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Abstract.

Background: Open tibial fractures are mostly the result of high-energy traumas and often involve severe injuries
with extensive bone and soft tissue loss, damage of muscles and neurovascular structures. Over recent years,
the growth of Ortho-Plastic teams, as a well-coordinated bone, joint and soft tissue treatment, contributed to
change the approach to these fractures and to achieve higher successful results in lower limb salvage. Unfortu-
nately, many hospitals cannot benefit of a combined team in emergency, and the orthopedic surgeon is forced
to manage personally these kinds of traumas. Mezhods: We retrospectively reviewed all the open tibial fractures
treated at our Orthopaedic Department over the last 10 years, in order to assess the treatments performed
(one-stage fixation with Intramedullary Nailing or Open Reduction Internal Fixation — ORIF, versus two/
multiple-stage fixation with temporary External Fixation followed by nailing or ORIF) and the differences in
the outcome between the different methods. Purpose: Based on our experience and review of the literature, the
purpose of this paper is to define what cases can be managed by a single-stage orthopaedic approach, and when
the orthopaedist should lay down his arms in favor of other specialties. (www.actabiomedica.it)
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Introduction

Open tibial fractures still represent a significant
challenge for the orthopedic surgeon, as they are the
36.7% of all long-bone fractures in adults (1) and, in
most cases, they involve severe injuries with extensive
bone and soft tissue loss, damage of muscles and neu-
rovascular structures (2). A careful preoperative clinical
evaluation of the associated soft tissue damages is es-
sential, due to the need of restoring the blood supply
and guarantee an appropriate soft tissue coverage (3).
Open tibial fractures are mostly the result of high-
energy traumas and this may lead to a higher rate of
postoperative complications such as malunion, nonun-

ion, infection or functional loss of the affected limb
(1-2). Therefore, a proper therapeutic approach of all
open fractures should include the mechanism of the
injury, the appearance of the soft tissues, the likely lev-
els of bacterial contamination and the specific pattern
of the fracture (4-5). Several authors have highlighted
a strong association between the grade of open tibial
fractures, based on Gustilo-Anderson classification,
and the risk to develop complications (6).Nowadays,
it is well known that Grade I wounds are the easiest
to be managed: they mainly occur as a result of a lower
energy trauma with a minimal area of exposure and
a consequent low bacterial contamination. The skin
wound can be closed directly after having stabilized
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the fracture, and the risk of postoperative perilesion-
al swelling and necrosis is not frequent. Conversely,
higher attention must be paid to open fractures with
significant soft tissue damage, as occurring in high en-
ergy traumas which lead to Grade II and Grade III
exposure wounds; the final outcome of these fractures
remains unpredictable (7-11). Over recent years, the
growth of Ortho-Plastic teams, as a well-coordinated
bone, joint and soft tissue treatment, strongly contrib-
uted to change the approach to complex open tibial
fractures and to achieve higher successful results in
lower limb salvage (12). However, although ortho-
plastic teamwork is now recognized in many realities
for being functional (13), “individual” work, with pri-
mary orthopedic intervention and secondary delayed
soft tissue reconstruction, still remains the usual prac-
tice in many hospitals. This outlines important differ-
ences in terms of clinical results between the one and
the two/multiple-stage approach where different spe-
cialties are involved (14-15). Indeed, the collaboration
between orthopedic and plastic surgeons is not always
easy, even when the two teams are available in the same
center, due to the lack of communication and the ab-
sence of standard guidelines for the management of
complex wounds (16).

Therefore, can a single-stage orthopedic approach
still be considered feasible for treating open tibial frac-
tures? What injuries should the orthopedic lay down
his arms for, in favor of other specialties? The purpose
of this paper is to report the experience of our Ortho-
paedic and Trauma Department, comparing the dif-
ferent treatments performed for Gustilo I-II-III open
tibial fractures, according with a one-stage orthopedic
approach or a two/multiple-stage ortho-plastic treat-
ment.

