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We performed a retrospective review of the case
notes of 84 consecutive patients who had

suffered a severe (Gustilo IIIb or IIIc) open fracture
of the tibia after blunt trauma between 1990 and
1998. All had been treated by a radical protocol which
included early soft-tissue cover with a muscle flap by
a combined orthopaedic and plastic surgery service.
Our ideal management is a radical debridement of the
wound outside the zone of injury, skeletal stabilisation
and early soft-tissue cover with a vascularised muscle
flap. All patients were followed clinically and
radiologically to union or for one year.

After exclusion of four patients (one unrelated death
and three patients lost to follow-up), we reviewed 80
patients with 84 fractures. There were 67 men and 13
women with a mean age of 37 years (3 to 89). Five
injuries were grade IIIc and 79 grade IIIb; 12 were
site 41, 43 were site 42 and 29 were site 43.
Debridement and stabilisation of the fracture were
invariably performed immediately. In 33 cases the
soft-tissue reconstruction was also completed in a
single stage, while in a further 30 it was achieved
within 72 hours. In the remaining 21 there was a
delay beyond 72 hours, often for critical reasons
unrelated to the limb injury. All grade-IIIc injuries
underwent immediate vascular reconstruction, with an
immediate cover by a flap in two. All were salvaged.
There were four amputations, one early, one mid-term
and two late, giving a final rate of limb salvage of
95%. Overall, nine pedicled and 75 free muscle flaps
were used; the rate of flap failure was 3.5%.
Stabilisation of the fracture was achieved with 19

external and 65 internal fixation devices (nails or
plates). Three patients had significant segmental
defects and required bone-transport procedures to
achieve bony union. Of the rest, 51 fractures (66%)
progressed to primary bony union while 26 (34%)
required a bone-stimulating procedure to achieve this
outcome. Overall, there was a rate of superficial
infection of the skin graft of 6%, of deep infection at
the site of the fracture of 9.5%, and of serious
pin-track infection of 37% in the external fixator
group. At final review all patients were walking freely
on united fractures with no evidence of infection.

The treatment of these very severe injuries by an
aggressive combined orthopaedic and plastic surgical
approach provides good results; immediate internal
fixation and healthy soft-tissue cover with a muscle
flap is safe. Indeed, delay in cover (>72 hours) was
associated with most of the problems. External
fixation was associated with practical difficulties for
the plastic surgeons, a number of chronic pin-track
infections and our only cases of malunion. We prefer
to use internal fixation. We recommend primary
referral to a specialist centre whenever possible. If
local factors prevent this we suggest that after
discussion with the relevant centre, initial debridement
and bridging external fixation, followed by transfer, is
the safest procedure.
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An open fracture is contaminated, and usually results from a
high-energy injury, which may threaten the limb and occasion-
ally life.1,2 The question of amputation or salvage for the more
severe injuries still generates heated debate.3-5 While limb
salvage is the initial aim, medium- and long-term problems
with soft-tissue cover, infection and union are all too common
and result in serious disability.1,2,6-10 The unique anatomy of
the tibia with its associated soft tissues and their vulnerability
to severe injury produces most of these problems.11,12 Most
orthopaedic surgeons work outside a referral centre and
although called on to manage these injuries, with subsequent
referral to a department of plastic surgery for delayed soft-
tissue reconstruction, individually they usually have limited
personal experience of the more serious injuries.13



Primary collaboration by orthopaedic and plastic (micro-
vascular) surgeons in a central unit has many potential
advantages and has been widely recommended.14-21 Unfor-
tunately, in practice, this facility is often unavailable. We are
fortunate to work in a hospital in which close co-operative
management of these injuries has been practised for some
years and there is an established regional referral system.
This has given us considerable experience of these difficult
problems and the opportunity to document the results.

