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Abstract In recent years, the locked plating system has
gained favour in the treatment of certain fractures in adults;
however, there is not much information regarding its use in
children. We think there could be some advantages and
applications such as: an alternative to external fixation, the
bridge plating technique, unicortical screws, removal of
hardware, metadiaphyseal fractures, periarticular fractures,
poor quality bone, and allograft fixation. However, there
are some disadvantages to keep in mind and the final
decision for using it should be based on the osteosynthesis
method principle the surgeon would like to apply. In this
review article we discuss the up-to-date possible clinical
applications and issues of this system.

Introduction

Musculoskeletal trauma, although rarely fatal, accounts for
10–25% of all childhood injuries [1]. The chance of a child
sustaining a fracture during childhood is 42% in boys and
27% in girls. The most common sites of fracture are the
distal forearm and hand, which account for 50% of
paediatric fractures. Overall, the radius is the most
commonly fractured long bone [2], followed by the
humerus. In the lower extremity, the tibia is more
commonly affected than the femur. The fracture rate

increases as children grow, with the incidence peaking in
early adolescence [3].

The principles of fracture treatment are the same for all
ages, with anatomical alignment the primary concern. The
fracture should not be malaligned or malrotated. Although
some angulation is acceptable, it is best to keep the amount
of angulation as small as possible by routine fracture
treatment methods, whatever the patient’s age [4]. There are
several methods that can be used; in most cases, closed
reduction and cast immobilisation restores normal function
to a paediatric extremity. Other widely accepted treatment
options are the use of smooth pins, flexible and rigid
intramedullary nails, and compressive plating [5]. However,
one must know when to intervene and when to allow nature
to take its course [6].

In recent years, the locked plating system has gained
favour in the treatment of certain fractures in adults;
however, there is not much information regarding its use
in children. In this review article we discuss the up-to-date
possible clinical applications and issues of this system.

Characteristics of the immature skeleton

There are some musculoskeletal differences in biomechanics,
anatomy, and physiology between children and adults.

Biomechanical features

The bones of children are less mineralised and have more
vascular channels than adult bones. This results in a lower
modulus of elasticity, which allows for greater energy
absorption before failure. Paediatric bone also has the
plastic deformation capacity, in which the bone does not
return to its original shape after sustaining a load.
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The diaphyseal cortex is more rigid than the metaphyseal
region. Comminuted fractures are less common in children
than in adults, because paediatric bone can dissipate energy
before failure and porosity inhibits fracture line propaga-
tion. The paediatric bone resists torsional load less than the
adult bone, because of its smaller diameter.

Mechanical properties of the epiphysis vary with age.
Increasing ossification in the epiphysis occurs with age and
imparts more rigidity. This increased rigidity partially
explains why epiphyseal fractures and displacements are
more commonly seen in older children [7].

Anatomical features

The presence of growth plates and the thick periosteum are
major anatomical features that distinguish childrens’ bones
from adults. Growth plate injuries can lead to growth
disturbances; fixation devices must avoid the physis to
reduce the risk of iatrogenic physeal injury and subsequent
growth arrest.

The periosteum in children is much thicker, more active,
and more easily stripped from the bone than in adults. It
helps in the maintenance of reduction and contributes to
rapid fracture healing. The periosteum is vital for fracture
healing, and should be preserved as much as possible [8].

Physiological features

Fractures in children heal more rapidly than in adults [2].
This is explained in part by the osteogenic potential of the
periosteum and the magnitude of the vascular response in
children.

Remodelling of angulated fractures in children is a well-
recognised phenomenon. The majority of remodelling
occurs by reorientation of the growth plates. Asymmetrical
and longitudinal growth of the physis contribute to it [9].
Remodelling capacity depends on the number of years of
growth remaining ahead, the proximity of the fracture to a
rapidly growing physis, the magnitude of angular deformity,
and the plane of angulation relative to adjacent joints.

Another physiological response to bone healing in
children is the potential for growth stimulation after
fracture. Transverse sectioning of the periosteum produces
overgrowth; possible mechanisms for this are an increased
blood flow to the growth plate and release of periosteal
tension after fracture [10].

Fracture healing

Two types of fracture healing are classically described:
primary and secondary. The former results from rigid
stabilisation (i.e. plate immobilisation) and involves a direct T
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attempt by the cortex to bridge the fracture gap through direct
Haversian remodelling by intramembranous ossification.
Secondary healing results from treatment of fractures with
less rigid methods (i.e. fracture bracing). Motion at the
fracture site, the presence of a fracture gap, and an intact
tissue envelope encourage the formation of abundant callus,
which undergoes endochondral ossification.

