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Open fractures of the tibia in adults are challenging 
injuries. Frequently they are associated with multiple 
injuries1 and management requires general assessment, 
resuscitation of the patient if required and early fracture 
stabilization, preferably within 6 hours, with appropriate 
broad spectrum antibiotic coverage2,3. Vascular compro-
mise may require revascularization procedures or ampu-
tation in limbs with prolonged ischemia, extensive soft 
tissue injury, or in patients with significant co-morbidities 
indicating low biologic potential to attempt reconstruc-
tion2-7. Tibial nerve transection and insensate foot is also 
a relative indication for primary amputation2-8. Fracture 
stabilization methods vary depending on fracture severity 
and the presence of concomitant injuries. External fixa-
tion is the method of choice for grade IIIC fractures (vas-
cular injury requiring repair) according to the Gustillo-
Anderson classification, or for unstable patients requiring 
a quick and urgent stabilization. Intramedullary nailing is 
most commonly used for grade I and II open fractures. 
Internal fixation with less invasive methods and the use 
of locking plates is gaining in popularity. Recently the use 
of locked intramedullary nailing has been spread for III-A 
and III-B in certain centers. Alternatively external fixation 
can be used2-4. The presence of contamination requires de-
bridement in the operative room and soft tissue and bone 
loss are common in high energy injuries. It is common 
practice that open wounds are not primarily closed. Soft 
tissue management includes delayed closure, secondary 
healing, vacuum assisted closure, or coverage with split 
thickness skin grafts, local fasciocutaneous flaps, local 
rotational muscle flaps (usually medial gastrocnemius or 
soleus) or free tissue transfer (e.g. latissimus dorsi muscle 
flap) which requires microsurgical skills2-5.

Recovery is not always uncomplicated. Infection and 
nonunion (septic or aseptic) are common consequences of 
open tibia fractures in adults and complex reconstructive 
procedures, including the need for bone grafting and/or 
bone transport (distraction osteogenesis) are sometimes 
required. This lengthens the recovery time with a nega-
tive psychosocial impact for the patient2-8. 

Although open tibia fractures in adults have been 
thoroughly investigated in the literature, these injuries 
in children are less well studied and clear guidelines do 
not exist9,10. Open fractures of the tibia represent approxi-
mately 5% of all tibial fractures in children11,12 and the 
literature on their management and outcome consists of a 
relatively small number of retrospective case series, with 
only short term follow-up. Although most closed tibial 
fractures in children can be managed non-operatively9,10 
it is not clear whether open tibial fractures in children 
should be approached along the same principles applied 
to the adult population. Should wounds be left open af-
ter debridement and the fracture stabilized by operative 
intervention, as is common in adults? Is a better healing 
potential in children sufficient to justify a more conserva-
tive approach? Is selective primary wound closure appro-
priate to avoid repeated surgical interventions? The pres-
ent study reviewed the literature reporting on outcomes 
of open tibial fractures in children11-31 and compared the 
results to those reported in adults3.

Published studies
Outcomes of open tibial fractures in children 

Tolo13 presented in 1983 one of the early reports of 
the use of external fixation for fractures in children, in-
cluding 13 tibial fractures. Leg length discrepancies and 
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potential overgrowth in some cases raised an issue. Six 
of the 13 children had purulent drainage at some time 
during their treatment, although no chronic infections re-
sulted. The use of external fixation was recommended in 
children with open fractures with skin loss or burns, in 
children with head injury and resultant increased motor 
tone, and in polytrauma patients, to facilitate patient care 
and transport for diagnostic and therapeutic procedures.

Hull et al14 reviewed diaphyseal fractures of the fe-
mur and tibia managed with external fixation between 
1987 and 1994 in 48 children. The indications for exter-
nal fixation included open fractures, multiple injuries, 
failed conservative management, and unstable fracture 
configurations. All fractures healed without further surgi-
cal intervention, and the incidence of serious complica-
tions was low, although pin track sepsis was common. 

