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Abstract: The objective of this study was to introduce a novel method of percutaneous titanium elastic nails aug-
mented by unilateral external fixator (BioEF-TENs system) combined with vacuum sealing drainage (VSD) technique 
and evaluate the effects in the management of open fractures of tibia. From January 2011 to June 2013, 15 
patients (11M/4F) with a mean age of 41.6 years (16-60 years) were treated with this method. According to the 
Anderson-Gustilo classification, there were 3 cases defined as Gustilo I, 5 as Gustilo II, 3 as Gustilo IIIA, 2 as Gustilo 
IIIB and 2 as Gustilo IIIC. Follow-up was done at 1, 2, 3 months postoperatively, and then at 2 months intervals, to 
conduct clinical and radiographic examinations. The mean follow-up period of 15 patients was 18 months. After 
the VSD was removed, 3 patients needed skin-grafting and 2 case needed flap coverage. The external fixator was 
removed with a mean time of 23.3 weeks (18-45 weeks), the average union time is 29.8 weeks (21-56 weeks). 
Delayed union was observed in 3 patients and there was no case with mal-union. There were 3 cases with pin track 
infection which were treated after external fixator removal. Superficial wound infection was existed in one patient 
and was cured by intravenous sensitive antibiotics and VSD. No case was observed with decrease ROM or pain of 
the knee. And only one patient’s ankle joint range of movement (ROM) was decreased by 20-25%. The results in-
dicated that the BioEF-TENs system combined with VSD can achieve bone stability at one stage fixation operation, 
which not only avoids converting fixation but also obtains effective soft tissue protection, which is a novel technique 
for open fractures of tibia with certain indications and worthy for further research.
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Introduction

Open tibial fractures still remain one of the 
greatest challenges to orthopedic surgeons, 
together with periosteal stripping make open 
fractures related complications, such as de- 
layed union, mal-union, nonunion, vascular da- 
mage, soft tissue damage, skin loss, compart-
ment syndrome and infection [1, 2]. Damage to 
the bone causes unstable fracture, even bone 
defect and the high rate of bone healing com- 
plications [3, 4]. Therefore, the operative tre- 
atment of an open tibial fracture comprises  
two important parts: bone and soft tissue. The 
aim of treatment is ultimately achieving a nor-
mally aligned, standard length, united bone wi- 

th good soft tissue coverage with absence of 
infection [5-7]. 

There are many optional treatments for open 
tibial fractures, but each of them has its own 
weakness and remains controversial. Traditio- 
nal open reduction and internal fixation can 
achieve satisfactory reduction and stable fixa-
tion, while the increasing risk of soft-tissue in- 
jury, the high rate of infection and bone heal- 
ing complications are more likely related [8,  
9]. Intramedullary nailing (IMN) is already be- 
ing recommended as an optional technique  
for Anderson-Gustilo Grade I or II open tibial 
fractures [10]. The negative effects such as 
postoperative knee pain, intramedullary infec-
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tion, destruction of the endomedullary blood 
supply and more hidden blood loss also sho- 
uld be taken into consideration [11, 12]. The 
external fixator (EF) has a defined place in tre- 
atment of open tibia fractures especially Gus- 
tilo III fractures, for its process being simple, 
soft-tissue being slightly affected, no perioste- 
al stripping and less blood-supply attenuated 
at the fracture site [13, 14]. But, delayed union, 
mal-union, and nonunion remains the intrac- 
table complications associated with unilateral 
external fixator [14-17], which has to undergo a 
secondary operation to convert it to another 
rigid internal fixation where the soft tissue da- 
mage is controlled [12, 18]. Vacuum sealing 
drainage (VSD) has proved to be an effective 
approach for protecting the wound, decreasing 
infection, prompting granulation growth and 
accelerating wound healing in the extremities 
[14, 19-22]. 

In order to explore a better treatment for open 
tibial fractures, we develop a novel techniq- 
ue, percutaneous intra- and extramedullary fix-
ation (BioEF-TENs system) [23-26] combined 
with vacuum sealing drainage (VSD). The pur-
pose of this study is to introduce this BioEF-
TENs + VSD technique and evaluate the re- 
sults of its application in open fractures of ti- 
bia.

