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Abstract
Purpose Treatment of open tibial fractures with soft tissue
and segmental bone defects is difficult. This study reports
our results for treating these injuries with a combination of
Papineau open bone grafting and vacuum-assisted wound clo-
sure (VAC).
Methods The records of 19 patients with open tibial fractures
with soft tissue and segmental bone defects treated with bone
grafting and VAC from 2004 to 2010 were retrospectively
reviewed. Outcomes included: time to complete granulation
tissue coverage, wound healing, and bone union; length of
hospitalization; frequency of debridement; number of deep
tissue infections.
Results Initial surgery was performed within 48 hours of injury.
Ten fractures were Orthopaedic Trauma Association classifica-
tion 41-A3, one was 41-C3, seven were 43-A3, and one was 43-
C3. No surgical complications occurred, and the mean length of
hospitalization was 11.0 ± 3.0 weeks (range, 7-18 weeks). The
mean follow-up time was 59.35 ± 8.76 months. The mean time

for complete wound healing was 7.76 ± 1.52 weeks (range, 6-
11 weeks). Bone union was achieved in all patients at a mean of
33.88 ± 8.37 weeks (range, 23-53 weeks). Only one patient
developed a deep tissue infection, which was treated with anti-
biotics and debridements, and complete bone union wound
healing was achieved. Based on Paley grade, five outcomes
were excellent, eight were good, and four were fair.
Conclusions The combination of VAC and open bone
grafting results in good outcome for patients with open tibial
fractures and severe bone and soft-tissue defects.
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closure

Introduction

Despite advances in surgical techniques and antibiotic treat-
ment, severe open fractures of the tibia with segmental bone
defects (long-bone defect longer than 1.5 times the diameter of
the bone) continue to be one of the most challenging problems
for orthopaedic surgeons. Extensive bone and soft tissue de-
fects always accompany high-energy open fractures, and as a
result the injured bones lose their ability to heal and are prone
to infection. Many techniques are used to treat these injuries,
and there is currently no consensus on the best method [1–3].
Regardless of the method used, delayed and nonunions are
common [4].

Papineau [5] introduced open bone grafting to treat these
injuries, and the technique has been used for more than four
decades with satisfactory results [6, 7]. Vacuum-assisted clo-
sure (VAC) is another technique that is widely used for the
treatment of various soft-tissue defects, and again is associated
with improved results over local wound care for infected
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wound and osteomyelitis [8–11]. While both techniques pro-
vide satisfactory outcomes in the majority of cases, studies of
the long-term outcomes are lacking [12, 13]. Furthermore,
there are few studies that have examined using the two tech-
niques in combination.

At our institution, we have been using the Papineau tech-
nique of open bone grafting in combination with VAC to treat
severe open tibial fractures with soft tissue and segmental
bone defects. We hypothesized that using the two techniques
in combination may improve the outcomes of either technique
alone. The purpose of this report is to describe the combina-
tion technique, and our results.

Patients and methods

Patients

We retrospectively reviewed the records of patients with severe
open tibial fractures with segmental bone defects who were
treated by our team between March, 2004 and June, 2010.

Patients with diabetes mellitus, severe liver disease, or ma-
lignancies were excluded. All patients provided written in-
formed consent for all of the surgical procedures performed.
This study was approved by our Institutional Review Board,
and patient informed consent for the study was not required as
it was a retrospective review of medical records.

Surgery protocol

All surgeries were performed by the same senior orthopedic
surgeon. Patients with cerebral trauma, thoracoabdominal
trauma, or multiple injuries received general anaesthesia, and
patients without these conditions received surgery under epi-
dural anaesthesia. Debridement, including meticulous exci-
sion of local necrotic tissue, establishment of bone stability
with single-sided external fixation with K-wires, and VAC
were performed on all patients. Approximately 48–72 hours
after the initial surgery, debridement was performed again to
eliminate necrotic muscle, tendon, and fat, and detached is-
chemic bone. Haemostasis was achieved, followed by
vacuum-assisted drainage. Cefazolin was used for antibiotic
prophylaxis at the time of the primary intervention after tissue
samples were collected for culture and sensitivity examina-
tion, and antibiotics were adjusted based on culture results.
Subsequently, antibiotics were administered based on culture
results. Further debridement followed by VAC was performed
based on the appearance of the wound and bacterial culture
results. Samples of wound excretions were sent for bacterial
culture and antibiotic susceptibility testing prior to all addi-
tional debridements.

