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Analysis of Staged Treatment for Gustilo Anderson IlIB/C Open Tibial

Fractures

Abstract

Background: Gustilo Anderson III B/C open tibial fractures are more difficult to manage
than I, II, and III A fractures. These open tibial fractures are often associated with wound infection,
soft tissue necrosis, bone nonunion, osteomyelitis or amputation. Staged treatment for this severe
trauma is very necessary. Materials and Methods: 25 cases of Gustilo Anderson IIIB/C open
tibial fractures with serious soft-tissue defects treated between January 2010 and January 2015
were included in this study. The treatment was administered in three stages. The first stage included
emergency debridement, external fixation, repair of damaged main blood vessels and nerves, covering
of the wound, and infection control. The second stage involved skin flap or skin graft placement to
repair wounds. The third stage involved replacement of the external fixator with an internal fixator
and the placement of bone grafts. Results: All the skin flaps or skin grafts survived, and a small
necrotic area in the distal flap was observed in only two cases (which resolved spontaneously after
the dressing was changed). Bone union occurred at the predicted time in 23 cases, while it was
delayed in 2 cases. The rate of excellent and good was 88%. Conclusion: Staged treatment was safe
and effective for Gustilo Anderson IIIB/C tibial fractures. The timing for the placement of internal
and external fixators and choosing the appropriate skin flap repair technique are important.
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Introduction of external fixators are often necessary for
the treatment of this type of tibial fracture.
Thus, considering the complications and
wide array of treatment requirements and
options, the management of these fractures
poses a great challenge for orthopedic
surgeons, microscopic surgeons, and plastic
surgeons.! Between January 2010 and
January 2015, 25 cases of Gustilo Anderson
IIIB/C open complex tibial fractures with
serious soft-tissue defects were managed at
our hospital. Based on our experience, we
have proposed the management of staged
treatment for this severe trauma. This paper
describes the treatment and its outcomes,
which were found to be satisfactory.

Open tibial fractures are very common
in the clinical setting, especially Gustilo
Anderson IIIB/C open fractures, which
are mostly high-energy injuries. It is very
difficult to treat patients who have serious
fractures with crushing of surrounding soft
tissue. In addition, open tibial fractures
are often associated with wound infection,
soft tissue necrosis, bone nonunion, and
osteomyelitis, and in extreme cases, even
amputation is required. Research shows
that severely contaminated wounds need
to be temporarily closed in the case of
patients who need to be hospitalized for
a long period. Soft tissue injuries have
been managed by different methods. The
list includes fasciocutaneous flaps, sural
flaps, propeller flaps, adipofascial flaps,
pedicled muscle flaps, free perforator, and (i) First stage: on admission, the patients
free muscle flaps. However, the outcome  were resuscitated by Advanced Trauma
of treatment of these fractures is often  Life  Support protocol. Intravenous
unsatisfactory. Repeated debridement, bone antibiotics were administered within 3 h of
handling, bone grafting, and replacement  admission. The neurovascular assessment

was carefully made and recorded along

with the description of the fracture and the
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Staged therapeutic method

This is an open access journal, and articles are distributed under the
terms of the Creative Commons Attribution-NonCommercial-ShareAlike
4.0 License, which allows others to remix, tweak, and build upon the
work non-commercially, as long as appropriate credit is given and the
new creations are licensed under the identical terms.

How to cite this article: Hu R, Ren YJ, YanL, Yi XC,
Ding F, Han Q, et al. Analysis of staged treatment for
gustilo anderson 11IB/C open tibial fractures. Indian J
Orthop 2018;52:411-7.

For reprints contact: reprints@medknow.com

Rui Hu, Yi-Jun Ren,
Li Yan,

Xin-Cheng Yi,

Fan Ding,

Qiong Han,
Wen-Jun Cheng

Department of Reparative

and Reconstructive Surgery,

Puai Hospital, Tongji Medical
College, Huazhong University of
Science and Technology, Wuhan,
China

Address for correspondence:
Dr. Yi-Jun Ren,

Department of Reparative
And Reconstructive Surgery,
Puai Hospital, Tongji Medical
College, Huazhong University
of Science and Technology,
Wuhan - 430 033, China.
E-mail: 229800294@qq.com