Patients and Methods

During a 10-year period from January 2009 to
December 2019, 78 open tibial fractures were treated
at our Orthopedic Department. We retrospectively re-
viewed all the cases in order to assess the treatments
performed (one-stage fixation with Intramedullary
Nailing or Open Reduction Internal Fixation — ORIF,
versus two/multiple-stage fixation with temporary Ex-

ternal Fixation followed by nailing or ORIF) and the
differences in the outcome between the two different
methods. Patients who had less than 6-month x-ray
follow-up were excluded, obtaining a 74-patient study
population for a total amount of 75 fractures (one case
was bilateral). The average age at the time of the sur-
gery was 44 (range 16-82); 58 patients were male, 16
were female; 38 cases were right tibial fractures, 37
cases were left tibial fractures. Our Department proto-
col for the management of the open fractures includes
a double wound irrigation with isotonic saline solu-
tion, the first performed at the arrival at the Emer-
gency, the second performed in the operating room
before starting the surgery. Antibiotics prophylaxis is
administered to all patients following the scheme re-
ported below:

* Cefazolin 2 g every 8 hours for 24 hours for the
Gustilo I

* Cefazolin 2 ¢ every 8 hours for 72 hours for the
Gustilo IT

* Cefazolin 2 g every 8 hours + Gentamicin 3-5 mg/
Kg in single dose per day for 72 hours for the Gusti-
lo IITA/B/C (+ Metronidazole 500 mg every 6 hours
in case of topsoil contamination)

It has been decided to separate patients affected
by open tibial shaft fractures (Table 1) from the ones
affected by open tibial plafond fractures (Table 2), due
to the different involvement of the surrounding soft
tissues, the management of which is typically more
problematic for plafond fractures. 58 cases were shaft
fractures, 17 cases were tibial plafond fractures.

The treatment options used for the shaft fractures con-

sisted of:

* One-stage Intramedullary Nail fixation +/- Nega-
tive Pressure Wound Therapy (NPWT) based on the
level of soft tissue involvement

* Two/multiple-stage approach with a temporary Ex-
ternal Fixation, followed by nailing +/- postponed
plastic surgery reconstruction based on the bone de-
fect and the level of soft tissue damage

The treatment options used for the plafond frac-
tures consisted of:

* One-stage ORIF (distal tibia plate fixation + pero-
neal plate fixation in case of associated peroneal frac-
ture) +/- NPWT based on the level of soft tissue

involvement
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Table 1 SHAFT FRACTURES
Fracture Pattern (AO-OTA) Surgical Procedure Complications x-ray fracture
Simple: type A1/A2 healing
Complex: type A3/B/C (average)
Gustilo I Simple: 12 Nail -- 4 months
Complex: 6 Nail 1 delayed union (3to6)
Gustilo II Simple: 2 Nail -- 4 months
Complex: 22 Nail (12); (3to8)
Ex fix (10)> Nail within 15 days 1 infectednounion (Ex fix)
Gustilo ITIA Simple -- -- -- 5 months
Complex: 11 Nail (4); 1 delayed union (nail) (4t0 8)
Ex fix (7)> Nail within 15 days 2 deep infection (Ex fix)
Gustilo ITIB Simple: -- - -
Complex : 1 Nail + dermo-epidermalgraft Partialgraftnecrosis 6 months
Gustilo ITIC Simple -- - 10 months
Complex: 4 Ex fix Multiple surgeries (5moto2y)
(massive bone defect)
Table 2. Plafond fractures
Fracture Pattern (AO-OTA) Surgical Procedure Complications X-ray fracture
Simple: type A1/A2 healing
Complex: type A3/B/C (average)
Gustilo II Simple: -- - --
Complex: 6 ORIF (2); 1 deep infection (Ex fix) 6 to 8 months
Ex fix (4)> ORIF 15 to 21 days 1 delayed union (Ex-fix)
Gustilo IITA Simple: -- - --
Complex: 7 ORIF (2); 1 deep infection (ORIF) 6 to 8 months
Ex fix (5) > ORIF 20 to 30 days 2 deep infection (Ex fix)
Gustilo ITIB Simple: -- - --
Complex: 1 Ex fix Delayed union 10 months
Plastic surgery needed
Gustilo ITIC Simple -- - --
Complex: 3 Ex fix Multiple surgeries 8 months

