
EXPERIMENTAL AND THERAPEUTIC MEDICINE  20:  2305-2310,  2020

Abstract. The present study investigated the effects of vacuum 
sealing drainage (VSD) to improve the therapeutic efficacy in 
patients with orthopedic trauma (OT) and reduce post‑opera-
tive infection and lower‑limb deep venous thrombosis (DVT) 
through a retrospective analysis. A total of 76 patients with 
OT treated at our hospital were selected for observation. The 
patients were divided into the control group (CG; n=37) and 
the experimental group (EG; n=39) according to the treatment 
administered. For patients in the CG, routine dressing changes 
were applied. Patients in the EG underwent VSD treatment. 
The dressing change frequency, time between the first and 
second operation, hospital stay, treatment efficacy, wound 
healing time, interleukin‑6 (IL‑6) serum level, tumor necrosis 
factor‑α  (TNF‑α) serum level, incidence of post‑operative 
infection and incidence of lower‑limb DVT were compared 
between the two groups. The dressing change frequency in the 
EG was less than that in the CG. The time between the first 
and second operation and hospital stay were shorter in the EG 
than in the CG (P<0.05). The total effective rate in the EG 
was 97.44%, which was higher than that in the CG (78.38%; 
P<0.05). The wound healing time in the EG was 1.72±0.73 
weeks and shorter than that in the CG (2.23±0.85 weeks; 
P<0.05). With the progression of treatment, the serum IL‑6 
and TNF‑α levels decreased in the two groups, but the levels 

in the EG were lower than those in the CG (P<0.05). The 
incidence of post‑operative infection and lower‑limb venous 
thrombosis in the EG were 7.69 and 0.00%, respectively, and 
lower than those in the CG (27.03 and 13.01%, respectively; 
P<0.05). In the treatment of OT, VSD may reduce the dressing 
change frequency, shorten the operation time and hospital stay, 
accelerate wound healing and reduce post‑operative infection 
and lower‑limb DVT. Thus, the VSD treatment method is 
worthy of promotion and implementation in clinic.

Introduction

The routine treatment of orthopedic trauma (OT) frequently 
involves debridement, washing, dressing changes, antibiotic 
treatment to control infection and flap surgery after the granu-
lation tissue has grown plump. For certain cases of OT with 
large wounds and seriously injured soft tissues, however, the 
dressing change is required more frequently if the conventional 
treatment is used. In addition, the wound surface exposure 
time is long, the necrotic tissue and toxins are absorbed and 
the healing time is prolonged. Furthermore, the risk of infec-
tion increases (1,2). Trauma, a period of inactivity and vascular 
wall injury are risk factors for lower‑limb deep venous throm-
bosis (DVT) in patients with OT (3). Patients with long‑term 
wound disunion require a long period of inactivity due to the 
prolonged course of the condition. Thus, lower‑limb DVT is 
more likely to occur (4). Therefore, accelerating the wound 
healing process and promoting the recovery of patients with 
OT may have a significant impact to reduce infection and 
lower‑limb DVT.

Vacuum sealing drainage (VSD) refers to the use of contin-
uous vacuum suction to seal the wound. It enables an easier 
discharge of the exudate and provides a better clearance effect 
compared with conventional treatment (5). Application of a 
VSD technique may completely remove exudate, necrotic fluid 
and bacteria from the wound surface through a continuous 
vacuum, removing local dead space, reducing tissue edema 
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and making granulation tissue easier to grow. At the same 
time, vacuum aspiration may deform wound cells, increase the 
synthesis of proteins and biological macromolecules between 
cells and accelerate cell proliferation. In addition, excess fluid 
between tissues may be further extracted, thus reducing tissue 
edema, promoting local blood circulation and facilitating 
wound healing. A previous study has indicated that VSD may 
promote wound healing in OT and improve the survival rate of 
transplanted skin (6). In the present study, VSD was used for 
the treatment of patients with OT. The effects to reduce infec-
tion and lower‑limb DVT were observed and reported below.

