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Abstract
Aim: To establish superficial and deep infection rates and time to union of open tibial shaft fractures treated with primary
debridement and locked intramedullary nails.
Materials and methods: The clinical records and radiographs were retrospectively reviewed of 74 Gustilo-Anderson grades
1 to 3A open tibial shaft fractures that were treated by initial debridement and intramedullary nail fixation over a two-year period.
Sixty-three men and nine women with a mean age of 33 years (range 16–67) were followed up for a mean period of 18 months
(range 7–32).
Results: Sixteen patients (22%) sustained grade 1 injuries, 38 (51%) grade 2, and 20 (27%) had grade 3A injuries. Thirteen
patients (18.1%) were HIV positive. The mean time to surgery was 28 hours (range 8–112). The overall infection rate was
17.6%. Superficial infection developed in 10.8% and deep infection occurred in 6.8%. There was no association between time
to surgery and infection rate (p=0.878). There was no association between HIV status and infection (p=0.471). There was no
association between type of closure and sepsis (p=0.410). The mean time to union was 17 weeks (range 12–50). Five patients
(6.9%) had delayed union and one patient failed to unite without undergoing secondary procedures.
Conclusion: The management of Gustilo-Anderson grade 1 to 3A open tibial shaft fractures with primary debridement and
locked intramedullary nailing shows good short-term results with low infection and non-union rates despite delay in surgical
management or HIV infection.
Level of evidence: Level 4
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Introduction
The treatment of open tibial fractures is difﬁcult and often
controversial with no general consensus on their management.1
The subcutaneous nature of the medial border as well as the
delicate blood supply increases the vulnerability to open injuries,
deep infection, malunion and non-union.2 The complication rate
rises exponentially with high energy trauma, soft tissue disruption,
wound contamination, altered vascularity and unstable fractures.3
Several strategies have been developed to minimise these
complications and include the use of prophylactic antibiotics,
tetanus toxoid, immediate soft tissue debridement and
reconstruction, skeletal stabilisation, prophylactic bone grafting
and adjuvant treatment like rhBMP-2.4-7 The ultimate goal is to
achieve bony union, without infection, and a fully functional painfree limb.8
The management of open fractures is regarded as an
orthopaedic emergency.9 The traditional method of treating open
tibial fractures was with an external ﬁxator preferably within six
hours of injury.10,11 Monolateral external ﬁxation has been employed
to treat open tibial fractures with great success; however, not without signiﬁcant complications.12,13 Plate ﬁxation has resulted in an
unacceptable high infection rate, hence the pursuit of an alternate
modality of fracture stabilisation.14 The recent increase in the use
of circular external ﬁxators for open tibial fractures is encouraging
especially in high energy injuries but this method has to be
individualised on a patient-to-patient basis.15,16
The efﬁcacy of intramedullary nails in the acute management of
open tibial fractures is contentious.17,18 The fear of osteomyelitis
has previously precluded any form of internal ﬁxation especially in
the immune-compromised host and delays in operative
management greater than six hours.19,20 Reamed nails offer a
biological and mechanical advantage, however injurious to the
endosteal vasculature with subsequent theoretical increase in
infection and non-union.21
With the improvement in antibiotic use and surgical technique,
the use of intramedullary nails has evolved from low energy open
Gustilo grade 1 and grade 2 fractures to more severe Gustilo grade
3 injuries, with excellent long-term results.22,23 Both reamed and
unreamed nails have become the accepted standard of care in
many institutions ensuring axial alignment, early weight bearing,
bony union and early return to pre-injury function with minimal
complications.24-26
The use of locked intramedullary nails in the acute settings for
open tibial fractures has been widely reported in the international
literature.4,27,28 However, there are no universally accepted guidelines. This study aims to establish superﬁcial and deep infection
rates and time to union of open tibial shaft fractures treated with
primary debridement and locked intramedullary nails in our local
environment.

