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Abstract

Both bone forearm fractures are common
orthopedic injuries. Optimal treatment is dic-
tated not only by fracture characteristics but
also patient age. In the pediatric population,
acceptable alignment can tolerate greater frac-
ture displacement due to the bone’s ability to
remodel with remaining growth. Generally,
these fractures can be successfully managed
with closed reduction and casting, however
operative fixation may also be required. The
optimal method of fixation has not been clear-
ly established. Currently, the most common
operative interventions are open reduction
with plate fixation versus closed or open reduc-
tion with intramedullary fixation. Plating has
advantages of being more familiar to many
surgeons, being theoretically superior in the
ability to restore radial bow, and providing the
possibility of hardware retention. Recently,
intramedullary nailing has been gaining popu-
larity due to decreased soft tissue dissection;
however, a second operation is needed for
hardware removal generally 6 months after the
index procedure. Current literature has not
established the superiority of one surgical
method over the other. The goal of this manu-
script is to review the current literature on the
treatment of pediatric forearm fractures and
provide clinical recommendations for optimal
treatment, focusing specifically on children
ages 3-10 years old.

Introduction

Pediatric diaphyseal fractures of the radius
and ulna, commonly referred to as both bone
forearm fractures, are the third most common
fracture in the pediatric population and
account for 13-40% of all pediatric fractures.!?
Fracture severity falls along a continuum from
plastic deformity to significant displacement.
Historically, the majority of these fractures
have been treated with non-operative manage-
ment relying on closed reduction and casting.
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Recently, however, there has been a trend
towards increased surgical management of
these fractures in an effort to improve clinical
outcomes.’

The management of these fractures
depends on the age, type of fracture and frac-
ture displacement. Given a child’s physeal
growth potential, varying degrees of angula-
tion can be accepted depending on the age of
the child and their ability to remodel. Long
arm cast immobilization remains a viable
treatment option for many of these fractures
that fall within acceptable alignment parame-
ters, and children are generally at low risk for
developing significant elbow stiffness follow-
ing cast immobilization. For fracture pat-
terns, which are unable to be closed reduced
to an acceptable position, surgical manage-
ment is recommended. Surgical treatment
options include both rigid plate fixation and
elastic  intramedullary nails. Elastic
intramedullary nails were originally devel-
oped in the early 1980s by surgeons in Nancy,
France.*> Recently there has been an
increased interest in determining which
method provides superior results, but the
optimal treatment remains controversial.t
The goal of this paper is to review the current
literature on treatment of pediatric both bone
forearm fractures in younger children (ages
3-10), and offer useful treatment algorithms
for these injuries. However, many of the stud-
ies in the literature on this topic are retro-
spective in design and are limited in the num-
ber of patients they contain.

Epidemiology

Pediatric fractures present significant chal-
lenges to the orthopedic community.
Epidemiologic studies have shown that 18% of
children will experience a fracture by the age
of 9, with children between the ages of 5 and
14 having the highest fracture incidence.’
Further analyzed by sex, Lyons ef al. extrapo-
lated that 63.7% of boys and 39.1% of girls are
expected to have sustained a fractured bone by
the time they are 15 years of age when they
looked at the rate of fracture in 68,231 chil-
dren.? Due to the high incidence of fractures in
children, it is important to treat them ade-
quately but also to recognize the potential psy-
chosocial impact a fracture can have on a
child, possibly limiting physical activity and
affecting their grades in school.”

Forearm fractures comprise 40% or more of
pediatric fractures.? The majority of forearm
fractures are located in the distal part of the
forearm.®’ The age distribution of these frac-
tures is bimodal; the peak incidence occurs
between ages 10-14, coinciding with the ado-
lescent growth spurt, with a second smaller
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peak incidence between 5-9 years of age.*!
The most common mechanism is a fall (83%)
while direct trauma is a distant second (10%).
The most common location of injury is pre-
dictably a playground area.™!? As expected, sig-
nificant seasonal variation has been noted,
with 34.2% of these injuries happening during
the spring season and a decreased incidence
occurring in the winter.!’

Surprisingly, there is a dichotomous rela-
tionship between injury rate and incidence
regarding pediatric forearm fractures, as the
incidence of these injuries continues to
increase,!! while the overall injury rate in the
pediatric population is declining.”? Ryan et al.
hypothesized that this increase in forearm
fractures could be due to lower bone mineral-
ization resulting from physical inactivity, poor
nutrition, and vitamin D deficiency." With no
direct studies to prove it, it has been proposed
that the rise in obesity numbers has influ-
enced the increase in pediatric forearm frac-
tures, speculating that obese children have an
increased fracture risk, secondary to poor bal-
ance and increased force in the fall.

