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Abstract
Background: Gustilo IIIB tibial fractures are associated with high rates of infection and nonunion. 
This study evaluates the impact of factors such as patient demographics, mechanism of injury, time 
to the first debridement, and time to flap coverage on the union and infection rates. Materials and 
Methods: A  retrospective analysis was performed on all patients with open tibial fractures who 
presented to our tertiary trauma center over  13  years from April 2000 to August 2013. All patients 
were followed for at least 6  months and continued till radiographic evidence of union  (maximum 
72 months). Time to fracture union was based on radiological evidence of callus bridging at least 
three cortices. Information on infection rates and the presence of microbes were evaluated. Results: 
A  total of 120  patients were analyzed. The mean time to fracture union was 33.8 weeks. Younger 
age was associated with a lower risk of nonunion with the mean age being 30.4  years in union 
group compared to 38.2 in the delayed-union group. Smoking was associated with an increased risk 
of delayed union with revision surgery being needed in 61.5% of smokers compared to 36.4% in 
nonsmokers. Rates of infection were high at 30.3%. Smoking was associated with an increased risk 
of infection (65.4% vs. 24.7%). Conclusion: High-energy open tibia fractures required an average of 
8.5 months to heal and delayed or nonunion at an earlier juncture cannot be assumed.
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Introduction
The tibia is reported to be the most 
commonly fractured long bone in the 
human body.1 Gustilo-Anderson IIIB 
injuries are a major challenge requiring 
aggressive debridement, adequate fixation, 
and early coverage of soft tissue defect. 
These fractures occur as a result of 
high-velocity injuries, such as a fall from 
height or a crush injury. A  small but 
significant proportion of fracture will occur 
in patients with multiple injuries.2 These 
fractures are associated with high infection3 
and nonunion rates and may result in limb 
loss in an otherwise fit and healthy adult.4 
An understanding of its epidemiology and 
pathogenesis allows the surgical team 
to better plan and allocate resources for 
fixation and soft tissue coverage so as to 
ensure the best outcome for the patient. It 
is also well published that the outcomes of 
open fractures vary by institution.1,5 The 
main outcome criteria for assessing open 
tibial fractures in the literature include 

infection, nonunion, and amputation. The 
outcome of open fractures is also a good 
indicator of the quality of care in any 
institution.6

The objective of this study was to evaluate 
the impact of factors, such as patient 
demographics, mechanism of injury, time 
to the first debridement, and time to flap 
coverage on the union and infection rates in 
patients with Gustilo-Anderson IIIB tibial 
fractures.

Materials and Methods
The National University Hospital  (NUH) 
serves the Western central part of Singapore 
and is the primary receiving center for road 
traffic accidents occurring on three major 
expressways. It is also a tertiary referral 
center for complex trauma referred from 
other hospitals. Western Singapore is mostly 
industrialized, with a major container port 
and an oil refinery.

A retrospective analysis was performed on 
all patients with open tibial fractures who 
presented to NUH over 13 years from April 
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2000 to August 2013. The management of all patients 
comprised: prompt debridement, fixation, and flap coverage 
as feasible, which is consistent with the British Orthopaedic 
Association guidelines.7  Patient demographics, mechanism 
of injury, time to definitive fixation, flap coverage, union, 
and complications were recorded. The data were obtained 
from patient records and digital radiographs. Patients who 
underwent amputation were excluded from the analysis for 
union rates. Local ethical approval for our research study 
was obtained through our Institutional Review Board.

The minimum follow up period was 6 months, and follow 
up was continued till radiographic evidence of union 
(maximum 72  months). Inclusion criteria were all adults 
(age  ≥18  years) with open diaphyseal tibial fractures who 
presented during the study. Patients were identified through 
operative records as well as in-house electronic discharge 
coding. Patients  with delayed presentations  (i.e.,  referrals 
from other local and overseas centers) were excluded from 
this study.