1 legamputation

* Two/multiple-stage approach with temporary Ex-
ternal Fixation, followed by ORIF +/- postponed
plastic surgery reconstruction based on the bone de-
fect and the level of soft tissue damage

Results

According to the Gustilo-Anderson classification
(4), 18 cases were Gustilo type I fractures, 30 cases
were Gustilo type II, 18 cases were Gustilo type IIIA,
2 case were Gustilo type IIIB, 7 cases were Gustilo

type IIIC. As reported in Table 1, the Gustilo I tib-
ial shaft fractures were all treated with one-stage In-
tramedullary Nail fixation, regardless of their pattern,
being it simple (type A1/A2 according to AO-OTA
classification) or complex (type A3/B/C according
to AO-OTA classification). The only complication
occurred was a case of delayed union, which did not
require a second surgery. We considered as ‘delayed
union’ those fractures not healed yet after 4 months.
Gustilo II fractures were mostly associated with a
complex fracture pattern; one-stage treatment with in-
tramedullary nailing was performed in 14 cases, the re-
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maining 10 fractures were firstly treated with external
fixation and turned into nail fixation within 15 days,as
soon as the wound at the exposure site healed.A single
infected non-union, which required the implant re-
moval, debridement and new osteosynthesis, occurred
in a patient belonging to the two-stage group. Gustilo
IITA were all associated to a complex fracture pattern;
4 were treated one-stage; 7 were treated two-stage,
performing the External Fixator/Nail switch within
15 days after the first surgery. No significant compli-
cations occurred in the one-stage group except from a
delayed union; 2 deep infections, treated with antibiot-
ics and NPWTT, occurred in the two-stage group. Only
one Gustilo IIIB was found and treated one-stage with
nail and a dermo-epidermal skin graft to cover the me-
dial soft tissue damage (fig.1).

The Gustilo ITIC (4 cases) were all associated to a
complex fracture pattern with bone defect and required
multiple surgeries to be solved. One was entirely treat-
ed using Ilizarov External Fixator, the remaining three
were treated with Masquelet technique and second-
ary nailing. The overall percentage of complications
observed within our populationis 9,2% for open tibial
shaft fractures, ranging from Gustilo I to Gustilo IIIA;
the average x-ray fracture healing is 4 months, ranging

from a minimum of 3 to a maximum of 8 months, also
for those cases which developed a deep infection.

A different scenario was found in the group of
open tibial plafond fractures. As reported in Table 2,
the plafond fractures were associated with a complex
fracture pattern in all cases, regardless ofthe grade of
bone exposure. However, no Gustilo I was found; this
could be explained with the mechanisms of injury of
these fractures, which frequently include a crushing
trauma with severe soft tissue involvement. One-stage
ORIF was performed in 4 patients for the treatment
of 2 Gustilo IT and 2 Gustilo ITIA plafond fractures.
NPWT was needed in 2 cases to manage the skin ne-
crosis occurred within one week after the surgery and
was prolonged up to 5 weeks before obtaining the
complete wound healing. The remaining 9 patients
who reported a Gustilo II and IIIA fracture were
firstly treated with External fixation. The switch from
External Fixation to ORIF was performed within
21 days after the first surgery for the Gustilo II frac-
tures, and from 20 to 30 days after the surgery for the
Gustilo IITA fractures. The x-ray complete fracture
healing was 6 to 8 months, longer than what observed
for shaft fractures (4 months). The overall percentage