Materials and methods

General information. The clinical data of 76 patients with 
OT admitted to The Second Affiliated Hospital of Soochow 
University (Suzhou, China) from January 2016 to January 2019 
were retrospectively analyzed and categorized into a control 
group (CG; n=37) and an experimental group (EG; n=39) 
according to the treatment administered. The general patient 
information exhibited no differences between the two groups 
and the groups were comparable (P>0.05; Table I). The present 
study was approved by the ethics committee of The Second 
Affiliated Hospital of Soochow University (Suzhou, China). 
The inclusion criteria were as follows: i) Age, 18‑70 years; 
ii) lumbosacral or lower‑limb trauma; iii) primary suture not 
practical or possible, and iv) signed informed consent form. 
The exclusion criteria were as follows: i) Serious infection 
secondary to fresh trauma, ii) infectious diseases as complica-
tions and iii) serious complications.

Methods. The patients in each group underwent debridement 
and repair of damaged blood vessels, nerves and tendons. For 
patients with fracture, fracture reduction and fixation were 
performed. All patients were treated with antibiotics to control 
infection. Routine dressing changes once every 1‑2 days were 
applied to patients in the CG. If the wound was large and deep, 
a drainage strip was placed. After the granulation tissue had 
grown plump, wound suture, skin grafting or flap transfer 
surgery was performed according to the wound condition. 
Patients in the EG underwent VSD treatment (7). After routine 
debridement, according to the size and shape of the wound, a 
vacuum therapeutic sponge adsorption pad and isolation pad of 
a suitable size was made with sterile scissors (Jiangsu Suzhong 
Pharmaceutical Group, Co., Ltd.) to cover the wound surface 
to ensure complete coverage, and the isolation pad was placed 
between the adsorption pad and the wound surface. Depending 
on the amount of exudate on the wound surface and the depth 
of the wound, the adsorption sponge was able to be completely 
inserted into the wound surface, with the outer surface covered 
with the adsorption pad. The wound surface was closed with 
a medical biological semipermeable membrane (Xiamen 
Shanxing Hanfang Biotechnology Co., Ltd.) tightly attached 
to the skin, with the outer edge of the membrane covering 
the normal skin outside of the wound edge by at least >3 cm. 
Medical tape was used to seal the wound again to ensure that 
the wound was closed. One end of the silicone tube (Dongguan 
Ruixiang Precision Silicone Products Co., Ltd.) was connected 
to the dressing and the other end was connected to the vacuum 
suction device (Suzhou Oris Medical Supplies Co., Ltd.) to 

ensure a good seal and no air leakage. The vacuum pressure 
was set between ‑450 and ‑125 mmHg. At the same time, an 
antibacterial agent was selected after a pathogenic test for 
anti‑infection treatment. If the wound was deep and large, the 
dressing was replaced 2‑3 times depending on the patient's 
situation. The dressing maintenance time was up to 10 days. 
Wound suture and skin grafting were performed when the 
granulation tissue was plump. If the granulation tissue was 
not plump and depending on the patient's situation, a skin flap 
transfer was performed.

Outcome measures. i) The dressing change frequency (the 
numbers of dressing change during wound healing), dressing 
maintenance time (duration of dressing in the wound after 
dressing change), 2nd operation time (the time between the 
first operation and the second operation) and duration of 
hospital stay (complete hospital stay) were recorded; ii) with 
respect to efficacy, 'cure' was defined as the healing of all 
wounds within two weeks with good epidermal coverage. 
‘Improvement’ was defined as a significantly reduced wound 
area, the survival of most wound skin tissues, decreased secre-
tions and good growth of fresh and healthy granulation tissue, 
although the dressing was still required to be replaced. In 
cases of improvement, the wound healed after skin grafting. 
The treatment was deemed ineffective when the wound area 
did not decrease or expand, the wound skin was necrotic, 
the secretions increased and there was no healthy granula-
tion. The total effective rate was calculated as 100% minus 
the ineffective rate. Wound healing and evaluation were 
evaluated by the same attending physician with >5 years of 
clinical experience to reduce errors. iii) Wound healing time 
was recorded. iv) Venous blood (3 ml) was sampled prior to 
treatment, at 5 days after VSD treatment and at 10 days after 
VSD treatment. The levels of serum interleukin‑6 (IL‑6) and 
tumor necrosis factor‑α (TNF‑α) were determined by ELISA. 
All kits were purchased from R&D Systems. The presence 
of infection and/or lower‑limb DVT was observed. The signs 
of lower‑limb DVT included the presence of limb swelling, 
sharp pain, shank and femoral triangle tenderness, dark‑red 
skin, elevated skin temperature, varicosity and positive results 
in the straight‑leg and ankle‑extension tests diagnosed using 
ultrasound and venography. The manifestations of infection 
were a red and swollen wound, heat pain and wound sinus 
after abscess formation diagnosed by bacterial culture and 
pathological tissue examination.

