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Flexible Intramedullary Nailing of Unstable and/or Open
Tibia Shaft Fractures in the Pediatric Population

Nirav K. Pandya, MD

Abstract: Tibial shaft fractures are common injuries in the pe-

diatric population, and can be treated conservatively the vast

majority of the time. Yet, it is important to recognize that open

and/or unstable tibial shaft fractures represent a different entity.

Rigid intramedullary devices are generally contraindicated be-

cause of the skeletal immaturity of these patients, and external

fixation is associated with a high complication rate. As a result,

flexible nailing is being utilized with increasing frequency. It is

essential for the clinician to understand the pearls and pitfalls

associated with the utilization of these flexible nails; particularly

in regards to their immediate use in the context of open fractures

and the risk of compartment syndrome postoperatively after

fixation.
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W ithin the pediatric trauma setting, fractures of the
tibia and/or fibula are the second most common

fractures seen.1 Although many of these fractures can be
treated conservatively with excellent outcomes,2 there are
several indications for operative intervention. These in-
dications include open fractures, neurovascular injury,
polytrauma, unstable fracture patterns, and fractures
which fail to meet acceptable reduction parameters.3,4

Pediatric patients with high-energy tibial shaft
fractures represent a challenging subset of injuries for the
orthopaedic surgeon. Preservation of the proximal tibial
physis precludes the use of reamed, locked intramedullary
nails as in the skeletally mature population, necessitating
the use of other modalities. External fixation has been
used to stabilize these injuries but has been shown to have
increased time to union, malunion, leg-length discrep-
ancy, pin-tract infection, and decreased functional out-
come.4,5 As a result, flexible nailing has become
increasingly utilized. The efficacy of this treatment has

been well documented in the literature.5–11 Stability,
flexible mobility, and the ability to perform a closed re-
duction with minimal disruption of the soft tissue and
periosteal blood supply are advantages of this technique.

Yet, there has been limited literature looking at the
utilization of these implants in high-energy and/or open
tibia fractures in the pediatric population as compared
with adults with rigid nail fixation.12–14 The dilemma for
the clinician is utilizing this nonrigid method of fixation,
which is dependent on an intact soft tissue envelope for
stability, in a situation in which that very soft tissue is
compromised. Furthermore, complications have been re-
ported with the use of flexible nailing; particularly in
older, heavier patients who have unstable/complex frac-
ture patterns.8,9,15,16 Gordon et al8 retrospectively ana-
lyzed a series of tibial shaft fractures treated with flexible
nailing at their institution and found that older patients
(mean age, 14.1 y) were more likely to have delayed
healing. Pandya et al17 found that patients who weighed
>50 kg and had complex/comminuted fracture patterns
were more likely to develop compartment syndrome, with
a rate of nearly 20% after flexible nailing.

As a result, to optimally treat these injuries in the
pediatric and adolescent population, the clinician must
understand the current literature in regards to the treat-
ment of these injuries utilizing flexible nails, and how it
applies to clinical practice.

PRINCIPLES OF MANAGEMENT

Initial Assessment
As many patients with open and/or unstable tibia

fractures will have experienced high-energy multiple-or-
gan system injury, basic trauma principles should not be
forgotten.18 A comprehensive workup should be per-
formed to look for associated injuries, particularly closed
head injury. Traumatic brain injury is a major cause of
morbidity and mortality in the pediatric and adolescent
polytrauma population,19 and the utilization of flexible
nailing must be performed with caution to prevent
pulmonary and neurological compromise.18 Additional
orthopaedic injuries should be sought out and treated as
well.