Once healthy granulation tissue was observed, and any
infection controlled with antibiotics, all patients received open

iliac bone autograft. Bone defects were packed to exceed the
upper and lower fracture ends by 1 cm, and the wound cavity
was fully filled with the bone particles. Vancomycin was
added to the autograft in the case of infection. After haemosta-
sis was achieved, post-operative negative-pressure VAC was
maintained until the wound was covered with granulation tis-
sue. If spontaneous epidermializaiton from the wound edge
did not occur, split-thickness skin grafting was performed
when the surface of the bone graft was completely covered
by healthy granulation tissue. Intra-operative images of a rep-
resentative case are shown in Fig. 1.

Post-operative management

Antibiotics were administered based on bacterial culture re-
sults. As there is still controversy on whether prevention of
thrombosis with low-molecular weight heparin (LMWH)may
increase the wound exudation, it was not used. Instead,
dextran-40 was administered (500 ml/day for 5 days) for the
prevention of thrombosis. This was accompanied by function-
al exercise of the ankle and knee. During VAC, conventional
dressing materials were changed every three days. Weight-
bearing was allowed when a continuous callus was observed
on radiographs. External fixation was removed after a visible
callus and sufficient stability were achieved, and a brace was
used until complete bone union had occurred.

Follow-up assessment

All patients were followed-up in the outpatient clinic. Data
recorded included time to complete granulation tissue cover-
age, wound healing, and bone union, length of hospitalization,
frequency of debridement, and number of deep tissue infec-
tions. The criteria for fracture union were no local tenderness
or percussion pain, blurred fracture lines or the formation of a
continuous callus, and the ability to walk three minutes with-
out external fixation. Fracture radiographic union was defined
as a bridging callus across three of four cortices on orthogonal
radiographs evaluated by a research investigator, as previously
described [14]. The Paley standard protocol was used to eval-
uate the outcomes of open bone fractures [15].

Data analysis

Continuous data were presented as mean ± standard devia-
tions with range (minimum tomaximum), and categorical data
were presented as number (percentage).

Results

The study included 14men and five womenwith a mean age of
38.47 ± 8.72 years (range, 25–57 years). All patients were seen
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in the emergency department within 24 hours of the injury, and
all received surgery within 24 hours of admission to the emer-
gency department. Injuries were due to traffic accidents (n = 7),
crush (n = 8), and falls (n = 4), and 11 injuries were in the
proximal tibia and eight in the distal tibia. Ten fractures were
Orthopedic Trauma Association (OTA) classification 41-A3,
one was 41-C3, seven were 43-A3, and one was 43-C3.

The mean bone defect length was 4.81 ± 1.25 cm (range,
2.5 to 7 cm), and the area of soft tissue defects ranged from
5 × 6 to 15 × 30 cm. The mean length of hospitalization was
11.0 ± 3.0 weeks (range, 7-18 weeks). Individual case data are
presented in Tables 1 and 2, and summary data in Table 3.

Two patients were lost to follow-up, and the mean follow-
up time for the 17 patients was 59.35 ± 8.76 months (range,
51-84 months). The mean time for full granulation tissue cov-
erage was 15.41 ± 1.87 days (range, 14-21 days), and the
mean time for complete wound healing was 7.76 ± 1.52weeks
(range, 6-11 weeks). Bone union was achieved at a mean time

of 33.88 ± 8.37 weeks (range, 23-53 weeks). Only one patient
(case 4) developed a deep tissue infection, and the organism
was identified as Enterobacteria cloacae. The patient was
treated with antibiotics, required two local debridements,
and achieved complete bone union and healing of the wound.
Patient 18 developed a pin tract infection, which resolved with
local wound care and oral antibiotics. Based on Paley grade,
five outcomes were excellent, eight were good, and four were
fair. Follow-up images of a representative case are presented
in Fig. 2.