Statistical analysis. Data were analyzed with SPSS statis-
tical software (version 23.0; IBM Corp.). The measurement 
data were expressed as the mean  ±  standard deviation. 
Independent‑samples t‑test was used for the analysis of differ-
ences in measurement data. Enumeration data were expressed 
as n (%) and the χ2 test was adopted for the analysis of differ-
ences between groups. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Comparability of clinical data. In EG, there were 22 males 
and 17 females, with an average age of 41.65±7.21 years; In 
CG, there were 20 males and 17 females, with an average age 
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of 42.37±7.39 years. There were no significant differences 
detected in sex, average age, wound type, trauma region or 
cause of trauma between the two groups (P>0.05). The clinical 
data were comparable between the two groups (Table I).

Acceleration of recovery time. The dressing change frequency 
in the EG was less than that in the CG (P<0.05). The 2nd 
operation time and hospital stay were shorter in the EG than in 
the CG (P<0.05). The dressing maintenance time was longer 
in the EG than in the CG (P<0.05). These results indicate 
that VSD markedly reduced the dressing change frequency, 
increased the dressing maintenance time and shortened the 
2nd operation time and hospital stay. Thus, the recovery of 
patients with OT was accelerated (Fig. 1).

Improvement of therapeutic effect. The total effective rate 
in the EG was higher than that in the CG (P<0.05; Table II). 
This implies that VSD is able to promote wound healing and 
improve the clinical efficacy of treatment.

Shortening of wound healing time. The wound healing time 
in the EG was shorter than that in the CG (P<0.05; Table III). 
This suggests that VSD is able to shorten the wound healing 
time and accelerate the recovery of patients with OT.

Reduction of the serum levels of inflammatory factors. With 
the progression of the treatment, the levels of serum IL‑6 and 
TNF‑α in the two groups decreased at days 5 and 10 after 
treatment, respectively, but the levels in the EG were lower than 
those in the CG (P<0.05). This result indicates that VSD is able 
to decrease the serum levels of inflammatory factors, reduce 
wound inflammation and promote wound healing (Fig. 2).

Reduction of the incidence of post‑operative infection 
and lower‑limb venous thrombosis. There were 5 cases of 

Table I. Comparison of general information.

	 Experimental group	 Control group
Item	 (n=39)	 (n=37)	 χ2/t value	 P-value

Sex			   0.043	 0.836
  Male	 22 (56.41%)	 20 (54.05%)
  Female	 17 (43.59%)	 17 (45.95%)
Age (years)	 34-49 (41.65±7.21)	 35-48 (42.37±7.39)	 0.431	 0.669
Wound type			   0.164	 0.686
  Fresh	 27 (69.23%)	 24 (64.86%)
  Old	 12 (30.77%)	 13 (35.14%)
Trauma site			   0.018	 0.895
  Lower limb	 29 (74.36%)	 28 (75.68%)
  Lumbosacral portion	 10 (25.64%)	 9 (24.32%)
Cause			   0.676	 0.879
  Traffic	 17 (43.59%)	 18 (48.65%)
  Crushing	 13 (33.33%)	 11 (29.73%)
  Falling	   7 (17.95%)	   5 (13.51%)
  Others	 2 (5.13%)	 3 (8.11%)

Values are expressed as n (%) or the mean ± standard deviation.

Table II. Comparison of efficacy.

	 Experimental	 Control
	 group	 group
Efficacy	 (n=39)	 (n=37)	 t value	 P-value

Cure	 26 (66.67)	 19 (51.35)
Improvement	 12 (30.77)	 10 (27.03)
Ineffectiveness	 1 (2.56)	   8 (21.62)
Total effective rate	 38 (97.44)	 29 (78.38)	 4.906	 0.01

Values are expressed as n (%).

Table III. Comparison of wound healing time.