Physical Examination
A thorough physical examination should be per-

formed with particular emphasis on the following 3 areas:
(1) integrity of the soft tissue envelope, (2) compartmental
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swelling, and (3) distal neurovascular examination. If an
open injury is present, prompt antibiotic administration
upon emergency department arrival is essential as time to
operation (within 6 vs. >7 h after injury) has not been
shown to significantly affect the rate of infection in pe-
diatric patients.20 Lower extremity swelling should be
carefully assessed as the rate of compartment syndrome is
quite high with this injury. In a recent study by Shore
et al21 examining 212 patients, the authors demonstrated
an incidence of compartment syndrome of 11.6%. Pa-
tients above 14 years of age and involved in motor vehicle
accidents were at higher risk of such complications. Fi-
nally, a well-documented preoperative neurovascular ex-
amination is critical as preexisting neurovascular deficits
in the absence of compartmental swelling may serve as an
early warning sign of potential compartment syndrome
after flexible nailing.17

Radiographic Evaluation
Radiographs of the entire tibia should be taken as

initial films may not fully include the proximal and distal
tibial physes. Special attention should be paid to the de-
gree of closure of the proximal tibial physis, very prox-
imal or distal injuries, and the presence of a length
unstable/complex fracture patterns. Patients who may be
nearing skeletal maturity (ie, 14 y of age), or who may
have very proximal/distal fracture patterns in the meta-
physis may benefit from alternative treatment modalities
including rigid adult intramedullary or plate fixation
(Figs. 1, 2).

Flexible Nail Fixation
Once the decision has been made to proceed with

flexible nail fixation, the clinician must keep the following
management principles in mind. Preoperatively, the
clinician should measure the isthmus of the medullary
canal, and choose 2 equally sized, prebent, nails that
achieve 80% canal fill. The tibial tuberosity and proximal
tibial physis should be identified. Two 2 to 3 cm incisions
are then made anteriorly on the proximal medial and
lateral metaphysis of the tibia 2 cm distal to the proximal
tibial physis. Unlike the femur, it is important to recog-
nize that the tibia is triangular and has a very wide
proximal metaphysis. The nails are then inserted into the
tibia to the level of the fracture site. If closed reduction
and nail passage cannot be achieved after several attempts
(in the experience of the author 3 to 4 attempts), open
reduction should be performed. The nails should be ad-
vanced to the level of the distal metaphysis with the tips
directed posteriorly to prevent recurvatum. Because of the
minimal soft tissue in the proximal tibia, nails should be
cut short to prevent soft tissue irritation. Postoperative
immobilization and activity progression are patient spe-
cific. There is no consensus on the need for implant re-
moval, but they can be removed between 6 and 12 months
after the initial injury as long as the fracture line is no
longer visible and callous is present circumferentially.
Protected weight-bearing should be performed after im-

plant removal until wound healing, full range of motion,
and full strength are achieved.

For open fractures, even with extensive soft tissue
defects (ie, Gustilo-Anderson type 3), immediate flexible
nailing and primary wound closure can be performed
with minimal risk of infectious/wound complications.
Flexible nails are advantageous in these settings as they
are inserted at a position distant from the traumatic
wound, impart minimal soft tissue damage, and do not
act as a nidus for infection as external fixators do. In a
recent study of 14 open tibia fractures that underwent
immediate flexible nailing and a control group of 12
closed tibia fractures, there was no significant difference
in regards to the rate of infectious/wound complica-
tions.18 Furthermore, all patients except 1 in this series
underwent primary wound closure. With prompt anti-
biotic administration and meticulous soft tissue manage-
ment, primary wound closure can often be performed.

Postoperative Management—Compartment
Syndrome

In the postoperative period several preexisting pa-
tient and fracture characteristics should warrant concern.
These include age above 14 years, weight >50 kg, in-
volvement in motor vehicle accidents, comminuted/com-
plex fracture patterns, and presence of neurological
deficits (ie, particularly paresthesia or muscle weakness)
in the absence of compartmental swelling. Patients
meeting any of these criteria should be monitored very
closely for the development of compartment syndrome
after flexible nailing.17,21 It is important to remember that
in the pediatric population, increasing analgesia require-
ments are a much more sensitive indicator for compart-
ment syndrome than adult criteria.22