Access this article online

Website: www.ijoonline.com

DOI:
10.4103/ortho.lJOrtho_344_16

Quick Response Code:

© 2018 Indian Journal of Orthopaedics | Published by Wolters Kluwer - Medknow

411



Hu, et al.: Gustilo Anderson IIIB/C open fracture

other injuries. Limb salvage surgery was performed, after
ensuring that the patients were stable. The wound was
washed repeatedly with about 1 liter of hydrogen peroxide
solution, 1 liter of dilute dynamic iodized salt water, and
5 liters of physiological saline until the raw surface was
clean. Next, inactivate soft tissue, and small pieces of
bone were removed, and large pieces of the fracture with
soft tissue were reserved. The fracture was then fixed
with a combination of external fixators to maintain the
body length and fracture lines of force. In patients with
Gustilo III C open tibial fractures, we repaired the damaged
main blood vessels and nerves, including the anterior and
posterior tibial vessels, tibial nerves, and peroneal nerves
as far as possible. Soft-tissue defects of the skin wound
were covered with vacuum-closed drainage until they were
treated again in the second stage.

(i) Second stage: the patient’s condition usually stabilized
within 7-10 days, after which skin flaps or free skin grafts
were used to repair the wound. In 25 cases, the defective
area of the soft tissue was 8§ cm X 6 cm to 38 cm x 26 cm
in size. The tendons and bones were not exposed in eight
cases, in which thick free skin grafts were used to cover
the wound. Free flap grafts were used to cover the wound
in 12 cases: free anterolateral thigh flaps were used in
eight cases, free umbilical thoracic flaps were used in
three cases, and free latissimus dorsi muscle skin flaps
were used in one case. Transplantation of pedicled skin
flaps was performed in five cases: perforator flaps were
used on the medial malleolus in three cases, and sural
nerve nutrient vessel flaps were used in two cases.

(iii) Third stage: when the skin flap or skin graft had
completely survived, the wound healed well and no
obvious infection appeared on the external fixator needle
after 3—4 weeks. In such cases, the external fixator was
dismantled and replaced with the internal fixator, and the
bone defect was treated with iliac bone grafts at the same
time if necessary.

Patients

The study population included 25 patients (19 males
and 6 females; age range 18-61 years) with Gustilo
Anderson IIIB/C open tibial fractures with serious
soft-tissue defects. Of these, there were four cases with
Gustilo III C open tibial fractures. The defective area
of soft tissues after debridement was 8 cm x 6 cm
to 38 cm x 26 cm in size, and the average area was
20.6 cm x 13.1 cm. In the third stage plates were used in
9 cases; and intramedullary nail was used in 7 cases. In
12 cases, the bone defects were fixed with bone grafts; the
defects were 1 cm to 4 cm in size. The bone graft was taken
from the iliac bone. Internal fixation could not be done in
9 cases, in which bone transport was performed with an
external fixator. The Ilizarov circular external fixator was
used in six of these nine cases, and the Orthfix unilateral
external fixator was used in the remaining three cases. The
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defects were 4 cm to 12 cm in size.
Postoperative management

The limb was elevated to reduce swelling for symptomatic
treatment after surgery. The patients were also asked to
perform functional exercises for their knee and ankle as
early as possible and regularly take radiographs to observe
healing of the fracture. The exercises with a cane were
also encouraged. The period after which the internal and
external fixators could be removed was decided according
to the rate at which the healing progressed, and function
was estimated using lower limb evaluation at the last
followup. The function of the lower extremities was
estimated using the Johner-Wruhs scoring system.?

Results

The patients were followed up for 14-26 months. All
skin flaps or skin grafts survived. A small necrotic area
in the distal flap was observed in only two cases, and it
spontaneously resolved when the dressing was changed.
The fracture healed within the expected time in 23 cases,
and the union was delayed in 2 cases. The bone grafts used
resulted in healing in all the cases. The average healing
time was 9.2 months. Infection at the site of the pin was
observed in two cases, but it was easily managed by the
patients themselves through symptomatic treatment and
adjustment of the bone pins. There was only one case of
chronic osteomyelitis in which the wound was not healed,
and the patient still requires regular wound dressing. All
the limbs were survived, and there was no amputee. The
details of all the cases are shown in Table 1. According to
the Johner-Wruhs scoring system,’ the result was excellent
in 16 cases, good in 6 cases, and poor in 3 cases. The
rate of excellent and good was 88%. The most common
complications that led to the poor results were chronic
osteomyelitis and nerve injury. Figures 1 and 2 illustrate
two representative cases.