Conservative management

The gold standard for pediatric forearm frac-
tures remains closed reduction and casting.2
Given the excellent remodeling potential with
younger patients, certain studies have argued
that even with 100% displacement of the
radius and ulna closed reduction and casting is
an excellent treatment choice for children 9
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years old and younger.'*!* However, the exact
amount of angulation, displacement, and rota-
tion that is acceptable remains controversial in
the literature. It is generally accepted that the
closer the fracture is to the distal physis, the
greater the potential for remodeling.
Consequently more deformity can be accepted
in the distal one third of the diaphysis versus
the middle and proximal thirds. However, a
review of the literature is inconclusive in
defining precise guidelines for acceptable
deformity (Table 1).1518

Franklin ef al. defined successful treatment
of pediatric forearm fractures should result in
painless and complication-free outcomes with
functional pronosupintation.* It has been
shown that 15 to 20 degrees of angulation in
middle third forearm fractures can lead to major
loss of forearm rotation.” However, the signifi-
cance of this range of motion loss as it pertains
to clinical outcome remains debatable.

Closed reduction is indicated in patients
ages 0 to 8 with fracture angulation of greater
than 10 degrees and malrotation greater than
30 degrees.’ In patients with angulation less
than 10 degrees and malroation less than 30
degrees, splinting without reduction is accept-
able. Functional outcomes are satisfactory for
closed management if manipulation can main-
tain reduction within this range.>'"* Tarmuzi
et al. concluded that up to lem of shortening
can be accepted for closed management.!”
Failure of closed management is rare, with
roughly 90% of injuries being amenable to
closed management.2*!131421 Noonan et al.
came to the conclusion that once fractures
have healed, residual loss of motion of greater
than 60 degrees is considered an indication for
corrective osteotomy.!®

The method of closed reduction and casting
varies between institutions, but is guided by
common principles: obtaining relaxation/anes-
thesia, recreating the initial deformity allow-
ing the fracture to unlock, obtaining length,
and reducing angular/rotational deformity fol-
lowed by careful cast application. In the pedi-
atric population this is commonly done under
conscious sedation in the emergency room.
Proper molding of the cast is essential to suc-
cessful management of forearm fractures.
General principles include 3 point molding,

adequate but not excessive padding, and
enough casting material to maintain molding
without excessive weight and heat generation.
Cast index, defined as the ratio of sagittal to
coronal width of the cast, has been shown to be
important in predicting successful closed man-
agement (Figure 1). Kamat ef al. demonstrat-
ed that a cast index should be below 0.7 to 0.8,
as ratios above this range has been correlated
with significant increase in risk of lost reduc-
tion.?2 Children under the age of 4 should be
placed in an above-elbow cast for any forearm
fractures as short arm casts may slip.?*?* Post
reduction, patients should be followed weekly
for the first two to three weeks to ensure
reduction is maintained. Holmes et al. found
that if loss of reduction occurs, wedging the
cast may restore alignment, but re-reduction
or operative intervention may be required.*
Greenstick fractures make up a significant
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subset of pediatric forearm fractures. These
injuries involve incomplete disruption of corti-
cal bone continuity at the apex of the fracture
with plastic deformity of the opposite cortex. It
is widely accepted that these fractures should
be managed by closed means. Within closed
treatment, there are two approaches to reduc-
tion. First is simple correction of the deformi-
ty, maintaining the continuity of the surface
that has undergone plastic deformity. Second
is completion of the fracture through manipu-
lation, with subsequent manipulation and
casting; in theory the rupture of the intact
periosteum could generate more callous for
fracture healing and reduce refracture, while
minimizing deformity. A small number of stud-
ies have evaluated the treatment of these
injuries.?>2

Alpar et al. looked at a series of 80 forearm
fractures in which 82.5% of these injuries

Figure 1. The cast index is sagittal width (B) divided by the coronal width (A). The lines
in the figure demonstrate that the measurement is from the inside of the fiberglass.

Table 1. Table of recommended acceptable alignment parameters for both-bone pediatric forearm fracture.

