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Abstract
This study aimed to investigate the treatment efficacy of free bone retention plus iliac bone grafting
under phase I Vacuum Sealing Drainage (VAS) lavage for treatment of open bone defects. Thirty-six
bone fractures were classified according to the Gustilo classification between January 2008 and April
2016. This study included 16 type I cases, 12 type II cases, and 8 type IIIA cases. Length of the
longitudinal section of the damaged free crushed bone was 0.5 to 7.1 cm. There were 7 cases with
sections ≤ l cm, 12 with sections 2 to 3 cm, 11 with sections 3 to 5 cm, and 6 with sections>5 cm. The
rinse protocol comprised 3000 ml/d of saline for 3 days for Gustilo type I fractures, 6000 ml/day of saline
for 5 days for Gustilo type II fractures, and 9000 ml/d of saline for 7 days for Gustilo type IIIA fractures.
Fifty ml of Anerdian (type III, diluted 10 fold) was added by VSD treatment (closed negative-pressure
lavage). Callus formation was seen within 3.5 months after surgery, with osseous union at an average of
6.5 months. The wound healed well in 35 cases. In l case, the patient developed superficial cellulitis near
the screw path, which resolved after removing the external fixation device. There was no internal
fixation loosening, breakage, or exposure. Non-union and osteomyelitis were not seen. This method
could be effective to prevent infection, osteomyelitis, delayed union, and non-union.
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Introduction
High-energy, trauma-induced bone and soft tissue injuries
often include multiple complex injuries, which can be severe,
have longer treatment periods, and involve complex tissue
remodeling. Early and repeated debridement may result in deep
infection after wound closure. It also may lead to development
of delayed chronic osteomyelitis [1-3], which is one of the
difficulties of clinical treatment. Exfoliation of bone and loss
of soft tissue attachments could result in lack of blood supply.
Contamination of the wound could lead to infection, resulting
in secondary traumatic osteomyelitis, sequestrum, and lack of
complete sinus healing over the long term. This often requires
removal of the contaminants and a 3 month waiting period
before surgical bone grafting, which greatly increases risk of
bone defects from debridement and fixation [4]. Emergency
free flap transfer, which involves partially transferring or
freeing the skin or muscle flap, is difficult to utilize for soft
tissue injuries, which require a more complex surgery when
using deferred wound closure. Traditional drainage pipes have
a small negative pressure, and, as such, often become plugged.
Plugging results in incomplete rinsing, poor drainage, and
serious leakage, making traditional drainage pipes unsuitable
for soft tissue defects. They also can increase patients’ pain,
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prolong hospital stays, and increase medical burdens. There are
many flushing methods to control infection [5-8], each with
their own advantages and disadvantages. Hydrogen peroxide
(3%) has been proved to be cytotoxic, and long-term
application affects wound healing. Benzalkonium bromide
(0.1%) is a weak disinfectant, and is no longer used. Iodophors
may maintain sterile conditions for only 1 hour, and may result
in serious tissue death, making them unsuitable for surgeries
requiring visual distinction. Topical application of antibiotics is
controversial, while iodine tincture and iodophors require
deiodination. Additionally, iodine tincture is a strong irritant,
and can be used for skin disinfection only. Povidone-iodine
(5%) can be toxic, and may result in significant damage to
epithelial tissue. Therefore, there are still many problems to
solve in the treatment of open fracture bone injuries. Many
current treatments have unsatisfactory effects, making them
unsuitable for open fracture bone defects. In addition, some of
the treatment cycles are long and easily complicated by
osteomyelitis and non-union, resulting in increased duration of
infection, long operating times, and high costs. Additionally,
the rates of disability and amputation are high [9,10]. In order
to increase the efficacy of treatment, we applied a method
using free bone retention plus iliac bone grafting under phase I
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Vacuum Sealing Drainage (VSD) lavage for treatment of 36
Gustilo types I, II, and IIIA open bone injuries between
January 2008 and April 2016 [11-13]. The current study
demonstrates that this method can produce sufficient drainage
and effective infection control, as well as rapid bone union and
convenient care, resulting in positive clinical outcomes.