Buckley et al15 reported on 42 open tibial fractures 
in children with a mean age of 9.8 years. Grade I frac-
tures according to the Gustillo classification6,7 were treat-
ed with cast in 10 of 11 patients. External fixation was 
used in 20 fractures. The time to union was related to the 
severity of the soft-tissue injury, the pattern of the frac-
ture, the amount of segmental bone loss, the occurrence 
of infection, and the use of external fixation. No relation 
between age and outcome was found. The same group of 
authors later reported on 20 grade III open tibial fractures 
in children with a mean age of 9 years16. The time to frac-
ture union (mean 29 weeks) was related to the severity of 
soft tissue injury, fracture configuration, segmental bone 
loss, and infection. Fifteen fractures were initially treated 
with external fixation, three with casts, one with internal 
fixation, and one with a combination of external fixation 
and limited internal fixation. Free muscle flaps were used 
for soft-tissue coverage in six patients (30%), and a local 
muscle flap in one patient. 

Irwin et al11 reviewed 58 children (mean age 8 years) 
with open tibial fractures, out of a total of more than 1400 
tibial fractures treated in their centre over a 20 year pe-
riod (1971-1992). Primary wound closure was performed 
in 37/58 (64%) of fractures, and closed reduction fol-
lowed by cast immobilization was used in 48/58 (83%). 
Ten fractures were classified as Gustillo type III, two re-
quiring amputation. Higher open fracture grade was asso-
ciated with longer time to union and more complications. 
No infection occurred in grade I open injuries. Primary 
wound closure was associated with a 3/37 (8%) infec-
tion rate, compared to 3/21 (14%) for wounds initially 
left open. The authors recommended primary wound clo-
sure after debridement and cast immobilization for grade 
I open tibial fractures. For grade II and III injuries, they 
suggested more radical debridement, use of external fixa-
tion, and early wound coverage by skin graft or flaps if 
necessary.

Hope and Cole17 reviewed 92 open tibia fractures in 
children (mean age 9.3 years) treated between 1981 and 
1989. The condition of the soft tissues guided treatment. 
Cast immobilization was chosen in 65/92 (71%) patients, 
and primary wound closure in 50/92 (55%). There was 

an incidence of deep infection of 4/51 (8%) in wounds 
closed primarily compared to 6/41 (15%) of those left 
open, suggesting that selective primary closure did not 
increase the infection rate. The use of external fixation in 
26 (more severe) fractures was associated with 9 delayed 
unions (35%) and 5 nonunions (19%). Children treated 
with cast for less severe fractures had a delayed union 
rate of 5/65 (8%) and nonunion rate of 2/65 (3%), re-
spectively. Their incidence of early complications was 
similar to other series. A review between the ages 1.5 and 
9.8 years showed a high incidence of continuing mor-
bidity, including pain at the healed fracture site in 37/74 
children (50%), restriction of sporting activity in 17/74 
(23%), joint stiffness in 17/74 (23%), cosmetic defects in 
17/74 (23%) and minor leg length discrepancies in 41/64 
(64%). A high incidence of early and late complications 
was more frequent in children with Gustilo type III in-
juries. The Gustilo classification was useful to predict 
the outcome and plan treatment. Age was also associated 
with outcome, although no statistical analysis was per-
formed. Delayed union or nonunion occurred in 39% of 
adolescents between 13 and 16 years.

Cullen et al18 reviewing 83 children treated from 
1983 to 1993, applied the ‘pins and plaster’ technique or 
plaster alone in the vast majority of their patients, closing 
the wound primarily over a penrose drain after debride-
ment and irrigation. Their time to union was 15 weeks. 
Only one patient had a non-union, and 18 (22%) had de-
layed union. The authors advocated the pins and plaster 
technique instead of external fixation. 

