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Abstract: Objective: To evaluate the effects of topical oxygen therapy and its impacts on granulation tissue in pa-
tients with chronic traumatic wounds. Method: A total of 112 patients with chronic traumatic wounds were randomly 
divided into the control group (n=56, receiving negative-pressure wound therapy) and the intervention group (n=56, 
receiving negative-pressure wound therapy plus topical oxygen therapy) using a random number table and they were 
treated continuously for 2 weeks. Then, the scores from the Pressure Ulcer Scale for Healing (PUSH), the coverage 
rate of granulation tissue, the severity of pain and Transcutaneous Oxygen Partial Pressure (TcPO2) before and after 
treatment were compared between the two groups. Also, the bacterial culture-positive rate, the healing rate and the 
healing time were compared between the two groups. Results: The PUSH scores were significantly decreased after 
treatment compated to those before treatment in the two groups, and those in the intervention group were lower 
than those in the control group (all P<0.05). The coverage rate of granulation tissue gradually increased in the two 
groups from day 3 to day 14 after treatment, with that in the intervention group being higher than in the control 
group during the same period (all P<0.05). The bacterial culture-positive rate that was detected was significantly 
lower after treatment than that before treatment in the intervention group, and lower in the intervention group 
than in the control group after treatment (all P<0.05). The VAS scores significantly decreased and TcPO2 increased 
after treatment compared to those before treatment in the two groups, with changes in the intervention group be-
ing more significant than those in the control group (all P<0.05). During the 3-month follow-up, the wound healing 
rate was higher and the healing time shorter in the intervention group than those in the control group (all P<0.05). 
Conclusion: Negative-pressure wound therapy plus topical oxygen therapy can substantially increase the coverage 
rate of granulation tissue and TcPO2 at the traumatic site, thus facilitating the healing process and shortening the 
time for healing. So, the efficacy of negative-pressure wound therapy in combination with topical oxygen therapy 
is more effective in treating patients with chronic traumatic wounds than negative-pressure wound therapy alone.
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Introduction

Chronic traumatic wounding is a trauma-
induced type of skin damage that persists for 
over 1 month. It is difficult to handle in clinical 
treatment and can lead to repeated ulcers if 
treated improperly, seriously affecting the daily 
life and work of patients [1, 2]. Negative-
pressure wound therapy, which shortens the 
time for healing by facilitating the tissue growth 
and accelerating angiogenesis at the wound 
site, is commonly used in the treatment of 
acute and chronic traumatic wounds. However, 
it creates a negative-pressure environment by 
withdrawing oxygen within the wound tissue, 

which may result in anaerobic infection and 
affect the healing process [3-5]. Therefore, it is 
proposed that negative-pressure wound thera-
py combined with topical oxygen therapy can 
theoretically decrease the occurrence of anaer-
obic infection at the wound site, thus facilitating 
the healing process [6].

Topical oxygen therapy was firstly proposed by 
Professor Sen from the Comprehensive Wound 
Center for Surgery, at Ohio State University 
Medical Center, USA, who proved that topical 
oxygen therapy was a treatment that could sup-
ply sufficient oxygen to the superficial tissue at 
the wound site so as to compensate the hypoxic 
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condition. It is a convenient and safe therapy 
that accelerates the wound healing process 
[7]. In this research, patients with chronic trau-
matic wounds were selected as research sub-
jects to investigate the effects of negative-
pressure wound therapy combined with topical 
oxygen therapy on their wound healing process 
and the growth of granulation tissue. The 
results are reported as follows.

Materials and methods

General data

A total of 112 patients with chronic traumatic 
wounds who were admitted to our hospital  
from December 2018 to February 2020 were 
selected prospectively and were randomized 
into the control group (n=56, receiving nega-
tive-pressure wound therapy) and the interven-
tion group (n=56, receiving negative-pressure 
wound therapy plus topical oxygen therapy) 
using a random number table method. Patients 
were eligible if they had marked traumatic 
wounds which persisted over a month; the 
length of their wound was greater than 5 cm  
or the area larger than 5 cm2; and they were 
cooperative during this research. Patients  
were excluded if they had diabetes; the wound 
bleed at the wound site while moving; they had 
visible major blood vessels or nerves; they had 
blood coagulation disorders; they had malig-
nant tumors; they were mentally ill; or they were 
pregnant or breast feeding. All patients provid-
ed written informed consent, and this study 
was approved by the Ethics Committee of our 
hospital.

