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Abstract: Objective: This study aimed to explore the effects of vacuum sealing drainage (VSD) on improving the ef-
ficacy of reducing wound infection and lower extremity deep venous thrombosis (LEDVT) in patients with orthopedic 
trauma. Methods: Altogether 78 patients with orthopedic trauma admitted to our hospital were enrolled and ran-
domized into an experimental group and a control group, with 39 patients each. The patients in the control group 
were conventionally treated with debridement, dressing change, and anti-infection, while those in the experimental 
group were treated with VSD based on the control group. Their efficacy, wound healing, wound infection, hospitaliza-
tion time, anti-infection expenses, and incidence of LEDVT were compared. Results: Compared with those in the 
control group, the patients in the experimental group had a significantly higher effective rate of treatment (P<0.05), 
a significantly shorter wound healing time (P<0.05), significantly fewer wound infections (P<0.05), significantly 
shorter healing times of wound infections (P<0.05), significantly less hospitalization time, dressing change fre-
quency, and anti-infection expenses (P<0.05), and a significantly lower incidence of LEDVT (P<0.05). Conclusion: 
For patients with orthopedic trauma, VSD is conducive to improving their wound healing rate, and reducing the in-
cidences of wound infection and LEDVT, reducing anti-infection expenses and the economic burden, so it is worthy 
of clinical promotion.
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Introduction

Orthopedic trauma is a clinically common dis-
ease that is occasionally accompanied by seri-
ous infections and usually causes soft tissue 
damage to a patient’s muscles, nerves, blood 
vessels, and tendons [1]. Its incidence has 
been increasing in recent years. The disease is 
conventionally treated with a dressing change 
in the clinic. If the wound area is large, the 
dressing change takes a long time, and patients 
with the disease suffer from greater pain. 
Moreover, the patients have increased blood 
viscosity and stagnated blood after surgery, 
which seriously affects the reflux of their lower 
limb veins and usually causes lower extremity 
deep venous thrombosis (LEDVT) [2]. Therefore, 
a new therapeutic method is necessary.

Vacuum sealing drainage (VSD) is mostly used 
to promote the healing of various wounds [3], 
such as open abdominal wounds, burns, closed 
or open wounds, and clean or infected wounds 
[4-6]. It uses subatmospheric pressure to sig-
nificantly accelerate the separation of the 
necrotic tissue, prevent inflammation, and pro-
mote granulation growth [5, 7]. According to 
studies, in addition to promoting continuous 
wound drainage and wound debridement [8, 9], 
it also promotes the early growth of the granula-
tion tissue, initiates some beneficial cytological 
effects, and shortens the healing time of com-
plex wounds, without the recurrence of infec-
tions [10, 11]. Conventional dressing change 
takes longer and involves more frequent dress-
ing changes after debridement, followed by 
suturing, skin grafting, or flap surgery to close 
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the wounds. This method usually leads to  
pain during dressing change, slow granulation 
growth, and infections, as well as many wound 
exudates [12, 13].

VSD in the treatment of patients with orthope-
dic trauma have been widely studied, but its 
effects on the incidences of wound infection 
and LEDVT after treatment have been rarely 
studied. Therefore, in this study, patients with 
orthopedic trauma were treated with VSD and a 
conventional dressing change, respectively, to 
explore their efficacy and their effects on reduc-
ing the incidences of wound infection and 
LEDVT.

Materials and methods

General information

A total of 78 patients with orthopedic trauma 
admitted to our hospital from August 2016 to 
February 2017 were enrolled and randomized 
into the experimental and control groups, with 
39 patients each. 