	 Experimental	 Control
	 group	 group
Item	 (n=39)	 (n=37)	 χ2/t value	 P-value

Wound healing			   8.902	 0.031
duration (weeks)
  1	 18 (46.15)	 9 (24.32)
  2	 15 (38.46)	 11 (29.73)
  3	 5 (12.82)	 15 (40.54)
  >3	 1 (2.56)	 2 (5.41)
Average healing	 1.72±0.73	 2.23±0.85	 2.81	 0.006
time (weeks)

Values are expressed as n (%) or the mean ± standard deviation.
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lower‑limb venous thrombosis in the CG, and no case lower‑limb 
venous thrombosis in the EG was observed. The incidence of 
post‑operative infection and lower‑limb venous thrombosis in 
the EG were lower than those in the CG (P<0.05). This implies 
that VSD may reduce the risk of post‑operative infection and 
lower‑limb venous thrombosis (Table IV).

Discussion

The number of patients with OT has increased with socioeco-
nomic developments. The repair of severely traumatized tissue 
has become the emphasis and may cause difficulty in the treat-
ment of OT. In certain patients with OT with various types 
of injury, including skin soft tissue injury, nerve injury and 
vascular injury, the trauma is difficult to treat due to serious 
contamination, a deep and large wound and a large amount of 

exudates. Routine dressing changes may cause considerable 
pain and a psychological burden in such patients. In addition, 
the therapeutic effect is frequently unsatisfactory, the dressing 
requires to be frequently replaced, wound healing is slow and 
treatment is more difficult once infection occurs (8). A clinical 
study in 1,196 patients with OT reported an incidence of 
infection of 2.01% (9). Open wound, wound drainage, wound 
contamination and a long hospital stay may increase the risk of 
wound infection (10). If primary suture cannot be performed 
in patients with OT, the recovery from trauma may be difficult 
and a large wound may remain. Furthermore, the connective 
tissue is exposed during healing without protective epithe-
lial tissue. Delayed nonunion may occur if the wound is not 
properly treated. This will confer a greater psychological and 
economic burden to the patients. In the present study, VSD was 
used for the treatment of OT. The results suggested that VSD 

Figure 1. Vacuum sealing drainage is able to accelerate the recovery time of patients with orthopedic trauma. (A) Dressing change frequency; (B) dressing 
maintenance time; (C) 2nd operation time; (D) hospital stay. ▲▲▲P<0.001 compared with the control group.

Figure 2. Vacuum sealing drainage is able to reduce the level of inflammatory factors in serum. (A) IL‑6 level; (B) TNF‑α level. ***P<0.001 compared with prior 
to treatment; ▲P<0.05, ▲▲▲P<0.001 compared with the control group at the same time‑point. TNF, tumor necrosis factor; IL, interleukin.
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is able to reduce the dressing change frequency, shorten the 
operation time and hospital stay, accelerate the wound healing 
process and reduce post‑operative infection and lower‑limb 
DVT.

The materials used in VSD are polyethylene/ethanol 
hydrated seaweed salt foam and polyurethane film, which 
produce a semipermeable membrane. During treatment, the 
VSD material is tailored so that its shape and area match those 
of the wound. Thereafter, a tailored VSD dressing is used to 
completely cover the wound. A drainage tube is connected 
and direct contact between the drainage tube and the wound is 
avoided. After connecting the vacuum suction device, negative 
pressure is established so that the exudate may be suctioned 
out. Thereby, the bacteria, toxin and pus on the wound 
surface may be removed (11). Furthermore, VSD is also able 
to effectively clear the dead cavity and eliminate the survival 
environment for pathogens. Thus, a good microenvironment is 
provided for wound repair, which effectively prevents infection 
and promotes wound healing (12). The continuous suction of 
exudate during VSD treatment may obviate frequent dressing 
changes and reduce the patient's pain (13). In addition, a rela-
tively sealed, clean and dry negative‑pressure environment is 
formed after the wound is covered with the VSD dressing. This 
contributes to the dilation of the capillaries and accelerates and 
promotes the growth of granulation tissue (14). Negative pres-
sure helps in controlling local edema, removing inflammatory 
mediators, reconstructing blood vessels, forming granulation 
and reducing the biological load of the wound (15). According 
to relevant studies (16,17), VSD has achieved good results in the 
treatment of scald wounds and avulsion injuries of limb skin 
and soft tissues. It may effectively promote wound healing and 
improve the quality of healing. The results of the present study 
indicated that the dressing change frequency in the EG was less 
than that in the CG. The 2nd operation time and hospital stay 
were shorter in the EG than in the CG. A previous study has 
also suggested that VSD may effectively shorten the hospital 
stay and reduce the dressing change frequency compared with 
traditional pressure dressings in the treatment of degloved skin 
injury (18). This result is similar to that of the present study 
and indicates that VSD is able to markedly reduce the dressing 
change frequency, accelerate wound healing and shorten the 
2nd operation time and hospital stay in the treatment of OT 
without primary suture. The effect was better than that of 
routine dressing changes. In the present study, the total effec-
tive rate in the EG was 97.44%, which was higher than the rate 
of 78.38% in the CG. A previous study reported a total effec-
tive rate of 98% in 60 patients with OT and infected wounds 
treated with VSD (19). This rate was higher than that in the 
traditional dressings group (75%). These results are consistent 
with those of the present study, which indicated that the wound 

