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Abstract

Objectives To evaluate the methods and the outcomes of Gustilo type III open distal tibial and tibial shaft fractures with
severe anterior and medial soft-tissue injuries, treated with posterolateral minimally invasive plate osteosynthesis (MIPO)
technique.

Methods From May 2015 to May 2016, 10 patients with Gustilo type III open distal tibial and tibial shaft fractures with
severe anterior and medial soft-tissue injuries (Gustilo—Anderson classification IIIA, 6; IIIB, 4) were treated with staged
protocol using posterolateral minimally invasive plate osteosynthesis (MIPO) technique. The initial wound lavage, debride-
ment, and application of a spanning external fixator were performed within 24 h and the mean interval from injury to defini-
tive surgical treatment was 12.8 (range 4-21) days. An additional bone graft was performed in two patients when definitive
internal fixation was performed. All patients were followed to union. Postoperative radiographs, postoperative complications,
bone union, ankle joint motion, and limb functional outcome information of AOFAS ankle-hindfoot score were recorded.
Results The mean follow-up period was 17.8 (range 12-26) months. The mean interval to bony union was 25.8 (range 20-40)
weeks. Bone union was achieved in all cases. There were no complications, such as incision breakdown, deep infection,
or impingement of the flexor hallucis longus tendon. The average AOFAS score was 90 (range 83-96). In ten patients, two
patients had a superficial wound infection and another one patient showed a 6° varus deformity.

Conclusions Staged treatment using MIPO technique through a posterolateral approach is a reasonable and safe treatment
option for open distal tibial and tibial shaft fractures, especially Gustilo type III with severe anterior and medial soft-tissue
injuries. However, it should have a higher level of research evidence in more patients to confirm the safety of the clinical
application of this technique.

Keywords Gustilo type III - Open tibial fracture - Posterolateral approach minimally invasive plate osteosynthesis - Staged
treatment

Introduction
Xiaojian He, Chuanzhen Hu, and Kaihua Zhou have contributed to Gustilo type III open distal tibial and tibial shaft fractures
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are generally a result of high-energy trauma that often asso-
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to unite, wound site problems, deep infection, and ankle joint
stiffness have been common in these fractures [3]. Recently
staged treatment with MIPO technique for open distal tibial
and tibial shaft fractures using an anteromedial or anterolat-
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increase additional damage to the subcutaneous tissues of
the anterior and medial tibial and lack of adequate soft-tissue
coverage overlying the plate fixation [6—8]. In recent years,
a posterolateral MIPO technique has been reported by Krit-
saneephaiboon et al. [9] and Yamamotoa et al. [10] in cases
with anterior soft-tissue problem. The advantage of this
approach is that it protects the subcutaneous tissues of the
anterior and medial tibia and enables abundant soft-tissue
coverage overlying the plate fixation. This study evaluated
the staged treatment using posterolateral MIPO technique
in patients with Gustilo type III open distal tibial and tibial
shaft fractures, and analyzed the treatment results.

Patients and methods

From August 2015 to December 2016, ten cases of Gustilo
IIT open distal tibial and tibial shaft fractures were treated by
staged treatment using minimally invasive plate osteosyn-
thesis (MIPO) technique through a posterolateral approach
at the Qingpu Branch of Zhongshan Hospital (Shanghai,
China). There were six males and four females with an aver-
age age of 43 (range 24—68) years. The cause of the fracture
was 4 traffic accidents, 3 falls from a height, and 2 machine
stretch/contusion injuries. All patients had an associated fib-
ular fracture. In accordance with the Gustilo—Anderson clas-
sification, six cases were classified as IIIA and four cases as
IIIB. According to the AO/OTA classification, seven cases
were classified as A2 and three cases as A3. The treatment
involved two or three stages, according to the skin/soft-tissue
condition and size of the bone defect.

Stage treatment

At the initial treatment, Gustio type IIIA wound injury was
managed with direct debridement and suture in six cases.
With Gustio type IIIB wound injury, relaxation suture was
made in two cases. With another two cases of Gustio type
IIIB wound injury, thorough debridement and vacuum seal-
ing drainage (Wuhan VSD Medical Science & Technology
Co., Ltd., Wuhan, China) were performed in the first-stage
treatment. After the removal of negative pressure on VSD
devices, skin graft was performed. In all cases, temporizing
ankle-spanning external fixator intervention (Chuangsheng
Medical Devices (China) Co., Ltd., Changzhou, China) was
performed within 8 h. The fibula was plated depending on
the fracture pattern and soft-tissue injury.