Levy et al19 evaluated the social impact of open tibia 
fractures in 40 children with a mean age of 10 years. The 
children surveyed missed an average of 4.1 months of 
school, and 13 children (33%) had to repeat a year. Ten 
children (25%) complained of nightmares involving the 
events of the accident. Chronic pain despite solid union 
was found in 12 patients (30%). Sixteen children (40%), 
7 with a grade III open fracture, reported a limp. 

Grimard et al20 studied 90 open fractures of the tibia 
in children treated between 1984 and 1995. Cast with-
out any form of fixation was used in 40 fractures (45%), 
and primary wound closure was performed in 17 (19%). 
Multiple regression analysis showed that the age of the 
patient and the grade of the fracture were significantly 
associated with union time. Open fractures of the tibia 
in children older than 12 years of age had a high risk of 
developing delayed or nonunion when compared with the 
same injuries in children younger than 6 years of age.

Age was the most important factor determining the 
outcome of open tibial fractures in children according to 
Blasier and Barnes21, who reviewed the medical records 
of 31 children treated between 1982 and 1988. They di-
vided their patients into two groups: children younger 
than 12 years healed faster, were more resistant to infec-
tion, and had overall fewer complications, compared to 
older children. More than half of the younger children 
were treated in a cast. Both groups were equivalent in 
terms of fracture grading according to Gustillo and An-
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derson,6,7 but children older than 12 may have been sub-
ject to higher energy injuries.

Kreder and Armstrong22 studied 56 fractures in 55 
children, with a mean age of 10 years treated between 
1975 and 1990. All wounds were left primarily open. De-
spite the high prevalence of severe open fractures (26/56 
were classified as grade III), 25 were treated in plaster 
(45%). External fixation was the second most common 
choice of fixation (23/56 fractures). Mortality rate was 
high (4/55 patients, 7.3%), deep infection rate was 3/56 
(5.4%), and mean time to union was 5 months. Four am-
putations were required in 8 limbs with vascular injury. 
For healed fractures classified as IIIb and IIIc, the mean 
time to union was 10.8 and 10.4 months respectively. 
Grade I fractures healed at 4 months, grade II at 3.8 and 
grade IIIa at 5.9 months. Nonunion occurred in 4 of 48 
fractures (8.3%). The most significant factor affecting 
time to union, after controlling the Gustillo grade of the 
injury, was the age of the patient. 

Robertson et al23 reviewed the medical records of 
patients younger than 17 years treated for a tibial frac-
ture from 1987 to1992. Thirty-two patients with a mean 
age of 10.2 years had an open fracture. The open wound 
was left primarily open. A cast was applied in 16 patients; 
external fixation was used in 9, elastic nails in 3, and 
internal fixation in two patients. A primary amputation 
was required in two patients (2 of 3 IIIc fractures). No 
nonunions occurred, but 7 fractures (22%) healed with 
angular malunion.

Bartlett et al24 performed a combined retrospective 
and prospective review of their treatment protocol for 23 
grade II and III open tibial fractures in children aged 3.5 
to 14.5 over a ten-year period (1984 to 1993). Their pro-
tocol consisted of debridement of soft tissues and stabili-
zation with external fixation. All fractures healed. There 
were no deep infections, growth arrests, or malunions. 
Bone graft was not required, and the authors concluded 
that children’s periosteum has osteogenic potential to 
compensate for in cases with bone loss. 

Jones and Duncan12 studied 83 children younger 
than 13 years of age (mean 7.2 years) treated between 
1980 and 1988 for an open tibial fracture. They repre-
sented 6.5% of a total of 1276 tibial fractures in children 
treated during the same period in their centre. They were 
mainly treated with cast immobilization (65/83 fractures, 
78%). Only one non-union was recorded, and union oc-
curred at a mean of 12.9 weeks. External fixation was as-
sociated with prolonged time to union, a common finding 
in other studies as well10,14,19,22 and may reflect the higher 
grade of severity of these fractures. No deep infections 
and no amputations were recorded. It seems that in this 
younger age group fracture healing is more predictable 
and complication rate is low. 