Materials and methods
We performed a retrospective review of all patients with open tibial
shaft fractures that were treated with primary debridement and
intramedullary nailing between July 2013 and June 2015 in a
single provincial hospital. Ethical approval was obtained from the
institutional ethics committee prior to embarking on the study. A
prospective database was created of all patients with tibial nails
for the speciﬁed period. Files were sourced from the medical
records department. All skeletally mature patients with open tibial
fractures which were distal to the tibial tuberosity and 5 cm
proximal to the ankle joint were included. Patients were excluded
if they were skeletally immature, had grade 3B or 3C injuries or
had an existing external ﬁxator that was exchanged to an
intramedullary nail. Only 87 patients met the inclusion criteria.
Twelve patients were eliminated from the study due to incomplete
ﬁles, poor note keeping and inadequate follow-up.
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All patients were managed according to a standard protocol.
In the emergency department patients were given a stat dose
of tetanus toxoid and a ﬁrst-generation cephalosporin. Wounds
were cleaned and dressed, and the limb splinted prior to urgent
surgical debridement. Debridement and stabilisation with a
locked intramedullary nail was performed as soon as possible.
The transpatellar tendon approach was used under guidance
of an image intensiﬁer. The injury was classiﬁed intra-operatively
according to Gustilo and Anderson. The decision to ream the
intramedullary canal was undertaken by the operating surgeon.
Wounds were either left open, apposed with nylon interrupted
sutures, closed by vacuum-assisted closure, or delayed closure
was performed. Post-operative antibiotics were individualised
based on the severity of injury and continued for a period of
24 to 72 hours. Wounds were inspected at 48 hours in the
ward and a redebridement was performed if necessary.
Physiotherapy began on the first post-operative day. Weight
bearing was allowed based on the degree of comminution
and was continued on an outpatient basis. Sutures were
removed at two weeks and wounds were cleaned and
dressed appropriately. Outpatient follow-up was scheduled at
monthly intervals until clinical and radiological union. Wounds
were inspected for signs of infection and the erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP) was
taken if there was any clinical suspicion of infection.
Infection was classiﬁed as superﬁcial or deep. Superﬁcial
infection was deﬁned as any infection of the wound or surgical
site and cellulitis. Deep infection was deﬁned as an infection
involving any tissue deep to the skin and subcutaneous tissue,
including bone, at any point in time. Resolution of infection was
evaluated clinically and radiologically as well as by monitoring
of inﬂammatory markers. Bony union was also assessed
clinically and radiologically. The ability to fully weight bear in the
absence of pain at the fracture site satisﬁed the clinical criteria.
Radiological parameters encompassed the presence of bridging
callus in a minimum of three cortices on orthogonal views. Nonunion was deﬁned as no clinical or radiological evidence of
healing after at least six months of treatment.
Statistical analysis was performed using IBM SPSS for
Windows version 22 (Armok, New York: IBM Corp). A p value of
<0.05 was considered to be statistically signiﬁcant. Categorical
variables were compared between the three grades by means of
Pearson’s chi-square tests, while ANOVA tests were used to
compare normally distributed continuous variables between the
grades. Time to surgery data were compared between the three
grades using Kaplan-Meier survival curves and log-rank tests.

Results
Seventy-ﬁve patients with 77 tibial fractures met the inclusion
criteria. Three patients were excluded from the study. One
patient relocated to another province, one patient died of causes
unrelated to the tibial fracture and one patient was imprisoned.
The ﬁnal cohort comprised of 63 men and 9 women with 74 open
tibia fractures. The mean age was 33 years (range 16–67). Mean
follow-up was 18 months (range 7–32). In total, 16 fractures (22%)
were classiﬁed as grade 1, 38 fractures (51%) as grade 2 and
20 fractures (27%) as Gustilo-Anderson grade 3A open fractures.
The fracture morphology included comminuted (41.3%), oblique
(36%), transverse (9.3%), segmental (6.7%) and spiral (6.7%)
fractures (Table I). The majority of the fractures were located in the
middle third (54.7%) of the tibial diaphysis followed by distal third
(34.7%) and proximal third (10.7%). The mechanism of injury was
motor vehicle-related accidents in the majority of the patients.
Pedestrian accidents accounted for 56% of the injuries while
13.3% were occupants of the vehicle. There were 14.7% of
patients who were assaulted and 8% with gunshot injuries.
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Table I: Different fracture pattern for all grades

Table II: Superficial and deep infection rates

Gustilo grade

Fracture
pattern

1

2

3A

Total

Transverse

12.5%

13.2%

0.0%

9.3%

Oblique

31.3%

39.5%

33.3%

Spiral

6.3%

7.9%

Segmental

0.0%

Comminuted

50.0%

Gustilo grade

Sepsis
1

2

3A

Total

Superficial

6.3%

10.5%

15.0%

10.8%

36.0%

Deep/
osteomyelitis

0.0%

7.9%

10.0%

6.8%

4.8%

6.7%

No sepsis

93.7%

81.6%

75.0%

82.4%

0.0%

23.8%

6.7%

39.4%

38.1%

41.3%

Table III: HIV status and superficial and deep infection rates
HIV status

Sepsis
Negative

Positive

Unknown

Total

Superficial

8.2%

1.3%

1.3%

10.8%

Deep/
osteomyelitis

6.8%

0.0%

0.0%

6.8%

No sepsis

49.2%

16.6%

16.6%

82.4%

80

Percent (%)