After the initial treatment and a delay for a mean period
of 18 days (range 4-42 days), when the status of soft tissue
was properly stabilized enough for soft-tissue reconstruc-
tion, with no sign of infection, definitive surgical treatment
was performed. With the patient under combined spinal and
epidural anesthesia, the patient is placed on the operating
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table in the floating position with external fixator to maintain
alignment and reduction. The following surgical techniques
was used according to Kritsaneephaiboon’s report [9].
First, a 2.5 cm distal skin incision was made at the midpoint
between the posterior border of the distal fibula and lateral
boarder of Achilles tendon, beginning at the level of the tip
of the distal fibular and extending proximally to the distal
fibular shaft (Fig. 1a). Dissection is carried through the sub-
cutaneous tissues to the level of the deep fascia, avoiding
damaging sural nerve and lesser saphenous vein which are
located under the superficial fascial layer. Exposing the pos-
terior surface of distal tibia was achieved by separating the
interval between the peroneal tendons laterally and the mus-
cle of the flexor hallucis longus (FHL) medially. Through a
clear dissection of the FHL along its outer edge, the entire
posterior portion of the tibial surface was exposed by retract-
ing this muscle medially, which also protected the posterior
tibial artery and tibial nerve. Second. a 2—3-cm proximal
skin incision at the posteromedial border of the tibial shaft
was made according to the location of the proximal screw
(Fig. 1b). The posterior surface of mid-tibia was exposed by
laterally retracting the soleus. A submuscular extraperiosteal
tunnel was created by passing a tunnelling instrument from
the distal to the proximal incisions. To avoid injury to the
posterior tibial artery and tibial nerve at the medial aspect of
the mid-tibia, the tunnelling instrument was passed along the
posterior surface of the tibia. Third, 10 holes or 13 holes of
Medial Distal Tibia Locking Plate (Double Medical Tech-
nology Co., Ltd., Xiamen, China) were fixed directly to the
posterior surface of the tibia. At least three bicortical screws
were required to placed to the distal and proximal end of the
plate (Fig. 2).

After plate fixation, a bone graft was performed in two
cases with a severe metaphyseal bone defect. Autogenous
iliac bone was used in both cases.

Postoperative management

Physical therapy begins on the second-to-fifth postopera-
tive day. 1-2 weeks after surgery, partial weight bearing
is encouraged depending on reconstruction stability. All
patients were evaluated radiographically and clinically.
Radiographic evaluation was performed using anteropos-
terior (AP) and lateral radiographs at the time of patient
admission, immediately postoperatively and after at least
1-12 months of follow-up. We evaluated time to union,
range of motion of the ankle, wound healing, complica-
tions, American Orthopaedic Foot and Ankle Society
(AOFAS), ankle-hindfoot score. We defined union as
> 50% visible bridging callus across the fracture on the
conventional radiographs and no movement or tenderness
was present. In addition, an angular deformity was defined
as angulation, when there was > 5° angulation. Shortening
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Fig. 1 a 36-year-old man sustained a left open distal tibia fracture
(AO/OTA type A3, Gustilo-Anderson classification IIIB). b Thor-
ough debridement were performed, and then, holes were punched
around the wound with a shape blade and relaxation suture was
gained finally. Then, ankle-spanning bridge external fixator was
applied within 8 h. ¢ When the wound healed with no sign of infec-

was defined as > 10 mm shortening compared to the unaf-
fected side. Each angulation was evaluated using the
method reported by Milner [11].

Results

10 patients got followed up for 12-26 months with average
17.8 months. At the final follow-up visit, all the fractures
showed clinical and radiographic evidence of union. The
average time to bone union was 25.8 weeks (range 20—40
weeks). An additional bone graft was required for two
cases with a severe metaphyseal bone defect.

The average AOFAS score was 90 (range 83-96) at the
last follow-up of patients. The deformities were evaluated
radiographically using the picture archiving and commu-
nication system measurement tools. During the follow-up
period, only 1 deformity was found: a 6° varus deformity.
Neither tibial shortness nor restriction of range of motion
was observed. No patient showed evidence of neurovas-
cular injury (Table 1).