Materials and methods

Patients

From January 2011 and June 2013, 15 pati- 
ents (11M/4F) with open tibial fractures were 
included in this study and treated with titani- 
um elastic nails (Synthes Bettlach Inc., Switzer- 
land) augmented by unilateral external fixator 
(Orthofix Srl Inc., Italy) combined with vacuum 
sealing drainage (Wego Newlife Co.Ltd., Shan- 
dong, China). The mean age of the patients  
was 41.6 years (range, 16-60 years). According 
to the Anderson-Gustilo classification, there 
were 3 cases defined as Gustilo I, 5 as Gus- 
tilo II, 3 as Gustilo IIIA, 2 as Gustilo IIIB and 2  
as Gustilo IIIC, with or without concomitant fib-
ula fracture. And the fractures were defined 
according to the classification of the Orthope- 
dic Trauma Association (OTA), which were pre-
sented in Table 1. Traffic accident was the mo- 
st common mode of injury in thirteen patien- 
ts, and fall from height was only in two cases.  
Four patients had additional fractures, two ul- 
noradial diaphysis fractures, one femur frac-
ture, and one humerus fracture. Other organ 
injuries were presented in seven patients, two 
cases with head injuries, one with pulmonary 
contusion and slight pleural effusion, another 

Table 1. Full demographic data and outcomes

No. Sex 
(M/F)

Age 
(years)

Injury 
mode

Anderson-
Gustilo OTA Associated 

injury
Additional 
interven

Union time 
(weeks) Complication

1 M 25 T IIIA 41B HF - 25 -
2 M 38 T I 41A BAT - 22 PTI
3 M 16 T I 42A - - 21 -
4 M 59 T II 42B FF - 30 PTI
5 F 16 T II 42A - - 26 -
6 M 58 T IIIA 42B BAT SG 28 PTI
7 M 60 T I 43A - - 27 WI
8 F 50 T IIIB 43C UDF - 30 -
9 M 56 F II 42B HI - 26 -
10 M 29 T IIIC 42B HI FC 40 DU
11 M 39 F IIIA 42C FF SG 31 -
12 F 30 T II 42A TSR+BAT - 25 -
13 M 48 T II 42A BAT - 28 AD
14 F 42 T IIIC 43C - FC 56 DU
15 M 58 T IIIB 42A - SG 32 DU
Note: T, traffic accident; F, fall from height; UDF, ulnoradial diaphyses fractures; F, femur fracture; HF, humerus fracture; HI, 
head injuries; PC, pulmonary contusion; TSR, traumatic splenic; BAT, blunt abdomen trauma; SG, skin-grafting; FC, flap cover-
age; DU, delayed union; AD, angulation deformity; PTI, pin track infection; WI, Wound infection.
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Figure 1. A 50-year-old female with Gustilo IIIB and 43C fracture of the left tibia and fibula, and also sustained an 
injury of the left femur (A). The X-ray presented a distal tibia and fibula fracture which is not fit for interlocking in-
tramedullary nail because of lock or barrier screws with no enough working length (B). The tibia and fibula fracture 
was managed by titanium elastic nails and external fixation in sequence (C-F). The photos showed that the vacuum 
sealing drainage was performed after the fracture was treated with intra- and extramedullary fixation (G). The post-
operative X-ray images of this case (H, I).

patient with traumatic splenic rupture and th- 
ree cases with blunt abdomen trauma. The 
traumatic splenic rupture case was treated 
with splenectomy, and the other organ injuri- 
es were managed conservatively.

Therapeutic method

All the 15 cases received early antibiotic treat-
ment. Gustilo I and II fractures were treated 
with cefazolin. Patients with penicillin allergy 
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were given clindamycin as substitution for the 
cefazolin. Gustilo III fractures received both 
cefazolin and gentamicin due to the high am- 
ount of contamination in these wounds. Each 
protocol employed modern aggressive debri- 
dement techniques. All necrotic and devascu-
larized tissues including bone were removed. 
Multiple irrigation and debridement procedur- 
es were performed until the wound was clean 
and all tissues viable [10]. After that, the pre-
liminary closed reduction was performed under 
C-arm fluoroscopy. Then, according to the sit- 
uation of the fibula fracture, we choose whe- 
ther to fix the fibula fracture with elastic nail 
before dealing with the tibial fracture or not. 
Thereafter at lateral and medial of the proxi- 
mal (anterograde) or distal (retrograde) tibia, a 
1-2 cm longitudinal incision was made then  
the TENs was inserted in an anterograde or  
retrograde direction according to soft tissue si- 

