The lost art of
onservative

management of

paediatric fractures

INTRODUCTION

The orthopaedic surgeon practising general
trauma will invariably encounter fractures in chil-
dren. Mercer Rang points out in the opening
chapter of his textbook, “children are not just
small adults”.! The paediatric skeleton is more for-
giving, demonstrates greater rapidity of healing
and has an unrivalled capacity to remodel. Greater
angulation, translation, and shortening can be
accepted and reliably expected to remodel with-
out clinical, functional or radiological shortcom-
ings. Despite the fact that the outcomes following
paediatric fractures are predictable and the heal-
ing potential offers considerable latitude for resto-
ration of normality, there has been a global
paradoxical shift from conservative treatment to
early fracture fixation. This has perhaps been
driven by the desire for immediate correction of
clinical deformities or by financial incentives to
minimise hospital costs accrued with prolonged
admissions during periods of immobilisation. This
review examines the evidence and indications for
conservative treatment, and describes our prefer-
ences for the management of some commonly
encountered paediatric fractures.
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REMODELING

The ability of the paediatric skeleton to remodel
lies at the heart of non-operative management.
Semantically, this process is called modeling;
remodeling being the constant homeostatic
cycling of calcium and phosphate from bone
stores. Everyone understands remodeling so we
use it now even though it’s wrong! It is the pro-
cess by which angulation and translation are
corrected to restore acceptable alignment. The
potential for remodeling is influenced by a
number of factors:

e  Which bone is broken: proximal bones
(humerus and femur) of the appendicular
skeleton have a greater remodeling capac-
ity than distal bones (forearm and tibia).

e Proximity to the physis: 75% of angu-
lar remodeling takes place at the physis.2
Remodeling occurs with asymmetric
bone growth characterised by greater
growth on the concave side of the
deformity to align the physis perpendicu-
lar to the axis of the bone.? In diaphyseal
bone, where 25% of remodeling can be

expected, Wolff’s law is followed. Bone is
laid down where it is mechanically
required and reabsorbed where it is not.3
Increased pressure on the concave side of
the fracture stimulates bone growth, and
the convex or tension side undergoes
reabsorption.# Asymmetric bone growth
serves to restore the normal mechanical
axis. The entire bone, and not just the
fracture site, should therefore be included
in follow-up radiographs to monitor the
extent of the remodeling.

Which physis is affected: growth is
not uniform across all physes. The proxi-
mal humeral physis contributes to 80%
of humeral growth and 20% occurs dis-
tally. The distal radial physis contributes
75% of radial longitudinal growth. In the
femur, 30% of growth takes place proxi-
mally and 70% distally. Growth is more
evenly distributed in the tibia with 55%
occurring proximally and 45% distally.>
Location of the fracture: the meta-
physis has rich blood supply and high
osteogenic potential. The high bone



turnover and proximity to the physis
the capacity.
Conversely, the osteogenic potential of

increases remodeling
diaphyseal bone is lower with a longer
time to healing and decreased remode-
ling potential.#

e Plane of the deformity: fractures
that occur in the same plane as the adja-
cent joint have the greatest remodeling
potential
remodeling fully, and angulation some-

with translation generally

what; little correction is seen with rota-
tional deformities.

¢ Bone age: the limbs of the average girl
will stop growing aged 14, the average
boy at aged 16. The younger the child,
the greater the remodeling potential.

¢ Underlying bone disease: the capac-
ity of the bone to heal and remodel is
influenced by such conditions as rickets,
osteogenesis epiphyseal
dysplasia, and fractures through patho-

imperfecta,

logical bone. In such circumstances, the
standard principles of fracture manage-
ment may not be appropriate.

