splinting.

A three-point mold is required for most distal radius fractures 
with pressure applied directly towards the apex of the fracture and 
counter pressure proximal and distal on the other side. An appropriate 
interosseous mold with pressure anterior and posteriorly over the 
interosseous membrane helps separate the bones and improve 
stability [6]. The cast index and three-point index are effective ways 
to assess cast quality [9,23]. It is important to cast well to prevent 
re-angulation. Studies have shown variable re-displacement rates 
ranging from 8%-91% with most noting that approximately one third 
of distal radius fractures can re-displace early after initial reduction 
[24,25]. If re-angulation is noted outside of acceptable parameters 
in 1 to 2 weeks after casting an additional closed reduction can 
be attempted or the patient can be treated operatively. Multiple 
reduction attempts increase the risk of iatrogenic injury, particularly 
compartment syndrome or physeal injury. If acceptable angulation is 
noted, the cast can be continued until there is a radiographic sign of 
healing which may be up to 6 to 8 weeks. 

Non-operative management

Pediatric patients have a significant amount of growth and 
remodeling potential, particularly around the distal radial physis. 
Consequently, providers can accept greater degrees of deformity with 
fractures around the distal radius due to the body’s increased ability 
to heal, particularly in younger patients, as 80% of radial growth 
comes from the distal physis [17]. Thus, it is important to assess 
each patient and fracture individually to determine the amount of 
displacement that can be tolerated, amount of growth left, how much 
remodeling is anticipated, how these factors will be affected by age and 
location, and if malalignment will affect motion, strength, function or 
patient satisfaction [2]. Multiple studies have attempted to quantify 
remodeling potential with radiographic calculable parameters with 
varying success [16]. Additionally, numerous studies have shown that 
despite the presence of radiographic malunion and even documented 
loss of 50 to 65 degrees of forearm rotation, children are adaptable and 
can adjust with altered kinematics, particularly shoulder abduction 
[22,26].

Surgical management

The most common indication for surgically addressing distal radius 
malunions are when they have significant motion loss, particularly 
greater than 60 degrees or significant discomfort at the DRUJ [17] 
and when there is limited remodeling potential. Surgical treatment 

often entails osteotomies with internal fixation and bone grafting to 
correct malalignment (Figure 2). In general, management focuses on 
fixing the bone with the deformity, but optimizing forearm skeletal 
balance may require an ulnar shortening osteotomy. For best results, 
these procedures should be completed within one year of the initial 
injury [18]. While time from injury is a consideration, remaining 
growth potential and capacity for remodeling are, overall, significant 
factors in determining the potential for success with non-operative, 
vs operative management in this patient population. Indications for 
corrective osteotomy of the distal radius in patients with malunited 
fractures include functional loss of motion, pain and/or instability of 
the distal radioulnar joint and unacceptable cosmetic appearance of 
the arm. In the author’s experience, the majority of severe cosmetic 
deformities are also associated with functional deficits. However, 
regardless of the reason for performing corrective osteomy, patients 
must be warned of the potential for a surgical outcome with minimal 
improvement in range of motion and even reduced range of motion 
[27]. We therefore do not recommend surgical treatment of isolated 
cosmetic deformities.

Numerous techniques are available to address pediatric distal 
radial malunions based on the deformity and the presenting 
symptoms. Appropriate pre-operative planning with discussion 
of treatment goals and imaging studies including plain films and 