Discussion

The results of this report with follow-up of five years indicate that
a combination of the Papineau technique of open bone grafting
and VAC can result in good outcomes for patients with severe
open tibial fractures with bone and soft-tissue defects. Of the 19

Fig. 1 Case 12; a 47-year-old manwith a severe open fracture of the tibia
with segmental bone defect. a-c Debridement, external fixation of the
bone fracture with K-wires, and vacuum-assisted closure were

performed. d-f After 7 days, the bone defect was filled with iliac
autograft bone. g Split-thickness skin grafting was performed 2 weeks
after the initial surgery
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Table 1 Patient data

Case
number

Age
(years)

Sex Smoker Injury
mechanism

Fracture
location

OTA
classification

Contamination Length
of bone
defect
(cm)

Size of soft
tissue defect
(cm)

ISS

1 25 M Yes Traffic accident Distal 43-A3 Mild 2.5 5 × 6 19

2 43 M Yes Fall Distal 43-A3 Mild 3.8 7 × 11 8

3 52 F No Fall Distal 43-C3 Mild 3.6 6 × 8 9

4 34 M No Traffic accident Proximal 41-A3 Mild 7.1 15 × 30 17

5 32 F Yes Crush Proximal 41-A3 Heavy 4.8 11 × 14 8

6 35 M No Crush Distal 43-A3 Heavy 4.5 6 × 9 14

7 38 M Yes Crush Distal 43-A3 Heavy 5.0 8 × 12 14

8 44 M No Traffic accident Proximal 41-C3 Mild 4.5 5 × 10 10

9 46 M Yes Crush Proximal 41-A3 Heavy 3.7 6 × 11 11

10 31 M No Fall Proximal 41-A3 Mild 6.6 12 × 14 8

11 35 F No Crush Proximal 41-A3 Mild 4.8 7 × 9 19

12 47 M No Traffic accident Proximal 41-A3 Heavy 3.2 12 × 18 9

13 28 M Yes Crush Proximal 41-A3 Heavy 3.8 5 × 9 10

14 32 F No Traffic accident Distal 43-A3 Mild 4.6 6 × 12 11

15 34 M No Traffic accident Proximal 41-A3 Heavy 6.5 13 × 21 14

16 43 F No Crush Distal 43-A3 Heavy 5.3 7 × 12 8

17 57 M No Traffic accident Proximal 41-A3 Mild 4.8 10 × 21 5

18 46 M Yes Crush Proximal 41-A3 Heavy 5.8 11 × 25 21

19 29 M Yes Fall Distal 43-A3 Mild 6.6 8 × 17 15

OTA Orthopedic Trauma Association, ISS injury severity score

Table 2 Follow-up results

Case number Length of
follow-up (months)

Time to granulation
tissue coverage (days)

Time to wound
healing (weeks)

Time to bone
union (weeks)

Length of
hospitalization
(weeks)

Complications Palay grade

1 58 15 6 23 7 Excellent

2 54 16 11 28 9 Excellent

3 61 14 6 33 12 Good

4 54 17 9 24 11 Deep infection Fair

5 60 14 8 27 12 Good

7 84 14 6 41 12 Fair

8 62 15 6 39 8 Good

9 57 14 10 25 17 Good

10 51 21 7 26 11 Excellent

11 52 15 9 33 10 Good

12 72 18 8 34 13 Excellent

13 52 16 6 28 7 Good

14 68 14 8 36 10 Good

16 54 14 8 41 11 Fair

17 64 16 9 42 18 Excellent

18 52 15 8 53 9 Pin infection Fair

19 54 14 7 43 10 Good
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patients studied, only one developed a deep tissue infection
which was resolved with debridements and antibiotics. Based
on Paley grade, five outcomes were excellent, eight were good,
and four were fair. The advantage of this technique is the com-
bined use of VAC and first stage bone grafting. VAC creates an
environment that minimizes the possibility of infection, which
is helpful for healing after bone grafting and also promotes the
granulation tissue growth and wound healing. Compared with

classic techniques (vascularized bone graft, bone transport,
staged bone graft after wound closure), this technique is much
simpler, easier to perform, and causes less tissue injury.

The three challenging problems with severe open tibial
fractures are prevention of infection, bone union, and cover-
age of soft-tissue. Open bone grafting for the repair of infected
bone defect can be divided into three stages: (1) complete
debridement of all necrotic and infected tissue; (2) local
wound care with dressing changes until complete coverage
with granulation tissue; (3) bone grafting, and further local
wound care until coverage with granulation tissue followed
by skin grafting. The Papineau technique consists of two core
procedures: complete debridement and reconstruction of bone
stability with enough cancellous bone graft to fill the defect
[6, 16, 17]. Compared with other methods for repair of bone
defects, such as vascularized bone graft, bone transport, and
staged bone graft after wound closure, the Papineau technique
simplifies repair by avoiding coverage of the wound by flaps.