The established management of severe open fractures is
based on a philosophy of initial wound debridement and
lavage, stabilisation of the fracture and delayed wound
closure.13 Debridement may need repeating because of the
difficulty of assessing tissue viability. The bone is usually
stabilised with an external fixator because of concerns
regarding the implantation of metal into a contaminated
field. Soft-tissue cover is delayed to allow for wound
swelling and facilitates a second-look procedure to reassess
tissue viability. Although widely accepted, this treatment
has been challenged, as repeated debridement and delayed
closure may lead to additional tissue loss because of desic-
cation and infection.14,15,21,22

The orthopaedic management of this injury has changed
considerably in recent years. While there remain enthu-
siasts for external fixation,20 the use of larger hollow nails
inserted after reaming and thinner solid unreamed nails has
also become more popular, and each has their advo-
cates.23,24 While there has been a progressive change from
external to internal fixation as experience has increased,
most reports of internal fixation or primary nailing describe
the technique in grade-I to grade-IIIa fractures and very
few grade-IIIb injuries are included.25,26

Plastic surgery has progressed from the difficulties of the
tubed pedicle to modern microvascular techniques for free-
tissue transfer, as initially championed by Godina.27 This
has revolutionised the potential for reconstruction. Use of a
vascularised muscle flap rapidly and reliably converts the
severe open fracture from an open to a closed injury in a
single stage. This facilitates the use of any appropriate
implant for skeletal stabilisation. Using these techniques,
our group has developed a protocol of immediate radical
debridement by an experienced multidisciplinary team. The
fracture is stabilised by the implant most suited to the local
anatomy, with early, preferably immediate, soft-tissue
reconstruction with a muscle flap, subsequently covered by
a split-skin graft. We have been encouraged by the results
of this technique and now present our experience with
open, grade-IIIb and grade-IIIc fractures of the tibia.

Patients and Methods

We retrospectively reviewed the records of 84 patients who
had been seen primarily or referred to our department
between 1990 and 1998 with an open fracture of the tibia
graded OIIIb or OIIIc. Three patients had left our region or
consistently failed to attend follow-up and were excluded

from analysis, as was an elderly patient who died from
unrelated causes before her fracture united. The remaining
80 patients (84 fractures) had received successful recon-
struction of their soft tissue by a muscle flap and had
progress to bone union or amputation. All had been jointly
managed by our orthopaedic and plastic surgical services.
Some had initial or later management outside our unit.
Protocol. Ideally, we treated a grade-IIIb injury by
immediate radical wound debridement outside the zone of
injury with profuse lavage, skeletal stabilisation by the
implant appropriate to the anatomy of the fracture (using
biological AO techniques), and immediate, definitive soft-
tissue cover with a vascularised muscle flap with a split-
skin graft. The choice between a pedicle and a free muscle
flap depends on the anatomy of the injury to the soft tissue.
In a grade-IIIc injury vascular reconstruction took priority
but otherwise the protocol was the same. If immediate
reconstruction of soft tissue was impractical our aim was to
obtain soft-tissue cover within 72 hours of the accident.

The routine postoperative rehabilitation included initial
support with a plaster slab until soft-tissue stability allowed
fitting of a bivalved, below-knee, light-weight cast. The
patients were allowed to move their joints out of the cast
but weight-bearing was supported by it until early bony
stability was obtained. In all cases at least toe-touch contact
was encouraged, with the importance of weight-bearing
emphasised and increased as soon as possible. Mobilisation
was only limited if prevented by additional injuries.

Antibiotics (cefuroxime and metronidazole) were pre-
scribed for the first five days. Subsequent antibiotics were
given according to the indications from cultures from
swabs usually from the areas of superficial skin graft. All
the patients were followed up until union of the fracture
(defined as full weight-bearing without pain and radio-
logical callus in two planes at right angles to each other) or
for a minimum of one year. Secondary bone-stimulating
procedures were performed early whenever problems of
union were considered likely as judged by the condition of
the bone at the initial surgery. These included exchange
nailing, autogenous bone grafting and transport techniques.
No allograft was used.

Before December 1992 a more conservative policy, with
external fixation, some repeated debridements and often
delayed flap cover, was employed. After December 1992 a
more aggressive approach was introduced, with immediate
bony stabilisation and flap cover. Our earlier patients, those
referred for reconstruction after a primary procedure else-
where (and often followed up elsewhere), and our own
patients whose management deviated from our ideal proto-
col, were also included in the study, to allow comparison of
the results.