The majority of paediatric fractures unite by secondary
fracture healing. Fracture results in cellular injury and
haematoma formation, which stimulate inflammation and
the proliferation of stem cells; this process is more active
within the paediatric bone explained by its higher
vascularity. Stem cells produce bone morphogenetic
proteins, which lead to cellular differentiation. The highly
vascular periosteum surround the haematoma which
contributes to the production of new bone around the
fracture site as well as the formation of bone through
membranous ossification [8]. During the second phase of
consolidation, angiogenesis takes place, and is followed by
formation of soft callus [11]. Low oxygen tension and
fracture motion promote cartilage formation as the initial
stage of endochondral ossification. This cartilage is
subsequently removed and replaced by hard callus with
woven bone. Finally, the ossification phase allows a more
prolonged phase for fracture remodelling.

Absolute rigid fixation is rarely necessary; such rigidity
may decrease the prolific subperiosteal callus formation which
contributes to fracture stability in children. The more flexible
the frame, the better the stress transfers across the fracture site
to facilitate healing and, more importantly, remodelling. The
most important target of fixation devices in children is
achieving relative stability and secondary healing [12].

General principles for use of the locked plating system

The locking plate system provides relative stability for
fracture fixation as seen with casting, intramedullary nailing
or external fixation. The screws are designed to lock into
the plate, eliminating screw toggle and creating a fixed-
angle, single-beam construction.

Biomechanically, the locked plating system is designed
to convert shear forces experienced at the implant with the
application of load into compressive forces at the screw–
bone interface [13]. Biomechanical testing of locking plates
has shown favourable outcomes compared with nonlocking
plates. Locked plating offers greater fixation stability in

axial loading, both before and after cyclic loading compared
to nonlocked plating [14].

The locking plate system preserves local blood supply
and periosteum, because there is no frictional force between
the plate and bone. Moreover, a locked plating system can
be placed through minimally invasive incisions with less
periosteal and vascular damage.

Locked plating system in children—clinical application

The first locking plates were introduced about two decades
ago for use in spinal and maxillofacial surgery [15–18]. In the
late 1980s and into the 1990s, experimentation with various
types of internal fixation devices led to the development of
locking plates for fracture care [19–21]. They have been
available in North America for general orthopaedic applica-
tions only in the last six or seven years [15, 22].

Although little has been reported in the literature on the
use of this system in children.

One application is as an alternative to external fixation.
External fixation is a good option for the treatment of open
fractures [5, 23], fractures with compartment syndrome,
long-bone fractures with significant comminution [23, 24]
or bone loss [5] as well as for limb lengthening and bone
transport [25, 26]. However, concerns about delayed
healing, pin track infections, joint stiffness and re-fracture
have blunted the broad acceptance of these devices. In that
sense, locked plating may be an alternative because it offers
some advantages such as minimising pin track infections
and re-fracture after removal [5, 27] as well as greater
biomechanical stability [24]. The large incisions required
for standard plating increase the infection rate and may
contribute to overgrowth at the time of plate application and
removal [5, 28, 29]. With regards to limb lengthening it
permits early removal of external fixation [25] or it could
be used as an alternative method for doing so [26]. It is
mainly indicated for children with open physeal plates,
narrow canal diameter, or short length of the bone [25, 26].

Some clinical applications of this concept can be seen
in articles such as the one published by Yusof et al. [24]
who described a series of 16 children including eight
open tibial fractures; a percutaneous locked plating
technique was used as an alternative to external fixation.
The mean age was 10 years and 9 months and other
indications for this technique in the entire group were
presence of associated injuries, compartment syndrome and

Fig. 1 Biomechanics of locked
internal fixator (LIF): bridging
technique—internal fixator
principle

International Orthopaedics (SICOT) (2010) 34:931–938 933



nonunions. All patients achieved excellent or satisfactory
clinical outcomes (Table 1).

Oh et al. [25] used this system for the early removal of
the external fixation for limb lengthening and bone
transport. Eight patients with a mean age of 11.62 years
were included and percutaneous plating was used after
achieving the target length. They reported no major
complications, and a decrease in those associated with a
prolonged use of an external fixation; this is also an
alternative method when nailing is difficult (Table 1).