VAC is a relatively new method for facilitating wound
healing [18]. In simplistic terms, a polyvinyl alcohol hydrated
salt algae sponge dressing containing a drainage tube is used to
cover the wound, and negative pressure is applied to seal the
wound and remove exudates [18]. There are a number of ad-
vantages associated with VAC [11, 19, 20]. Unobstructed
drainage reduces the aggregation of local exudates, and isola-
tion of the wound reduces the possibility of infection. VAC
promotes fibroblast proliferation through mechanical stress,
consequently pushing the epithelium centrally and gradually
shrinking the wound area, and facilitates microcirculation of
the wound, which accelerates the growth of granulation tissue.
Thus, suitable conditions for bone grafting are rapidly created.
Compared with local wound care of dressing changes, the
combination of open bone graft and VAC may solve the prob-
lem of protecting healing tissue and bone, and provide an im-
proved technique in the cases of severe open tibial fractures.

A few other studies have described VAC and bone grafting
for the treatment of tibial fractures. In 2006, Archdeacon and
Messerschmitt [12] reported good outcomes from treating os-
teomyelitis of the tibia after open tibial fractures with debride-
ment, Papineau bone grafting, and VAC. More recently,
Karargyris et al. [13] reported the use of Papineau debride-
ment, Ilizarov bone transport, and VAC for the treatment of
septic bone defects of the tibia. Seven patients received single-
stage extensive surgical debridement of necrotic bone, open
bone grafting with cancellous bone autograft and bone trans-
port, and postoperative negative-pressure wound care. The
mean time from the initial injury was six months. Successful
wound healing occurred at a mean of 29 days in all patients,
and only one patient experienced delayed union, which was
treated with autologous cancellous bone grafting. There were
no recurrences of infection with a mean follow-up of
14 months. Six patients were able to return to their prior level
of activity; one patient had a stiff ankle joint and because his

Table 3 Summary of demographic and clinical data of the 19 patients

Baseline characteristics n = 19

Age, years 38.47 ± 8.72 (25–57)

Sex

Male 14 (73.7)

Female 5 (26.3)

Smoker

Yes 8 (42.1)

No 11 (57.9)

Mechanism of injury

Crush 8 (42.1)

Fall 4 (21.1)

Traffic accident 7 (36.8)

Location of fracture

Distal 8 (42.1)

Proximal 11 (57.9)

OTA classification

41-A3 10 (52.6)

41-C3 1 (5.3)

43-A3 7 (36.8)

43-C3 1 (5.3)

Contamination

Mild 9 (47.4)

Heavy 10 (52.6)

Length of bone defect, cm 4.81 ± 1.25 (2.5-7.0)

ISS 12.10 ± 4.51 (5.0-21.0)

Follow-up assessments n = 17a

Length of follow-up, mo 59.35 ± 8.76 (51.0-84.0)

Time to granulation tissue coverage, days 15.41 ± 1.87 (14-21)

Time to wound healing, weeks 7.76 ± 1.52 (6.0-11.0)

Time to bone union, weeks 33.88 ± 8.37 (23.0-53.0)

Length of hospitalization, weeks 11.0 ± 3.0 (7.0-18.0)

Number of debridements 2.59 ± 0.71 (2-4)

Paley grade

Excellent 5 (29.4)

Good 8 (47.1)

Fair 4 (23.5)

Data were presented as mean ± standard deviation with range (minimum
to maximum), or number (percentage)

OTA Orthopedic Trauma Association, ISS injury severity score
a Two patients were lost to follow-up (cases 6 and 15)
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job was strenuous he had to change work. Deng et al. [21]
performed single-stage reconstructionwith open bone grafting
and VAC on 15 patients with infected tibial nonunion. All
patients had sustained severe tibial fractures as a result of
motor vehicle accidents, and had received primary treatment.
The mean time from the onset of tibial infection was
9.1 months. Patients were follow-up up for an average of
22.6 months (range, 14-42 months). Bone union was achieved
in 93.3% (14/15) of patients after a mean of 5.93 months
(range, 3-10 months), and all wounds healed at an average
of five weeks (range, 3-10 weeks). At the last follow-up, all
patients considered the function and appearance of their limbs
satisfactory.