Fracture union was based on radiological evidence of callus 
bridging at least three cortices. Assessment of radiographic 
union was independently performed using two of the 
authors. Information on infection rates and the presence of 
microbes was obtained from clinical notes that documented 
infection as well as bacteriological cultures from operative 
samples. Deep infection was defined as infection requiring 
surgical debridement with positive deep tissue or bone 
cultures.

Statistical analysis was performed using the Statistical 
Package for the Social Sciences version  16.0  (SPSS Inc, 
Chicago, IL, USA). For comparison of means, the t-test 
or analysis of variance was used for parametric versus. 
continuous variables. For parametric data comparisons, 
the Chi-square test was used. Where the data were not 
normally distributed, analysis was performed on the log10 
value.

Results
A total of 385 patients were analyzed, of which 120 patients 
had Gustilo IIIB fractures. One patient died after external 
fixation secondary to intracranial hemorrhage and was 
excluded from the analysis. Sixteen patients were lost to 
follow up. All patients received intravenous antibiotics and 
were operatively managed, undergoing at least a thorough 
wound debridement and temporary fracture stabilization at 
the initial operation.

The mean age of the patients was 38.2  years  (range 
18–70  years). There were 111  males  (93.2%) and eight 
females. Seventy seven cases  (64.7%) were the result 
of motor vehicle accidents, 33 resulted from industrial 
accidents, and nine resulted from other causes. Sixty 
five cases involved the right leg, and 54 involved the 
left leg. The demographics are shown in Table  1 and the 
mechanisms of injury are shown in Table 2.

Forty four patients  (29.3%) had multiple injuries, whereas 
the rest had isolated tibia fractures. Mean time to definitive 
fixation was 9  days with 44 treated with intramedullary 
nailing, forty with plating and 32 with external fixation. 
Three patients required amputations due to severe 
shortening or infection. Two patients ended up with severe 
shortening and bone loss that were deemed to be not 
amenable to reconstruction after debridement. One patient 
developed flap failure with infection but was not keen for 
further surgeries and opted for amputation. This patient was 
a foreigner and was not able to stay in Singapore for long 
and wanted to have a single operation with a prosthesis 
before going back to his native country.

One patient required further bone procedure but declined 
surgery and is currently on follow up at 72  months with 
nil evidence of union. This patient was excluded from the 
analysis to prevent skewing of results.

Time to union

The mean time to fracture union was 33.8  weeks 
(range 8–84 weeks), and 42 (41.1%) patients needed further 

Table 1: Demographic data
Demographic n (%)
Age (years) 38.2 (18‑70)
Gender
Male 111 (93.2)
Female 8 (6.8)

Race
Chinese 68 (57.1)
Malay 18 (15.1)
Indians 27 (22.7)
Others 6 (5.04)

Nationality
Singaporeans 85 (71.4)
Others 34 (28.6)

Side injured
Right 65 (54.6)
Left 54 (44.4)

Table 2: Mechanism of injury
Mechanism of injury n (%)
Road traffic accident 77 (64.7)
Motorcyclist 52
Pedestrian 18
Driver 2
Cyclist 5

Industrial accident 33 (27.7)
Direct trauma 12
Fall from height 20
Blast injury 1

Others 9 (7.6)
Assault 2
Fall from height 6
Sports 1
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procedures due to the delayed union. Twenty two patients 
required further bone procedures such as bone grafting and 
twenty patients had dynamization of their intramedullary 
nails performed. Younger age was associated with a lower 
risk of delayed union with the mean age being 30.4 years in 
the union group compared to 38.2 in the nonunion group. 
Smoking was associated with an increased risk of nonunion 
with revision surgery being needed in 61.5% of smokers 
compared 36.4% in nonsmokers. This was statistically 
significant as well  (P < 0.05). Earlier surgical debridement 
did not affect union rates [Table 3].

Types of fixation

Forty four patients underwent fixation with an 
intramedullary device, 41  patients had an extramedullary 
device, and 34  patients had external fixation as their 
definitive mode of fixation. There were no differences 
observed with regards to time to union between all these 
three modalities [Table  3]. There were also no differences 
observed in terms of infection between the three modes of 
definitive fixation in the analyses [Table 4].