Results

We reviewed 80 patients with 84 severe open fractures (79
IIIb (94%) and 5 IIIc (6%)). All had been followed up to
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the end of their clinical course, amputation, union or death
for a minimum of one year. There were 67 men (80%) and
13 women (15%) with a mean age of 37 years (3 to 89).
Table I gives the basic data, including age, open classifica-
tion,2 AO fracture classification, method of stabilisation,
type of flap, timing of surgery and the results. The fractures
included 12 site-41, 43 site-42 and 29 site-43 injuries as
shown in Table II. The timings of the various procedures
are shown in Table III. Analysis of the results by the
method of fixation is summarised in Tables IV and V and
with regard to the timing of the soft-tissue cover in Tables
VI and VII.
Limb salvage. All patients with grade-IIIc injuries had
immediate vascular reconstruction. In two the flap was
incorporated into the same operation, with vascular anasto-
mosis, while in the other three the soft-tissue cover was
completed at a further procedure within 72 hours. All were
saved and united with excellent function. Two were chil-
dren, and at the last review both had functioning epiphyseal
plates in the injured tibia.

There were four amputations. One followed the failure of
a primary flap in an elderly patient with arterial disease and
one after a serious acute infection in a farmyard injury
associated with a defect of the distal femur; both patients
had early amputations. Two further patients elected to have
amputations over a year after injury, but both decisions
were made outside our unit. All other patients had good
functional outcomes, walking freely on united fractures,
with no evidence of infection at final follow-up. The salva-
ge rate of the functional limb was 95%.
Soft-tissue reconstruction. Soft-tissue cover was achieved
with nine pedicle flaps (seven gastrocnemius and two sol-
eus) and 75 free muscle-flap procedures (58 latissimus
dorsi, seven gracilis and ten rectus abdominis)

On four occasions a combination of flaps (three gastroc-
nemius + latissimus dorsi and one serratus anterior + lat-
issimus dorsi) were used to cover extensive defects. On 33
occasions (39%) a single acute procedure was performed. In
a further 20 (24%) the soft-tissue cover was completed
within two days, and in ten (12%) within three days. There-
fore soft-tissue cover was established within 72 hours in 75%
of patients and in a further 13 within a week. In eight
patients it was delayed by over one week, with a maximum
of 20 days, because of clinical circumstances independent of
the leg injury. Three of 84 flaps failed (3.5%). One elderly
patient with arterial disease required amputation and two
others were rescued with a second free tissue flap.
Bony stabilisation and healing. Nineteen patients had
stabilisation of the fracture with external fixation and 65
with an internal device (28 AO unreamed tibial nails, three
reamed tibial nails, 34 with plates and screws). After
exclusion of the four limbs which were amputated, 76
patients with 80 fractures were available for analysis of the
long-term results. All the fractures had united. Detailed
results according to the fixation device employed are shown
in Tables IV and V.

Internal fixation group. After exclusion of the four with
amputations, 58 patients with 61 fractures were available
for follow-up. Two, who had primary nailing, had segmen-
tal defects requiring bone transport over the nail. Both
united. All the remaining 59 fractures united at a mean of
25 weeks. While 40 (66%) united primarily, 19 (33%)
required a bone-stimulating procedure (17 autogenous bone
grafts and two exchange tibial nails) to obtain union. Most
of these bone-stimulating procedures were performed early
when problems with union were anticipated. In two patients
it was delayed because of other problems until 15 months
(united three months later) and 18 months (united six
months later). Bone grafts were also applied early for
partial circumferential defects and in one case used suc-
cessfully to bridge a 9 cm tibial defect.
External fixation group. Nineteen patients were available
for analysis. One had a segmental defect requiring transport
which subsequently united (noted below). One elderly man
developed a hypertrophic nonunion, which was painless,
such that he was able to mobilise in a brace. He elected not
to have a bone graft and eventually his fracture united
while braced approximately four years after injury. All of
the other 17 patients had union of their fractures in a mean
time of 30 weeks. Secondary bone-stimulating procedures
were performed in seven patients: five had autogenous bone
graft alone, one a graft with plating and one exchanged to
a reamed nail. In addition, there were four cases of mal-
union, with an angular deformity >10°, two of which
required corrective osteotomies.
Bone-transport group. Three patients had a bone-trans-
port procedure performed for extensive segmental defects,
one after primary external fixation and two after initial
unreamed nailing. Transport frames were fitted after stabil-
ity of soft tissue had been obtained. All defects had healed
at the final follow-up. Bone transport in the presence of the
muscle flap or of unreamed nails did not produce additional
problems.
Infection. The rate of superficial infection was 6% (5/84
fractures); these problems resolved with antibiotics and
local care of the skin graft. The rate of deep bony infection
at the site of initial fracture site was 9.5% (8/84). The
number in each implant group was too small to identify a
significant difference, but the rate seemed higher when the
flap was applied later. The best results were with the single-
stage procedure with internal fixation in which the only
deep infection (3%) was in an elderly diabetic with a severe
open pilon fracture. In the late flap group the rate of deep
bony infection was 19% (4/21).