Similarly, Song et al25 found that all nonunions in their 
series occurred in children older than 11 years who had 
grade III injuries. Patients younger than 11 years without 
internal fixation had a significantly shorter (p<0.05) time 
to healing. In their series, an average union time of 29 

weeks was recorded for grade III fractures (all treated by 
internal or external fixation). Grade II fractures healed at 
19.5, and grade I fractures at 13.5 weeks. Fracture sta-
bilization method in grade I fractures (cast or external 
fixation) did not influence time to healing (13.7 vs. 13 
weeks respectively). Fractures in children younger than 
11 years had a mean time to union of 14.1 weeks com-
pared to 21 weeks for children older than 11 years. It was 
not possible to demonstrate an effect of the fracture fixa-
tion method on time to union.

Qidwai26 reported the use of intramedullary Kirschner 
wires, introduced antegrade from proximal (level of tibial 
tuberosity), for tibial fracture stabilization in children. He 
treated 84 tibial fractures, 30 of which were open. No 
delayed unions occurred, and the fractures healed at 9.5 
weeks. One open IIIb fracture was complicated by a sep-
tic non-union.

Myers et al27 evaluated the use of external fixation 
in 30 high energy tibial fractures (19 open, 11 closed) in 
children with a mean age of 11.9 years, followed for 15 
months. The mean time to union was 4.8 moths, whereas 
the fixator was kept in situ for 3.2 months. A high inci-
dence of complications was presented: 4/30 (13%) had 
delayed union, 2/30 (6.7%) had nonunion, 3/30 (10%) had 
malunion, 3/30 (10%) had leg length discrepancy, 8/30 
(27%) had pin track infection, 3/30 (10%) had wound in-
fection and 2/30 (6.7%) developed osteomyelitis. Time to 
union differed significantly between those aged 11 years 
or younger and those aged 12 years or older. Union time 
also differed significantly between patients with closed or 
grade I open fractures and those with grade II or III open 
fractures (3.9 and 5.7 months, respectively; p = 0.035). 
Leg length discrepancy rate differed significantly be-
tween children aged 11 years or younger and those aged 
12 years or older (3/13 and 0/18, respectively; p = 0.05). 

Sristava et al28 reported on elastic intramedullary 
nailing in 16 open tibial fractures treated from 1997 to 
2005 in patients with a mean age of 10.2 years. Nine 
fractures were classified as type III (IIIa: 5, IIIb:4). The 
average union time was 20.2 weeks and 5 delayed unions 
(31%) and 2 non-unions (13%) were recorded. Both oc-
curred in IIIb type fractures. Other complications were 
one infection (6%), and 2 malunions (13%). Minimally 
contaminated wounds were treated by primary closure 
after debridement and irrigation. These results, although 
obtained from a small case series, raise concerns regard-
ing the use of flexible intramedullary nailing for the treat-
ment of open fractures in children. 

Vallamshetla et al29 reviewed 56 paediatric tibial frac-
tures that were treated with elastic intramedullary nailing. 
Thirty-five were caused by high energy trauma and 13 
were open. Mean age on the day of surgery was 12 years 
and the children were followed for 2 months after nail re-
moval. There were no nonunions, the time to union was 
10 weeks and all patients were reported to have an excel-
lent outcome, despite the presence of angular deformities 
(2 patients), leg length discrepancies (shortening >1.5cm 
in 2 patients), delayed union in one patient and infections 
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in3 patients. In two patients the fixation was revised to 
a plate (a week after primary elastic nailing) because of 
failure. Routine nail removal failed in 2 patients.