Inclusion and exclusion criteria

The inclusion criteria were as follows: patients 
who met the diagnostic criteria for orthopedic 
trauma infection [14] after examination; 
patients aged 23-75 years old; patients with 
complete general information; patients without 
a contraindication to treatment; patients with-
out dysfunction of the major organs. This study 
was approved by the Ethics Committee of the 
Shangrao People’s Hospital. The research sub-
jects and their families signed an informed con-
sent form. The exclusion criteria were as fol-
lows: patients who could not take any preventive 
measures due to their contraindications at the 
time of admission; patients with other diseases 
and who were taking anticoagulants such as 
heparin, low molecular heparin, and warfarin; 
patients with LEDVT that was confirmed before 
surgery; patients with a sensory disturbance, 
dyskinesia, cognitive impairment, laloplegia, or 
mental retardation; patients with a mental ill-
ness, hepatic or renal dysfunction, or an abnor-
mal immune system.

Therapeutic methods

The patients in the control group were treated 
with a conventional dressing change, and the 
dressing work was conducted after the patients’ 
wounds were cleaned. According to the condi-

tions of the individual wounds and infections, 
the dressings were changed at intervals of 1-2 
days, so that the wounds could be kept clean 
and dry. Anti-infective drugs could be used. For 
example, penicillin sodium for injection (Harbin 
Pharmaceutical Group Co., Ltd., Item No.: 
H23021439, China) was intravenously dripped 
2-4 times daily, 2-20 million units (2.5-25 
branches) in total. Two or more debridements 
were carried out for patients with severe infec-
tion. The patients in this group were continu-
ously observed, and their wounds were sutured 
when their granulation grew well and plump.

The patients in the experimental group were 
treated with VSD based on conventional 
debridement. VSD dressings were trimmed 
according to the size and shape of the wound 
surface, which was sutured using semitrans-
parent films to form a closed condition. 
Continuous negative pressure suction was car-
ried out for 7 days, during which air leakage 
was avoided. After that, if the surface was 
sunken, VSD was effective. Five days later, the 
peritoneum was taken out and an etiological 
examination was conducted on the wounds. 
Mature granulation was sutured. Patients with 
large wound surfaces were treated with VSD 
dressings again, and an etiological examination 
and a drug sensitivity test were conducted on 
their wound surface every 8 days. According to 
the results, continuous negative pressure suc-
tion and anti-inflammation were conducted at 
the same time, until the wound surface was 
healed.

Outcome measures

(1) The wound healing and wound infection 
healing of the patients in the two groups were 
recorded. The patients’ healing rate was record-
ed (1-7 d, 8-14 d, 15-21 d, and >21 d), and 7 
days were one healing cycle. The healing of the 
wound and the infected wound meant that the 
epidermis was covered intact and no dressing 
was required after treatment. The wound infec-
tion (with infection or without infection) of the 
patients was also recorded.

(2) The venous thrombosis of the lower extremi-
ties in the two groups was recorded. The evalu-
ation criteria were that the patient felt deep 
pain in the lower leg, had limb swelling after 
surgery, and the situation was aggravated. The 
color ultrasound examination (Jiangsu Jiahua 
Electronic Equipment Co., Ltd., China) was dire- 
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ctly used to observe intravenous and intraca- 
vitary conditions, in order to determine where 
the embolization was located.

(3) Clinical efficacy is divided into cured, mark-
edly effective, effective, and invalid. Cured indi-
cated that a patient’s wound healed, no dress-
ing was required, the epidermis was covered 
intact, and the clinical symptoms disappeared 
such that they could walk normally. Markedly 
effective indicated that most of a patient’s skin 
survived, the dressing needed to be replaced, 
the wound secretion was significantly reduced, 
and the patient had unapparent lower limb 
swelling, a normal body temperature, and slight 
pain. Effective indicated that the patient need-
ed to change the dressing regularly, the secre-
tion on the wound surface was reduced, and 
the patient had subsiding lower limb swelling, a 
dropping body temperature, and relieved pain. 
Invalid indicated that the replanted skin of the 
patient had necrosis, the secretion and the 
wound area was increased, and the patient had 
significant lower limb swelling, a rising body 
temperature, and severe pain. Total effective 
rate = [(total number of cases-invalid cases)/
total number of cases] × 100%.