In the external fixator group pin-track infection occurred
in ten out of 19 (53%); seven (37%) became chronic. In the
nailing group the most severe deep infection was associated
with an inadequate, initial bony debridement and a late flap.
The addition of an Ilizarov ring fixator to provide addi-
tional stability to the proximal element of a complex 41-42
segmental fracture in one patient led to deep infection after
unsatisfactory primary stabilisation with an unreamed nail.
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Table I.  Details of the 84 patients with open fracture of the tibia

Injury Flap
Age Gustilo severity OTA/AO timing Secondary Union
(yr) classification score classification Fixation* Flap† (hr) procedures‡ (wk)

27 IIIb 18 42.C3.3 UTN LD 48 Amputation -

29 IIIb 9 42.B1.3 UTN LD 48 30

32 IIIb 9 43.C1.1 ORIF GRA 48 50

52 IIIc 9 43.A1.3 ORIF LD 24 Bone graft 7 wks 18

41 IIIb 10 42.A3.3 ORIF LD 24 Bone graft 5 wks 38

41 IIIb 10 41.B2.3 EF GAS 24 25

60 IIIb 9 42.B3.2 UTN LD 24 28

71 IIIb 13 43.C2.2 ORIF RA 48 30

42 IIIb 4 43.C1.2 ORIF LD 24 12

32 IIIb 34 41.B3.1 ORIF LD 72 Amputation -

89 IIIb 9 43.B2.3 UTN LD 5 days Amputation -

24 IIIb 9 43.B3.2 ORIF LD 48 Bone graft 6 wks 50

25 IIIb 10 42.B2.3 RTN LD 5 days 28

30 IIIb 9 42.B1.2 UTN LD 48 21

3 IIIc 25 42.A1.1 ORIF LD 48 14

26 IIIb 9 43.B2.3 UTN LD 5 days 36

18 IIIb 9 42.A3.3 UTN LD 72 42

37 IIIb 13 42.C1.2 ORIF LD 24 25

59 IIIb 9 43.C3.3 ORIF LD 5 days Bone graft 16 wks 44

49 IIIb 9 41.B3.1 ORIF LD 72 32

61 IIIb 9 43.C1.1 ORIF LD 6 days 32

54 IIIb 29 42.B1.3 UTN LD 6 days Bone graft 6 wks 27

22 IIIb 9 42.A1.2 RTN SOL 24 16

60 IIIb 10 42.C2.1 UTN RA 72 30

27 IIIb 10 43.B2.2 ORIF LD 24 14

22 IIIb 9 43.C1.1 UTN LD 13 days 20

28 IIIb 14 43.B3.2 UTN LD 24 26

31 IIIb 9 43.B1.3 UTN LD 48 22

20 IIIb 9 42.C2.1 UTN LD 24 Bone graft 17 wks 45

25 IIIb 9 43.B2.2 ORIF LD 24 30

33 IIIb 9 42.B3.3 ORIF LD 24 Bone graft 6 wks 24

11 IIIb 41 43.A3.2 ORIF RA 24 26

67 IIIb 9 43.C3.1 ORIF GRA 48 Bone graft 2 wks 52

65 IIIb 10 43.C3.2 ORIF LD/RA 16 days 13

30 IIIb 13 42.B2.3 UTN RA 6 days 35

45 IIIb 10 41.B3.3 ORIF LD 48 8

30 IIIb 4 43.C1.1 ORIF LD 48 19

28 IIIb 9 42.A3.3 UTN GRA 72 19

12 IIIc 9 43.C3.2 ORIF LD 24 Bone graft 64 wks 78

56 IIIb 10 43.B2.2 UTN LD 24 Bone graft 9 wks 50

64 IIIb 9 43.C3.2 ORIF LD 18 days Amputation -

