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 Background: This study aimed to evaluate the combined effect of vacuum sealing drainage (VSD) and antibiotic-loaded bone 
cement on soft tissue defects and infection.

 Material/Methods: This prospective non-blinded study recruited 46 patients with soft tissue defects and infection from January 
2010 to May 2014 and randomly divided them into experimental and control groups (n=23). Patients in the 
experimental group were treated with VSD and antibiotic-loaded bone cement, while the patients in the con-
trol group were treated with VSD only.

 Results: In the experimental group, the wound was healed in 23 cases at 4 weeks postoperatively, of which direct su-
ture was performed in 12 cases, and additional free flap transplantation or skin grafting was performed in 6 
cases and 5 cases, respectively. No infection reoccurred in 1-year follow-up. In the control group, the wound 
was healed in 15 cases at 6 weeks postoperatively, of which direct suture was performed in 8 cases, and addi-
tional free flap transplantation or skin grafting was performed in 3 cases and 4 cases, respectively. In the oth-
er 8 cases the wound was healed at 8 weeks postoperatively. Infection reoccurred in 3 cases during the fol-
low-up. The experimental group had significantly fewer VSD dressing renewals, shorter time needed until the 
wound was ready for surgery, shorter duration of antibiotic administration, faster wound healing, and shorter 
hospital stay than the control group (p<0.01).

 Conclusions: The combination of VSD and antibiotic bone cement might be a better method for treatment of soft tissue de-
fects and infection.
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Background

Soft tissue infection often occurs after injuries, which, if not 
treated appropriately, could slow wound healing and further 
deteriorate the patient’s condition [1–3]. Thus, prevention and 
treatment of infection remains a major challenge for clinical 
surgeons. Vacuum sealing drainage (VSD) has been increasingly 
recognized as a valid treatment approach in the management 
of various types of tissue injuries [4,5]. It facilitates complete 
suction of seepage, necrotic tissues, and pus from the wound 
area by using a negative-pressure device [4]. Emerging stud-
ies have demonstrated that VSD treatment can speed wound 
healing and reduce incidence of infection [6–8]. However, its in-
ability to kill microorganisms appears to limit its clinical utility.

Bone cement has been primarily used to anchor artificial joints. 
Recent evidence indicates that if antibiotic is added to bone 
cement, infected joint arthroplasties can be prevented and 
treated [9,10]. It has been suggested that prophylactic use of 
antibiotic-impregnated bone cement decreases the deep in-
fection rate in total joint arthroplasty [11,12]. These findings 
suggest that antibiotic-impregnated bone cement may be a 
promising therapy for prevention of soft tissue infections. To 
the best of our knowledge, the effect of antibiotic-impregnat-
ed bone cement on soft tissue defects and infection has not 
been reported before.

We conducted a prospective randomized study to compare the 
combination of VSD therapy and antibiotic-impregnated bone 
cement versus the single VSD therapy for the therapeutic ef-
fect in patients with soft tissue defects and infection. To the 
best of our knowledge, this is the first study to test wheth-
er open flesh wounds benefit from the combined treatment 
of VSD therapy and antibiotic-impregnated bone cement. The 
treatment appeared to speed wound healing and prevent in-
fection. The study might shed new light on clinical treatment 
of soft tissue defects and infection.

Material and Methods

General data

This prospective randomized non-blinded study enrolled 46 
cases with soft tissue defects and infection in our hospital 
between January 2010 and May 2014. The study included 24 
males and 22 females, who were aged 35–72 years with a 
mean age of 53 years. Their wound causes were: diabetic foot 
in 16 cases, postoperative infection following fracture inter-
nal fixation in 6 cases, sacral decubitus in 10 cases, and post-
traumatic limb infection in 14 cases. The wound area ranged 
from 2×4 cm to 4×5 cm.

These patients were randomly divided into 2 groups by ran-
dom numbers generated by computer: the experimental group 
was treated with VSD combined with antibiotic bone cement, 
while the control group received VSD treatment only. In order 
to avoid bias due to different injury causes, the cases with the 
same injury cause and similar size of tissue defect were ran-
domly divided into 2 groups. Therefore, both groups (n=23) 
included 8 cases with diabetic foot, 3 cases with postopera-
tive infection following fracture internal fixation, 5 cases with 
sacral decubitus, and 7 cases with post-traumatic limb infec-
tion. The study was approved by the Ethic Committee of the 
First Hospital of Harbin. Informed consent was obtained from 
each enrolled patient before the study.