60

Gustilo Type
I
II
IIIA

40

20

0
Assault

Fall

GSW

Mva

Pva

Soccer

Mechanism

Graph 1. Mechanism of injury across all grades

Five patients sustained polytrauma (Graph 1).
Medical comorbidities were identiﬁed in eight patients; these
included diabetes, hypertension, peptic ulcer disease,
schizophrenia and a history of drug abuse. Twenty-ﬁve patients
(34.7%) were smokers. Forty-six patients (63.8%) were HIV
negative, 13 patients (18.1%) were HIV positive and 13 patients’
(18.1%) status was unknown. Of the 13 HIV-positive patients,
nine were on antiretroviral therapy and had CD4 counts ranging
from 150 to 830 cells/mm3 (mean = 434 cells/mm3). The
average time to surgery was 28 hours (range 8–112). The time
to surgery for grade 1, grade 2 and grade 3A fractures were
28 hours, 35 hours and 22 hours respectively. The mean
operating time was 78 minutes. The average length of stay in
hospital was nine days (range 4–30).
The overall infection rate was 17.6%. Superﬁcial infection
developed in 10.8% and deep infection occurred in 6.8%
(Table II). There was no association between HIV status and
infection (p=0.471). Only one HIV-positive patient developed
superﬁcial infection and there were no HIV-positive or unknown
patients with deep sepsis across all grades (Table III). Time to
surgery was compared in those patients with and without sepsis
within the different grades and overall using non-parametric
Mann-Whitney tests. There was no difference in the time to
surgery between those with and without sepsis, either within
grades or across grades. This indicated that time to surgery was
not associated with the development of sepsis (p= 0.878).
Gustilo-Anderson grade 1 injuries had an infection rate of
6.3%. There was a single patient who developed superﬁcial
wound infection that resolved following local wound care and
oral antibiotics, (ESR 15, CRP <10). No patients with grade
1 injuries developed chronic osteomyelitis or deep infection.

Gustilo-Anderson grade 2 injuries had an infection rate of
18.4%. Four patients (10.5%) developed superficial infection,
(average ESR 6, CRP <10). One patient required intravenous
antibiotics for cellulitis while local wound care and oral
antibiotics were sufficient for the remaining three patients.
Three patients (7.8%) developed deep infections, (average
ESR 43, CRP 14). Two patients had chronic draining sinuses
at the distal locking screw that resolved after screw removal
but did not necessitate nail removal. One patient developed
chronic osteomyelitis with a chronic draining sinus on the
anterior medial cortex that resolved with nail removal after
union (Figure 1). Pus swab showed no growth in all cases.
The overall infection rate in Gustilo-Anderson grade 3 injuries
was 25%. Three patients (15%) had superficial sepsis
(average ESR 23, CRP 30). One patient with cellulitis required
intravenous antibiotics while two patients were managed with
local wound care and oral antibiotics. Two patients (10%)
developed deep infection, (average ESR 82, CRP 20). One
patient had an abscess collection that underwent incision and
drainage with implant retention while the second patient
required nail removal and application of a circular external
fixator (Figure 2). Staphylococcus aureus was cultured in both
cases.
Wounds were managed by apposition with nylon interrupted
sutures in 60% of cases; left open in 29.3% of cases;
vacuum-assisted closure was used in 8% of cases and
delayed closure in 2.7% of cases. There is no association
between type of closure and sepsis (p=0.410). The trends
shown suggest that apposition with nylon was associated
with the highest deep sepsis rate (7%) followed by vacuum
assisted closure. The numbers are too small to reach any
definitive conclusion.