Price (2010)" <8 <15 MS, DS; <10 PS <30 100% displacement
Noonan (1998)¢ <9 <15 <45 <1 cm short
Tarmuzi (2009)" <10 <20 No limits

Qairul (2001)* <12 <20

MS, mid-shaft; DS, distal-shaft; PS, proximal-shaft.
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were greenstick fractures. They concluded
that greenstick fractures required only simple
correction of deformity without fracture com-
pletion, followed by six weeks of immobiliza-
tion.> They reported no subsequent deformi-
ties in this group. A subsequent study by
Schmuck et al. evaluated midshaft greenstick
fractures in 103 patients.?” They concluded
that completion of fractures did not reduce
refracture rate, but did result in diminished
deformity. A 20% refracture rate was noted in
patients who had unicortical delayed union,
and the authors emphasized the importance of
6 week follow up radiographs before return to
activity.*” Randsborg et al. concluded that while
torus fractures do not displace, greenstick frac-
tures of the distal radius are at risk for contin-
ued displacement after two weeks and warrant
closer follow up.?® Greenstick fractures of the
radius often have significant rotational defor-
mities, and generally require rotation of the
radial aspect of the forearm in the direction of
the deformity for adequate reduction. A
method for evaluating the rotational reduction
of proximal radial greenstick fractures has
been described, and centers on evaluating the
proximal and distal segments separately by
evaluating their relative rotation based on
crossover of the two bones.?® Overall, green-
stick fractures require the close attention of a
clinician experienced in closed management
to obtain optimal outcomes.

Traditionally all open forearm fractures were
considered to be operative, however this dogma
has been challenged by recent literature. Lobst
et al. demonstrated that Type I open fractures
that were managed with non-operative manage-
ment and antibiotics had little difference in
infection rate when compared to an operative
treatment group (2.5% versus 1.9%).%

The complications associated with cast
immobilization include disuse osteopenia,
muscle atrophy, skin breakdown, and elbow
stiffness.” Loss of reduction is the most com-
mon complication in pediatric forearm frac-

tures, with rates between 10 and 60%.”
Refracture is another rare complication that
can happen up to 6 months after the initial
injury.’ Synostosis may occur after closed
management of high-energy fractures and may
require resection depending on functional lim-
itations.'® In rare circumstances conservative
management results in malreduction that
affects activities of daily living.!6

In a recent study, Tarmuzi et al. looked at 48
patients between the ages of 4 and 12 years of
age with forearm fractures (majority mid-
shaft) treated with closed reduction and cast-
ing.!” The mean union rate was 4.6 weeks and
all but one patient were satisfied with their
final result. The authors concluded that when
considering children younger than 10 years of
age, up to 20 degrees of angulation can be
acceptable and managed conservatively.

In one of the largest studies examining
pediatric forearm fractures, Jones et al. looked
at 730 patients from birth to age 17.2 Fractures
were considered for closed reduction if chil-
dren were 0 to 8 years of age with angulation
over 10 degrees. Of these, 22 patients required
remanipulation. All of these cases resulted in
successful healing of the fractures and did not
require any internal fixation. Additionally,
final range of motion was within 15 degrees of
the contralateral forearm.

Nonoperative management continues to be
a very common, safe, and successful treatment
option in pediatric forearm fractures. For those
fractures that fail or are not amenable to con-
servative management however, surgical stabi-
lization may need to be considered.

Operative fixation

When acceptable reduction is unable to be
attained with closed reduction and casting, oper-
ative intervention is recommended. Presently
two operative treatment modalities are com-
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monly employed: open compression plating and
flexible intramedullary nailing. Each modality
has advantages and disadvantages.

Operative fixation with plates

Holmes et al. stated that compression plat-
ing maximizes the ability to obtain anatomic
reduction and restore normal radial bow.*
Additionally, given the construct fixation
strength, plate fixation permits early range of
motion. Although exact indications are debat-
able, it is suggested that plate fixation is indi-
cated in the setting of significant comminu-
tion or with late loss of reduction after conser-
vative management, as callous can prevent
passage of intramedullary fixation.? In con-
trast to adult fixation, smaller plate size and
fewer screws can be used in children.24%
Generally screw diameters are 2.7 mm or 3.5
mm, and 1/3 tubular plates and may be consid-
ered adequate.®® Fixation through 4 cortices
should be obtained proximal and distal to the
fracture site, and the plate should not be wider
than the bone.3%3!

