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The management of open tibial fractures in children repre-
sents a unique reconstructive challenge compared with
those in adults.1 Compared with similar injuries in adults,
open tibial fractures in children have a better prognosis
with regards to time to union, remodelling potential and
infection.2,3 However, fractures in children have the ability
to disturb growth and may have a profound psychological
effect on the child. One must consider the time spent absent
from school and the impact that reconstruction can have on
aesthetic appearance, especially in girls.

The recently published British Orthopaedic Association/
British Association of Plastic, Reconstructive and Aesthetic
Surgeons (BOA/BAPRAS)4 guidelines formanexcellent resource
for all clinicians involved in the management of this condition.
This study aims to promote awareness and adherence to these
guidelines and outline the need for a combined and co-ordi-
nated approach between senior plastic and orthopaedic sur-
geons. The national guidelines highlight the importance of

other specialities (including radiology and microbiology) in
providing optimal multidisciplinary management of a com-
plex problem.

We have reviewed our experience over 20 years with
open tibial fractures in children. Our institute is a specialist
tertiary paediatric hospital with facilities on-site for both
paediatric, plastic and orthopaedic surgery. In particular,
we evaluated the soft tissue management and outcomes,
and compared these with similar published series both in
children and in adults.3,5,6

Patients and Methods

Seventy children were treated over a 20-year period. All
children were admitted to the Royal Hospital for Sick
Children, Edinburgh, either as direct referrals or from
peripheral hospitals. Data from the first decade (January
1985 to December 1994) were published previously by
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ABSTRACT

INTRODUCTION The management of open tibial fractures in children represents a unique reconstructive challenge. The aim of
the study was to evaluate the management of paediatric open tibial fractures with particular regard to soft tissue management.
PATIENTS AND METHODS A retrospective case-note analysis was performed for all children presenting with an open tibial frac-
ture at a single institution over a 20-year period for 1985 to 2005.
RESULTS Seventy children were reviewed of whom 41 were males and 29 females. Overall, 91% (n = 64) of children suffered
their injury as a result of a vehicle-related injury. The severity of the fracture with respect to the Gustilo classification was:
Grade I, 42% (n = 29); Grade II, 24% (n = 17); Grade III, 34% (n = 24; 7 Grade 3a, 16 Grade 3b, 1 Grade 3c). The majority
of children were treated with external fixation and conservative measures, with a mean hospital in-patient stay of 13.3 days.
Soft tissue cover was provided by plastic surgeons in 31% of all cases. Four cases of superficial wound infection occurred
(6%), one case of osteomyelitis and one case of flap failure. The limb salvage was greater than 98%.
CONCLUSIONS In this series, complications were associated with delayed involvement of plastic surgeons. Retrospective analy-
sis has shown a decreased incidence of open tibial fractures which is reported in similar studies. Gustilo grade was found to
correlate with length of hospital admission and plastic surgery intervention. We advocate, when feasible, the use of local fas-
ciocutaneous flaps (such as distally based fasciocutaneous and adipofascial flaps), which showed a low complication rate in
children.
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Stewart et al.2 Data from the second decade up to December
2004 were analysed separately according to the same crite-
ria. Retrospective case-note review of each patient was per-
formed and the following were recorded: demographic
information; length of hospital stay; Gustilo grade; initial
management; time to debridement; soft tissue coverage;
neurovascular compromise; section of tibial involved; com-
plications; associated morbidity. Gustilo grading classifica-
tion was obtained from the operative report. Wound
debridement and lavage were performed under general
anaesthetic. Contaminated and devitalised tissue was
excised followed by irrigation of the wound with a sterile
saline solution.

Results

Epidemiology
Of the 70 children reviewed, 59% (n = 41) were male and
41% (n = 29) were female. The average age was 8 years and
2 months (range, 2–14 years). As demonstrated in similar
studies,2,3,6 the most common accident was a child being hit
by a motor vehicle: Some 90% (63/70) of the children were
admitted as a result of a vehicle-related injury.