tuation of the enter point positions and distal  
or proximal occult fracture (Figure 1A-E). Aft- 
er this, unilateral orthofix external fixator was 
installed (Figure 1F) [23]. As to open grade  
IIIC fractures in our study, where the blood  
vessels needed to be reconstructed as far as 
possible, they were all done in one-staged mi- 
crosurgery procedure and included building a 
soft tissue bed to have a relatively better cov- 
erage. After these procedures were done, they 
were covered with Vacuum Sealing Drainage 
(VSD) (Figure 1G). Skin-grafting was done when 
healthy granulation tissue was proliferated. Fl- 
ap coverage was required in certain cases 
where bone was exposed.

Observation and measurement

Follow-up time was at 1 month, 2 months and  
3 months postoperatively, and then at 2 mon- 

Figure 2. Another Gustilo IIIB,42A tibial and fibulal fracture, a 58-year-old male, treated with external fixation com-
bined with titanium elastic nails and vacuum sealing drainage. Preoperative (A, B), early postoperative (C, D), re-
moval of external fixation (E, F), removal of two titanium elastic nails (G, H).
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ths intervals, including clinical and radiograph-
ic examinations [27]. During the visit, observa-
tion of the wound and pin track condition and 
making sure of the function of the knee and 
ankle joint were monitored. With callus formed 
gradually, we loosened compressive blot and 
removed its rod, and finally removed the exter-
nal fixator step by step in order to generate 
dynamisation at fracture site in vitro.

Results

Full demographic data and outcomes are pre-
sented in Table 1. In this series of 15 patients, 
the fractures follow-ups were on average 18 
months then they were available for final eva- 
luation. Regarding the management of soft tis-
sue, all fractures were covered with Vacuum 
Sealing Drainage. After the VSD was removed, 
3 patients needed skin-grafting and 2 cases 

needed flap coverage. All of the graft skin  
and coverage flaps were successfull. There  
was no case of nonunion or malunion, the av- 
erage union time was 29.8 weeks (range, 21- 
56 weeks). There was a case, a 48-year-old 
male, who sustained a distal comminuted fra- 
cture, had a coronal angulation in 5° and sa- 
gittal angulation in 4°. Delayed union was ob- 
served in 3 patients, whose consolidation of 
fractures and possibility of full weight-bearing 
was gained by physiotherapy and drug the- 
rapy. The external fixator was removed with a 
mean time of 23.3 weeks (range, 18-45 we- 
eks). One of the main complications mention- 
ed in this study was pin track infection, which 
involved 3 cases. Wound infection was pre- 
sent in one patient, without deep infection. The 
3 cases of pin track infection were all succe- 
ssfully cured after EF removal. The wound in- 
fection was successfully treated with dressing 

Figure 3. A Gustilo II, 42B fracture occurred osteofascial compartment syndrome with early incision decompres-
sion (A-C). The picture presented the fracture was treated with BioEF-TENs system (D). The photos showed that the 
wound was closed at early stage after dismantling the VSD device (E, F). The postoperative X-ray image of this case 
(G).
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change, intravenous antibiotics and VSD. In  
all patients, neither had restricted ROM of kn- 
ee nor knee pain. While, compared with the 
contralateral side, one patient’s ankle joint 
range of movement (ROM) was decreased by 
20-25%. The case with restricted function in 
the ankle was a Gustilo IIIB fracture. The typi- 
cal cases are shown in Figures 1A-I, 2A-H and 
3A-G.