Methods

Patients were treated routinely after admis-
sion, including disinfection, removal of necrotic 
tissues and antibiotics to prevent infection. 
Then, patients in the control group were treat- 
ed with negative-pressure wound therapy [8] 
alone with the use of an intelligent negative-
pressure wound therapy comprehensive instru-
ment purchased from Shandong Chuangkang 
Biotechnology Co., Ltd. (China), which was set 
on intermittent vacuum sealing mode with -120 
mmHg pressure and used intermittently each 
day for 2 weeks, with 3 min for each vacuuming 
event and 1 min of rest interval. Patients in the 
intervention group were given topical oxygen 
therapy on the basis of negative-pressure 
wound therapy with the use of a micro-oxygen 

therapy instrument purchased from Zhengzhou 
Runyuan Medical Instrument Co., Ltd. (China) 
[9]. The parameters were set as follows: oxy- 
gen flow rate was 3 L/min, temperature was 
between 27°C and 28°C, humidity was 65%. 
Oxygen was given constantly each day for 2 
weeks. The oxygen-delivering tube and vacu-
uming tube were both wrapped with gauze and 
the wound was sealed using transparent sticky 
film.

Outcome measures

Primary outcome measures: The wound was 
scored using the PUSH Tool before treatment 
as well as after treatment, which includes exu-
date volume within 24 hours (3 points), pres-
sure ulcer area (10 points) and the type of 
wound tissue 4 points, including sealed tissue 
(0 points), epithelial tissue (2 points), granula-
tion tissue (3 points), slough (4 points) and 
necrotic tissue (5 points), with less exudate vol-
ume within 24 hours and lower scores for pres-
sure ulcer area indicating better healing of the 
wound [10].

Coverage rate of the granulation tissue: the 
areas of wound and granulation tissue were 
measured using a ruler during each dressing. 
The coverage rate of granulation tissue equals 
to the granulation tissue area/total wound area 
*100%.

Secondary outcome measures: After treat-
ment, a sterile cotton swab was dipped in the 
exudates for the culture and identification of 
bacteria strains. The cultured positive rate of 
bacteria equals to the number of identified bac-
terial strains/total bacterial strains *100%.

Degree of pain and TcPO2: the degree of pain 
was evaluated by the VAS Tool before and after 
treatment using a vernier ruler of about 10 cm 
in length, with 10 tick marks on one side and 
“0” and “10” at both ends, respectively [11]. 
Zero indicating no pain and ten indicating intol-
erable pain; TcPO2 was measured by a transcu-
taneous oxygen partial pressure measuring 
instrument.

Patients were followed up for 3 months. The 
healing rate and the healing time were com-
pared between the two groups. The criteria to 
assess the wound healing situation were 
whether the wound was covered with epithelial 
tissue and whether the result of an oxidation 
reaction with 3% hydrogen peroxide was nega-
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tive. The healing rate equals to the number of 
patients with healed wounds/the total number 
of patients *100%.

Statistical analysis

SPSS 20.0 was used for data analyses. 
Enumeration data were expressed as n (%),  
and χ2 test was used for comparison. Mea- 
surement data were expressed as mean ± 
standard deviation (

_
x  ± sd). Paired t test was 

used for comparison between the same group 
before and after treatment. Independent sam-
ple t test was used for between-group com- 
parison. P<0.05 was considered statistically 
significant.

Results

Baseline data

There was no significant difference in the base-
line data in the two groups and the data were 
comparable (all P>0.05). See Table 1.

Wound healing (PUSH)

The scores of exudate volume within 24 hours, 
pressure ulcer area, type of the wound tissue 
were all significantly decreased after treatment 
than those before treatment in the two groups, 
with those in the intervention group being lower 
than those in the control group (all P<0.05). 
See Table 2.