The clavicle is a commonly fractured bone in
children and accounts for 10% to 15% of all
fractures.® The overwhelming majority heal and
remodel without problems. In a series of 35
head injury patients with clavicle fractures
treated without immobilisation, Wilkes and
Hoffer reported 100% union and excellent
remodeling with recovery of normal range of
motion.” The results of recent randomised clini-
cal trials have prompted a shift towards opera-
tive intervention for displaced clavicle fractures
in adults and data from such studies have been
extrapolated to the paediatric population, par-
ticularly adolescents aged 15 to 19, with an
increasing trend towards operative interven-
tion.® Potential indications for surgical fixation
include open injuries, impending skin compro-
mise, polytrauma patients, floating shoulder,
and neurovascular compromise. However,
these are not absolute indications as they are in
adults. In children, open fractures may just

require wound management, and paediatric
patients can tolerate longer periods of immobi-
lisation, as may be required in the conservative
management of floating shoulder injuries, with-
out problematic stiffness.

Our practice

Most patients under the age of 16 are treated con-
servatively with a broad-arm sling for pain relief for
ten to 21 days before commencing gentle mobili-
sation. Patients are advised to avoid contact sports
for five weeks. Parents are made aware that the
fracture will heal with a bump but are reassured
that this will have no functional implications. Like
Mercer Rang, we do not take a follow-up radio-
graph.! Patients are discharged with an open
appointment and a standard information leaflet at
the first fracture clinic appointment.

Fractures of the proximal humerus are compara-
tively rare, accounting for 0.45% of all paediatric
fractures and up to 7% of epiphyseal fractures.’
They are, however, extremely forgiving and the
glenohumeral joint demonstrates unrivalled
mobility. The proximal humerus is encased in
thick periosteum and 80% of humeral growth
occurs at the proximal physis.’® As a conse-
quence, both physeal and metaphyseal fractures
heal rapidly and remodel well. Because of soft-
tissue attachments, these fractures are predis-
posed to angular deformity and displacement,
however, despite this, the overwhelming major-
ity can be managed conservatively with simple
collar and cuff immobilisation.

In 1956, FM Smith reported that proximal
humeral epiphyseal fractures were ‘much over-
treated’ and advocated a laissez-faire policy
towards their management.!" Baxter and Wiley
found residual varus angulation to be insignifi-
cant in 57 patients followed up for between
two and eight years after injury. They reported a
maximum shortening of 2 cm and found that
manipulation of the fracture failed to improve
final outcome.’® Some authors advocate reduc-
tion +/- fixation for displaced unstable fractures
in children over the age of 11 where the oppor-
tunity for remodeling is limited.1213

Our practice

We treat all proximal humeral fractures with col-
lar and cuff immobilisation for symptom control
for three weeks. Gentle mobilisation com-
mences at ten days with full mobilisation dis-
carding the collar and cuff at three weeks. The
only exceptions are fractures where the epiphy-
sis has become rotated 90° or more and is locked
under the acromion. In general, we follow Rang
in that full displacement can be accepted in
these fractures if two years’ growth remains.!

Supracondylar humeral fractures are the most
common elbow fracture in children and account
for 3% of all paediatric fractures.'* The Gartland
classification is the most commonly utilised clas-
sification system but repeated modifications
have rendered it confusing and of limited value.
We prefer the AO classification where supracon-
dylar humeral fractures are coded as 13-M/3 and
subdivided into I-IV based upon displacement.’

Treatment strategies for supracondylar frac-
tures have been the focus of much debate. AO
Type | fractures can be immobilised in a collar
and cuff in flexion for three weeks before com-
mencing mobilisation. Type Il fractures with an
intact posterior hinge are reduced with high
flexion and can then be treated as per Type |
fractures. Flexion beyond 120° should be
avoided because of the risk of vascular compro-
mise and compartment syndrome.'617
However, AO Type Ill and IV fractures require
reduction and fixation. This can generally be
achieved with closed manipulation. In cases
when closed reduction is inadequate, open
reduction, traction or external fixation may be
The Academy  of
Orthopaedic Surgeons suggests that open
reduction might be performed for fractures with