Kubiak et al30 demonstrated better outcome of elas-
tic nailing over external fixation. They retrospectively 
reviewed a series of 31 paediatric tibial fractures (18 
closed, 13 open). The grade of the open fractures was not 
mentioned. Fifteen patients had 15 fractures (7 closed, 
8 open, mean age 10.3 years) and were managed with 
external fixation and followed for 3.5 years, whereas 16 
(11 closed, 5 open, mean age 11 years) were managed 
with elastic intramedullary nailing and followed for 2.9 
years. In the elastic nailing group time to union was sig-
nificantly shorter (7 weeks vs. 18 weeks for the external 
fixation group, p<0.001). Functional outcome evaluating 
pain, happiness, sports, global function was also signifi-
cantly better (p<0.001) in the elastic nailing group. Pin 

tract infections occurred in patients treated with external 
fixation, whereas an anterior compartment syndrome was 
a serious complication in one patient treated with an elas-
tic nail.

Gordon et al31 reviewed tibial fractures of 60 chil-
dren’s (31 closed and 29 open, patients’ mean age 11.7 
years) treated with flexible intramedullary fixation. Fifty 
patients with 51 fractures were followed until union. Al-
though 45 fractures united at a mean of 8 weeks, 3 went 
on to delayed union (longer than 18 weeks) and 2 had a 
nonunion requiring reoperation. The latter 5 fractures oc-
curred in patients of a mean age of 14.1 years and united 
at a mean of 41 weeks. Other complications included one 
malunion requiring correction, one deep infection (osteo-
myelitis) and one nail migration. The authors highlighted 
the remarkable delayed union rate in older children. 

Table 1 gives an outline of the main conclusion(s) ob-

Table 1: Main conclusion(s) of studies reporting on open tibial fractures in children. 

Study Main message

Irwin et al.11 Primary wound closure safe in low grade open fractures

Jones & Duncan12 Severity of fracture associated with non-union rate

Tolo13 ExFix: Certain indications, LLD can occur

Hull et al.14 ExFix: Certain indications, pin tract infections common

Buckley et al.15,16 Time to union influenced by severity of fracture and soft tissue injury

Hope & Cole17 Worse results with higher grade open fractures
Significant morbidity in the long term (pain, cosmetic defects, LLD) and restriction to sporting 
activities

Cullen et al.18 Primary wound closure safe in low grade open fractures 
Pins and plaster instead of ExFix

Levy et al.19 Significant social impact (33% repeated year at school, pain, nightmares)

Grimard et al.20 Age and grade of fracture significantly associated with union time

Blasier & Barnes21 Age above 12 years associated with more complications

Kreder & Armstrong22 Age and grade of fracture significantly associated with union time

Robertson et al.23 Severe complications frequent in high grade fractures

Bartlett et al.24 Good results with soft tissue debridement and ExFix

Song et al.25 Age and grade of fracture influence time to union and outcome

Qidwai26 Intramedullary Kirschner wires are an option

Myers et al.27 Age and grade of fracture influence time to union and outcome

Shristava et al.28 Evaluation of ESIN in open tibial fractures in children

Vallamshettla et al.29 ESIN is an effective method for tibial fractures in children

Kubiak et al.30 ESIN is superior to ExFix

Gordon et al.31 Higher delayed union / nonunion rate in older children 

(ExFix: External fixation; LLD: Leg length discrepancy; ESIN: Elastic intramedullary nailing)
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tained by the studies reporting on open tibial fractures in 
children. 

Outcomes of open tibial fractures in adults 
In a systematic review, Giannoudis et al.3 analysed 

30 studies reporting management and outcomes of open 
diaphyseal tibial fractures in adults. Methods used for 
fracture stabilisation were external fixation, reamed in-
tramedullary nailing, unreamed intramedullary nailing, 
internal fixation with plates. In 53% the tibial fracture 
was not an islated injury.