Coverage rate of the granulation tissue

Coverage rate of the granulation tissue had 
gradually increased in the two groups from day 
3 to day 14 after treatment, with that in the 
intervention group being higher than that in the 
control group during the same period (all 
P<0.05). See Table 3.

Culture-positive rate

There was no significant difference in the cul-
ture-positive rate detected in the bacteria 
strains from the wound exudate in the two 

Table 1. Comparison of Baseline Data between the two groups (n, 
_
x  ± sd)

Measures Intervention group 
(n=56)

Control group 
(n=56) χ2/t P

Sex (n) 0.583 0.445
    Male 30 34
    Female 26 22
Age (year) 43.3±5.4 41.9±6.2 1.274 0.205
BMI (kg/m2) 23.02±1.88 22.87±1.59 0.456 0.649
Wound type (n) 2.683 0.443
    Traumatic soft tissue defect 30 25
    Open fracture with infection 13 19
    Post-operative infection and wound separation 6 8
    Others 7 4
Duration of the wound (d) 42.2±5.3 43.8±4.7 1.690 0.094
Length of the wound (cm) 7.56±2.05 7.79±1.98 0.604 0.547
Wound area (cm2) 6.85±1.04 7.02±1.22 0.794 0.429
PH of the wound exudates 8.05±0.55 8.17±0.49 1.219 0.225
Note: BMI: Body Mass Index.

Table 2. The scores of all items in PUSH in the two groups before and after treatment (
_
x  ± sd)

Group Time Wound exudate volume 
within 24 hours

Pressure ulcer 
area

Type of the wound 
tissue

Intervention group (n=56) Before treatment 2.33±0.44 7.28±1.05 3.32±0.54
After treatment 1.26±0.40*,# 2.84±1.08*,# 1.39±0.49*,#

Control group (n=56) Before treatment 2.39±0.50 7.84±1.36 3.36±0.44
After treatment 1.70±0.42* 4.70±1.29* 2.11±0.40*

Note: Compared with that before treatment, *P<0.05; compared with the control group, #P<0.05.
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groups before treatment (all P>0.05). However, 
the culture-positive rate after treatment was 
markedly lower in the intervention group than 
in the control group and also significantly lower 

TcPO2 was elevated in the two groups after 
treatment as compared with those before treat-
ment, with more substantial changes observed 
in the intervention group than those in the con-
trol group (all P<0.05). See Table 5.

Wound healing rate and healing time

During the 3-month follow-up, the wound heal-
ing rate was 89.29% (50/56) in the interven-
tion group, which was significantly higher than 
73.21% (41/56) in the control group, and the 
time needed for healing was markedly shorter 
in the intervention group ((27.34±5.68) d) than 
that in the control group ((33.47±6.83) d) (all 
P<0.05). See Figure 1.

Discussion

Negative-pressure wound therapy has undeni-
able advantages in wound healing, such as 
effectively promoting tissue proliferation, accel-
erating angiogenesis at the traumatic site and 
shortening the time needed for healing [12]. 
However, some studies have reported that dur-

Table 3. Coverage rate of the granulation tissue in the two groups during treatment (
_
x  ± sd)

Group Day 3 Day 6 Day 9 Day 12 Day 14
Intervention group (n=56) 10.40±1.94# 19.95±3.38# 34.48±4.30# 43.50±3.98# 56.59±4.57#

Control group (n=56) 8.88±1.73 15.50±3.74 30.03±3.85 38.88±4.47 44.40±4.70
Note: Compared with the control group, #P<0.05.

Table 4. Comparison of the culture-positive bacterial rate between the two groups (n, %)

Group Time Staphylococcus 
aureus

Pseudomonas 
aeruginosa

Escherichia 
coli

Other 
bacteria Total

Intervention group (n=56) Before treatment 8 (14.29) 4 (7.14) 2 (3.57) 2 (3.57) 16 (28.57)
After treatment 3 (5.36) 2 (3.57) 1 (1.79) 0 (0.00) 6 (10.71)*,#

Control group (n=56) Before treatment 9 (16.07) 5 (8.93) 2 (3.57) 2 (3.57) 18 (32.14)
After treatment 7 (12.50) 3 (5.36) 3 (5.36) 2 (3.57) 15 (26.79)

Note: Compared with that before surgery, *P<0.05; compared with the control group, #P<0.05.