considered. American

varus or other malposition after closed reduc-
tion but acknowledges that supporting evi-
dence for this is unconvincing.'® We would not
recommend open reduction in the absence of
neurovascular compromise given the risks of
complications and associated morbidity, and
the extent of available remodeling. In our opin-
ion the moment of failed closed reduction is the
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worst time to open a supracondylar fracture. In
cases of comminuted unstable supracondylar
fractures, skin or skeletal traction (via olecranon
fixation) or external fixation are preferable to
open reduction (Fig. 1). Gadgil et al successfully
treated 112 children with closed, displaced
supracondylar humeral fractures with elevated
straight arm traction. Of the 112 patients, 104
had excellent or good clinical results (deter-
mined by change in carrying angle, measure-
ment of rotational deformity, and loss of
flexion-extension) and good radiological results
(based on the change in metaphyseal-diaphy-
angles).’ The
authors of this convincing study concluded that
results of elevated straight-arm traction were

seal and humerocapitellar

comparable with closed or open K-wire fixation
for such fractures. Similar results were obtained
in our unit for olecranon screw traction2%! but
‘parent power’ led to the rapid introduction of
closed reduction and wiring in the late 1990s.
Slongo and Wilkins have reported the success-
ful use of external fixation in this situation .22
Twenty percent of growth occurs at the dis-
tal humerus and the potential for remodeling is
limited, with 10% of distal humeral growth
remaining in the child who is eight to ten years
of age.?3 According to Wilkins, varus and valgus
deformities cannot be expected to remodel but
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translation of up to 100% can be accepted*
while posterior angulation will reliably remodel,
at least to neutral. Traction can successfully
overcome rotation and varus/valgus deformity.
The application of elevated straight-arm trac-
tion with forearm supination and wide shoulder
abduction is capable of correcting posterome-
dial displacement and varus angulation, while
posterolateral displacement and valgus deform-
ity is addressed by ensuring that the traction is
applied with shoulder abduction < 90°.1°

Given that the peak age for supracondylar
humeral fractures is five to seven years,'” most
children will have >10% distal humeral growth
remaining and the treating surgeon can assume
that some remodeling—perhaps more than we
generally expect—will occur.

Our practice

All AO type | and Il fractures are treated with
collar and cuff in flexion beyond 100° but not
extreme. Type Il and IV fractures are treated
with closed reduction and Kirschner wire fixa-
tion as per British Orthopaedic Association
Standards for Trauma (BOAST 11) guidelines.
In rare cases where reduction cannot be
achieved, closed traction or external fixation
are used.

Pulley position
adjusted
longitudinally
to adjust
varus/valgus
angulation

Sufficient
weight applied
via adhesive
tape to skin to

Fig. 1 Elevated
float elbow off

straight-arm traction

bed
for conservative
management of
supracondylar humeral
fractures.
Bed elevated
on blocks to

side of injury

FRACTURES OF THE DISTAL RADIUS
Fractures of the distal radius and ulna are the
most common fractures in children and account
for more than three quarters of all forearm frac-
tures,?* and approximately 15% of distal radial
fractures affect the radial physis.?> Physeal frac-
tures demonstrate considerable remodeling
capacity and 50% displacement can be accepted
in a child with 18 months’ growth remaining.6:26
Consequently, such fractures can be immobilised
in plaster cast on the safe assumption that remod-
eling will take place within a year. In a review of
remodeling of Salter-Harris Il distal radial physeal
fractures, Houshian et al established that remod-
eling occurred in all patients. Remodeling was
complete in patients less than ten years of age,
and even in those with incomplete radiographic
remodeling wrist mobility and grip strength was
unaffected.?> Physeal injuries should not be
manipulated after ten days post injury due to the
significant risk of radial growth arrest.

distal
remodel well, and Do et al evaluated 34 patients
presenting with less than 15° of residual angula-
tion and < 1cm shortening who had been left to
heal. On average, full remodeling was complete
at 7.5 months, with no significant clinical or func-

Metaphyseal radial fractures also

tional deficits present.?’ Izuka from Hawaii simi-
larly treated 51 patients under the age of



ten years, all with off-ended and overriding distal
radial fractures with a moulded cast to partially
correct angulation in the outpatient clinic. No
conscious sedation was used. All patients achieved
clinical and radiographic union and correction of
deformity at one-year follow-up?® (Fig. 2). The effi-
cacy and safety of such an approach appears
increasingly appealing when contrasted with
studies revealing a 17% complication rate with
percutaneous Kirschner wire fixation.?