Iobst et al. [26] reported a series of six patients in whom a
lower limb lengthening with external fixation followed by a
percutaneously inserted locking plate was performed. The
mean age was 7.6 years and the mean distraction was
3.52 cm. All patients achieved solid union with excellent
range of motion and few complications (Table 1). Locking
plates prevent loss of fixation and protect against bending
of the regenerate bone after frame removal.

There has been a trend toward the use of more minimally
invasive techniques [5]. More biological plating techniques
have been developed: reductions are indirect, implants are
introduced through small incisions and placed beneath the
muscles but above the preserved periosteum with mainte-
nance of vascularity to small bone fragments. This is what
we call the bridge plating technique (Fig. 1) and it is
based on bypassing central comminuted fragments without
damaging remaining soft tissue attachments [23]. Bridge
plate fixation allows for maximum biological healing while
at the same time creating an internal splint and stable
fixation [23, 30]. A locking plate may be a good alternative
for bridging severely comminuted fractures as we can see in
the following articles (Table 2).

Oh et al. [31] described a series of 13 femoral fractures
including six comminuted fractures; a bridge plating
technique was performed and LCP® plates were used.
The mean age was nine years. All fractures united without
bone graft; no major complications were reported and there
was an excellent final outcome.

Sink et al. [32] included 27 unstable femoral fractures in
which locking plates were used in six. The mean age of all
the series was nine years. There were no intraoperative or
postoperative complications. There was no hardware failure
and no loss of reduction.

Kanlic et al. [23] reported a series of 51 unstable femoral
fractures, a submuscular bridge plating technique was per-
formed and only in one case a locking plate was used. The
mean age was ten years. All fractures united with excellent
clinical results; there were some minor complications (Table 2).

Clinical evidence shows that the bridging technique
using locking plates may provide good functional and
radiological outcomes.

One of the biomechanical advantages of locking plates over
conventional ones is that using unicortical screws in good T
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quality bone still maintains an adequate stable construction.
This may provide some advantages to the surgeon; for
example, the need to measure for screw lengths is eliminated
and surgical time may be minimised [5].Theoretically, the risk
of re-fracture may be reduced by decreasing stress risers [5,
33]. It may facilitate removal of hardware and can decrease
the chance of neurovascular injuries.

A controversial topic is the removal of hardware after
fracture healing. There is no clear data in the literature
regarding routine removal of paediatric implants, even
though, it is a procedure offered as a general practice at
many institutions [34]. Kahle et al. [35] reported an overall

complication rate of 13%; they stated that there was very little
clinical or experimental evidence to support a policy of
routinely removing asymptomatic implants. On the other
hand, implants left in the growing child could be buried deep
inside of the bone, or cause “periprosthetic” fractures and/or
eventually impede adult reconstruction procedures; other
concerns are stress shielding, risk of corrosion, metal allergy,
and potential carcinogenesis [34]. Using locking plates may
have some advantages; besides the one mention in the above
paragraph (unicortical screws), the fact that the placement is
extraperiosteal may reduce the prevalence of incorporation of
the hardware being easier to remove. It is important to
emphasise that this could not be a primary reason for choosing
a locking implant; it should be based on the principles of
osteosynthesis that the surgeon would wish to apply.

One of the most important indications for locking plates
in children is in metadiaphyseal fractures, particularly
when they are in close proximity to the growth physis and
there is resultant limited space available for internal fixation
[23, 24]; this could also be complicated by a poor bone quality.
Restoration of alignment in the coronal plane is important
because of its limited potential for remodelling. Based on this
characteristic, a fixed angle device would be an excellent
implant to use because it allows for restoration of alignment,
avoids the physis and provides fracture stability [5].

Another possible indication is for periarticular fractures,
such as unstable subtrochanteric fractures or supracondylar
fractures of the femur (Fig. 2a, b) that could be fixed with
bride plating with or without locked screws with the

Fig. 2 A 13-year-old boy with a distal right femoral fracture sustained
after a casual fall. a Anteroposterior view. Open physis. b Lateral
view. Open physis

Fig. 3 Six-week postoperative
radiograph after fixation with a
locking plate (LCP®). Fixation
with locked screws of the distal
fragment can be seen. a Ante-
roposterior view. b Lateral view.
c More than 90° flexion of the
ipsilateral knee. d Full extension
of the ipsilateral knee

International Orthopaedics (SICOT) (2010) 34:931–938 935



advantage that screws could be placed avoiding the physis
(Fig. 3a–d).