Discussion

Emergency treatment of Gustilo Anderson IIIB/C open
fracture of the lower limbs

Gustilo Anderson IIIB/C open lower limb fractures are
high-energy injuries that are characterized by extensive
and serious injury to soft tissue and serious contamination
of the wounds. In 1984, Gustilo et al. studied 75 cases
of Type III open fractures reported between 1976 and
1979. The infection rates for Type IIIB and Type IIIC
open fractures were 52% and 42%, respectively, while
the amputation rates were 16% and 42%, respectively.?
Delayed union or nonunion occurred in 12 cases, while
the patients died in 5 cases. In recent decades, with the
development of internal and external fixation techniques
as well as microsurgical techniques and the establishment
of minimally invasive methods and breakthrough antibiotic
drugs, the approach to fracture management has changed.
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Table 1: Patient demographics and reconstruction outcomes

Patient Age  Sex Bone  Final fixation mode Defect closure method Defect  Outcome
(year) grafting size (cm)

1 24 Male Yes Bone fracture plate Free anterior lateral thigh flap 10x8 Excellent
2 50 Female Yes Intramedullary nail Pedicled medial malleolus perforator flap 8x7 Good

3 35 Male Yes Bone fracture plate Free anterior lateral thigh flap 8x6 Excellent
4 34 Male No Ilizarov external fixing frame  Skin grafting 18x12  Excellent
5 48 Female No Intramedullary nail Free anterior lateral thigh flap 9x7 Good

6 35 Male Yes Bone fracture plate Free thoracic umbilical flap 20x17  Excellent
7 61 Male No Ilizarov external fixing frame  Skin grafting 17x10  Excellent
8 18 Male No Intramedullary nail Sural nerve nutrition blood vessel flap 16x12  Excellent
9 42 Female Yes Bone fracture plate Free latissimus dorsal muscular flap 14x7 Excellent
10 40 Female Yes Bone fracture plate Free anterior lateral thigh flap 11x6 Good

11 54 Female No Ilizarov external fixing frame  Skin grafting 13x9 Excellent
12 37  Male No Intramedullary nail Free anterior lateral thigh flap 12%6 Excellent
13 48 Male Yes Intramedullary nail Skin grafting 11x6 Excellent
14 28 Male Yes Bone fracture plate Pedicled medial malleolus perforator flap 14x7 Excellent
15 24 Female No Orthfix external fixing frame  Skin grafting 17x11  Good

16 41 Male Yes Bone fracture plate Free anterior lateral thigh flap 15%8 Fair

17 56 Female No Ilizarov external fixing frame  Skin grafting 38%26  Excellent
18 29 Male Yes Bone fracture plate Pedicled medial malleolus perforator flap 11x6 Good

19 30 Male Yes Bone fracture plate Free anterior lateral thigh flap 16x9 Fair

20 41 Female Yes Intramedullary nail Skin grafting 15x10  Excellent
21 55 Male No Orthfix external fixing frame  Sural nerve nutrition blood vessel flap 10%6 Excellent
22 39 Male No Intramedullary nail Free thoracic umbilical flap 29x18  Good

23 26 Male No Ilizarov external fixing frame  Free anterior lateral thigh flap 12x10  Excellent
24 55 Female No Orthfix external fixing frame  Free thoracic umbilical flap 25x14  Fair