Materials and Methods
Subjects
Thirty-six patients with open bone limb fractures were selected
from 52 patients with severe soft tissue injuries who were
admitted to the First Department of Orthopaedics, Xianyang
Centre Hospital, Shaanxi Province, between January 2008 and
April 2016. The patient group included 23 men and 13 women
aged 23 to 68 years, with a mean age of 39 years. Fracture
types were classified according to the Gustilo classification,
and included type I (16 cases), type II (12 cases), and type IIIA
(8 cases) fractures. Bone fractures occurred in the humerus (8
cases), tibial shaft (13 cases), femoral shaft (8 cases), ulnar
shaft (4 cases), and radial shaft (3 cases). Length of the
longitudinal section of the injured free crushed bone was 0.5 to
7.1 cm, and included section lengths of ≤ 1 cm (7 cases), 2 to 3
cm (12 cases), 3 to 5 cm (11 cases), and>5 cm (6 cases).
Fixation types include external stent fixation in all 36 cases.
Time from injury to surgery ranged from 8 to 38 hours, with an
average of 11.2 hours. Causes of injury were traffic accidents
(29 cases) and falls (7 cases). This study was conducted in
accordance with the Declaration of Helsinki. This study was
conducted with approval from the Ethics Committee of
Xianyang Centre Hospital. Written informed consent was
obtained from all participants.

Inclusion criteria
Patients were included in the study based on the following
criteria: (1) the injury was confirmed as a limb fracture by
imaging studies, (2) the injury was an open fracture
accompanied by bone damage and severe soft tissue injury, (3)
the wound could not automatically heal or be sutured directly,
and (4) the patients and their families were informed and
provided informed consent (Figure 1A).

Exclusion criteria
Patients were excluded if they met any of the following
conditions: (1) malignant cancer, (2) obvious vascular
occlusive disease, (3) unmanaged diabetes, (4) intolerance to
treatment, or (5) adverse reaction to treatment (allergy to
polyvinyl alcohol-hydrated seaweed salt foam dressing, or
intolerance to pain caused by closed negative-pressure
therapy).

Debridement and exploration
After successful anaesthesia, samples were collected from the
wound and sent for bacterial culturing and sensitivity testing.
The wound was dressed with sterile dressing, and the wounded
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limb was brushed twice. Subsequently, the wound was rinsed
with hydrogen peroxide followed by Anerdian (Shanghai
LiKang Disinfectant High Tech Co., Ltd.) and saline. The
wound was sterilized and a sterile surgical towel was paved,
and the fascia tissue was cut away from the contused skin edge.
The areas contaminated by the contusion and the inside of the
wound were cleared of visible foreign bodies and dirt particles.
The surgeon then explored the wound to verify the condition of
the tendons, muscles, blood vessels, nerves, skin, and fracture
injuries to determine the surgical plan and method of fixation.
This was followed by rerinsing with hydrogen peroxide
followed by Anerdian and saline (Figures 1B-1D).

Bone grafting
Wounds with bone debris or that were heavily contaminated by
foreign material were scraped or bit partial bone with a size 1
bone curette. Autologous free bone collected for the graft was
washed repeatedly, soaked in hydrogen peroxide and diluted
Anerdian/saline solution, and then reduced and fixed to the
bone. The graft site was filled with autologous iliac cancellous
bone, with the graft exceeding the upper and lower extent of
the fracture by approximately 1 cm. The joint capsule, muscles,
and tendons were then sutured in turn. Finally, the skin was
sutured relaxationally, and the wound was narrowed and closed
to cover the bone graft.

VSD lavage
Several side holes were cut in 1 silicone drainage tube, which
was then implanted beside the wound and placed to lie
vertically for the holes to point towards the soft tissue bed and
the damaged bone segment near the bottom of the wound. This
tube was used for alternate rinsing with saline and Anerdian,
and for VSD (Wuhan VSD Medical Instrument Co., Ltd.).
VSD was conducted by trimming the VSD dressing and
performing an overlapping suture, which covered the exposed
wound, and was interruptedly sutured to healthy skin. The
wound was then enclosed with biofilm and connected to
negative-pressure suction to perform perfusion-flushing.

Post-treatment processing
VSD was performed with central negative-pressure suction of
0.02 to 0.04 kpa. This was followed by rinsing with 3000 ml/d
of saline over 3 days for Gustilo type I fractures, 6000 ml/d of
saline over 5 days for Gustilo type II fractures, and 9000 ml/d
of saline over 7 days for Gustilo type IIIA fractures. Fifty ml of
Anerdian (type III, diluted 10 fold) was added through the
abovementioned silicone tube once per day. During this
procedure, the VSD negative pressure was properly controlled
so that the Anerdian could be drained away following a 3 min
rinse and soak of the wound. If the wound bacterial culture and
drug sensitivity test were positive, the sensitive drugs were
selected for infection treatment. During the procedure, we
observed the amount of drainage, looked for leakage around
the wound, and examined whether or not the drainage tube was
smooth. The suction device was changed after 1 week. The
wound was observed for growth of granulation tissue following
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changing of the tube. If granulation tissue had not completely
covered the wound, we replaced the negative-pressure suction
device again. If granulation tissue had completely covered the
wound, and the granulation tissue was fresh, we performed
“stamp” free skin-flap grafting or full-thickness skin grafting
followed by compression dressing, or metastatic flap grafting
to cover the wound. Radiography was performed 1 month after
surgery to observe the growth and condition of the bone graft
(Figures 1E-1H).