Statistical methods

SPSS 21.0 (EASYBIO, China) was used for the 
data analysis. Count data within groups were 
expressed by the number of cases/percentage 
[n (%)], and their comparison between groups 
was analyzed using a chi-squared test, but the 
comparison was analyzed using a chi-squared 
test with a correction of continuity when the 
theoretical frequency was less than 5. The 
measurement data were expressed as the 
mean ± standard deviation (x ± sd), and their 
comparison between groups was analyzed 
using an independent samples t test, and their 
comparison within groups before and after 
treatment was analyzed using a paired t test. 
When P<0.05, the difference is statistically 
significant.

Results

Comparison of general information

There were no statistically significant differenc-
es between the experimental and control 
groups in terms of gender, age, body weight, 
place of residence, nationality, educational his-

tory, history of smoking, history of drinking, 
sports history, injury causes, or classification of 
fracture and wound types (P>0.05) (Table 1).

Comparison of hospitalization time, dressing 
change frequency and anti-infection expenses 

After treatment, the hospitalization time, dress-
ing change frequency and anti-infection 
expenses in the experimental group were sig-
nificantly less than those in the control group 
(P<0.05) (Table 2 and Figure 1).

Comparison of wound infection

Compared with those in the control group, the 
patients in the experimental group had a signifi-
cantly lower wound infection rate (P<0.05), but 
a significantly higher non-wound infection rate 
(P<0.05) (Table 3).

Comparison of wound infection healing

After treatment, the wound infection healing in 
the experimental group was significantly better 
than it was in the control group (P<0.05). The 
1-7 d and 8-14 d healing rates in the experi-
mental group were significantly higher than 
they were in the control group (P<0.05), but the 
15-21 d and >21 d healing rates were signifi-
cantly lower than those in the control group 
(P<0.05) (Table 4).

Comparison of wound healing time

After treatment, the wound healing rate in the 
experimental group was significantly better 
than it was in the control group (P<0.05). The 
1-7 d and 8-14 d healing rates in the experi-
mental group were significantly higher than 
they were in the control group (P<0.05), but the 
15-21 d and >21 d healing rates were signifi-
cantly lower than those in the control group 
(P<0.05) (Table 5).

Comparison of the incidence of LEDVT

After treatment, the incidence of LEDVT in the 
experimental group (10.26%) was significantly-
lower than the incidence in the control group 
(53.85%) (P<0.05), and the incidences of iliac-
femoral venous thrombosis, venous thrombo-
sis of the calf, and mixed thrombus were signifi-
cantly lower than they were in the control group 
(P<0.05) (Table 6).
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Table 1. Comparison of the clinical baseline data [n (%)]/(
_
x  ± sd)

Categories Experimental group (n=39) Control group (n=39) t/x2 P
Gender 0.466 0.495
    Male 23 (58.97) 20 (51.28)
    Female 16 (41.03) 19 (48.72)
Age (Years) 50.34 ± 4.51 51.21 ± 4.52 0.851 0.398
Body mass index (kg/m2) 22.84 ± 2.15 22.42 ± 1.71 1.043 0.299
Place of residence 1.950 0.163
    City 21 (53.85) 27 (69.23)
    Countryside 18 (46.15) 12 (30.77)
Nationality 0.055 0.815
    Han 25 (64.10) 24 (61.54)
    National minorities 14 (35.90) 15 (38.46)
Educational history 0.821 0.365
    ≥ Senior high school 22 (56.41) 18 (46.15)
    < Senior high school 17 (43.59) 21 (53.85)
History of smoking 0.587 0.444
    Yes 27 (69.23) 30 (76.92)
    No 12 (30.77) 9 (23.08)
History of drinking 1.285 0.257
    Yes 16 (41.03) 21 (53.85)
    No 23 (58.97) 18 (46.15)
Sports history 1.847 0.174
    Yes 17 (43.59) 23 (58.97)
    No 22 (56.41) 16 (41.03)
Injury causes 1.019 0.797
    Traffic accidents 9 (23.08) 12 (30.77)
    Machines 11 (28.21) 8 (20.51)
    Heavy objects 7 (17.95) 6 (15.38)
    Sports 12 (30.77) 13 (33.33)
Classification of fracture 0.543 0.762
    Cartilage tissue injury 14 (35.90) 11 (28.21)
    Open fractures of extremities 12 (30.77) 13 (33.33)
    Osteofascial injury 13 (33.33) 15 (38.46)
Wound types 0.209 0.648
    New wounds 16 (41.03) 18 (46.15)
    Infected wounds 23 (58.97) 21 (53.85)