of complications was 41,6% and included: a delayed

1 i 1 £ i _"A

Figure 1. Gustilo IIIB tibial shaft fracture treated one-stage with nail and a dermo-epidermal skin graft. a+b) pre-operative; c+d)
post-operative; e+f) skin wound at the 3-month follow-up; g+h) 6-month follow-up x-ray
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union occurred in the two-stage group and 4 deep
infections (1 occurred in the one-stage group, 3 oc-
curred in the two-stage group), 1 of which required
the implant removal and ended in ankle arthrodesis.
The only Gustilo IIIB fracture needed 10 months to
heal and required a multiple-step approach, in com-
bination to plastic surgery, to obtain a proper covering
of the soft tissue damage. The 3 cases of Gustilo IIIC
fractures also required multiple surgeries to be solved,
1 of which ended in the below-knee leg amputation.

Discussion

Open fractures represent an orthopedic emergency
due to the several complications they can lead to (1).
The combination of bone and soft tissue damage could
require a multidisciplinary approach (orthopaedic/plas-
tic/vascular) for a proper management of these traumas.
For this reason, the effectiveness of the first surgical pro-
cedure becomes crucial for final success (12).In previous
literature, external fixation has always been considered
the best method for primary and definitive stabilization
of open tibial fractures, especially in cases of severe soft
tissue damage and wound contamination. However, Ex-
ternal Fixation could be affected by complications such
as risk of malunion, malalignment and pin-track infec-
tion (17-19).According to the fracture site, different
internal fixation devices have been developed over the
years in order to perform an early definitive synthesis
as an alternative to External Fixation. In the 1990s, in-
tramedullary nails were established as a viable alterna-
tive to external fixation for the treatment of tibial shaft
fractures (20-21).Some authors advised that intramed-
ullary nailing was superior to external fixation with re-
gard to fracture healing. Buzzi et al. (22) showed that
nailing had a lower incidence of malalignment, earlier
and more complete functional recovery and less need
for further steps to achieve consolidation. In contrast,
patients treated with external fixation experienced a fair
incidence of pin-track infection. Similarly, Agrawal et
al. (23) found, in a consecutive series of thirty patients
with open tibial fractures, that unreamed intramedul-
lary nailing resulted in a faster fracture healing, earlier
rehabilitation and better biomechanical stability. Other
orthopedics spread the theory that implanting a nail