43 IIIb 13 43.C2.3 ORIF GRA 6 days Bone graft + plate 34

79 IIIb 9 43.B2.1 ORIF LD 16 days 32

22 IIIb 9 42.C3.2 UTN LD+GAS 7 days Bone graft 10 wks 25

26 IIIb 10 42.A1.2 ORIF LD 48 Bone graft + flap 12

26 IIIb 10 42.A1.2 ORIF LD 48 Bone graft + flap 36

48 IIIb 9 42.A2.1 UTN LD 24 24

23 IIIb 9 42.A1.2 UTN RA 24 20
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Table I (cont’d).  Details of the 84 patients with open fracture of the tibia

Injury Flap
Age Gustilo severity OTA/AO timing Secondary Union
(yr) classification score classification Fixation* Flap† (hr) procedures‡ (wk)

58 IIIb 26 42.A2.1 UTN LD 24 Bone graft + flap 28

21 IIIb 26 42.B1.2 UTN GRA 48 52

14 IIIb 9 41.A2.2 ORIF SOL 24 10

14 IIIb 9 42.A2.2 ORIF LD 48 10

27 IIIb 9 41.B2.2 UTN GAS 36 Suppl. Ilizarov 66

27 IIIb 9 42.C2.3 UTN LD+SA 36 Ex. RTN 40 weeks 66

28 IIIb 25 42.C2.3 RTN LD 17 days 36

62 IIIb 22 41.B1.1 ORIF GAS 4 days 37

51 IIIb 13 41.B2.3 ORIF LD 24 Bone graft + plate 20

16 IIIb 26 42.B2.1 UTN LD 24 Ex. RTN 21 weeks 50

8 IIIb 9 42.B2.2 ORIF RA 24 8

32 IIIb 4 43.C1.2 ORIF LD 24 13

83 IIIb 9 42.B1.2 ORIF GRA 48 28

19 IIIb 50 42.A2.3 UTN GAS 72 28

27 IIIb 14 42.B3.3 UTN LD 24 48

36 IIIb 9 43.C2.2 ORIF RA 48 Bone graft 76 wks 100

71 IIIb 9 41.C3.1 EF GAS 72 Shortening + flap 53

10 IIIb 10 42.A1.2 EF RA 24 12

50 IIIb 9 41.C2.1 EF LD+GAS 24 34

42 IIIc 9 41.B2.2 EF GAS 24 78

50 IIIc 18 43.C1.3 EF LD 72 Ex. RTN 62 weeks 80

16 IIIb 9 42.B2.3 EF LD 48 48

38 IIIb 13 42.C2.3 EF LD 4 days Bone graft 19 wks 88

71 IIIb 9 42.B2.1 EF LD 72 4 years

28 IIIb 9 42.B2.1 EF LD 7 days 10

33 IIIb 9 43.C3.3 EF LD 15 days Bone graft + plate 56

67 IIIb 27 42.C3.1 EF LD 24 11

9 IIIb 9 42.A3.3 EF GRA 7 days 12

23 IIIb 9 42.B2.3 EF RA 72 Bone graft 18 wks 56

29 IIIb 9 43.B3.2 EF LD 24 Bone graft 21 wks 72

18 IIIb 9 43.A1.2 EF LD 24 Bone graft 20 wks 104

6 IIIb 9 42.A3.1 EF LD 24 12

30 IIIb 9 42.C3.1 EF LD/RA 9 days Bone graft + flap 112

54 IIIb 9 41.C3.2 EF GAS 20 days UTN + Ilizarov BT 78

36 IIIb 9 42.C3.1 UTN RA 24 Ilizarov BT 70

38 IIIb 9 42.C3.2 UTN LD+GAS 24 Ilizarov BT 61

* ORIF, plating; UTN, unreamed tibial nail; RTN, reamed tibial nail; EF, external fixation
† GAS, gastrocnemius; SOL, soleus; GRA, gracilis; LD, latissimus dorsi; RA, rectus abdominis; SA, serratus anterior
‡ Ex., exchange nailing; BT, bone transport; Suppl., supplementary