Tibial fractures
Twenty-nine patients (42%) suffered Gustilo Grade I frac-
tures, 17 (24%) Grade II fractures and 24 (34%) Grade III
fractures. Within the Grade III fractures, seven (29%) chil-
dren suffered Grade IIIa, 16 (67%) suffered Grade IIIb and
one (4%) suffered Grade IIIc. Fractures were distributed in
the proximal third (n = 5), middle third (n = 24; 34%) and
distal third (n = 41; 59%).

Hospital policy within the department states that the ini-
tial debridement should be carried out by a consultant
orthopaedic surgeon.

Initial management
The initial management of patients has varied little over the
years with resuscitation being undertaken alongside treat-
ment of associated injuries. Initial management plans
included, analgesia, splintage, tetanus prophylaxis, and
sterile dressings to cover the wound. All patients received
broad-spectrum antibiotics until the fracture was covered.

Fracture management
In the first decade, the majority of children had their frac-
tures managed conservatively with the application of a plas-
ter cast (76%). In the second decade, this number was
lower, at 26%. From 1995 to 2004, 67% of children were
managed by external fixation, an increase from 16% in the
previous decade.

Soft tissue management
Plastic surgery intervention was required in 31% (n = 21) of
children in this study. Overall, 91% (n = 48) of the Grade
I–IIIa fractures were treated by conservative, primary or
delayed closure. Only 8% (n = 4) of children were treated
with split thickness skin grafts and one with a local flap.

Of the 16 Gustilo Grade 3b fractures, adequate soft tissue
cover was achieved by the use of 15 local flaps (with or with-
out skin grafts) and one free flap. The one grade IIIc fracture
resulted in a below-knee amputation (Tables 1 and 2).

Complications
Four children suffered superficial wound infections. Two of
these children suffered Grade II fractures and the other two
were Grade III fractures, all of the patients responded to
treatment with antibiotics. This reflects an overall 6%
superficial wound infection rate.

Two free flaps were undertaken for soft tissue cover in
Grade IIIb fractures. One latissimus dorsi flap was per-
formed successfully. One free rectus abdominis flap failed

Grade I Grade II Grade IIIa Grade IIIb Grade IIIc

Conservative 21 3 1
Primary closure 4 10 2
Delayed closure 4 2 1
SSG only 1 1 2
Local flaps ± SSG 1 15
Free tissue transfer 2
Amputation 1

SSG, split thickness skin graft.

The total of 71 interventions is due to the fact that one of the free flaps undertaken failed and, as a result, a local flap was performed to cover the defect.

Table 1 Soft tissue management for each Gustilo fracture grade
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and a local fasciocutaneous flap was undertaken to provide
adequate soft tissue cover. The children who were referred
via peripheral hospitals suffered skin necrosis, in each of
these cases we attribute this complication to unrecognised
degloving due to delay in plastic surgery involvement.

Complications associated with the use of local flaps were
minimal, with only two flaps showing superficial wound
infections. An angiogram after the failure of the free rectus
abdominis showed that a compromise of the arterial tree
was responsible. One child had a failure of a skin graft that
healed after debridement and re-grafting. Another child
had an incomplete graft take at the flap donor site.

The failure of the free rectus abdominis flap was a com-
plication which required daily communication between the
plastic and the orthopaedic team. Due to the significant
bone loss associated with the fracture (80% of the bone cir-
cumference) combined with acute shortening, it was decid-
ed that the application of a Ilizarov frame (Fig. 1) was nec-
essary. Following this decision, a more proximal tibial cor-

ticotomy was performed to allow lengthening and, finally,
the fracture was closed with a lateral fasciocutaneous flap.

One patient who was managed in a peripheral hospital
with external fixation and split thickness skin grafting went
onto develop osteomyelitis. This patient was successfully
treated by radical debridement; an ipsilateral fibular flap for
bone loss and a proximally based fasciocutaneous flap to
reconstruct the soft tissue defect.

In this series, no child developed compartment syndrome or
non-union of fractures and therewere no deaths. The childwho
suffered a Grade IIIc fracture had a below-knee amputation;
thus, there was a limb salvage rate of above 98%.