Casting technique has also been evaluated,
and Bohm et al conducted a randomised con-
trol trial (RCT) with no difference in fracture re-
displacement when wusing a below- or
above-elbow cast,?° findings confirmed in an
RCT reported by Webb et al.3' In addition, this
study confirmed children missed fewer school
days and required less assistance with activities
of daily living in the below-elbow plaster.3!

Our practice

Simple buckle fractures are stable injuries and
are managed with futura splint immobilisation
for three weeks before commencing mobilisa-
tion. Splints and information leaflets are given
in our Emergency Department (ED) and
patients are discharged from hospital without
further follow-up.

We manipulate all angulated Salter-Harris
| and Il fractures, metaphyseal fractures, and
angulated diaphyseal fractures of the forearm in
our ED, as long as there is no shortening.
Entonox and diamorphine analgesia are used
and the patients are discharged home. In a
review of the first 100 patients treated, average
dorsal angulation was corrected from 28° to 7°,
there were no complications, and over £45,000
was saved when compared with in-hospital/
theatre treatment.3?2 Acceptable angulations
after reduction are shown in Table I.

(b)

Fig. 2 Remodeling following conservative management of overriding distal radial fracture. a) Initial films; b) At 1 week; c) At 4 months.

©

Table I. Acceptable angulation after reduction for forearm fractures32

Age Diaphyseal forearm Metaphyseal Salter-Harris types | & I
< 9 years <15° -
> g years <10° -
<10 years - <20° <20
210 years - <10° <10°
Offended distal radial fractures are currently ~and prevents rotational malalignment but

treated by manipulation under anaesthetic and
below-elbow plaster application. The use of
additional percutaneous fixation is left to the
surgeon’s discretion.

FEMORAL SHAFT FRACTURES

Femoral shaft fractures are the second most com-
mon paediatric long bone fracture after fractures
of the radius and the ulna.33 Of all the fractures to
the appendicular skeleton, diaphyseal femoral
fractures have the greatest impact on mobility,
with attendant implications for schooling and for
the family. Conservative options include Pavlik
harness, skin traction, spica cast, or a combina-
tion of the latter two. Gallows traction is our pre-
ferred treatment of choice for children under 18
months or 10 kg. This involves the application of
skin traction with the child's legs suspended
overhead, with the hips flexed to 90° and the
knees extended utilising the child’s bodyweight
to apply traction to the fracture (Fig. 3). This
form of treatment does carry the risk of vascular
complications, including Volkmann ischaemic
contracture and compartment syndrome.3
Though such complications are rare, meticulous
examination of skin around the bandaging is
required. Traction may be used as definitive
treatment, and as rule of thumb one week of
traction for every year of age is often required.
Traction has the benefit of correcting the flexion/
abduction deformity of the proximal fragment

requires weekly radiographs to check for healing.
Once there is visible callus formation the child
can be discharged non-weight bearing in a push-
chair. The use of traction has the added benefit of
affording time for the assessment and investiga-
tion of Non-Accidental Injury (NAI). Eighty per-
cent of fractures from NAI are seen in children
under 18 months,3> and 80% of non-ambulatory
children with femoral fractures are victims of
abuse.36:37