The question of plate removal versus reten-
tion has been debated in the literature. Studies
examining retention of implants have reported
refracture, bony overgrowth and immunologic
reactions to the implants.*> The most common
indication for plate removal is pain at the site
of hardware, more commonly at the site of
ulnar fixation. Significantly, Peterson et al.
called for plate removal in those involved in
contact sports due to concern for refracture at
the area of stress riser generated by the
retained plate.® If plate removal is elected, the
literature has shown this practice to be safe,
however the evidence is low. Kim et al
reviewed 43 fractures in patients with a mean
age of 10.6 years at time of removal. Three
refractures occurred in 2 patients, and all were
the result of a new trauma. They concluded the

Figure 2. Nine year old boy presented with open fracture after fall from a slide. ORIF was performed at the time of initial debridement. A
year and a half later patient fell from a bicycle and fractured around his implants. Revision fixation with nails was performed. Recanullation
of the bones was necessary to pass nails through the previous area of plating. Removal of nails was performed at 6 months.
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implant removal could be done with acceptably
low complications rates.*

Implant retention has also been reviewed. A
study examining the effects of plate retention
in 82 patients between the age of 4 and 13 with
8 year follow up period illustrated peri-implant
fracture to be the most common complication
(Figure 2).** Peri-implant fracture was more
frequent with dynamic compression plates
compared to one-third tubular plates. There
was a 7.3% risk of an implant-related fracture
in the follow up period, which all occurred
within the first 3 years. Overall there was an
85% survivorship of implants, which led the
authors to conclude that the decision to retain
plate implants versus plate removal is at the
discretion of the parents and the surgeon.
Vopat et al. published similar data in which the
refracture rate was 7.1% in patients with
retained plates.®® From their retrospective
review, they concluded that retaining plates in
pediatric forearm fractures did not increase
the refracture rate compared to removal from
historical rates in the literature.

Additional complications of plate fixation
include damage to surrounding structures,
nonunion/malunion, and synostosis.* The rate
of synostosis has been noted to have an
increased incidence if only one incision is
used.* The potential for nerve damage is also
present, more commonly secondary to ulnar
fixation.?

Operative fixation with
flexible nails

With the exception of severe fracture com-
minution, most both bone forearm fractures
that can be treated by plate fixation may also
be treated with flexible nails through closed or
open reduction techniques. Recently fracture
fixation with flexible nails has gained popular-
ity, with proponents arguing that nailing
results in decreased surgical dissection and
retention of biologic factors at the fracture
site.”?” Both titanium and stainless steel flexi-
ble nails are available. In the clinical setting,
titanium (Ti 6A114V) is being used more often
than stainless steel in most circumstances
because of the elastic properties which allow
for improved insertion and rotation while still
providing adequate fracture stabilization.?

The diameter of available intramedullary
implants range from 1.5 to 4 mm. Size selec-
tion is dependent on the diameter of the
medullary canal.® A generally accepted method
is to use a nail that is 40% of the medullary
diameter. Length is determined by placing it
over the affected forearm and measuring
against bone length under fluoroscopic guid-
ance. Nails should be pre-bent, with maximum
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curvature at the site of fracture to ensure
restoration of the interosseous space.’® An
example of this technique is seen in Figure 3.

Kang et al. evaluated 90 children treated
with intramedullary nailing and reported good
results and patient outcomes.*® The average
patient age was 8.4 years with a follow up of
6.6 months. Eighty-six percent (77/90) of the
patients had both-bone fractures and 9%
(8/90) had open fractures. Ten were treated
with flexible nailing after failed closed man-
agement; the remaining fractures were irre-
ducible or considered unstable. Forty-four per-
cent of the fractures required limited open
reduction to allow passage of the nail and to
obtain satisfactory alignment. Cast immobi-
lization varied with 82.2% (74/90) immobilized
with above-elbow cast and 14.4% (13/90) treat-
ed with no cast. All but one ulnar fracture
healed by 3 months. Eighty-four percent
(76/90) of their patients had outcomes that
were excellent (equal motion between sides)
or good outcomes (less than 20 degree loss of
motion versus uninjured arm). Based on their
findings the authors recommended the use of
intramedullary nailing for treatment of fore-
arm fractures not amenable to closed reduc-
tion or after failed closed reduction.

OR l—‘UP..':-\HL}\

Similar to plate fixation, authors have sought
to determine if dual nail fixation is truly neces-
sary. Some advocate for dual fixation, as ulnar
fixation alone may lead to an unacceptable rate
of loss of reduction of the unfixed radius. In
contrast there has been a recent study viewing
the outcomes of 38 patients between 4-14 years
of age (mean age 9 years) that received single
bone IM fixation of the ulna for both-bone fore-
arm fractures.”’ There was 2 complications one
of the patients developed superficial pin tract
infection and one other patient developed «
refracture through both the radus and ulna 242
days after the initial injury. All patients pro-
gressed to union at an average of 60 days. Only
5% had what was felt to be significant limitation
of pronosupination, lacking 20 degrees or more
of full supination. The authors concluded that
single bone fixation has a favorable risk benefit
ratio.