Superficial wound infections happened in two patients,
which resolved with antibiotic treatment orally and care
of screw sites. No other complications such as deep infec-
tion, incision breakdown, or FHL tendon impingement
were observed (Table 1).

tion after 16 days, distal tibial fracture was treated with minimally
invasive plate osteosynthesis (MIPO) technique through posterolat-
eral approach. d Anteroposterior and lateral radiographs at 12 months
of follow-up showing fracture union. AO/OTA: AO/Orthopaedic
Trauma Association

Discussion

Treating Gustilo III open distal tibial and tibial shaft frac-
tures resulting from high-energy trauma with severe soft
tissue compromise, which remains controversial and chal-
lenging for orthopaedic surgeons [12, 13]. The traditional
treatment using an external fixator, open reduction, and
rigid internal fixation in these fractures does not yield
good results. Kellam and Waddell reported that 53% of
patients with high-energy compressive fractures had good
function compared with 84% in low-energy injuries [14].
Dillin and Slabaugh also advocated rigid internal fixation
only for lower energy injuries when they had an alarming
55% infection rate in their series of 11 high-energy trauma
patients [15]. Since these reports, reducing soft-tissue
damage and minimally invasive operations have become
popular. Intramedullary nailing is an alternative minimal
invasive treatment for tibial fractures [16]. However, there
are some difficulties for treatment of distal tibial fractures
and open tibial fractures. The distal tibial fracture line is
often extended to the tibial articular surface, and the distal
locking screw has a risk of splitting the articular surface
[17]. In addition, the soft-tissue injury in this group is
mostly in the medial tibial, and the rate of distal locking
nail infection is higher [18]. External fixation is another
acceptable technique in open tibial fractures because of
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Fig.2 a—c 24-year-old man sustained a left open distal tibial and
fibula fracture (AO/OTA type A3, Gustilo-Anderson classification
IIIA). d Intraoperative retention of external fixation:retaining the
external fixator helps to maintain the length of the affected limb with
the initial stability and facilitates the reduction of the tibial. e Dis-
tal incision: reduction and fixation of both fibula and tibial fractures
can be made through one incision. Incision was made between the
posterior margin of the fibula and the lateral margin of the Achilles
tendon. In the superficial layer of soft tissue, avoiding damaging the
gastrocnemius and small saphenous veins should be attended, while
attention to protecting the peroneal artery should be noted in the deep
layer of soft tissue. The fibula was fixed through the gap between the
peroneal muscle and extensor digitorum longus, while the distal tibial
was visualized and fixed between the long peroneal tendon and flexor
halluces. f Proximal incision: the proximal incision was made accord-

Table 1 Full demographic data and outcomes
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ing to the location of the proximal screw at the posteromedial border
of the tibial. g Reduction order: the fibula was fixed first to maintain
the length and alignment of the tibial and the tibial was indirectly
restored through anatomical reduction of fibula. When making sub-
muscular tunnel, a periosteal stripper was passed close to the poste-
rior surface of the tibia and periosteum from the distal to the proximal
incisions and it should be slow and accurate to avoid rough operation
and damaging the peripheral vessels and nerves. h When the plate
position was determined, lag screw technique was applied to correct
the residual anterior and posterior angle deformity of tibial fracture.
i, j Anteroposterior and lateral radiographs after operation. Pay atten-
tion to the length of the plate and the proximal end should be located
below the bifurcation of the anterior tibial artery and posterior tibial
artery

Case Sex Age Side Mechanism of injury OTA fracture =~ Wound location Time to Union Follow-up AOFAS
type/gustio MIPO time (months)  score (total
type (days) (weeks) 100)

1 M 24  Left Traffic accident A3/MIA Medial 6 20 12 86

2 M 36  Left Fall from height A3/11IB Anteromedial 16 22 15 83

3 F 63  Right Traffic accident A2/1IIA Anteromedial 15 24 24 91

4 M 45 Left Machine stretch/contusion A2IIIA Anterolateral 8 20 26 96

5 F 37  Right Traffic accident A3/I1IB Medial 16 34 18 94

6 M 41 Left  Traffic accident A2/1ITA All sides 14 25 16 92

7 M 68 Right Machine stretch/contusion A2/IIIB Medial 21 40 21 95

8 F 29  Left Traffic accident A2/1IIA Anterolateral 18 21 13 85

9 F 33 Left Fall from height A2IIIA All sides 4 24 16 88

10 M 54 Right Fall from height A2/111B Medial 10 28 17 90
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the advantages of less secondary iatrogenic injury and
ease of application [19]. However, the stability provided
by the external fixation cannot compared to that created
by plate fixation. In addition, it is difficult to insert Schanz
screws when distal tibial length is insufficient and danger-
ous when the fracture line reaches the distal tibial surface.
Although ankle-spanning systems can be applied in these
cases, loss of reduction commonly occurred in patients
treated with spanning frames. Post-operation nail tract
infection and ankle stiffness are also common in these
patients [20, 21].