External fixation was used in 536 fractures of which 
82% were grade-III open injuries. In all fractures soft-tis-
sue coverage was delayed for more than 72 hours. Union 
occurred at a mean of 37 weeks and union rate was high 
(94%). The incidence of delayed union, (union later than 
six months), was 24% as in a total of 392 fractures. Addi-
tional procedures to achieve union (at least one per frac-
ture), was required in 69% of 536 fractures treated with 
external fixation. The malunion rate using external fixa-
tion was up to 20% in 458 fractures, whereas deep infec-
tion occurred in 16% and pin track infections in 32% of 
fractures. Unreamed intramedullary nailing was used 
in 666 fractures (53% were grade III).The union rate with 
unreamed intramedullary nailing was 97%, whereas 22% 
of fractures went into delayed union. Complications in-
cluded malunions (10%) and infections (7%), whereas 
33% of the fractures required additional procedures. A 
meta-analysis of results showed no statistically signifi-
cant difference between external fixation and unreamed 
intramedullary nailing with respect to union, delayed 
union, and deep infection. Reamed intramedullary nails 
were used in 187 fractures of which 43% were grade-III 
open injuries. Soft-tissue coverage was reported for 80 
fractures and was undertaken within 24 hours in 2.5% 
of, between 24 and 72 hours in 37.5% and in 60% later 
than 72 hours. Union rate was 97%, while deep infection 
was 6.4%. Malunion rate was 6% and 32% of fractures 
required at least one further procedure. The rate of fail-
ure of the implant was low (3%), in comparison with un-
reamed nailing (12%). They did not find statistically sig-
nificant difference between reamed and unreamed nailing 
for open tibial fractures with regard to the time to union, 
the rate of union and infection. Delayed reamed nailing 
after initial external fixation in 91 open fractures (51 were 
grade III), results in union in 92% of fractures, at a mean 
time of 38.5 weeks. Deep infection rate was 17%, delayed 
union occurred in 14%, malunion in 11%, whereas 23% 
of fractures required at least one additional procedure. 
The use of plates and screws was uncommon in open 
tibial fractures. Although all 26 fractures united (29% 
were grade III), with only one malunion (4%), delayed 
union and deep infection rates were high (38% and 35% 
respectively) and 69% of fractures required additional 
procedures. Cast immobilisation for open tibia fractures 
in adults was not reported in any of the studies. Early soft 
tissue coverage in grade III open fractures reduced the 
risk of wound complications, as well as deep infection 

and malunion. The incidence of compartment syndrome 
in 198 open fractures was 9% and 83% of the fractures 
which developed a compartment syndrome were grade 
III. Amputation is a frequent (50-73%) consequence in 
grade IIIC open fractures2,3,8.

In summary, irrespective of the fixation method used 
for open tibial fractures in adults, union rate exceed-
ed 90% and time to union was in the range of 9 to 10 
months. The proportion of grade III open fractures varied 
between different fixation methods (higher when exter-
nal fixation was used). Additional procedures were more 
common when external fixation or plate and screws were 
used. Malunion was more common with external fixation 
and infection rate was higher when plate and screws were 
used and lower with intramedullary nailing (reamed or 
unreamed)3.

Discussion and interpretation of results
Direct comparison of outcomes between children and 

adults is not possible, because of the different techniques 
used and the heterogeneity in the methodologies of the 
individual studies. Furthermore, the term ‘open tibial 
fractures’ does not represent a homogenous condition, 
and variation in open fracture grade, patient characteris-
tics, concomitant injuries and management methods, can 
influence results. Also, given the lack of uniformity in the 
presentation of methods and results in the individual stud-
ies, any comparisons are mostly tentative. We also need 
to emphasise, that when treating the immature growing 
skeleton, the dimension of time becomes very important. 
Injury consequences might only be evident after longer 
follow up. 