Results
Wound healing time
Wound healing time was 5.5 to 10 weeks, with an average of
7.5 weeks. In 20 cases, the VSD tube was replaced once, in 10
cases, it was replaced twice, and in 6 cases, it was replaced 3
times. Time from final debridement to bone grafting was 0 to 5
days, with an average of 4.3 days. Time needed for granulation
tissue to completely cover the exposed surface of the bone
graft was 3 to 7 weeks, with an average of 3.2 weeks. In 4
cases, we performed skin-flap transferring, and in 12 cases, we
performed “stamp” free skin-flap grafting. Patients required 2
to 4 debridement procedures, with an average of 2 procedures
per patient. Total hospitalization time was 5 to 12 weeks, with
an average of 6.4 weeks.

Bone healing time
Follow-up lasted 5 to 24 months, with an average of 13
months. Bone callus formation started at an average of 3.5
months after surgery. Full bone healing was observed in 26
cases within 3 to 6 months, in 6 cases within 6 to 8 months, in
2 cases within 8 to 12 months, in 1 case at 14 months, and in 1
case at 16 months, with an average of 6.5 months.
Figure 1. (A): Pre-operative orthophoric X-ray; (B): Post-operative
orthophoric X-ray; (C): Post-operative VSD lavage; (D): Postoperative Anerdian lavage; (E): Pre-operative would situations; (F):
Wound situations 3 weeks after surgery; (G): Orthophoric X-ray 13
months after surgery; (H): Appearance of wounded limb 13 months
after surgery.

Postoperative complications

We recorded the total time between debridement and bone
grafting procedures, time required for granulation tissue to
cover the bone graft, time for complete wound and bone
healing, duration of hospitalization, and number of
debridement procedures.

Thirty-five cases exhibited phase I healing. Pathogens isolated
from the wounds of 4 patients were identified and their drug
sensitivity determined; these patients were cured by these
sensitive drugs. One case exhibited skin necrosis and
superficial infection, which was treated by redressing the
wound. No internal fixation was exposed, broken, or became
loose. Nine cases exhibited infection in the nail tract of the
external fixation device, which was controlled by ethanol
flushing. One case exhibited superficial cellulitis near the nail
tract, which healed when the external fixation device was
removed following healing of the fracture. Non-union and
osteomyelitis did not occur.

Criteria of fracture healing

Discussion

Fractures were considered healed based on the following
criteria: (1) no local tenderness or longitudinal percussion pain
at the fracture site, or unusual similar joint activity, and (2)
continuous bone callus at the small fracture and blurred
fracture line on radiography.

Treatment of open bone damage may involve multiple
surgeries, long-term hospitalization, significant instability,
complicated infection, delayed union, non-union, chronic pain,
posttraumatic
arthritis,
refracture,
and
additional
complications. Because of this, conclusive evidence for proper
selection of treatment method is lacking. Controversy also
exists regarding whether autologous bone grafting or free bone
retention should be performed in phase I to prevent non-union
because these procedures might increase risk of infection. To
address this problem, we applied VSD and Anerdian type III
lavage with free bone retention and iliac bone grafting for
treatment of 36 cases of Gustilo types I, III, and IIIA open
bone fractures. We achieved positive outcomes, suggesting that
this method could be effective to prevent infection,
osteomyelitis, delayed union, and non-union. Overall, the