Discussion

The updated national guidelines4 on the management of
open tibial fractures is an essential resource for all profes-
sionals who deal with this condition. This report emphasis-
es the need for a combined approach and effective commu-
nication between senior orthopaedic and plastic surgeons.

In our institute, we are fortunate that both specialist
orthopaedic and plastic surgeons are available on site, but
this should not be a barrier to effective communication and
a combined approach.

The national guidelines suggest a move away from the
Gustilo and Anderson grading, due to poor inter-observer
reliability, and a move towards the AO system. The nation-
al guidelines also propose co-amoxiclav (1.2 g/8-hourly) or
a cephalosporin (1.5 g/8-hourly) as the antibiotic of choice
until first debridement.4 Guidelines suggest that antibiotic
prophylaxis should be commenced as soon as possible and
certainly within 3 h. Guidelines also advise on the early
involvement of microbiology for advice.4

We believe that changes in fracture management are a
reflection of the reconfiguration of services within our hos-
pital. Prior to 1995, paediatric elective orthopaedics was at
a different hospital; thus, the primary management of pae-
diatric fractures rested with paediatric surgeons. Prior to
1995, orthopaedic input had to be requested by paediatric
surgeons. In 1995, paediatric orthopaedics moved onsite to
the Royal Hospital for Sick Children. Plastic surgeons have
always been available on-site to provide assistance in the
management of complex, open tibial fractures.

Naique et al.7 compared outcomes of adult open tibial
fractures managed in either specialist or peripheral centres.
They concluded that there was a higher complication rate
when managed in peripheral centres and advocated the
direct referral of open tibial fractures to specialist centres
where both plastic and orthopaedics surgeons are available.
The new guidelines highlight the difficulties in such an
algorithmic approach, owing to geographical constraints,
lack of resources and other areas of clinical controversy.
National guidelines4 advocate that, when managing complex

Flap Number

Distally based fasciocutaneous flap 6
Adipofascial flap 5
Proximally based fasciocutaneous flap 3
Gastrocnemius flap (myocutaneous) 1
Cross leg distally based fasciocutaneous 1
Free latissimus dorsi flap 1
Free rectus abdominis flap 1

Table 2 Flaps used to reconstruct Grade III injuries

Figure 1 Child in Ilizarov frame after lateral fasciocutaneous flap.
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open fractures in institutes without both plastic and
orthopaedic surgeons, an immediate referral is made to the
nearest specialist centre. National guidelines4 also state
that, if possible, the primary surgical treatment should take
place at the specialist centre.

Toms et al.,8 via a postal survey, concluded that only 57%
of orthopaedic consultants were aware of the BOA/BAPRAS
1997 guidelines. They also concluded that less than 29% of
orthopaedic consultants would choose to consult a plastic sur-
geon pre-operatively in the management of this condition and
only 43% would seek any involvement from plastic surgeons
at all. This is of concern, as there is much evidence5,9,10 to sug-
gest that delayed soft tissue cover has an adverse effect on
prognosis. Indeed, this is the case with our results, where all
children who suffered from skin necrosis were initially man-
aged in peripheral hospitals resulting in a delay in plastic sur-
gery involvement and a higher complication rate.

The lack of early pre-operative communication between
plastic and orthopaedic surgeons may directly affect the
treatment options available to the plastic surgeon. Early
communication between specialities or a joint orthopaedic
and plastic initial debridement can prevent damage to per-
forating vessels which may be needed in soft-tissue recon-
struction. This may occur as a result of incisions made by
extending wounds or during fasciotomies. Early consultation
with plastic surgeons can allow for the provision of microvas-

cular procedures which have significant demands on both
theatre and consultant time. Effective communication
between plastic and orthopaedic teams enabled successful
management of the child with a failed rectus abdominis flap
as described above.

Our results showed that, overall, 31% of children
received involvement from plastic surgeons either by way of
skin grafting, local flaps11,12 or microvascular free flaps. The
majority of plastic surgery involvement was for treatment of
Grade III fractures (77%). In our unit, the most commonly used

Figure 3 Same child as in Figure 2 showing healing of the adipo-
fascial flap.