Table 2. Comparison of the related indices (x ± sd)
Categories Experimental group (n=39) Control group (n=39) t P
Hospitalization time (d) 10.09 ± 1.88* 18.21 ± 3.20 13.660 <0.001
Dressing change frequency (Times) 5.45 ± 0.38* 9.07 ± 0.96 21.900 <0.001
Anti-infection expenses (RMB) 1542.15 ± 37.29* 2192.02 ± 55.96 60.350 <0.001
Note: *indicates P<0.05 compared with the control group after treatment.

Comparison of the clinical efficacy after treat-
ment

After treatment, the experimental group had 18 
cured patients (46.15%), 12 markedly effective 

patients (30.77%), 7 effective patients (17.95%), 
and 2 invalid patients (5.13%), for a total effec-
tive rate of 94.87%. The control group had 12 
cured patients (30.77%), 10 markedly effec- 
tive patients (25.64%), 9 effective patients 
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(23.08%), and 8 invalid patients (20.51%), for a 
total effective rate of 79.49%. After treatment, 
the total effective rate in the experimental 
group was significantly higher than it was in the 
control group (P<0.05) (Table 7).

Discussion

Orthopedic trauma has a high incidence and 
high mortality around the world. Current non-

surgical or surgical treatment 
heals wounds, but delayed and 
failed healing and infections 
result in serious complications 
[15]. These complications make 
patients suffer great pain, in- 
crease treatment costs, and 
aggravate their economic bur-
dens. Therefore, safer, simpler, 
and more effective treatments 
for orthopedic trauma infection 
are of great significance in the 
clinic.

Previously, conventional dress-
ing change was mainly used to 
treat the wounds of patients 
with orthopedic trauma, but a 
good treatment mode could not 
be formed and the wound heal-
ing took a long time [16]. After 
the emergence of VSD, its thera-
peutic effect on the patients has 
been greatly valued. As a new 
method for cleaning and closing 

Figure 1. Comparison of hospitalization time, dressing change frequency, and anti-infection expenses. After treat-
ment, the related indices in the experimental group were better than those in the control group (P<0.05). Compared 
with those in the control group, patients in the experimental group had significantly shorter hospitalization time 
(P<0.05) (A), significantly less dressing change frequency (P<0.05) (B), and significantly lower anti-infection ex-
penses (P<0.05) (C). Note: *indicates P<0.05 compared with the control group after treatment.

Table 3. Comparison of wound infection [n (%)]
Groups n Infection No infection
Experimental group 39 7 (17.95) 32 (82.05)
Control group 39 20 (51.28) 19 (48.72)
χ2 9.573 9.537
P 0.002 0.002

Table 4. Comparison of wound infection healing [n (%)]
Groups n 1-7 d 8-7 d 15-7 d >21 d
Experimental group 39 24 (61.54) 13 (33.33) 2 (5.13) 0 (0.00)
Control group 39 12 (30.77) 5 (12.82) 18 (46.15) 4 (10.26)
χ2 7.429 4.622 17.211 4.216
P 0.006 0.032 <0.001 0.040