Studies of flexible nailing of tibia fractures have
cited rates of compartment syndrome as high as 32.0%,
yet it is unclear from these studies if compartment syn-
drome occurred before or after flexible nailing had been
performed.6,9,23,24 As mentioned before, Pandya et al17

found the rate after flexible nailing to be nearly 20%. This
in contrast to the 8.3% rate of compartment syndrome
after statically locked-reamed intramedullary nails in the
skeletally immature population that Court-Brown et al25

reported.
The etiology of compartment syndrome after flexi-

ble nailing is multifocal. In a study looking at the rate of
compartment syndrome after flexible nailing of forearm
fractures, a rate of 10% was found.26 The results suggest
that repeated, closed passes of intramedullary fixation
devices (ie, flexible nails) can create soft tissue damage
and swelling; creating a favorable environment for the
development of compartment syndrome. It is therefore
not surprising that older, heavier patients (who generally
have a higher rate of complications with flexible nailing
regardless of the anatomic area stabilized)8,15 would re-
quire increased force to perform fracture reduction and
nail fixation; leading to an increased risk of compartment
syndrome. Furthermore, fractures that are unstable are
generally the result of higher-energy mechanism, leading
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FIGURE 1. A, Anteroposterior (AP) and lateral radiographs of a 13-year-old boy weighing 58 kg with a right open tibia fracture
that underwent flexible nailing. B, AP and lateral radiographs of the same patient in (A) 9 months after flexible nailing with pain
over the fracture site with radiographic evidence of nonunion that required revision fixation with a solid intramedullary nail.

FIGURE 2. A, Anteroposterior (AP) and lateral radiographs of 13-year-old girl with a right distal tibial fracture that underwent
flexible nailing. B, AP and lateral radiographs of the same patient in (A) 11 months after flexible nailing with pain over the fracture
site with radiographic evidence of nonunion that required revision fixation with a solid intramedullary nail and bone grafting.
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to an even greater compromise of the soft tissue envelope
in the context of a complex fracture pattern that may
make flexible nail fixation more difficult and time con-
suming. As a result, the clinician should have a low
threshold to identify these patients early and perform
fasciotomies as necessary.

Postoperative Management—Healing
Finally, clinicians must understand the healing

process postoperatively with this treatment modality.
When used in the setting of open fractures, the treating
surgeon should be prepared for a higher rate of bone
healing problems as compared with patients with closed
injuries. Pandya and Edmonds18 found a significantly
higher rate of overall bone healing complications (21.0%
vs. 4.0%) within the open fracture group as compared
with the closed fracture group. These complications in-
cluded nonunion, delayed union, malunion, leg-length
discrepancy, and growth arrest. It is important to note
that all bone healing complications occurred in Gustilo-
Anderson type II and type III injuries. One must be
cognizant of these type II and III injuries having a higher
risk of complications that is consistent with literature.27

The very nature of an open injury imparts a greater de-
gree of damage to the bone and its blood supply even
before intervention is undertaken. Furthermore, the
combination of a disrupted soft tissue envelope and a
comminuted fracture pattern, does not provide flexible
nails with the soft tissue and bony support/guidance for
fracture reduction and stability. This impairment of the
surrounding soft tissue renders the implant even less ef-
fective in the setting of an open and/or high-energy
fracture. This theoretically sets up an environment for
compromised healing.

Yet, these bone healing complications should not
preclude the use of flexible nails in the open fracture
setting; particularly as the rate of nonunion is low.
Compared with the rates of bone healing complications
with external fixation ranging from 50% to 66%,4,5 flex-
ible nails still present a potentially more efficacious op-
tion. Utilization of immobilization with casts and delayed
weight-bearing may help to augment healing when flexi-
ble nailing is performed in this context, although it has
not been formally studied in the literature.