A

B

C

Figure 1. A patient treated with IMIL; (A) pre-operative,
(B) early post-operative, and (C and D) final radiograph
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E

Table IV: Time to union for all grades

Time to
union
(weeks)

Figure 2. AP radiographs of grade 3A tibial fracture
(A) treated with an intramedullary nail (B). Intramedullary nail was
removed and a circular frame applied (C). AP and lateral showing
valgus malunion after 1 year (D, E).
A

B

C

1

2

3A

Total

Median

15.5

17.3

17.8

17.0

25th percentile

14.8

16.0

14.8

15.0

75th percentile

17.3

20.0

20.0

19.8

Minimum

13.5

14.0

12.0

12.0

Maximum

20.0

24.0

50.0

50.0

1.0

D

A

B

C

Cumulative probability of non-union

0.8

Figure 3. AP radiographs of a grade 2 fracture (A), treated with locked
intramedullary nail (B). AP and lateral 17 weeks after the nail (C and D)

Gustilo grade

Gustilo Type
I
II
IIIA

0.6

0.4

0.2

D
0.0
0

10.0

20.0

30.0

40.0

50.0

time to union (weeks)

Figure 5. Kaplan-Meier survival curve for time to union

All 16 patients in grade 1 had reamed nails while 20 in grade
2 (52.6%) and 13 in grade 3A (56.3%) had reamed nails. There
was no statistically signiﬁcant difference in mean time to union
between those with and without reaming in group 2 (p=0.696)
and in group 3A (p=0.643).
Figure 4. AP radiographs of a grade 3A segmental fracture (A),
treated with a locked intramedullary nail (B). AP and lateral showing
united fracture (C and D).

The average time to union was 15.5 weeks in the grade 1,
17.3 weeks in the grade 2 (Figure 3), and 17.8 weeks in grade
3A fractures (Figure 4). The mean time to union for all grades was
17 weeks (range 12–50) (Table IV). Three patients had delayed
union but united with full weight bearing. Two patients required
dynamisation before union could be achieved. There was a
statistically signiﬁcant difference in time to union between the grades
(p=0.019). The survival curve shows that grade 1 required the
shortest time to union while grade 2 and 3A required longer time
on average (Figure 5). There was no difference (p=0.410) in time to
union between grade 2 and 3A injuries. One patient who sustained
a grade 3A injury developed a septic non-union and united by
50 weeks after nail removal, debridement, bone grafting and
application of a circular ﬁxator with ﬁbular osteotomy (Figure 2).