Most studies on open tibial fractures in children re-
port on fractures treated before 2000. Therefore, the 
techniques described may not reflect the current manage-
ment for open fractures in children. Summarizing data, 
most children sustaining an open tibia fracture were boys 
[range 55% (32/58) to 88% (14/16)]11,28. The mechanism 
of injury was usually a car hitting a pedestrian or a bi-
cycle, the percentage ranging from 64% (36/55) to 92% 
(76/83) of accidents in different studies12,22. The tibial 
fracture was frequently [in 19% (16/83) to 58% (48/83) 
of the children] accompanied by other injuries10,12. This 
is comparable to a 53% incidence of other injuries docu-
mented in adults3. Other long bone fractures, blunt chest 
trauma and head injuries often co-existed. Mortality rates 
of 0 to 7.3% (4/55)22 have been reported. 

There was a trend towards primary closure of open 
wounds in selected injuries, but there was no consensus 
in wound management between different studies, and no 
defined protocols were presented. The reported primary 
wound closure rates range from 0 to 69% (57/83)18,21 Skin 
grafts or flaps were required in up to 36% (20/56)22. Vari-
ation exists in the severity of fractures in different stud-
ies. Type III open fractures accounted for 17% (10/58) 
to 74% (17/23) in different case series11,24. In adults3 a 
higher proportion of fractures were grade III (29% of 
fractures treated with plate and screws, 43% of those 
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treated with reamed nailing, 53% when unreamed nailing 
was used and 82% of fractures treated with external fixa-
tion. Cast immobilization without any form of fixation 
was used in 0 to 83% (48/58) of the fractures in chil-
dren11,23. The authors usually mentioned that low grade 
open fractures were managed by cast, but occasionally 
the same applied to higher grade open fractures (type II 
and III). External fixation was used for more severe frac-
tures with great variability among different studies (0 to 
100% of fractures)24,26. An alternative to external fixation 
was the ‘pins and plaster’ technique18. Other studies23,25 
recommend early (at 7-8 weeks) removal of the exter-
nal fixator and application of a cast to avoid complica-
tions associated with the use of external fixation. Skeletal 
traction was used in only two patients with an ipsilateral 
femoral fracture. Intramedullary fixation techniques for 
open tibial fractures in children have been used in two 
recent studies26,28. The use of intramedullary nailing is far 
more frequent in adults3.

Not only treatment strategies, but also outcomes 
show a wide range of variation. Time to fracture union 
in children ranged between a mean of 9.2 and 29 weeks. 
This is probably associated with the different prevalence 
of severe open fractures and the variation in childrens’ 
age among different studies. Time to union in adults was 
more prolonged3. This may reflect the greater healing po-
tential in children10, but also the lower incidence of grade 
III open fractures. Nonunion rates ranged from 023,24 to 
13% (2/16)22, delayed union ranged from 025,26 to 35% 
(11/31)21, and malunion complicated 020 to 22% (7/32)23 
of fractures in different studies. These figures are simi-
lar to outcomes reported in adults2,3. Deep infection rate 
was below 11% (maximum 10/92)17 in all studies, which 
is lower compared to a 7-35% rate reported in adults2,3. 
Compartment syndrome complicated 020 to 8.5% (7/83)12 
of fractures and neurovascular complications occurred in 
021,26 to 14% (8/56)22. Amputation rates in IIIC open tibial 
fractures in children range between 012,15-17,25 and 67% 
(2/3)23. This is to be compared to the 50-73% amputa-
tion rate in adults with IIIC type open fractures reported 
in the literature2,3,8. Leg length discrepancy was recorded 
in 012,20,23,25,26 to 26% (6/23)24 of patients, however most 
studies followed their patients only for short time after 
the fractures had healed, or were based on reviewing the 
medical records. The mean follow-up usually ranged 
between 6 and 33 months, and in the only one study17 

which followed their patients for 1.5-9.8 years, problems 
were present in the long term, indicating the necessity for 
long-term follow-up when evaluating the growing skel-
eton. The heterogeneity of fracture types included in the 
individual studies reporting on the management of open 
tibial fractures in children, explains the variation and the 
wide range in the values of the several parameters (eg. 
fracture stabilization and soft tissue closure techniques, 
time to union, complications).