Immediate spica cast or Pavlik harness may
be used as an alternative in patients under six
months of age. The Pavlik harness has been suc-
cessfully used in the management of small non-
ambulatory children with < 2 cm of shortening3®
and avoids the need for general anaesthetic
often required for early spica cast application.
Skin complications are more frequent and were
seen in a third of patients in one study.3® The
spica should be applied with no more than 60°
of flexion in the hip or knee,*° and care must be
taken to ensure that the fracture is reduced in a
position of extension and valgus to prevent flex-
ion and varus deformity. It is possible to convert
from traction to late spica cast but there is lim-
ited evidence, or clinical indication, to support
this in children under 18 months. The rapidity
of healing of paediatric femoral shaft fractures
means that when the time comes to convert to
spica cast, the benefits of doing so will be mini-
mal and the procedure largely unnecessary.3*
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Fig. 3 Hamilton-Russell traction.

Children over 18 months or 10 kg are not
candidates for Gallows traction, and instead bal-
anced traction in the form of Hamilton-Russell
traction can be used with each 1 Ib, and one
week for every year of age (Fig. 3). For children
between six months and five years, the AAOS
found no evidence to suggest superiority of spica
casting over traction, or vice versa, but advo-
cated spica casting on the basis of social and eco-
nomic factors including length of hospital stay.*'
When early spica casting is utilised, close obser-
vation is required to monitor for shortening;
> 15 mm of shortening should be sufficient to
prompt conversion to traction.3* In children
between four and 12 years of age, conservative
strategies become less appealing. Hamilton-
Russell traction may still be employed, but in a fit
and well child, the duration of fracture healing
makes it a less attractive option. Similarly, spica
casting is not used in patients over the age of
four unless there is a clinical reason.

Femoral shaft fractures frequently demon-
strate overgrowth averaging just under 1 cm.#2
Acceptable limits of angular deformity are vari-
ously reported (Table Il). Wallace and Hoffman
followed patients for an average of 45 months
and concluded that angular deformity of up to
25°in any plane in children under 13 years will
remodel satisfactorily.?

Our practice

All children < 18 months or 10 kg are treated with
Gallows traction. Children between 18 months
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Table I1. Acceptable angulation and shortening for femoral shaft fractures based on patient age+

Age Varus/valgus Anterior/posterior Shortening
< 2years 30° 30° 15 mm
2-5 years 15° 20° 20 mm
6-10 years 10° 15° 15 mm
11 years + 5° 10° 10 mm

and six years are treated in Hamilton-Russell trac-
tion. In both groups, traction is continued until
callus formation and the fracture is clinically
healed, at which point children are discharged
home non-weight bearing in a pushchair.
Children aged over six years are managed with
internal fixation unless contraindicated.

TIBIAL SHAFT FRACTURES

Tibial shaft fractures account for 15% of all pae-
diatric fractures*445> and the majority can be
managed non-operatively with an above-knee
plaster cast.

Fractures of the proximal third of the tibia
are the least common but can prove the most
challenging due to the risk of late angular
deformity.** The Cozen fracture is the epony-
mous often incomplete fracture of the proximal
tibial metaphysis (caused by valgus force on an
extended knee). Treatment is with an above-
knee plaster with varus moulding for approxi-
mately six weeks. Such fractures have a
propensity to develop late valgus deformity and
parents should be made aware of this at the
outset. Deformities of 18°, which can take up to

18 months to develop, may occur but resolve

spontaneously, supporting a conservative
approach to both the initial injury and the
resultant angular deformity.46:47

The tibial shaft is the most common site of
fracture. The ‘Toddler’s fracture’ is an undis-
placed spiral fracture in an ambulant child
(< four years), however, in non-ambulant chil-
dren, this fracture should immediately raise the
suspicion of NAI. This stable injury can be man-
aged in an above-knee plaster for approxi-
mately three weeks (depending on the age of
the child), and more recent work suggests a
below-knee cast or just a bandage may be suf-
ficient. Interval radiographs are not required
unless suspicion exists surrounding the diag-
nosis, and evidence of periosteal reaction is
required for confirmation and to guide dura-
tion. Upon removal of the cast the child should
be allowed to fully weight-bear though par-
ents should be made aware that the child will
initially be reluctant to do so, will invariably
walk with a limp and the foot externally
rotated, and that it can take several weeks for
this to resolve.