Table 5. Comparison of VAS scores of the degree of pain and TcPO2 
in the two groups (%, 

_
x  ± sd)

Group Time VAS scores 
(point) TcPO2 (%)

Intervention group (n=56) Before treatment 6.69±1.94 33.75±4.40
After treatment 2.20±0.74*,# 56.68±6.59*,#

Control group (n=56) Before treatment 6.48±1.82 34.04±5.33
After treatment 3.97±1.13* 43.08±5.40*

Note: Compared with that before treatment, *P<0.05; compared with the control 
group, #P<0.05.

Figure 1. Comparison of wound healing time be-
tween the two groups. Compared with the control 
group, #P<0.05.

than that before treatment in 
the intervention group (all 
P<0.05). See Table 4.

Degree of the pain and TcPO2

There was no significant dif-
ference in VAS scores and 
TcPO2 between the two gro- 
ups before treatment (all 
P>0.05). However, the VAS 
scores were declined and 
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ing the wound repairing process, hydroxylase 
and collagen can only be combined in an envi-
ronment with sufficient oxygen to produce pro-
angiogenic hydroxylated collagen for accelerat-
ing the healing process [13, 14].

In our study, the PUSH scores of exudate vol-
ume within 24 hours, wound area and type of 
tissues were all lower after treatment in the 
intervention group than those in the control 
group. The coverage rate of granulation tissue 
from day 3 to day 14 was higher in the in- 
tervention group than that in the control group, 
suggesting negative-pressure wound therapy 
combined with topical oxygen therapy could 
markedly increase the granulation tissue  
coverage at the traumatic site in patients with 
chronic traumatic wounds, so as to facilitate 
the wound healing process. This result showed 
that the efficacy of the combined therapy was 
better than negative-pressure wound therapy 
alone, which is consistent with the study result 
of Tlapák et al., who also confirmed that nega-
tive-pressure wound therapy plus topical oxy-
gen therapy was more conducive to the heal- 
ing of chronic wounds [15]. The result of the 
3-month follow-up showed that the healing rate 
was substantially higher in the intervention 
group than that in the control group (89.29% 
vs. 73.21%), and the healing time was marke- 
dly shorter in the intervention group than that 
in the control group ((27.34±5.68 d) vs. 
(33.47±6.83 d)), suggesting negative-pressure 
wound therapy plus topical oxygen therapy 
could significantly increase the healing rate 
and shorten the healing time so as to effective-
ly facilitate the healing process of chronic trau-
matic wounds.

It is also reported that an appropriate amount 
of oxygen partial pressure is essential for 
wound healing, which can be facilitated with 
TcPO2 maintained at 50~100 mmHg [16, 17]. 
Kimmel et al. studied the effects of different 
oxygen flow rates on wound healing, and found 
that the healing time could be greatly short-
ened when oxygen was given continuously at  
a rate of 2 to 3 L/min, with the TcPO2 main-
tained at 45-80 mmHg [18]. Therefore, oxygen 
was given continuously at a rate of 3 L/min in 
our study. The result showed that TcPO2 was 
higher and VAS scores were lower in the inter-
vention group than those in the control group, 
suggesting negative-pressure wound therapy 

combined with topical oxygen therapy could 
substantially increase TcPO2 at the traumatic 
site and reduce the degree of pain in patients 
with chronic traumatic wounds. This result is 
consistent with the result of Deng et al., who 
also found that topical oxygen therapy could 
promote wound healing process by increasing 
TcPO2 at the traumatic site [19].

Staphylococcus aureus and pseudomonas 
aeruginosa are the main pathogens that result 
in extended wound area and protracted healing 
time [20, 21]. In our study, staphylococcus 
aureus, pseudomonas aeruginosa and esche-
richia coli etc. were all detected in the exu- 
date of patients in the two groups before treat-
ment. However, the culture-positive rate was 
markedly lower after treatment than that be- 
fore treatment in the intervention group and 
also lower in the intervention group than that in 
the control group after treatment, indicating 
negative-pressure wound therapy combined 
with topical oxygen therapy could substantially 
decrease the number of bacteria at the trau-
matic area, which might be related to sufficient 
oxygen given during the negative-pressure 
wound therapy that had inhibited the growth as 
well as proliferation of the bacteria [22].