Figure 2:  12 year-old male status post fall onto an outstretched hand.  Initial 
injury films demonstrate a Salter Harris II fracture of distal radius with the 
fracture pattern being oblique in characteristic with extension into the growth 
plate dorsally. There is also associated buckling and plastic deformation of 
the distal ulna. The patient was initially treated non-operatively. At 3 weeks, 
he was found to have volar translation of the radius (with a malunion in 20-25 
degrees of dorsal angulation) with positive ulnar variance and DRUJ instability 
on exam. After discussion with the patient about risk of development of 
pathology of the distal radioulnar joint given the length of time from the initial 
injury he underwent opening wedge osteotomy with volar plating.
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comparison to the contralateral extremity along with 3D CT scans 
with pre-operative templating are vital to successful outcomes. 
Supplemental planning with the use of 3D printing models and 
computer assistance osteotomies for guided cuts and hardware 
placement are also available. Two of the more commonly used 
techniques are a dorsal opening wedge osteotomy of the distal radius 
along with volar bone grafting and ulnar shortening osteotomy [28-
30]. The volar locked plating systems lessen the risk of hardware 
irritation and/or extensor tendon disruption. The author’s preferred 
technique is through a modified volar henry approach as is used in 
distal radius fractures. The FCR sheath is incised, and the pronator 
quadratus is mobilized. Sub-periosteal elevation allows for full 
visualization of the malunion and radius. A two-incision approach is 
generally not required and the osteotomy can be performed through 
this approach. Multiple orthogonal images are required to identify 
the maximum deformity. It is important to note whether there 
is malrotation and/or malangulation. Osteotomy in the plane of 
maximum deformity will allow for correction of both the coronal and 
sagittal imbalances. The plate is then aligned with the articular surface 
and fixed distally prior to making the osteotomy. Once the osteotomy 
is completed the joint will become anatomic. The intraoperative 
osteotomy plan should be confirmed with the preoperative plan and 
the bone should be cut. The plate is reduced to the bone proximally, 
which corrects the bone and joint malalignment. Almost always there 
is excessive bone that requires trimming and can be used as bone 
graft. If there are insufficient bone graft sites, the iliac crest or radial 
autograft can be harvested. It is imperative that motion be checked on 
the table and should be full without impingement. As in distal radius 
assessment, the radial articular alignment on AP and lateral images, 
ulnar variance on the AP image, and DRUJ alignment on the lateral 
image should be critically assessed. If there is residual deformity or 
motion restriction, then an ulnar osteotomy should be considered. If 
an ulnar osteotomy is required, this usually requires both rotational 
and angular correction. If both osteotomies are performed a strong 
consideration should be made to perform prophylactic forearm 
fasciotomies to lessen the risk for postoperative compartment 
syndrome.

Studies have shown that release of the interosseous membrane 
may be needed for correction of range of motion deficits in forearm 
malunion and does not cause weakness, instability of the DRUJ or 
synostosis. According to Nagy et al, [31] in their patients undergoing 
correction of forearm malunion, in those with primary complaints 
of loss of pronation, as well as those with primary complaints of loss 
of supination, release of the contracted interosseous membrane was 
frequently necessary in order to obtain correction. This may not be 
required for distal radius malunions but should be considered for 
more proximal reconstructions. Improvement in range of motion 
has been noted to be better for those with supination deficits than 
with pronation deficits and often overall range of motion may not 
be improved in the supination pronation arc but pronation can be 
transferred to supination or vice-versa [22]. Complications associated 
with osteotomy include arthritic changes at the DRUJ, delayed 
union, infection, heterotopic ossification, refracture, neuromas or 
neurapraxias of the superficial radial sensory nerve, subluxation of 
the ulnar head, loss of motion and instability [27].

Conclusion

Pediatric distal radius fractures are common injuries. Most can 
be treated with closed reduction and immobilization. Some require 
operative fixation when satisfactory closed treatment cannot be 
completed. Malunions can be sequelae of this injury pattern due 
to the risk of re-displacement after initial reduction, presenting 
significant clinical challenges. The exact parameters of malunion 
are controversial but vary primarily based on flexion/extension 
angulation, radial/ulnar deviation and rotation and differ based on 
age, growth potential, and location among other factors. While many 
patients have radiographic malunions, few of these have loss of range 
of motion. Additionally, most pediatric patients with loss of range of 
motion do not have functional deficits due to their adaptability. Those 
that do suffer from functionally inhibiting loss of range of motion, 
pain or deformity due to malunion may require surgical treatment. 
The most commonly used techniques are dorsal opening wedge 
osteotomy of the distal radius along with volar bone grafting and 
ulnar shortening osteotomy along with release of the interosseous 
membrane. These are complex procedures that require assessment 
of 3-D anatomy, meticulous pre-operative planning and templating, 
and continuous intra-operative reassessment. In addition, the risks of 
long-term sequelae, such as residual deformity resulting in impaired 
function, as well as an unacceptable cosmetic result, must be discussed 
with patients and their families at length when discussing the potential 
benefits, as well as complications, of operative versus non-operative 
management of malunions of the distal radius and forearm. Specific 
discussions regarding the risk of malunions occurring subsequent to 
growth arrest, are of paramount importance particularly in younger 
patients. While the latter are less common, patients and their families 
must be aware of the potential need for further corrective procedures 
in the future if clinically significant deformities present during the 
short-, intermediate- and/or long-term follow-up periods, particular 
if the dominant extremity is involved.
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