Recommendations for acceptable deformities in tibial diaphyseal fractures+4

(b)

An introduction to wedging

Deformity Age < 8 years Age > 8 years
Varus 10° 5°

Valgus 5° 5°

Anterior angulation 10° 5°

Posterior angulation 5° o

Rotation 5° 5°
Shortening 10 mm 5mm

In children under 11 years, oblique or spiral
fractures predominate, and in around a third of
cases the fibula is also fractured.** Where the fib-
ulais intact, it acts to prevent shortening but also
predisposes to varus deformity as the long flex-
ors act upon the distal fragment.#> Tibial shaft
fractures have limited capacity to remodel owing
to the quantity of diaphyseal bone,* and
although acceptable parameters of angulation
have been published (Table Ill), the evidence to
support such values is limited.

Treatment of tibial shaft fractures requires an
above-knee plaster cast. The knee should be
slightly flexed and moulded around the supra-
condylar region of the distal femur to help con-
immobilisation is
influenced by the age of the child. After a period
of between four and six weeks when the fracture
has become sticky, the above-knee cast can be
converted to a below-knee weight-bearing or

trol rotation. Duration of

Sarmiento cast. Because of the potential for dis-
placement or angulation, particularly in the pres-
ence of an intact fibula, close monitoring with
serial radiographs is mandatory. If the position

does slip, wedging can be performed to correct
angulation (Fig. 4; Table IV). Opening or closing
wedging may be used. Opening wedge may be
preferable because it obviates the risk of pinching
the skin between the cut edges of plaster, but
does carry the risk of introducing some distrac-
tion at the fracture site.

For fractures of the distal third of the tibia,
the same principles for those of the diaphysis
apply. The only point to note is that reduction
and casting may require the foot to be kept in
equinus to minimise the risk of apex posterior
(recurvatum) angulation at the fracture site. An
above-knee plaster cast is mandatory and
remains in place until callus is seen, at which
point the child is converted to a below-knee
weight-bearing plaster cast.

Our practice

Toddlers’ fractures are managed with an above-
knee cast for three to four weeks depending on
the age of the child. Follow-up radiographs are
not routinely performed. The child is permitted
to fully weight-bear upon removal of the cast,

Step1 Calculate the degree of correction
required

Step 2 Calculate the distance you need to
open the plaster based on an angle
hinging on the plaster at the apex of
the fracture

Step 3 Mark the fracture site on the
radiograph

Step 4 Cut the plaster at this level 80-90%
circumferentially

Step 5 Open on the concave side with
spreaders

Step 6 Insert a wooded wedge of calculated
size (step 2)

Step 7 Wrap the area wedged in plaster

Step 8 Perform new radiograph

though parents are made aware that they will
not do so with a normal gait for up to several
weeks. The child is discharged with an open
appointment when the cast is removed. Tibial
shaft fractures, including distal third fractures,
are managed with an above-knee cast for four
to six weeks before conversion to a below-knee
weight-bearing or Sarmiento-type cast for a
duration determined by the child’s age and
radiological features.

The overwhelming majority of paediatric extra-
articular fractures can be managed, and are
perhaps best managed, conservatively. The
orthopaedic surgeon managing paediatric frac-
tures must have an awareness of the options for
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non-operative management and should appreci-
ate the remodeling potential of the paediatric
skeleton and the limits of acceptable deformities.
The evidence for the non-operative treatment of
some commonly encountered paediatric frac-
tures supports this practice. Our preferences are
not meant to be prescriptive and we readily
acknowledge that other options and protocols
work equally well. Surgeons treating children’s
fractures need to have a full range of options
within their skillset; perhaps the poorest out-
come for patient, surgeon and parent is the
poorly explained operation with an associated
complication.
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