Table II.  Summary data of fracture anatomy and initial treatment

OTA/AO classification Total Nails Plates External fixator Free flap Pedicle flap

41 (proximal metaphysis) 12 1* 6 6* 5† 8†

42 (diaphysis) 43 24 9 10 42† 4†

43 (distal metaphysis) 29 6 19 4 29 0

* nail + supplementary external fixator for one segmental OTA 41 + 42 injury
† three patients had combination free + pedicle flap and one patient had two free flaps for extensive defects



While the diaphyseal fractures healed without complica-
tions, one severe pin-track infection required surgical treat-
ment and delayed recovery. The contralateral grade-IIIb
fracture was treated by nailing alone with free flap cover
and healed uneventfully.

There were no deep infections in the grade-IIIc
fractures.

Discussion

Our results show that this aggressive management of the
severe open fracture of the tibia was effective. We accept
that this approach is radical, and that it has been claimed
that immediate soft-tissue cover is not safe.2,28-30 However,
analysis of our cases shows excellent union and low rates
of infection, supporting the concept that delay is not neces-
sary if healthy soft tissue can be imported reliably into the
zone of injury. It should be emphasised that in previous
reports ‘early soft-tissue cover’ usually means within 72
hours.27 Many of our cases were completed as a single
primary procedure; only Hertel et al21 have presented a
comparable, but smaller, series. Most of our problems were
associated with deviations from this protocol, particularly
because of delay in soft-tissue cover and the use of external
fixation devices.
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Table III.  Details of the timing of treatment

Days Weeks

1 2 to 3 4 to 7 2 3 4 to 5 6 to 10 11 to 15 >15

Bone stabilisation 83 0 1 0 0 0 0 0 0

Flaps 33 30 13 3 6 0 0 0 0

Bone stimulation 3 2 0 2 0 1 6 0 12*

* two patients had bone grafting after one year -- both initial ORIF (plating)

Table IV.  Details of the results according to the fixation device used

Union time
Fixation device Number Amputation (wk)*

Nail 31 (2 RTN) 2 (1 early, 1 late) 29 (7)

Plates 34 2 (1 mid, 1 late) 22 (12)

External fixator 19 - 30*†  (7)

* (number stimulated)
† four malunion >10° in external fixator group; two corrective osteotomies

Table V.  Details of infections according to the fixation device used

Acute Chronic Pin site

Fixation device Skin graft Fracture site Skin graft Fracture site Minor Chronic

Nails 2 0 0 1* 0 0

Plates 2 2† 0 3‡ 0 0

External fixator 1 0 0 2 3 7

* late flap
† one farmyard accident and one late flap
‡ one diabetic and two late flaps

Table VI.  Details of the results related to the timing of soft-tissue cover

Time to union (wk)*Timing of Skin Deep
cover (hr) Number Amputation Internal fixation External fixation infection infection

Immediate (<24) 33 0 28 (9) 44 (2) 2 (6%) 1 (3%)†

Early (<72) 30 2 36 (6) 60 (2) 4 (13%) 3 (10%)‡

Late (>72) 21 2 31 (4) 56 (3) 7 (33%) 6 (30%)

* (Number stimulated)
† patient with external fixation
‡ one severe farm accident; one diabetic; one external fixator

Table VII.  Details of infections related to the timing of the soft-tissue cover

Acute ChronicTiming of cover
(hr) Skin graft Fracture site Skin graft Fracture site

<24 1 0 0 1*

24 to 72 1 1† 0 2‡

>72 3 1 0 3

* external fixation
† farmyard accident
‡ one external fixation



In the late group delay was associated with difficult
clinical problems. This included some patients with serious
associated injuries which delayed treatment and increased
the risk of infection. Late referral because of personal
clinical practices also contributed to this group, but even
these results were acceptable.