Discussion
The treatment of open tibial fractures is complex and successful
outcomes are dependent on multiple variables.17 The long-term
complications include non-union, chronic osteomyelitis and
amputation. Despite multiple publications the optimal
management of these injuries is still unclear. The circular external
ﬁxator has been shown to be an effective option; however, longterm studies are required. The successful treatment of open tibial
fractures with intramedullary nailing has been well documented
but few studies have been published on this topic in sub-Saharan
Africa. This study reports the outcomes of our local experience of
open tibial fractures in the acute setting, in our unique patient
population with a high prevalence of HIV, and with limited theatre
availability and resources.
Infection rates are directly proportional to the severity of injury
as deﬁned by the Gustilo-Anderson classiﬁcation as well as the
host comorbidities.29-31 Superﬁcial infection usually resolves with
minimal intervention; however, deep infection warrants multiple
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additional surgical procedures and often results in signiﬁcant
morbidity.32 Multiple studies reported infection rates following
intramedullary nailing of open tibial fractures. Court Brown
reported infection rates ranging from 1.8% to 12.5%.20 Yokoyama
et al., Agrawal et al. and Joshi et al. reported deep infection rates
of 6.1%, 10% and 10.1% respectively.33-35 The results in this study
show a superﬁcial infection rate of 10.8% and a deep infection of
6.8%, and are comparable to international literature.
The current management trend for Gustilo grade 1, 2, and 3A
open fractures of the tibia is to perform a reamed or unreamed
intramedullary nail ideally within six to eight hours of injury.36
However, the traditional ‘six hour rule’ has been challenged in
recent literature.11,37 Originally described by Friedrich in 1898,
multiple studies have shown that this narrow time window should
not be followed rigidly.38,39 In our local hospitals, the demand for
emergency theatre time does not permit surgery in the ﬁrst six
hours due to the high trauma burden and relative staff shortages.
The mean time to surgery was 28 hours with 42 patients being
operated after 24 hours. Although we still advocate surgical
debridement and stabilisation as soon as possible, this delay was
not associated with the development of infection.
The optimal management of open fractures in HIV-positive
patients is controversial. Harrison et al. attributed HIV as
possibly the cause for sepsis and delayed union in his series of
27 patients and advocated the use of an external ﬁxator over
an intramedullary device.20 In direct contrast, Aird et al. reported
that HIV-positive patients with open tibial fractures can be
managed with both internal and external ﬁxation methods but
cautioned against a certain subgroup in grade 1 injuries with
advanced HIV infection.40 Howard et al. concluded that HIVpositive patients with a CD4 count >350 cells/mm are not at
risk of early wound sepsis when compared to HIV-negative
patients.41 Much of the recent literature denies the relationship
between HIV and early wound sepsis in open tibial fractures
treated by internal ﬁxation methods but the long-term implant
sepsis rates are largely unknown. Phaff et al. showed in a long
follow-up that averaged 39 months that HIV-positive patients
are not associated with late implant sepsis and routine removal
should be avoided.42 The current study showed no association
between HIV status and infection (p=0.471) but was underpowered to draw strong conclusions.
Emphasis has been placed on the soft tissue management
in open tibial fractures in the recent literature.43-45 Evidence
suggests that nosocomial infections are the cause of
osteomyelitis rather than the index traumatic event.46 Open
fractures were traditionally left open so as to allow for wound
drainage and inspection, and primary wound closure was
forbidden due to the fear of osteomyelitis.47 This practice has
been challenged due to the recent advances in systemic
antibiotic use, local antibiotic beads, the so-called ‘fix and
flap’ technique, negative pressure wound care and more
effective methods of fracture stabilisation.48,49 In this study
there is no association between type of closure and infection
yet apposition with nylon interrupted sutures was associated
with the highest deep infection rates. Rajasekaran et al.
closed wounds primarily in high energy open tibial fractures
with 86.7% excellent results.43 Weitz-Marshall et al. condone
primary wound closure provided an adequate surgical
debridement and stabilisation is performed.44 Hohmann et al.
reported low infection rates with primary wound closure in low
energy open tibial fractures in selected cases.45
One of the primary goals in the management of open tibial
fractures is to achieve bony union. This is dependent on
multiple host, injury and surgical factors, and the presence or
absence of infection. Drosos et al. identified fracture gap,
comminution, screw failure and dynamisation as potential risk
factors for non-union in tibial fractures treated with
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intramedullary nails.50 Adams et al. reported an increase in
soft tissue complications and non-union in patients who
smoke with open tibial fractures.51 Joshi et al. Agrawal et al.
and Bali et al. reported union times that ranged from
20.7 weeks to 32 weeks.34,35,39 Average time to union in our
study was 17 weeks (range 12–50). Three patients had
delayed union but required only full weight bearing to achieve
union and two patients required dynamisation before union.
Kakar et al. reported 32 patients with delayed union, of which
16 patients required additional surgical procedures to achieve
union.52 In this study one patient who sustained a grade
3A injury developed a septic non-union and eventually united
by 50 weeks after secondary procedures.
Convincing biological and mechanical advantages exist for
both reamed and unreamed intramedullary nails in the
management of tibial fractures.21 The benefits in open
fractures is still uncertain.28 Reaming strips the endosteal
blood supply and affects the cortical perfusion which
contributes to the vascular insult in open fractures.53 There is
concern that reaming open fractures may increase the risk of
infection by spreading contamination in the medullary canal
and osteocyte death by thermal necrosis.21 However
proponents of reaming suggests that seeding of bone graft
throughout the medullary canal accelerates union rates by
enhancing the biological milieu that is conducive to fracture
healing.54 Reamed nailing allows the use of larger diameter
nail and increases the intimacy between the nail-cortex
interface, therefore enhancing the biomechanical stability.
Finkemeier et al. and Ziran et al. compared reamed and
unreamed nails in open tibial fractures and found no
significant differences between the two with regard to
union.22,55 Keating et al. found similar results between the two
methods but found more metalware complications in the
unreamed group.56 Two meta-analyses on the use of reamed
or unreamed nails have demonstrated no superiority of either
modality.4,27 This study has shown a mean time to union of
17 weeks in the reamed group and 18 weeks in the unreamed
group. There was no statistically significant difference in time
to union between the groups. Equivocal results in the literature
on infection rates and reaming suggest that different variables
other than reaming influence the outcomes.22 We were unable
to demonstrate the relationship, if any, between reaming of
the intramedullary canal and the development of superficial
and deep infection.
There are numerous limitations to this study including a
retrospective review, small sample size and lack of a control
group. We are unable to draw definitive conclusions regarding
the effect of HIV status on infection following open tibial
fractures.

Conclusion
This study demonstrates that grade 1, 2 and 3A open tibial shaft
fractures can be treated with primary debridement and locked
reamed or unreamed intramedullary nailing with good shortterm results, low infection and non-union rates. This was shown
in patients with delayed presentation or a delay in operative
intervention and HIV-positive patients.
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