Open tibial fractures are frequently characterized by heavy
wound contamination, severe local soft tissue defects, and
large amounts of necrotic tissue; treatment consists of repeated
debridement until all necrotic tissue is removed, and the

wound is completely covered by healthy granulation tissue
[22–24]. Schlatterer et al. [18] recently reviewed the literature
regarding the use of negative pressure wound therapy in the
treatment of Gustilo-Anderson grade IIIB tibial fractures. The
review conducted through September 1, 2013 identified one
randomized controlled trial and 12 retrospective studies.
While the individual study results were mixed, the evidence
led the authors to conclude that negative pressure wound ther-
apy is associated with lower infection rates than conventional
wound care with gauze dressings. The results also suggested
that negative pressure wound therapy beyond 72 hours is not
associated with increased infection rates, and may be associ-
ated with a reduced necessity of treatment with flaps.

The results of this study with follow-up of five years sug-
gest that VAC is useful for preventing further necrosis of the
wound, allowing early bone grafting and improved healing.
Application of the Papineau technique combined with VAC

Fig. 2 Follow-up of case 12. a, b
Radiographs and c-f photographs
obtained approximately
84 months after surgery
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turns the openwound into an enclosed space, and thus helps to
avoid further tissue necrosis. Furthermore, VAC ensures thor-
ough drainage of the wound, promotes local blood supply,
accelerates generation of granulation tissue, reduces the prep-
aration time for bone grafting, and finally expedites healing of
soft tissue. A feature of the traditional Papineau technique is
open drainage with a wet/dry interface and regular dressing
changes. However, this technique is reported to have a rela-
tively high nosocomial infection rate [12, 25]. However, VAC
isolates the wound and promotes healing, thus reducing the
chance of infection. No nosocomial infections occurred in the
19 patients presented in this report, and there was only one
case of deep tissue infection, which resolved promptly with
debridement, antibiotics, and vacuum drainage.

The current study did not include a control group. While
there is no standard widely accepted technique for the treat-
ment of severe open tibial segmental bone defects, bone trans-
port is the most commonly used strategy. Thus, we believe a
comparison of our results with those of bone transport may be
useful. Tong et al. [26] compared theMasquelet technique and
Ilizarov bone transport for lower extremity bone defects fol-
lowing posttraumatic osteomyelitis. The Masquelet technique
was associated with a shorter mean finite fixator time
(10.15 months vs 17.21 months), and better functional out-
comes [excellent (8 vs 3), good (9 vs 6), fair (3 vs 8) and poor
(0 vs 2)] than bone transport, respectively. Bone outcomes,
however, were similar between the Masquelet and Ilizarov
groups [excellent (5 vs 7), good (10 vs 9), fair (4 vs 2) and
poor (1 vs 1)], respectively. Sadek et al. [27] compared the
results of two-stage reconstruction and Ilizarov ring external
fixator in a single stage procedure for the management of
resistant infected tibial diaphyseal nonunion with a gap.
Time to union and the post-operative limb length discrepancy
were not different between the groups. Patients that received
two stage reconstruction had better preservation of the pre-
operative range of motion of both ankle and subtalar joints,
and had fewer complications and required fewer post-
operative plastic reconstruction procedures than the patients
that received the single stage surgery. Smith et al. [28] treated
11 patients with traumatic forearm bone loss with Ilizarov ring
fixation and bone transport. The union rate of Ilizarov ring
fixation and bone transport was 64%, with the other patients
requiring compression plating. While nine patients described
resulting function as excellent, three experienced marked lim-
itations of wrist function.

No study is without limitations. The primary limitations of
this study are the small number of patients and the retrospec-
tive analysis. As we have previously mentioned, the study
design did not include a control group that received conven-
tional care with which to compare the results. Randomized,
prospective studies are required to validate the combined use
of VAC and bone grafting for the treatment of open tibial
fractures with bone and soft tissue defects.

Conclusions

The results of this retrospective review suggest that the com-
bination of VAC and open bone grafting results in good out-
come for patients with open tibial fractures and severe bone
and soft-tissue defects.
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