healing time in the VSD group was markedly shorter than that 
in the routine dressings group. Kaushik et al (20) reported 
that the complete wound closure time and hospital stay were 
12.5 and 17.3 days, respectively, after the contaminated trauma 
wound was treated with negative‑pressure wound therapy. 
These were markedly shorter than the corresponding dura-
tions of 21.4 and 23.8 days in the conventional gauze dressing 
group, respectively. These results are consistent with those 
of the present study and imply that VSD is able to accelerate 
wound healing and shorten the wound healing time.

Trauma may cause an inflammatory response. The release 
of inflammatory factors into the blood may lead to an abnormal 
increase in serum inflammatory factors. Upregulation of 
serum IL‑6 and TNF‑α expression is observed in patients 
with OT. Such upregulation is closely linked to the severity 
of the trauma (21). The results of the present study indicated 
that the expression of serum IL‑6 and TNF‑α decreased in 
the two groups with the progression of the treatment, but 
that the downregulation was more obvious in the EG. This 
indicates that VSD was able to markedly reduce the degree of 
inflammatory response and improve the condition of patients 
with OT. Post‑operative infection is a common complication 
in OT. The post‑operative infection rate of patients with open 
wounds was reported to be up to 25‑35% (22). In the present 
study, the post‑operative infection rate in the EG was 7.69%, 
which was significantly lower than that in the CG (27.03%). 
The reason may be that VSD promotes blood circulation 
in the wound. In addition, the degree of wound edema is 
improved; wound bacteria and their products are effectively 
eliminated; necrotic tissue and abscess are removed; the 
wound is kept clean; and bacterial proliferation is inhibited. 
The sealed environment formed by the VSD dressing is able 
to temporarily isolate the wound from the external environ-
ment, thus avoiding wound exposure. Furthermore, the risk 
of infection is reduced (23). Lower‑limb DVT is one of the 
serious complications in patients with OT. The manifesta-
tions are limb swelling, pain, varicosity, exposure and muscle 
tenderness (24). Patients with OT are usually subjected to 
violent forces and experience serious traumatic extrusion. 
After the trauma, a long period of inactivity is required. This 
leads to poor venous circulation, serious vessel congestion or 
damaged vascular wall, an activated coagulation mechanism, 
platelet aggregation and changes in hemodynamics. As a 
result, lower‑limb DVT frequently occurs (25). The present 
study indicated that the incidence of lower‑limb DVT was 
lower in the EG than in the CG. The reason may be that VSD 
is able to effectively shorten the wound healing time, reduce 
the period of inactivity and lower the occurrence and risk of 
lower‑limb DVT; however, the specific mechanisms require 
to be further investigated.

Table IV. Comparison of the incidence of post-operative infection and lower limb deep venous thrombosis.

	 Experimental group	 Control group
Event	 (n=39)	 (n=37)	 χ2 value	 P-value

Post-operative infection	 3 (7.69)	 10 (27.03)	 5.006	 0.025
Lower limb venous thrombosis 	 0 (0)	 5 (13.51)	 3.656	 0.018
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There are certain limitations to this study. All patients 
were treated with antibiotics, but no statistical analyses were 
performed on the effect of different antibiotics on wound 
healing. This is required to be further observed in a future 
study.

In conclusion, VSD in the treatment of OT may reduce 
the dressing change frequency, shorten the operation time 
and hospital stay, accelerate wound healing and reduce 
post‑operative infection and lower‑limb venous thrombosis. 
Therefore, the VSD treatment method is worthy of promotion 
and implementation in clinic.
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