in a fracture presented a risk of deep infection (24-26).
Subsequently, data have shown that the risk of infection
after intramedullary nailing correlates with soft tissue
damage. The risk of infection is low in Gustilo I and
IT fractures, balances around 7% in grade IITA fractures
and over 15% in those IIIB (27-30). Thus, during time,
intramedullary nailing has progressively replaced the
External fixation for treating open tibial shaft fractures.
The same increasing trend in the use of intramedullary
nailing, can be noticed among our population over the
last 10 years, obtaining satisfactory results in terms of
fracture healing and low percentage of deep infections
(31). Nevertheless, a different scenario is observed for
the tibial pilon fractures. Although our population in-
cludes only 17 cases of pilon fractures, we have recorded
a high percentage of complications (41,6%) regardless
of the treatment used, one or two-stage. This is a conse-
quence of the high energy of the trauma these fractures
are usually caused by, of the complex fracture pattern
with the frequent involvement of the articular surface,
of the bone defect and extensive impairment of soft tis-
sues (32). An additional aggravating factor is the char-
acteristic low thickness of surrounding tissues at this
anatomical site, which can lead to the development of
tissue necrosis up to 72 hours after surgery. This can un-
derestimate the actual damage on the soft tissue at the
first evaluation, and make the wound healing more diffi-
cult, even when the skin coverage seems to be sufficient
(33-34). In 2007, The AO foundation suggested a new
classification system, taking care about both soft tissue
and bone damage, which is extremely meticulous and
useful in predicting the impending soft tissue involve-
ment, but difficult to apply in the daily clinical practice
(35). It has not been possible to go back to the AO clas-
sification system forour patients, due to the lack of im-
ages taken at the first patients’ evaluation. As a result,
the use of external fixation is well documented also for
the treatment of close plafond fractures with articular
involvement, in the effort to minimize soft tissue com-
plications. Another advantage of External fixation is the
opportunity to perform a computed tomography scan
(CT scan) with the ankle joint in distraction. This al-
lows the surgeon to accurately analyze the fracture pat-
tern in order to obtain an effective preoperative plan-
ning before proceeding to ORIF. For these reasons, the
external fixation in open pilon fractures remains the
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preferred method as a first step treatment (36-37), also
in our clinic. However, some authors such as Conroy
et al. (38) promote a single—stage management consist-
ing in the early open reduction and soft tissue cover-
age, with a vascularized muscle flap as the most suit-
able option. According to Gopal et al. (39-40), the “fix
and flap” technique has shown that early wound closure
and early fixation reduces infection rates and promotes
fracture healing and early restoration of function. Thus,
the ortho-plastic reconstruction is, today, gaining in-
creasing popularity (41).Unfortunately, although the
most recent studies showed that the Ortho-Plastic ap-
proach is more effective than the orthopedic one alone,
many hospitals cannot benefit of a combined team in
emergency yet. For this reason, the orthopedic surgeon
is forced to manage personally these kinds of traumas,
which often reach even peripheral hospitals. These inju-

within 6 hours when bacterial contamination is still lim-
ited, and bacterial replication has not started (42).1t has
been proved that the infection rate raises in case of late
soft tissue coverage, which should be ideally completed
within 72 hours, and no longer than 7 days after the
trauma (33,41).

Therefore, can the tissue coverage be acutely as-
sessed without a plastic surgeon? What cases could
safely be managed by a single-stage orthopaedic ap-
proach? What cases are suitable for a more cautious
multiple approach, even if this entails a postponed
plastic surgery intervention?

Based on our experience and review of the literature,
we realized an easily applicable guideline, specific for
our Trauma Department Organization, and able to as-
sist the orthopedic surgeon in the most appropriate
treatment choice, in order to maximize the final out-

ries require a prompt irrigation-debridement, preferably come (fig.2).
ONE-STAGE EARLY-STAGE MULTIPLE-STAGE
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Figure 2. our scheme for guiding the orthopaedic surgeon’s decision making
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We defined as One-Stage the definitive fixation
performed acutely at the patient arrival, where an or-
thoplastic combined approach is not required. The lack
of plastic surgeons in emergency forced us to introduce
the concept of Early-Stage treatment, which consist
in the nail / ORIF fixation performed acutely at the
patient arrival, associated to an early (within 48-72
ore) plastic surgeon intervention to obtain an ade-
quate bone tissue coverage. This has been facilitated by
NPWT support, that allows to maintain a clean and
well vascularized wound floor waiting for the plastic
surgeon intervention. We define as Multiple-Stage the
temporary external fixation, followed by postponed
nailing/ORIF and plastic surgery reconstruction.

Conclusions

The literature increasingly promotes the one-
stage approach also for high exposure grade tibial frac-
tures. Indeed, it has been proved that an early com-
bined bone and soft tissue treatment is more effective
in reducing the infection risk, as well as the need of
re-operation. However, the one-stage approach is not
always feasible by the orthopedic surgeon alone. This is
especially true for higher grades of bone exposure and
for more complex articular plafond fractures, which are
at a higher risk of developing secondary tissue necro-
sis. Therefore, it would be advisable, also in centers like
ours, to create a trial including plastic surgery in the
earliest post-fixation phases, in order to assess the ac-
tual damage on soft tissues, to time-effectively reduce
the use of NPWT and the amount of re-operations.
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