Observation indicators

Diagnostic criteria of non-union
Non-union was considered to have occurred based on the
following criteria: (1) unusual similar joint activity between
fracture fragments, (2) radiography findings of separation
between fracture segments, with smooth shrinking and less
bone callus, and the bone marrow cavity closed with dense
sclerotic bone, and (3) non-healing of the fracture within the
standard healing time of 9 months post-fracture [14].
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effects of this procedure were ideal, with a high union rate and
rare occurrence of complications.
Bone grafting is seldom used in the first surgery for open
fractures, and is mainly performed in cases with delayed union
or non-union [15]. This study advocated bone grafting in the
first surgery, using autogenous iliac bone, and obtained
satisfactory curative effects. The method used in this study to
fill the damaged area of the bone effectively prevented and
controlled infection. This eliminated bone collapse and
stabilized the end of the fracture. It also allowed the grafted
cancellous bone to biologically induce ossification, resulting in
positive promotion of fracture healing, which could shorten
treatment times, reduce risk and suffering in the patient, and
decrease the economic and psychological burdens of this type
of injury. Overall, this method could enable early exercise and
maximal recovery of limb function and length, and reduce
incidence of teratogenicity and mutilation. Early thorough
coverage of the wound increased resistance to infection, and
may have provided adequate blood supply for bone grafting
and promotion of bone healing. A large free bone segment
reserved at the grafting site could play an important role
towards post-operative fracture healing and functional recovery
[16,17].
Gopal et al. reported that the wound infection rate was 6%
within 72 hours after closure, and 30% after 72 hours [18]. The
method used in this study could significantly reduce the rates
of infection and necrosis in a wounded limb, significantly
reducing the healing time in the early stages of fracture trauma.
Other scholars have proposed a classification method for open
fractures [19-21]. Types I, II, and III open fractures use 1 L, 3
L, and 9 L of flushing liquid, respectively. Our results suggest
that the Anerdian flushing tube implanted inside the wound
prevented clogging of the VSD lumen, thus, achieving all 3
components of the process in 1 treatment, namely, closure,
continuous drainage, and controllable negative pressure. This
would allow the cavity wall to retract, keeping even pressure
on the wound, and closely attaching the tissues to each other.
This would result in elimination of dead space and removal of
necrotic tissue, inflammatory reactants, and hematomas, thus,
achieving adequate drainage and preventing residual fluidcaused infection. The toxins also could be diluted, and the
topical antiseptic fluid could be maintained within the lesion at
a high concentration for effective antibiotic activity.
Meanwhile, mechanical dragging and the neuroendocrine
system could promote rapid and healthy growth of granulation
tissue, prevent swelling of new granulation tissue, and help to
resist bacterial growth, thereby, removing the hindrances to
fracture healing, and stimulating and promoting local
ossification. This method also could avoid cross-contamination
caused by repeated postoperative dressing, reduce the pain
caused by medication, reduce the workload of nursing staff,
and shorten the treatment time of soft tissue coverage, thus,
reducing the length of hospitalization as well as the cost of
treatment [11,22-26].
Anerdian (type III) is an alcohol-free mucosal disinfectant that
does not irritate the wound. It can be used to wash areas for

2459

surgical debridement, oral cavities, the perineum, and the
vagina. It has strong antibacterial properties, is fast-acting, and
has long-lasting effects. Additionally, its use on topical wounds
shows no cytotoxicity. Presently, no Anerdian (type III)resistant bacterial strains have been found. Most wound
infections are caused by a variety of bacteria, and Anerdian
(type III) can block this pathologic process, and provide
antibacterial effects for 6 hours [27-29]. Through flushing,
Anerdian (type III) not only came in direct contact with the
bacteria inside the contaminated wound, but also entered the
tissue around the incision, thereby, quickly reaching a
concentration inside the local tissue that was much higher than
the minimal inhibitory concentration. This means it could
quickly kill bacteria remaining inside the wound and
effectively achieve maximal sterilization.
Application of VSD technology can reduce the use of skin
flaps. Parrett et al. showed that during 1992 through 1995, 20%
of open fracture cases used a free skin flap to cover the wound
[30]. During 1996 through 1999, approximately 11% of open
fracture cases used a free skin flap. During 2000 through 2003,
the rate of free skin flap use deceased to 5%. Dedmond et al.
also showed similar results. This study performed debridement
and fixation as quickly as possible for treatment of Gustilo
types I, II, and IIIA fractures, as well as phase I wound closure
[31]. We then utilized VSD for Anerdian (type III) flushing.
Stabilization of the fracture end can avoid movement, thereby,
decreasing injury to soft tissue, blood vessels, and nerves. It
also can reduce the infection rate, which is favourable for
fracture healing and early rehabilitation. However, the choice
of fixation remains controversial [32-34]. In a previous study,
for Gustilo type III fractures, thin-needle half-ring external
fixation was performed after debridement [35]. Due to the
greater degree of soft tissue damage, the wound could not be
closed directly, thus, the surrounding muscle flap was stretched
and sutured to cover the fracture. This was accompanied by
VSD with Anerdian (type III) flushing. When the open bone
fracture wound became infected, followed by bone exposure
and non-union, post-debridement fine-needle half-ring external
fixation could be performed, and direct relaxation suturing of
the soft tissue was possible along with local skin/muscle flap
coverage. This was followed by VSD tube installation for
Anerdian (type III) flushing. This process could avoid certain
shortcomings, such as phase I fracture infection, long phase II
treatment course, and poor function following recovery, and
could promote wound healing and increase resistance to
infection.
In summary, free bone retention plus iliac bone grafting under
phase I VSD lavage for treatment of Gustilo types I, II, and
IIIA open bone defects achieved good clinical results. This
method could effectively prevent infection and incidence of
osteomyelitis, delayed union, and non-union, with a short
treatment course, low cost, and convenient procedures.
Limitations to this study are its small sample size and lack of a
multi-center clinical study group. Additionally, the follow-up
time was short. Thus, prospective and large-scale multi-center
experiments are necessary. The long-term effects of this
treatment also need to be studied further.
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