Figure 2 External fixation before adipofascial flap.
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technique for soft tissue reconstructionwas local flaps, in partic-
ular, the use of distally based fasciocutaneous flaps13 and adipo-
fascial flaps (Figs 2 and 3).14,15 Our results were dominated by
the use of local fasciocutaneous flaps which showed a low com-
plication rate, with only two flaps, showing minor complica-
tions, both superficial wound infections. Islanding of the distally
based fasciocutaneous flap was undertaken to allow greater
defect coverage as well as an improved aesthetic appearance.13

Other series6,16 have shown an increased usage of microvas-
cular techniques and, when undertaking local flaps, have
favoured the use of myocutaneous flaps.16 Our series shows that
we have a low complication rate with the utilisation of local fas-
ciocutaneous flaps with only two minor complications and no
episodes of local flap failure. The advantage of local flaps are
that they require less operating and consultant times compared
to microvascular techniques. The guidelines suggest that there
is no definitive clinical evidence for the use of one form of soft
tissue coverage over another. Guidelines suggest that, from
experimental data, metaphyseal fractures around the ankle
might be best covered by fasciocutaneous flaps.4 To date, only
two patients have needed surgical revision for cosmetic defects
of local flaps. Both flaps were treated with liposuction at the
pedicle and the removal of excess scar tissue.

Current literature3 suggests that open fractures in children
heal faster and with less complications than in adults. The inci-
dence of infections both superficial and deep was 7% which
compares favourably with similar studies in adults which varies
from 9.5–24%.16–18 There was one child who suffered from
osteomyelitis and this is thought to be attributed to a referral
from a peripheral hospital resulting in delayed involvement of
plastic surgeons. The children who suffered superficial skin
infections and flap failure were all older than 11 years, in agree-
ment with Song et al.,3 who demonstrated that healing of open
tibial fractures is better in children under the age of 11 years.

In the first decade from 1985–1994, there were 49 children
who were diagnosed with open tibial fractures; from the period
of 1995–2004, there were only 21 children who were diagnosed
with open tibial fractures in the same department within the
same catchment area. This decrease may be due to increasing
government intervention of speeding vehicles in built-up areas.
This finding was also reported by Weiss et al.19 who showed a
decreasing incidence of tibial shaft fracture in adults of 12% in
a more statistically significant study over a period of 6 years.

Throughout the series, no child suffered compartment syn-
drome and this was comparable to results of Jones et al.6 in a
similar institute in Glasgow. The lack of children suffering from
compartment syndrome combinedwith the 7% figure of wound
infection further the idea that healing of children’s open tibial
fractures is associatedwith lessmorbidity than that of adults.1,2,3,5

There was strong correlation between Gustilo classification,
the length of hospital stay and the stage of the reconstruction
ladder used. Grade I fractures had an average of hospital stay of
6.7 days, Grade II an average of 11.2 days and Grade III an aver-

age of 19.4 days. It was also noted that 77%ofGrade III fractures
required involvement from plastic surgeons. It was also noted
that skin grafting was used throughout the spectrum of Gustilo-
graded fractures further re-instating the need for the early opin-
ion of plastic surgeons and dispelling the myth that only Grade
III fractures require involvement from plastic surgeons.

Conclusions

More emphasis must be placed upon the combined and early
involvement of both plastic and orthopaedic surgeons in the
management of children’s open tibial fractures. The simplest
approach as advised by the national guidelineswould be to have
senior plastic and orthopaedic surgeons present at the time of
initial debridement to form a combined and effective manage-
ment plan. With regards to soft tissue cover, we advocate the
early use of local fasciocutaneous flapswhich appear to be asso-
ciated with few complications. The delay of plastic surgery
involvement was associated with increased morbidity. The
social and psychological impact this injury can have on a child
should not be neglected. The management of open tibial frac-
tures requires an effectivemultidisciplinary approach to provide
children with an optimal outcome.
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