Bacterial culture results and Antibiotics selection

Bacterial culture results were Pseudomonas aeruginosa-pos-
itive in 13 cases (sensitive to cefoperazone plus sulbactam), 
Escherichia coli-positive in 6 cases (sensitive to gentamicin), 
and Staphylococcus aureus-positive in 27 cases (sensitive to 
vancomycin) (Table 1). Antibiotics were selected based on 
the results of bacterial culture and drug sensitivity test. The 
following antibiotic-laden polymethyl-methacrylate bone ce-
ments (Heraeus, Beijing Landmover Medical Company, Beijing, 
China.) were used in the study based on our previous experi-
ences: vancomycin bone cement (15% vancomycin), cefopera-
zone bone cement (10% cefoperazone), and gentamicin bone 
cement (1.6% gentamicin).

Other materials used in our study were: VSD sponge, seaweed 
salt hydration alcohol polyethylene foam with pore diameter of 
0.2–1.0 mm, and built-in multi-side holes and drainage pipes 
were purchased from Beijing Hongren Ningrui Technological 
Company (Beijing, China); semipermeable membranes com-
prised of polyurethane and acrylic acid were provided by Beijing 
Hongren Ningrui Technological Company (Beijing, China).

Surgical technique

The wound of patients in both groups was debrided thorough-
ly according to conventional procedures [8]. The VSD dress-
ing was tailored according to the size of the wound. After 

Bacterial culture
Experimental group 

(n=23)
Control group 

(n=23)

Pseudomonas 
aeruginosa

6 7

Escherichia coli 3 3

Staphylococcus 
aureus

14 13

Table 1. Bacterial culture results of all patients in two groups.
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thorough debridement, the wound was veiled by the tailored 
VSD sponge sutured with surrounding natural skin in the con-
trol group. In case of a deep wound, VSD dressing was used 
to fill the wound cavity, leaving no dead space. It was appro-
priate that the VSD dressing was attached within 2 cm of the 
drainage tube fringe. When treating large wounds, drainage 
tubes in cascading series were required. The drainage tubes 
should be positioned appropriately for the convenience of 
drainage tube sealing.

Then, the skin around the wound was cleaned with 75% al-
cohol and a semipermeable membrane was used to seal the 
wound and the VSD dressing. The membrane should extend 
2 cm from the edge of the wound. Thus, the open wound was 
closed. All the drainage tubes were connected to a 3-way 
stopcock connected to a negative-pressure device (Beijing 
Hongren Ningrui Technological Company, Beijing, China). The 
negative pressure was sustained at between 125 mmHg and 
450 mmHg. Presence of sunken VSD dressing and absence of 
fluid accumulation under the membrane was a reflection of 
effective negative pressure status.

Prior to the VSD treatment, prepared pillar- or pie-shaped an-
tibiotic-laden bone cement was placed in the bone or soft tis-
sue cavities in the experimental group. In case of large cavities, 
bone cement beads were used. Then, the VSD dressing was ap-
plied to veil the wound. Subsequently, the experimental group 
received the same treatment measures as the control group.

VSD dressing was replaced every 10–14 days. The wounds of 
patients in both groups were checked regularly. The VSD treat-
ment was performed again until a clean, red, granulating wound 
bed was achieved (“ready for surgery”) [13]. The time until the 
wound was ready for surgery was recorded. Then, the wound 
was sutured directly. If much scar tissue remained and sutur-
ing was not suitable, free flap transplantation or skin grafting 
was chosen. Appropriate free flaps or skin grafts were select-
ed to repair the wound. The flap edge was sutured with sur-
rounding normal skin and veiled by a sponge. The surgery for 
the 2 groups was performed by the same surgeons.

Evaluation of treatment outcome

Patients in the 2 groups were followed up for 12 months. The 
following variables of the experimental and control groups 
were compared to evaluate the outcome of different treat-
ment measures: length of hospital stay, the time needed un-
til the wound was ready for surgery, speed of wound closure, 
duration of antibiotic administration, and the number of VSD 
dressing renewals.