25 38 Male No Ilizarov external fixing frame Skin grafting 30x26  Excellent

Therefore, the treatment outcomes of this type of trauma
have improved considerably. At present, Gustilo Type III
open fractures are generally treated by debridement,
reliable means of fracture fixation, wound coverage, and
infection control. The ideal time for treatment is 6-8 h
after the injury. In the case of wounds that are only slightly
contaminated, one-stage fixing of Gustilo I/Il and some
Gustilo IIIA open fractures is usually beneficial. Many
surgeons are still inclined to fix the fractures and cover the
wound emergently in the case of some Gustilo IIIB open
fractures in which the soft tissue is not obviously damaged,
and this strategy is usually beneficial. However, in the case
of serious Gustilo IIIB fractures with large bone defects
and serious soft tissue injury, the ideal treatment strategy
is still unclear. Many surgeons are of the opinion that it
is risky to perform emergency internal fixation and flap
closure of the wound, so staged surgery seems like a viable
option for reducing complications in such cases. However,
along with the placement of external fixators, it is also
important to use small implants to fix fractures to reduce
complications in later stages.*® In addition, it is very
important to prevent infections in seriously contaminated
wounds when the preoperative time is long. It is very
difficult to remove all the polluted tissue and control for
potential infections in the case of these wounds. Therefore,
closing the wound emergently may not be the best option;
instead, vacuum-closed drainage, and wound irrigation
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have been shown to have good results in the clinic. This
approach has been reported to reduce the incidence of
clostridial infections and gas gangrene. A study by Zalavras
et al. analyzed Gustilo III open fractures in a large clinical
sample and recommended that the closing of seriously
contaminated wounds is delayed to within 72 h after the
injury and that debridement is performed repeatedly as
necessary.””

Optimal time for replacing external fixators with
internal fixators for Gustilo Anderson IIIB/C open
fractures of the lower limbs

Liu et al. were of the opinion that the ideal management of
Gustilo IIIB or more serious open tibial fractures involves
fixing the fracture with an external fixator after early
debridement and repair of tissue defects with tissue flaps in
the second stage.'® At present, the use of an external fixator
for serious Gustilo Anderson IIIB/C open tibial fractures as
the first immobilization technique is generally agreed on.
However, once the infection is under control and the skin
condition stabilizes, the need for strong internal fixators
such as a plate or intramedullary nail in the second stage
is not clear. Wani et al. used the Ilizarov circular external
fixator to treat 60 cases of Gustilo II, Gustilo IITA and
Gustilo IIIB open tibial fractures and achieved satisfactory
results.! We believe that Gustilo Anderson IIIB/C tibial
fractures require longer healing time. The external fixator
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Figure 1: (a) Clinical photograph of a patient (male, 48-year-old) who was injured in a car accident. Seven days after the emergency debridement surgery,
the wound showing obvious infection (b) Clinical photograph of same patient showing that after repeated debridement, soft tissue damage and bone
defect, were obvious (c and d) X-ray anteroposterior and lateral views of both bones leg showing that the external fixator was used to fix the fractures in
emergency (e) Clinical photograph showing that after the wound infection was controlled, we covered the wound with a free skin graft (f) Clinical photograph
showing that wound infection was in control, and the skin graft survived (g) X-ray anteroposterior view of leg bones showing that the llizarov circular
external fixation frame was used in bone transport to treat bone defects (h) X-ray anteroposterior view of leg bones showing that the defect of the bone
was about 8 cm in size, and nonunion of the bone was observed (i) The llizarov circular external fixation frame was removed after the bone transport was
completed (j) We fixed the fracture with an intramedullary nail and the iliac bone graft was done (k) The bone callus showed obvious growth at 3 months
after the internal fixation surgery (I) The fracture healed well 8 months after the internal fixation surgery (m) The internal fixation was removed 1 year after
the internal fixation surgery (n) The appearance of the limb was satisfactory, and the patient resumed normal life within 14 months after the procedures
(o) Clinical photograph showing that limb function was good and satisfactory