Table 5. Comparison of wound healing time [n (%)]
Groups n 1-7 d 8-7 d 15-7 d >21 d
Experimental group 39 21 (53.85) 15 (38.46) 3 (7.69) 0 (0.00)
Control group 39 7 (17.95) 7 (17.95) 19 (48.72) 6 (15.38)
χ2 10.921 4.052 16.211 6.500
P 0.001 0.044 <0.001 0.011

wounds suitable for high-risk patients, VSD has 
been applied to close and clean operative inci-
sions [17]. It can reduce postoperative wound 
complications [18-20], such as infections, 
hematoma, and wound dehiscence or delayed 
healing [21-23]. In a study by Arti et al., VSD 
compared with conventional dressing change 
has a faster wound healing rate, a simpler oper-
ation, and lower costs. Additionally, it shortens 
hospitalization time, reduces the infection risk, 
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and promotes recovery, as well as reduces 
complications caused by dressings in open 
fracture wounds [24]. The results of this study 
showed that after treatment, the hospitaliza-
tion time, dressing change frequency, and anti-
infection expenses in the experimental group 
were significantly less than those in the control 
group, which indicates that VSD relieves the 
patients’ pain and reduces the expenses 
required for the treatment and hospitalization, 
while reducing dressing change frequency. 
After treatment, wound infection, wound heal-
ing time, and wound infection healing in the 
experimental group were better than those in 
the control group, suggesting that VSD can 
avoid the cross infection of wounds during the 
treatment, accelerate infected wound healing, 
and shorten wound healing time. The total 
effective rate in the experimental group was 
significantly higher than it was in the control 
group, which demonstrates that VSD exhibits a 
better efficacy for patients with orthopedic 
trauma. These findings are similar to those of 
Arti. In this study, color Doppler ultrasound was 
also used to examine the incidence of LEDVT in 
the two groups after treatment. The results 
showed that after treatment, the incidence of 
LEDVT in the experimental group (10.26%) was 
significantly lower than it was in the control 
group (53.85%), and the incidences of iliac-
femoral venous thrombosis, venous thrombo-
sis of the calf, and mixed thrombus were signifi-
cantly lower than they were in the control group. 

the experimental and control groups in gender, 
age, or other general baseline data, which 
ensured the preciseness and reliability of the 
study. This study confirmed that VSD can better 
treat patients with orthopedic trauma, but after 
treatment, the patients were not followed up 
for a long time, so there were limitations. The- 
se limitations should be addressed in later 
research to further support the results of this 
study.

In summary, for patients with orthopedic trau-
ma, VSD can shorten their hospitalization time, 
reduce their dressing change frequency and 
treatment costs, and relieve their pain. It can 
also reduce wound infection, significantly short-
en wound healing time and the healing time  
of wound infection, and reduce the incidence  
of LEDVT. Therefore, it is worthy of clinical 
promotion.
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This shows that VSD can pre-
vent LEDVT that may occur in 
patients with orthopedic trau-
ma after treatment, significant-
ly reducing its incidence.

In this study, the research 
objects were strictly screened 
according to the inclusion and 
exclusion criteria. There was no 
significant difference between 

Table 6. Comparison of LEDVT [n (%)]

Groups LEDVT
Thrombosis types

Iliac-femoral venous  
thrombosis

Venous thrombosis  
of the calf

Mixed  
thrombus

Experimental group (n=39) 4 (10.26) 1 (2.56) 2 (5.13) 1 (2.56)
Control group (n=39) 21 (53.85) 6 (15.38) 8 (20.51) 7 (17.95)
χ2 17.011 3.924 4.129 5.014
P <0.001 0.048 0.042 0.025

Table 7. Comparison of the clinical efficacy after treatment

Efficacy Experimental group 
(n=39)

Control group 
(n=39) χ2 value P value

Cured 18 (46.15) 12 (30.77) - -
Markedly effective 12 (30.77) 10 (25.64) - -
Effective 7 (17.95) 9 (23.08) - -
Invalid 2 (5.13) 8 (20.51) - -
Total effective rate 37 (94.87) 31 (79.49) 4.129 0.042
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