A number of studies have reported good results with an
MIPO technique using both anteromedial and anterolateral
approaches in treating Gustilo III open distal tibial and tib-
ial shaft fractures [8, 22]. However, an open wound with
severe soft-tissue injury is usually found in the anterior or
medial side of the tibia and anterior approach is not suit-
able for these cases of distal tibia and tibal shaft fractures.
Thus using MIPO through a posterolateral approach for dis-
tal tibial and tibial shaft fractures has been first reported
by Kritsaneephaiboon in terms of anatomical safety and a
case with an excellent outcome [9]. In addition, Yamamo-
toa reported five cases with no complication [10]. In this
study, we further described ten patients of Gustilo III open
distal tibial and tibial shaft fractures with severe anterior
and medial soft-tissue injuries, treated by MIPO technique
through a posterolateral approach. Clinical outcomes were
satisfactory, and we gained experience using this technique.

In our experience, the external fixation was strongly
recommended to maintain tibial alignment during surgery
before tunnelling and plate insertion. Maintaining tibial
alignment was not only conductive to preoperative fracture
reduction, but also avoided to damage neurovascular struc-
tures when submuscular tunnel and plate insertion were
performed. In addition, a floating position with the follow-
ing advantages was suggested for performing posterolateral
MIPO technique. It was easy for fracture reduction in the
lateral position, while, in the prone position, it was quite
convenient for plate insertion and fixation.

Two types of proximal incision methods were used by
Kritsaneephaiboon et al [9] and Yamamotoa et al [10],
respectively. A proximal incision was made about one fin-
ger breadth below the posterolateral border of mid-fibula
by Kritsaneephaiboon et al. Another proximal incision
described by Yamamotoa et al. is located at the posterome-
dial border of the tibia. When using the former, the poste-
rior surface of mid-tibia was exposed by splitting between
peroneal muscles laterally and FHL medially. The posterior
tibial artery and the tibial nerve were very close to the plate
at the proximal incision. In the latter, the posterior surface
of mid-tibia was easily reached without splitting soft tissues
and without retracting neurovascular bundles. Our methods
were consistent with Yamamotoa’s, and in all ten cases, the

fracture site was fixed without any complications related
neurovascular injury. Therefore, we believe that Ogawa’s
posterolateral approach is safe.

Complications related to soft-tissue injury were mini-
mized using the posterolateral MIPO method. Satisfac-
tory bony union was achieved in all our patients without
delayed union or non-union. In two patients with a severe
bone defect, a staged bone graft was performed. Here, the
average time to bone union was 25.8 weeks, which was com-
parable to that reported by others on bone union of open
distal tibial and tibial shaft fractures with medial or anterior
lateral MIPO technique [23, 24]. We consider that the pos-
sible reason is that damage to soft tissues and blood supply
on the posterior aspect of the distal tibia is less extensive,
and no additional invasive procedures on the medial and
anterior aspect were performed and LCPs provide good sta-
bility for distal tibial fractures. Our results indicated that
posterolateral MIPO method was a biological and effective
technique for distal tibial and tibial shaft fractures, especially
with critical anterior and medial soft-tissue injury.

Another advantage of this approach was tibial and fibula
fractures can be performed through a single distal incision.
The traditional double long incisions for distal tibial and
fibula fractures can disturb the skin circulation and the rate
incision complication is increased if the distance between
the medial and lateral incision is <7cm [25]. Howard et al
[26] reported soft-tissue complications in 4 of 46 fractures
when the mean distance between incisions was 5.9 cm.
Therefore, we suggest that a single incision on the postero-
lateral side provides sufficient visualization and decreases
postoperative wound site complications.

However, compared to the anterior lateral approach, pos-
terolateral incisions enable a limited visualization of the
distal tibia joint line and Chaput’s tubercle fractures. Thus,
it is not applicable for fractures involved articular surface.
Furthermore, posterolateral incisions on the distal tibia also
have a risk of cutting the sural nerve and lesser saphenous
vein, which are in the superficial layer and run distally from
the lateral border of the Achilles tendon to the anterolateral
aspect of the foot. Careful dissection is essential to mini-
mize potential complications. Considering these disadvan-
tages, we do not recommend the posterolateral MIPO for
routine treatment of Gustilo III open distal tibial or tibial
shaft fractures.

Conclusion

In conclusion, our results suggest that complications, such
as soft-tissue necrosis and infection, were minimized using
staged treatment with MIPO technique through a posterolat-
eral approach. A staged treatment using the MIPO technique
through posterolateral approach should be a safe option for
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fixing Gustilo III open distal tibial and tibial shaft fractures
with severe anterior and medial soft-tissue injuries.
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