Flap coverage

All patients required flap coverage. Mean time to definitive 
flap coverage in those patients that was 7.2  days. Mean 
number of operations done per patient was 7.8. In terms 
of flap coverage, early soft tissue coverage within 72  h 
reduced risks of infection. In cases where definitive fixation 
and flap coverage was taken at the same time, there was no 
reduction of risk of infection seen [Table 4].

Infection rates

Rates of infection were also high at 30.3% or affecting 36 of 
the patients. Smoking was associated with an increased 
risk of infection and need for revision [Tables  3 and 4]. 
Infection occurred in 65.4% of the smokers and in 24.7% 
of the nonsmokers. Both of these values were statistically 
significant with P  <  0.05. Earlier surgical debridement 
within 6  h did not show any significant reduction in 
infection rates.

Discussion
This is the largest series of open tibial Gustilo IIIB 
fractures reported to date. Smaller series on open tibial 
shaft fractures have been published by Gopal et  al. 
(84 fractures),8 Reuss and Cole  (81 fractures)9 and Naique 
et  al. (73 fractures).10 Our results are comparable with 
those published in other studies.2,11-13 It is well known and 
published that Gustilo IIIB fractures are associated with an 
increased risk of nonunion, deep infection, osteomyelitis, 
flap failure, and amputation.14

In our series, a large number of the open tibial fractures 
have been caused by road traffic accidents with 64.7% of 
the cases being due to road traffic accidents. Court-Brown 
et al. reported that road traffic accidents contributed to only 

58% of open tibial fractures in Edinburgh, Scotland1 while 
Ikem et  al. noted that 71% of their cases in Nigeria were 
due to traffic accidents.5

In this series, open tibial fractures occur more commonly 
in the younger male population who are economically 
active. Nearly 93.2% of our population was male as 
compared to other studies in other developed nations that 
reported 66% of these fractures occurring in the male 
population.1 In Nigeria, the males accounted for 69% of 
the open tibial fractures. It is however, interesting to note 
that in our neighboring country, Malaysia, 84.6% of open 
tibial fractures occurred in the male population as per their 
trauma database.15 The study also had a significant number 
of foreigners making up 28.6% of the patients and these 
may have thus skewed the percentages. This is also the first 
series to look at Gustilo IIIB fractures, and it is possible 
that higher Gustilo grade fractures may be occurring in the 
male population given the higher energy in these fractures 

Table 3: Factors related with delayed union following 
tibia open fractures requiring revision

Factors Revision/
delayed union

Nil revision/
union

P

Smokers 16 10 0.0381
Nonsmokers 28 49
Intramedullary fixation 12 32 0.0600
Extramedullary fixation 14 27
External fixation 18 16
Age* 38.2 30.4 0.0001
Time between injury 
and first debridement
<6 h 27 37 1.00
>6 h 17 22

*Age has been reported in mean

Table 4: Factors related with infection following tibia 
open fractures requiring revision

Factors Infection Nil infection P
Smokers 17 9 0.0003
Nonsmokers 19 58
Intramedullary fixation 12 32 0.737
Extramedullary fixation 12 29
External fixation 12 22
Age* 36.6 30.6 0.0001
Time between injury 
and first debridement
<6 h 18 46 0.0880
>6 h 18 21

Timing of flap
Flap <72 h 15 44 0.0228
Flap >72 h 21 23

Timing of flap
Fix and flap 8 6 0.756
Flap >72 h 20 22

*Age has been reported in mean
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and involvement of this population in construction work. 
Moreover, our hospital also serves a large western part of 
Singapore where there is a larger coverage of industrial 
areas.

In our series, delayed union was seen in 42  patients 
who required further intervention. Templeman et  al. 
recommended early bone procedures to promote bone 
healing for severe open fractures.16 A total of 22  patients 
underwent bone grafting in our series and all of these 
patients went into the union. Only one patient in the series 
had nonunion, but this was because this patient refused 
any further intervention and is still on followup until 
72 months.