We have noted some problems with external fixators.
Those at the pin site are predictable, but some of these
patients developed deep infection. This should be con-
sidered together with the other well-recognised disadvan-
tages of external fixation, including poor access for
soft-tissue reconstruction, delayed union, nonunion and
malunion. It could be argued that there may have been
some clinical selection of these cases, delaying or using an
external fixator only in the more difficult. On review, this
was not the case. The external fixators were applied for
specific reasons to do with bone rather than soft tissue. We
now only use an external fixation device as an occasional
temporary splint (bridging frame), as an alternative to
plating in the presence of open epiphyseal plates when a
juxta-articular fracture is so close to the joint that a fine-
wire fixator is the only device which will provide bony
stability, or as a device for bone transport.

In this series a solid nail (AO-UTN) inserted by an
unreamed technique was used for most of our nailed cases.
It was chosen to avoid the potential dead space in a hollow
nail and inserted without reaming to allow maximum
preservation of the endosteal circulation in order to resist
infection and improve the contribution of the bony frag-
ments to union.24,31 In our study, the rate of infection in the
nailed cases was only 3%, and 74% united without a
secondary procedure. These results compare well with
other reviews of open fractures, especially as in these,
lower grades of open fractures predominate,23,25,31,32

emphasising the effectiveness of this implant in the more
critical situation. The use of external fixators was asso-
ciated with a higher incidence of problems with pin-site
infection, increased time to bony union, malunion, and
practical problems of access for the microvascular surgery
and skin grafting. We note that similar incidences of these
difficulties have been reported by others.6,7,9,10

In common with Hansen,30 we consider that our aims are
sequential namely to achieve limb salvage by the healing of
soft tissues without infection, followed by early bony
union. It is fortunate that the initial implant used to produce
skeletal stability in order to resist infection was also effec-
tive in obtaining bony union in so many cases. Overall, the
primary rate of union was 67% in the surviving limbs,
excluding amputations and patients who required bone
transport. This indicates that the longer-term aim of bone
healing was often addressed satisfactorily with the primary
bony procedure.

The prevention of infection depends on several factors.
We believe that our low rate of infection is associated with
the adequacy of the debridement, skeletal stabilisation33

and the subsequent obliteration of the dead space by a

healthy, well-vascularised and conforming muscle flap.34,35

This also produces early soft-tissue cover. We consistently
see cases referred after inadequate initial debridement else-
where. This may be related to the inherent delay, and may
indicate additional tissue death by desiccation before our
procedure. It may also reflect the experience of the surgeon
undertaking the primary treatment who does not perform an
appropriate procedure. We believe that the ability to deb-
ride the wound thoroughly depends on the surgeon’s con-
fidence that the resulting defect can be reliably filled with
healthy tissue within a short period. This depends on the
experience of the whole team and the close working rela-
tionship between the orthopaedic and microvascular sur-
geons. The choice of technique for stabilisation of the
fracture is facilitated by faith in the soft-tissue cover. This
is illustrated by the low rate of complications seen when we
used internal fixation (9%). Most of these infections had
significant predisposing factors, especially delay in flap
cover. We continue to select the best implant for the bony
injury, as if it were a closed fracture.

Overall, these results show that in grade-IIIb and grade-
IIIc open fractures of the tibia, modern techniques of
management combining the skills of experienced ortho-
paedic and plastic surgeons can consistently restore excel-
lent limb function in a very high proportion of patients. In
some of the most severely injured limbs, salvage is possible
and a useful functional limb can be obtained. It is important
to understand what is possible when assessing such an
injury, and it is critical to consider where the skills required
are available. We believe that a regional referral system for
these injuries is essential. Decisions on management should
be made with knowledge of local facilities and personal
experience, together with the potential treatment available
in the most experienced centres. Outside the specialist unit
and in more isolated geographical areas if primary transfer
is not possible, we strongly recommend emergency lavage
and debridement of the wound, temporary bridging, extern-
al fixation and emergency transfer after consultation with
the appropriate referral centre.

We would like to acknowledge all of the staff of the Departments of
Trauma and Orthopaedics and of Plastic and Reconstructive surgery at St
James’s University Hospital whose combined efforts we represent.
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