Statistical analysis

Statistical analysis was performed using SPSS11.5 software. 
The results are presented as mean ± standard deviation (SD). 
Student’s t-test was used to compare the difference of each 
variable between the 2 groups. P-value <0.05 suggested a sig-
nificant difference.

Results

Baseline characteristics of patients in two groups

General characteristics of patients in experimental and con-
trol groups are summarized in Table 2. There was no signifi-
cant difference between the 2 groups in gender, age, average 
area of tissue defect before treatment, or the delay between 
infection and treatment (p>0.05).

Treatment outcome and follow-up

In the experimental group, the wound was healed in 23 cas-
es within 4 weeks postoperatively, of which direct suture was 
performed in 12 cases, and additional free flap transplanta-
tion or skin grafting was performed in 6 cases and 5 cases, re-
spectively. Notably, VSD treatment was performed only once in 
6 cases in the experimental group and the drainage tube re-
mained unobstructed for 14 days. The patients were followed 
up for 12 months postoperatively. No recurrence of infection 
was reported in any cases in the experimental group postoper-
atively. Function of the injured limbs of the patients and their 
vocational abilities recovered well (Typical cases: Figures 1, 2).

Parameters
Experimental group 

(n=23)
Control group 

(n=23)
P-value 

Gender (male/female) 12/11 11/12 >0.05

Age(year)  53±14.5  51±15.2 >0.05

Area of tissue defect before treatment (cm2)  14±1.5  12±1.35 >0.05

Delay between infection and treatment (day)  38±5.6  40±3.1 >0.05

Table 2. General characteristics of patients in two groups.

P-value >0.05, there was no significant difference in each parameter between treatment and control groups.
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For the control group (n=23), the wound was healed in 15 cas-
es within 6 weeks postoperatively. Among the 15 cases, the 
wound was directly sutured in 8 cases, and additional free flap 
transplantation or skin grafting was performed in 3 cases and 
4 cases, respectively. The other 8 cases were healed within 8 
weeks postoperatively. The patients in the control group were 
also followed up for 12 months. The wound was ruptured in 
3 cases within 2 months following VSD treatment, and these 
were re-admitted to the hospital.

The experimental group was compared with the control group 
for the number of VSD dressing renewals (times), the time 

needed until the wound was ready for surgery (days), the 
speed of wound closure (cm2/week), the duration of antibiot-
ic administration (days), and the length of hospital stay (days) 
(Table 3). Statistical analyses revealed that the experimental 
group had significantly fewer VSD renewals, shorter time need-
ed until the wound was ready for surgery, shorter duration of 
antibiotic administration, faster speed of wound closure, and 
shorter hospital stay compared with the control group (p<0.01).

A

C

B

D

Figure 1.  Typical case 1 in experimental group: male, 53 years old, ischial tuberosity bedsores for 28 years. (A) His wound is 
surrounded by scar tissue, and antibiotic bone cement beads are placed in the wound cavity; (B) VSD dressing treatment; (C) 
His wound is almost healed; (D) His wound is completely healed.
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Discussion

This study compared the combination of VSD and antibiotic-
impregnated bone cement with VSD only in management of 
soft tissue defects and infection. To the best of our knowledge, 
this is the first study to evaluate the impact of the combined 

treatment on soft tissue defects and infection. Our results 
showed that 23 cases in the experimental group were healed 
within 4 weeks postoperatively, and no infection recurrence 
was reported in 1-year follow-up. In contrast, only 15 of the 23 
cases in the control group were healed within 6 weeks postop-
eratively and infection recurrence was reported in 3 cases in 

Figure 2.  Typical case 2 in experimental group: male, 54 years old, postoperative infection following tibia and fibula fracture internal 
fixation for a year. (A, B) Tibial plate is removed, and his fracture is fixed with outer frame. Many sinus tracts develop in his 
calf. (C) The outer frame is removed, followed by debridement and subsequent placement of antibiotic bone cement beads. 
(D) VSD dressing treatment. (E) His wound is almost healed, and sinus tracts disappear. (F) His wound is completely closed.

A

D

C

F

B

E

Parameters
Experimental group

(n=23)
Control group 

(n=23)
P-value

Time needed untile the wound was ready for 
surgery (day)

 21±3.5  35±5.5 <0.01

Wound closure speed (cm2/week)  2.8±0.4  1.5±0.2 <0.01

Number of VSD dressing renewals  2.5±0.5  7.0±0.5 <0.01

Duration of antibiotic administration (day)  6.5±2.5  14.8±3.1 <0.01

Length of hospital stay (day)  28.5±6.5  49.6±7.0 <0.01

Table 3. Comparison of clinical results between treatment and control groups.