The age of the children with an open tibial fractures 
influenced the outcome in some studies17,20-23,25,31. An age 
below 10 years was generally associated with more rapid 

fracture union and less complications. A higher fracture 
grade according to the Gustillo classification was associ-
ated with worse results11,12,15,17,20,22,23,25. 

Only one study30 used a validated functional outcome 
measure. Presentation of results was based on empiric as-
sessment by non-independent examiners. In most studies, 
patients were not recruited, and assessment was based on 
their medical records. These are of course subject to bias 
and these results should be used with extreme caution to 
evaluate efficacy of treatments. Subjective interpretation 
of variables can lead to inaccurate conclusions. 

Given the methodological flaws present in all studies, 
the existing literature shows that the results of treatment 
of open tibial fractures in older children are in some as-
pects similar to those reported in adults. There is a trend 
towards better results (shorter times to union and fewer 
complications) for children younger than 10-12 years and 
low grade open fractures. Wounds in grade I fractures are 
probably caused by inside – out trauma representing a 
favourable scenario10, and can be safely managed with 
primary closure after irrigation. If the fracture is reduc-
ible and stable, plaster cast immobilization is a reliable 
method of treatment. Grade II or III open fractures are 
associated with a higher complication rate and longer 
union times. These injuries should be treated with de-
layed wound closure, and may require a skin graft or a 
flap. Surgical fracture stabilization is usually required. 
Grade III fractures are associated with longer healing 
time, whereas complications and amputation rates are 
comparable to those in adults. The periosteum in children 
has a significant osteogenic activity9,10 It is likely how-
ever, that more severe open fractures in children older 
than 10 years, associated with soft tissue disruption have 
a decreased healing potential. This applies also to closed 
high energy tibial fractures27. It should always be kept in 
mind that most (60-92% in the presented studies) inju-
ries were caused by a motor-vehicle hitting a pedestrian 
or a bicycle (high energy). Although there are no data to 
support this, it is more likely that children older than 10 
years (more independent from their parents compared to 
younger ones), are more likely to sustain a high energy 
injury.

New fracture fixation techniques, such as flexible in-
tramedullary nailing, have recently gained in popularity 
for the treatment of closed and open fractures. Recent 
studies28-31 report on elastic intramedullary nailing, some 
including both closed and open fractures28-31. Results 
have not been evaluated adequately, and although prom-
ising, require careful interpretation. Although some of the 
authors concluded that ‘flexible intramedullary nailing is 
an easy and effective method’ and ‘excellent outcome 
was achieved in all patients29, the complications rate and 
the need of reoperation for fixation failure they reported, 
cause scepticism. Superiority of nailing over external 
fixation shown in a retrospective study31 should be inter-
pretated with caution, as the grade of open fractures was 
not reported. Since it was not a randomised prospective 
study, it is likely that more severe open fractures and se-
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vere high energy closed fractures were treated with exter-
nal fixation. Randomisation of children with an open tib-
ial fracture, between different management methods for 
research purposes carries certain difficulties. Effective-
ness of different management protocols should, at least, 
be evaluated by prospective studies in groups matched 
for age and severity of injury. The social impact of these 
injuries and their relevance to the quality of children’s 
life should not be underestimated17,19. The use of flexible 
intramedullary nailing in open tibial fractures has yet to 
be evaluated. Further research is needed to improve our 
understanding of the interaction between age, severity of 
injury, concomitant injuries, type of fracture fixation and 
outcome.

Conclusions 
Low grade open fractures in children younger than 

10 years can be managed with cast immobilization and 
primary wound closure after irrigation. High grade open 
fractures and fractures in children older than 10 years 
should be approached as in adults. Expected time to 
union of an open tibial fracture may be shorter in chil-
dren, compared to adults, however complication rates are 
comparable, and the long term outcomes in children are 
not known. Children are not small adults, not because of 
favourable outcome after a fracture, but because of the 
possible long term effects of complications and associ-
ated morbidity.
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