affects the patients’ daily life activities as well as social life.
Given the possibility of complications such as infection
at the pin site and loosening of the pin, it is necessary to
use a strong internal fixator such as the steel plate early
on, as long as the patients’ condition is conducive for the
placement of the fixator. Further, bone grafts should be
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used as supplementary methods to treat circumscribed
bone defects and delayed union, to promote early healing
of the fractures. Blauth et al. discovered that the infection
rate increased when the indwelling time of external fixators
was >28 days, so the indwelling time should ideally be
<28 days. Premature conversion of internal fixator would
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Figure 2: (a) Clinical photograph showing that the patient (male, 26-year-old) was injured in a car accident. Seven days after the emergency debridement
surgery, the wound shows obvious infection with a considerable amount of purulent secretion (b) X-ray leg bones anteroposterior view showing that the
external fixator was used to fix the fractures in emergency cases, and the tibia was crushed severely. (c) Clinical photograph showing that after several
rounds of debridement, wound was covered using vacuum-closed drainage. (d) After repeated debridement, we removed a lot of necrotic bone and
infected soft tissue. (e) Clinical photograph showing that after repeated debridement, the infection was eliminated. (f) Clinical photograph showing that
after we designed a free anterolateral thigh composite tissue flap to cover the wound. (g) Clinical photograph showing that the composite tissue flap was
prepared. (h) Clinical photograph showing that after flap crossed the subcutaneous tunnel to cover the multiple irregular wounds. (i) Clinical photograph
showing that the infection was controlled, and the tissue flap and skin graft survived. (j) X-ray anteroposterior view of leg bones showing that the tibial
defect was about 8 cm in size. (k) Clinical photograph showing that the llizarov circular external fixation frame was used for bone transport to treat the
bone defect. (1) X-ray anteroposterior view of leg bones showing that the llizarov circular external fixation frame (m) X-ray lateral view of leg bones showing
the callus at 3 months after the bone transport procedure (n) Clinical photograph showing the lower limb appeared well at 1 year after the procedures. (o)
X-ray of leg bones anteroposterior view at 1 year followup showing that fracture healed well

aggravate injuries to the local soft tissue, while delayed 3 weeks later. Once it is confirmed that the soft tissue
conversion would lead to a high infection rate. On the is not obviously contaminated and there is no necrosis,
other hand, the growth of callus of fractures also affects the the internal fixator should be replaced early, so as not to
resetting of internal immobilization and the placement of  increase the risk of pin site infection from the external
the fixator.”? In this study, the internal fixator was replaced  fixator and to overcome the difficulties associated with
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placing the internal fixator. There is still some debate about
the use of preventive bone grafts early on in Gustilo III
open tibial fractures. The incidence of bone nonunion has
been reported to be 5% in Gustilo I open tibial fractures and
8%—18% in Gustilo IIIA open fractures within 9 months
after the operation in large clinical samples. Therefore, an
increasing number of clinicians are considering the use
of preventive bone grafts early on or bone morphogenetic
protein (BMP) administration.'*'®

Advantages and limitations of staged treatment for
Gustilo Anderson IIIB/C open fractures of the lower
limbs

In the case of severe trauma, such as Gustilo
Anderson IIIB/C open tibial fractures, the fracture needs to
be fixed temporarily in a simple, rapid, and effective way
at its early stage. The second stage should be commenced
only once the patients’ condition is conducive for a second
surgery.'” Proceeding to fracture fixation and tissue repair
without considering these factors would lead to severe
complications.?*?! Kamath et al. summarized 151 cases
of Gustilo Anderson IIIB/C open fractures: amputation
was performed in 10 cases; skin flap surgery to cover the
wound was performed after 10 days in 38 cases; different
degrees of wound infection were observed in 44 cases;
surgical intervention for delayed union was performed in
43 cases; and llizarov bone transport was performed in
15 cases to treat bone nonunion or bone defect.?? Thus,
there is a wide range of treatments for these fractures, and
the optimal method should be determined based on each
patients’ condition and degree of injury. The occurrence of
late complications and treatment outcomes also depend on
the physicians’ skill and experience. In different stages of
treatment, the injuries and prognosis should be evaluated,
based on which the next steps should be decided; thus,
individualized treatment and adopting the concept of staged
treatment are recommended for the management of Gustilo
Anderson IIIB/C fractures. At present, most surgeons
perform external fixation, repair major nerve and blood
vessels, and cover wounds using vacuum-closed drainage,
skin flaps or myocutaneous flaps, as required. Moreover,
complications such as skin and soft-tissue defects, necrosis,
wound infection, bone defect, and bone nonunion are
treated in the late phase.?>?

Based on all our findings, we think that it is important to
correctly assess the patients’ condition and accordingly
select the approach to cover the wound. When the patients’
general condition and wound infection are controlled,
different kinds of skin flaps and myocutaneous flaps should
be used, as appropriate, to repair the wounds and close
them in the second stage. If the wound is healed in the later
phase, internal fixation or other comprehensive treatments
for late complications should be performed as required.
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