P-value <0.01, there was significant difference in each parameter between treatment and control groups.
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the follow-up. We found that the combined treatment might be 
useful for accelerating wound healing and preventing infection 
recurrence in patients with soft tissue defects and infection.

VSD is a negative-pressure technique that drains out seep-
age, pus and necrotic tissues [14]. It has been widely used 
for treatment of skin defects, soft tissue defects, and compli-
cated wounds [15–17]. However, the VSD sponge could not 
kill microorganisms by itself. In case of severe infection, large 
amounts of pus might be produced, which might clog the 
pores of the VSD and inhibit its normal functioning. Polymethyl 
methacrylate bone cement has been widely recognized as one 
of most stable antibiotic carriers [18]. It aids in maintaining 
long-term and high concentrations of antibiotics for infected 
wounds [19,20]. Polymethyl-methacrylate bone cement was 
used in the current study.

Topical antibiotics have been increasingly used for prevention 
and treatment of various types of infections [21,22]. It has been 
suggested that perioperative topical prophylaxis is beneficial 
for several different surgical procedures [23]. Topical use of 
antibiotics has several potential advantages over systemic ad-
ministration of antibiotics, such as limiting the possibility of 
systemic toxicity, sustaining high concentrations of antimicro-
bials locally, and reducing the potential development of antibi-
otic resistance [24]. Antibiotic-impregnated cement has been 
revealed to be similar to systemically administered antibiot-
ics, and is independent and additive in combination with oth-
er prophylactic measures [25]. In the present study, the com-
bined use of antibiotic-impregnated cement and VSD achieved 
better outcome than the VSD treatment only, as evidenced by 
significantly fewer VSD dress renewals, shorter time needed 
until the wound was ready for surgery, short duration of an-
tibiotic administration, faster wound healing, shorter hospi-
tal stay, and lower incidence of infection recurrence in the ex-
perimental group. The better outcome may be explained by 
strong postoperative local resistance of the antibiotic-impreg-
nated cement to infection because of elution of antibiotics [26]. 
Notably, the VSD dressing was used only once in 6 cases of 
the experimental group, and the drainage pipeline remained 
unobstructed for 14 days. One possible explanation for this 
is that topical antimicrobials from the antibiotic-impregnated 
bone cement might kill microorganisms or inhibit their growth, 

thereby leading to reduced production of secretions. It reveals 
that use of antibiotic-laden bone cement might a complemen-
tary measure to VSD in the prevention and treatment of soft 
issue defects and infection. Moreover, a sealed, effective and 
negative pressure status, and unobstructed pipelines are re-
quired during the surgery.

Topical application of antibiotics might cause adverse effects 
such as local hypersensitivity, contact dermatitis reactions, and 
possible disturbance of the wound-healing process [23,27]. 
There are also concerns with regard to higher cost of antibi-
otic-laden bone cement than plain bone cement and possi-
ble development of antibiotics resistance [28–32]. Unlike sys-
temic antibiotics, rigorous trials to accurately determine the 
dose of topical antibiotics are not available, thus the dose of 
topical antibiotics is difficult to determine [24]. In this study, 
based on the results of bacterial culture and drug sensitivity 
test, vancomycin bone cement (15%), cefoperazone bone ce-
ment (10%), and gentamicin bone cement (1.6%) were used. 
The ratios of antibiotics in bone cement were determined 
based on previous clinical experiences of our surgeons in the 
present study. Further studies are needed to explore the op-
timum dose of antibiotics.

This is a preliminary study with some limitations. The small 
sample size and short-term follow-up limit the power of the 
study. More studies are required to address these concerns and 
to validate the findings regarding the 2 treatments.

Conclusions

Compared to application of VSD only, combination of VSD 
and antibiotic-laden bone cement accelerated wound heal-
ing, shortened hospital stay, and decreased infection recur-
rence in the management of soft tissue defects and infection. 
This combined therapy might be a better approach to speed 
wound healing and prevent infection. Further studies are war-
ranted to verify the findings of this study.
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