As in adults, there is a group of children with poor quality
bone (osteopenia/osteoporosis), e.g. in cases of cerebral
palsy, neuromuscular disorders, and osteogenesis imperfecta.
Children with cerebral palsy have a significantly increased
risk of fractures; Leet et al. [36] reported an incidence of
12%. Fractures heal quickly with abundant callus, and closed
treatment is very difficult. An important complication is the
formation of decubitus ulcers and conversion to open
fractures because of the spasticity. Symptoms of fracture
must be carefully differentiated from those of osteomyelitis,
septic joints, and bone tumours. A pre-existing contracture in
contiguous joints is a potent factor in the production of many
of these fractures [37]. Other predictive factors are older age
at first fracture and valproic acid use [36]. McIvor et al. [37]
conducted a study including 92 patients with 134 fractures,
and claimed that once union occurred, functional status
restored to pre-fracture status. Immobilisation must be
sufficient to prevent gross motion at the fracture site and
should permit periodic inspection to detect incipient decubi-
tus ulcer formation (Table 3). Using a locking plate may help
to achieve this target.

Another group of patients with poor bone quality are
those with osteogenesis imperfecta. Enright et al. [38] used
a bone plating technique in these type of patients. There
was a high rate of complications; however, bone plating
was done with conventional plates and all were revised to
elongating IM Bailey-Dubow rods. His conclusion was that
this technique does not provide better outcome than elongat-
ing rods (Table 3). In this poor quality bone the primary
mode of failure is the bone, and locking plates allow for the
creation of a single-beam construction, requiring larger areas
of bone failure to bring about loss of reduction. In this sense,
this type of implant could be a possible alternative even
though more studies need to be made.

Another possible field of application is the post-resection
reconstruction with allografts after oncological treatment.
The greatest barriers for allograft survival are fractures,
nonunions and infection [39]. There are some theoretical
advantages when using locking plates for allograft fixation
such as reducing the fracture rate, because using unicortical
screws can help reduce stress risers, and provide a stable
construction which helps to achieve an optimum healing
time [39–41].

Up to this point we have seen all the possible applications
and advantages of this system; however, there are some
potential disadvantages that we have to keep in mind.

Locking plates are designed to maintain, not to obtain,
fracture reduction [5]. This is a very important concept
because the reduction has to be obtained before using the
plate. This differs from the conventional plating technique
in which reduction can be achieved during its application. T

ab
le

3
S
um

m
ar
y
of

fi
nd

in
gs

fr
om

th
e
st
ud

y
ar
tic
le
s
re
tr
ie
ve
d
an
d
re
vi
ew

ed
co
nc
er
ni
ng

os
te
op

en
ic
/o
st
eo
po

ro
tic

bo
ne

A
ut
ho

r
Y
ea
r

N
um

be
r
of

pa
tie
nt
s

M
et
ho

d
U
se

C
ha
ra
ct
er
is
tic
s

R
es
ul
ts

C
on

cl
us
io
ns

E
nr
ig
ht

et
al
.
[3
8]

20
06

4
(6

fe
m
ur
s,

2
tib

ia
s)

B
on
e
pl
at
in
g
(n
on
-

lo
ck
in
g
pl
at
es
)

O
st
eo
ge
ne
si
s

im
pe
rf
ec
ta

ty
pe

II
I

M
ea
n
ag
e
(o
pe
ra
tio

n)
:

44
m
on
th
s
13

bo
ne

pl
at
in
gs

(8
bo

ne
s
st
ud

ie
d)

F
ol
lo
w
-

up
:
4

ye
ar
s
M
ea
n
tim

e
to

re
vi
si
on

27
m
on

th
s

In
di
ca
tio

ns
fo
r
re
vi
si
on
:
fr
ac
tu
re

(6
),

de
fo
rm

ity
(3
),
ha
rd
w
ar
e
fa
ilu

re
(3
)

an
d
no
nu
ni
on

(1
)
O
ne

co
m
pa
rt
m
en
t

sy
nd

ro
m
e
A
ll
w
er
e
re
vi
se
d
to

el
on
ga
tin

g
IM

B
ai
le
y-
D
ub
ow

ro
ds

B
on
e
pl
at
in
g
in

sk
el
et
al
ly

im
m
at
ur
e

pa
tie
nt
s
w
ith

os
te
og

en
es
is
im

pe
rf
ec
t

do
es

no
t
pr
ov

id
e
be
tte
r
ou

tc
om

e
th
an

el
on
ga
tin

g
ro
ds

M
cI
vo

r
et

al
.
[3
7]