We also did not find any difference with regards to 
infection and union rates when comparing between the 
different modalities of definitive fixation  (intramedullary, 
extramedullary, and external fixation). This has been 
consistent with the data in the current literature with 
regards to fixation in Gustilo IIIB fractures without any 
modality being superior to the other.14

The timing of debridement has been controversial in 
open tibia fractures. The oft-quoted 6-h rule for operating 
on open fractures is not evidence-based,17,18 as the 2010 
guidelines from the British Orthopaedic Association 
Standards for Trauma7 have recommended that open lower 
limb fractures be managed in a tertiary referral center 
with no mention of a specific time frame for most open 
fractures. In our series, this was shown as well as earlier 
surgical debridement did not reduce the risk of infection 
or nonunion. Naique et  al. compared the management of 
open tibial fractures in local centers with specialist centers 
and found that local centers experienced a higher rate of 
revision surgery and complications.10 Our institution, which 
possesses a full complement of general surgical trauma 
support with orthopedic, vascular, plastic, and microsurgical 
expertise, aims to operatively manage all open fractures 
as soon as possible. Reuss and Cole, however, found 
that delayed operative management of up to 48  h did not 
adversely affect nonunion and infection rates in their study 
of 81 cases of open tibial shaft fractures.9

The timing for soft-tissue coverage in open tibial fractures is 
controversial. Some advocate early flap coverage,10 whereas 
others advocate delayed wound closure.19 Our series showed 
that earlier flap coverage within 72 h reduced infection rates, 
but a single stage “fix and flap” procedure did not seem to 
reduce infection rates in patients. In a review by Caudle 
and Stern, it was reported that for Gustilo IIIB fractures, 
soft-tissue coverage within (versus after) 1  week resulted 
in lower rates of infection (8% vs. 59%) and nonunion 
(23% vs. 77%).20 Infection rates were lower in the early 
than late flap coverage group (4% vs. 50%).21 In Gustilo 
IIIB and IIIC open tibial fractures treated with single-stage 
“fix and flap” procedures, the flap failure rate was 3.5%, 
and the deep infection rate was 9.5%.8

The infection rate for Grade  IIIB open fractures has 
been reported to be between 8.5% and 52%.8,10,16,22-25 Our 
reported infection rate is 34.3% which is well within 
the reported rates for Gustilo IIIB fractures. Important 
factors that reduce the rate of infection include adequacy 
of debridement, younger age, and no history of smoking. 
Smoking has been a strong predictor with regards to 
infection and union rates and in our series; this was again 
seen with an increased risk of delayed union and infection 
in smokers as compared to nonsmokers. Schmitz et  al. 
reported an increased time of healing of tibial fractures in 
smokers26 and in a separate systemic review by Patel et al., 
they concluded that smoking has a negative effect on bone 
healing, in terms of delayed union, nonunion, and more 
complications such as infection.27

This study, however, is not without its limitations. First, 
this was a retrospective single-institution review, where 
the patient population  (from the industrial area) that our 
hospital serves is unlike the rest of the country. In addition, 
there was a relatively high number of patients lost to 
follow up making up 13.3% of the study population due 
to the significant proportion of injuries occurring in foreign 
industrial workers who returned to their country of origin 
once they were fit to travel. Factors affecting the decision 
to perform early or late flap coverage were not known. 
The definition of Gustilo IIIB fractures is not as specific 
as described in newer classifications,28,29 but it remains 
the most commonly used classification. In addition, 
functional outcomes, patient preferences, and costs were 
not compared.

Conclusion
High-energy open tibia fractures required an average of 
8.5  months to heal and delayed or nonunion at an earlier 
juncture cannot be assumed. Despite early fixation and flap 
coverage, more than one-third of the fractures required 
further intervention. Early flap coverage within 72  h 
reduced rates of infection. However, rates of infection and 
need for revision surgery was also noted to be high in all 
these fractures with smoking being a significant risk factor. 
Younger age was associated with reduced risks of infection 
and delayed union. We recommend that management of 
these fractures to strictly follow international guidelines 
and implementation of a multidisciplinary team approach 
with nil need to rush in for early surgery unnecessarily.
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