DISCUSSION
High-energy tibia fractures, particularly those which

are open, presents a challenge for the treating surgeon.
Patients who suffer such injuries are more frequently
victims of polytrauma. Unlike the adult population, rigid,
intramedullary fixation is precluded due to the proximal
tibial physis. Yet, traditional methods of fixation such as
external fixation are associated with complications. As a
result, flexible nailing has become increasingly utilized.
Although there are multiple reports of their efficacy in the
literature, there are limited data in regards to flexible nail
use in high-energy settings. This is particularly important
as the manner in which these implants achieve fracture
stability is through a dependence on an intact soft tissue

envelope that may be compromised in these high-energy
settings.

With prompt antibiotic administration and metic-
ulous soft tissue handling, immediate flexible nailing and
primary wound closure of open tibia fractures can be
performed with a low risk of complications. Pandya and
colleagues in their comparison of open and closed tibia
fractures that underwent flexible nailing found no differ-
ence (P=1.0) in the rates of wound/infectious compli-
cations between the open (7.0%) and closed (4.0%)
fracture groups, with no cases of wound breakdown or
osteomyelitis (all patients underwent primary closure).
The authors believed this was largely due to the expedient
administration of antibiotics in these patients within 6
hours of the injury, and meticulous soft tissue handling.18

The advantage of flexible nails is that they are in-
serted at a position distinct from the traumatic wound,
impart minimal damage to the surrounding soft tissue,
and do not provide an infectious nidus from pin tracts. In
comparison, Bartlett et al28 in a retrospective review of 23
type II and type III open tibia fractures in children treated
with external fixation, reported on the need for 2 free
flaps, 3 skin grafts, and 2 delayed primary closures.
Buckley et al29 in a review of 20 children with type III
open tibia fractures (15 treated with external fixation)
found that 6 patients required free muscle flaps. There-
fore, flexible nailing may theoretically decrease the need
for secondary procedures to deal with the traumatic
wound as opposed to external fixation.

Furthermore, in the study of Pandya and col-
leagues, there was an increased rate (P=0.02) of bone
healing complications in the open fracture group (21.0%
vs. 4.0%); all in patients with Gustilo type 2 or 3 injuries.
All patients achieved radiographic union at final follow-
up.18 Similar to the results in our study, Gordon and
colleagues examined 60 tibia fractures (31 closed, 29
open) that were treated with flexible intramedullary
nailing with an 11% rate of delayed healing (3 delayed
unions and 2 nonunions that required secondary proce-
dures to achieve union). These delayed healing patients
achieved union by 41 weeks.8

The results of flexible nailing in the above studies
seem to be more efficacious than what has been reported
for other modalities. Myers et al4 examined 31 high-en-
ergy tibia fractures over a nearly 5-year period treated
with external fixation. The authors found a mean time to
union of 4.8 months with several complications including
4 delayed unions, 2 nonunions, 8 minor malunions, 3
major malunions, 3 leg-length discrepancies, and 2 cases
of osteomyelitis. As a result, flexible nailing has become
increasingly utilized. Kubiak et al5 examined 31 patients
who underwent treatment of their tibial shaft fractures
with either external fixation or flexible nailing. The au-
thors found that the mean time to union was higher and
functional outcomes were lower for patients treated with
external fixation.

Yet, the clinician must be aware that older patients
(above 14 y), heavier patients (>50 kg), patients in motor
vehicle accidents, comminuted fracture patterns, and pa-
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tients presenting with neurological deficits, should be
monitored for the development of compartment syn-
drome after flexible nailing. Understanding that the risk is
quite high postoperatively and that carefully monitoring
these patients after surgery is critical.

Armed with this understanding, clinicians should be
able to effectively treat patients with high-energy and/or
unstable tibia fractures in the preoperative, intra-
operative, and postoperative period. Flexible nailing in
the open and/or unstable setting provides a treatment
option for the clinician with a low rate of infectious/
wound complications with predictable healing. Post-
operative monitoring for compartment syndrome is es-
sential.
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