19
66

92
px

(1
34

fx
)

D
if
fe
re
nt

os
te
os
yn
th
es
is

m
et
ho
ds

an
d
cl
os
ed

tr
ea
tm

en
t

C
er
eb
ra
l
pa
ls
y

N
o
co
rr
el
at
io
n
be
tw
ee
n

ty
pe

of
ce
re
br
al

pa
ls
y

an
d
in
ci
de
nc
e
or

lo
ca
tio

n
of

fr
ac
tu
re

a

O
nc
e
un

io
n
oc
cu
rr
ed
,
fu
nc
tio

na
l
st
at
us

re
st
or
ed

to
pr
ef
ra
ct
ur
e
st
at
us

T
he
re

w
er
e
th
re
e
no

nu
ni
on

s
an
d
se
ve
ra
l

m
al
un

io
ns

b
19

px
su
st
ai
ne
d

re
fr
ac
tu
re
s
C
om

pl
ic
at
io
ns

(+
fr
eq
):

17
de
cu
bi
tu
s
ul
ce
rs
c
Tw

o
px

w
ith

si
gn
if
ic
an
t
gr
ow

th
di
st
ur
ba
nc
es

S
ev
er
e
pr
ee
xi
st
en
t
de
fo
rm

ity
ob
vi
at
es

th
e
us
e
of

co
nv
en
tio

na
l
im

m
ob
ili
za
tio

n
in

a
pl
as
te
r
ca
st
Im

m
ob
ili
za
tio

n
m
us
t

be
su
ff
ic
ie
nt

to
pr
ev
en
t
gr
os
s
m
ot
io
n

at
th
e
fr
ac
tu
re

si
te

S
ho
ul
d
pe
rm

it
pe
ri
od
ic

in
sp
ec
tio

n
to

de
te
ct

in
ci
pi
en
t

de
cu
bi
tu
s
ul
ce
r
fo
rm

at
io
n

a
A

co
nt
ra
ct
ur
e
or

pa
ra
ly
tic

di
sl
oc
at
io
n
of

th
e
hi
p
w
as

fo
un

d
to

pr
ed
is
po

se
to

fr
ac
tu
re

of
th
e
fe
m
ur
.
C
on

tr
ac
tu
re
s
in

ne
ar

jo
in
ts
pr
ed
is
po

se
d
to

fr
ac
tu
re
s

b
S
ev
er
ity

of
m
al
un

io
n
co
rr
el
at
es

w
ith

se
ve
ri
ty

of
co
nt
ra
ct
ur
e

c
M
or
e
fr
eq
ue
nt

in
fe
m
or
al

fr
ac
tu
re
s
tr
ea
te
d
by

a
hi
p
sp
ic
a
or

tr
ac
tio

n

936 International Orthopaedics (SICOT) (2010) 34:931–938



The rigidity of the locked screw-plate construction
prevents load sharing [5, 15, 22]. If it is subjected to
repetitive loading, it may fracture and fixation will be lost.

In children's fractures, it is not uncommon to observe an
overgrowth phenomenon [10] associated with younger
patients. This is believed by some authors [24] to be related
to the age more than with the operative method. Implant
irritation of the skin is another issue, related to the
subcutaneous location. This is most seen with tibial
fractures treated by this method as described by Yusof et
al. [24] who had one case in his series of 16 children.

One of the most important issues of this system is the
cost of the implants. This could prevent a wider use,
particularly in developing countries. These implants can
cost up to four times that of the conventional plates [5]; so
they should be reserved for instances in which they are
known to be advantageous.

There is a trend to remove implants used in children, and
a disadvantage of these plates is that although they can be
inserted through small incisions, removal may require
larger ones. Also, using titanium plates could make removal
difficult because of the cold welding of screws to the plate
[5], and stripping of screw heads is common with a
percutaneous attempt.

Conclusion

In most cases closed reduction and immobilisation restores
normal function to a pediatric extremity. However, there are
some traumatic as well as orthopaedic situations in which
fixation devices have to be used. Different examples of
these have been seen through this article and, based on the
biology of fracture healing and the target of the fixation
devices used in children, locked plating systems appear as a
good alternative, even though there are some disadvantages
that must be taken into account.
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