Duration and method of post-operative
immobilization amongst studies is variable,
ranging from no immobilization to six weeks
of long arm casting.!*?!%8 Nails are routinely
removed at 6 months post-operatively, requir-
ing a second operative procedure.

Complications have been reported to be
associated with intramedullary flexible nailing

Figure 3. Six year old male who suffered initial fracture after a fall. Initial closed manage-
ment was successful. Six months after initial injury he fell from a motor scooter and
refractured. Intramedullary fixation was elected. Removal at 6 months post operatively is

the routine at our institution.
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of forearm fractures. In Kang et al.’s study, the
overall complication rate was 14% (13/90), and
included one compartment syndrome.* Martus
et al. described similar complication rates for
intramedullary nailing reporting a complica-
tion rate of 12.9% in children less than 10
years old."!

Complications secondary to intramedullary
fixation include infection at the site of implan-
tation, skin irritation, refracture after removal,
implant failure, nerve/tendon injury, decreased
range of motion, and compartment syn-
drome.>"*% The cause of these complications
is difficult to determine, is it due to the sur-
geon’s inexperience with the technique or the
surgery itself, since most of the studies that
include children less than 10 years old is limit-
ed by the number of patients. Some consider
the second procedure to remove the implants
to be a disadvantage of IM nailing."

In a recent series of 285 factures, compart-
ment syndrome incidence was evaluated in
pediatric forearm fractures treated with
intramedullary nails.* Of the 205 patients who
were treated with closed reduction and cast-
ing, none developed compartment syndrome.
Eighty injuries were managed with
intramedullary fixation, including 50 open
fractures, and 7.5% (6/80) of these operatively
treated patients developed compartment syn-
drome (3/30 closed fractures, and 3/50 open
fractures). All cases of compartment syndrome
developed within 24 hours of initial fixation
and were treated with fasciotomy and delayed
wound closure, and no patient developed per-
manent neurologic injury after treatment.
Other studies have reported a 0-1% incidence
of compartment syndrome, with notably short-
er tourniquet times.'$* It appears that longer
tourniquet time can be correlated with risk for
compartment syndrome.

Despite the complication risk inherently
associated with operative insertion of flexible
nails, intramedullary nailing can be an effective
strategy for treatment of forearm fractures with
acceptable complication rates. Careful attention
to the length tourniquet time is warranted.

Comparison of outcomes
between compression plating
and intramedullary nails

Areview of the literature illustrates fairly sim-
ilar outcomes and complication rates between
plate fixation and flexible nailing.* There are,
however, differences reported that are unique to
each treatment. A retrospective study of 50
patients with a mean age of 9.6 years compared
complications of intramedullary nailing versus
plate fixation.?! In the intramedullary nailing
group, there were 9 complications, and the com-
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plication rate was 42%. Complications included:
four cases of symptomatic hardware, three
delayed unions (one requiring ORIF), one tran-
sient sensory neuropraxia, and one ulnar bursi-
tis. In the plate fixation group there were 5 com-
plications comprising a 33% complication rate:
two carpal tunnel syndromes requiring release,
one dorsal compartment syndrome, one loosen-
ing of hardware, and one transient motor neuro-
praxia. They found that the complication rate
was significantly different between the closed
and operative groups.” These complication rates
are higher than reported in other studies.
Another recent study comparing the opera-
tive treatment of both-bone mid-shaft forearm
fractures described minimal differences
between plating and intramedullary fixation
among 34 children.”® Plating did result in a
trend toward more anatomic restoration of
radial bow, however the difference was not sig-
nificant. In terms of complications, in the nail
group, one radioulnar synostosis occurred,
there was one infection that progressed to
osteomyelitis that was successfully treated
with antibiotics, and there was loss of rotation-
al range of motion in 6 patients. In the plate
group there was one transient ulnar nerve
palsy, one case of painful hardware requiring
removal, and 5 patients with decreased rota-
tional motion. The authors concluded that
functional outcomes are likely to be equivalent
independent of method of fixation.

Conclusions

Conservative management is still the first
line of treatment for pediatric forearm fractures
especially in children less than 10 years old.
Presently if operative intervention is required,
both plate fixation and flexible nailing are
acceptable treatment options. However, based
on analysis of the available literature, it is
unclear whether flexible nails or open reduction
and internal fixation with plates should be rec-
ommended as a superior technique. Adequate
understanding of the subtleties of either tech-
nique is necessary to ensure optimal outcomes,
including the limitations of each technique and
possible complications. In general, severe com-
minution and bone loss should be considered as
indications for plate fixation, while
intramedullary nailing offers better cosmesis,
and decreased soft tissue disruption.
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