Discussion

Although traditional plates can achieve satis-
factory reduction and stable fixation, there was 
increasing risk of aggravating soft-tissue injury, 
possibility of infection and high rate of bone 
healing complications were more likely related 
in open tibial fractures. In a systematic review 
of the literature, Giannoudis et al. [28] reported 
492 open tibial fractures treated with plates, 
union rate ranged from 62% to 95%, time to 
union ranged from 13 to 42 weeks, reopera- 
tion rate ranged from 8% to 69% and a pooled 
estimate of deep infection rate calculating at 
11%. The Gustilo III tibial fractures are often 
caused by high velocity trauma resulting in 
great possibility of comminution and instability. 
Grade III is characterised by a wide spectrum  
of damage to soft tissue including skin, mus-
cles, even neurovascular tissues and a high 
degree of contamination. Intramedullary nail- 
ing (IMN), with postoperative knee pain, des- 
truction of the endomedullary blood supply, 
more hidden blood loss and the increasing  
possibility of intramedullary contamination, is 
usually not applied in open grade III tibial fra- 
ctures. Keating et al. [29] reported that ream- 
ed nails offered an improved stability of the 
fracture, but their management carried an in- 
creased risk of infection and nonunion as re- 
sult of disruption of the endosteal blood sup- 
ply. The external fixator has a defined place  
in open tibial fractures as we have mention- 
ed. However,the high rate of malunion and  
nonunion should be taken into consideration 
due to unstable fixation by unilateral external 
fixator and usually need a secondary interven-
tion to convert to more rigid fixation. A syst- 
ematic review of 536 open tibial fractures tre- 
ated by external fixator showed that union had 
occurred in 94% at a mean time of 37 weeks, 
the overall incidence of delayed union after 6 
months was 24%, and the rate of mal-union 
was up to 20% [16].

Therefore, preserving the vulnerable soft tis- 
sue envelope and regaining relatively accurate 
reduction and stable fixation become especi- 
ally important. Thus, in this study we developed 
this novel intra- and extra-medullary fixation 
technique combined with vacuum sealing dra- 
inage to deal with open tibial fractures. Althou- 
gh with a small number of patients, the results 
of our treatment option are encouraging. The 
novel mixed fixation not only preserves the 
advantages of single external fixator in open 
fractures, but also increases the reduction ac- 
curacy and enhances the fixation system sta- 
bility with the additional titanium elastic nails 
through closed reduction, which contributes to 
lessen the risk of nonunion and mal-union. 
Furthermore, gradual dynamization could be 
achieved following these steps in BioEF-TENs.  
It is different from Intramedullary nailing whi- 
ch needs to remove the distal locking screws  
to achieve dynamization with re-operation in 
vivo. According to clinical and mechanical re- 
search, bone healing was enhanced subjected 
to micro-movement and dynamization [30, 31]. 
Compared with routine unilateral external fix-
ator, the external fixator was removed earlier 
with a mean time of 23.3 weeks in this BioEF-
TENs system, which finally decreased the rate 
of pin track infections and facilitated the daily 
life.

According to the concept of damage control,  
we should avoid any additional injury caused  
by the surgical procedure to the soft tissue 
[32]. Giannoudis et al. [28] reported a pooled 
estimate of deep infection rate calculating at 
11% in their study. The risks of increasing in- 
cidence of infection and osteomyelitis which 
resulted from prolonged open wound exposure 
were under control in our study. Wound infec-
tion was existent in one patient but no deep 
infection. The two aspects following may ex- 
pound the reasons.

On one hand, vacuum sealing drainage not on- 
ly protected the wound, eliminated dead cavity, 
and prevented infection, but also stimulated 
healthy granulation tissue proliferation. Thus,  
it created a biological environment for skin-
grafting, reduced postoperative complications, 
and promoted functional limb recovery [19- 
22]. On the other hand, this novel fixation me- 
thod, unlike plates or IM nails, is a percuta- 
neous and minimally invasive surgical tech-
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nique, which did not increase further damage 
to stimulation of the soft tissue at the fractu- 
re site, affect soft tissue coverage nor increa- 
se the possibility of intramedullary contami- 
nation. Even with Gustilo IIIC fractures, the- 
se patients’ blood vessels can also be recon-
structed in one-staged microsurgery procedure 
with this method.

In conclusion, the percutaneous intra- and ex- 
tramedullary fixation combined with vacuum 
sealing drainage technique is suitable for Gu- 
stilo I and Gustilo II open tibial fractures, even 
Gustilo III open tibial fractures. which can 
achieve bone stability at one stage fixation 
operation, and not only avoids converting fixa-
tion but also obtains effective dynamization in 
vitro. Hence, the BioEF-TENs system combin- 
ed with VSD is a novel technique with certain 
indications and worth to do further research.
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