However, this is a single-center study with a 
small sample size and short-term follow-up. 
Therefore, further studies with larger simple 
sizes and longer follow-up periods should be 
designed to verify the effects of negative-pres-
sure wound therapy combined with topical oxy-
gen therapy in patients with chronic traumatic 
wounds.

In summary, negative-pressure wound therapy 
plus topical oxygen therapy can substantially 
increase the coverage rate of granulation tis-
sue and TcPO2 at the traumatic site, thus facili-
tating the healing process and shortening the 
healing time. Its efficacy is better than that of 
negative-pressure wound therapy alone.

Disclosure of conflict of interest

None.

Address correspondence to: Xiaoli Zhang, De- 
partment of Surgical Clinic, The Affiliated Hospital  
of Inner Mongolia Medical University, No. 1 Tongdao 
Street, Huimin District, Hohhot 010050, Inner 
Mongolia Autonomous Region, China. Tel: +86-



Topical oxygen therapy for chronic traumatic wounds

7299 Am J Transl Res 2021;13(6):7294-7299

0471-3451243; E-mail: zxl15047809819@126.
com

References

[1] Alisauskaite N, Spitzbarth I, Baumgärtner W, 
Dziallas P, Kramer S, Dening R, Stein VM and 
Tipold A. Chronic post-traumatic intramedul-
lary lesions in dogs, a translational model. 
PLoS One 2017; 12: e0187746.

[2] Nussbaum SR, Carter MJ, Fife CE, DaVanzo J, 
Haught R, Nusgart M and Cartwright D. An eco-
nomic evaluation of the impact, cost, and 
medicare policy implications of chronic non-
healing wounds. Value Health 2018; 21: 27-
32.

[3] Sun X, Ni P, Wu M, Huang Y, Ye J and Xie T. A 
clinicoepidemiological profile of chronic 
wounds in wound healing department in 
Shanghai. Int J Low Extrem Wounds 2017; 16: 
36-44.

[4] Tribett T, Erskine B, Bailey K, Brown T and Cas-
tellani RJ. Chronic traumatic encephalopathy 
pathology after shotgun injury to the brain. J 
Forensic Sci 2019; 64: 1248-1252.

[5] Huang C, Leavitt T, Bayer LR and Orgill DP. Ef-
fect of negative pressure wound therapy on 
wound healing. Curr Probl Surg 2014; 51: 301-
331.

[6] Andrade SM and Santos IC. Hyperbaric oxygen 
therapy for wound care. Rev Gaucha Enferm 
2016; 37: e59257.

[7] Schreml S, Szeimies RM, Prantl L, Karrer S, 
Landthaler M and Babilas P. Oxygen in acute 
and chronic wound healing. Br J Dermatol 
2010; 163: 257-268.

[8] Janssen AH, Mommers EH, Notter J, de Vries 
Reilingh TS and Wegdam JA. Negative pres-
sure wound therapy versus standard wound 
care on quality of life: a systematic review. J 
Wound Care 2016; 25: 154, 156-159.

[9] Latimer CR, Lux CN, Roberts S, Drum MG, 
Braswell C and Sula MJM. Effects of hyper- 
baric oxygen therapy on uncomplicated inci-
sional and open wound healing in dogs. Vet 
Surg 2018; 47: 827-836.

[10] Günes UY. A prospective study evaluating the 
pressure ulcer scale for healing (PUSH tool) to 
assess stage II, stage III, and stage IV pressure 
ulcers. Ostomy Wound Manage 2009; 55: 48-
52.

[11] Sung YT and Wu JS. The visual analogue scale 
for rating, ranking and paired-comparison 
(VAS-RRP): a new technique for psychological 
measurement. Behav Res Methods 2018; 50: 
1694-1715.

[12] Anghel EL and Kim PJ. Negative-pressure 
wound therapy: a comprehensive review of the 
evidence. Plast Reconstr Surg 2016; 138: 
129s-137s.

[13] de Smet GHJ, Kroese LF, Menon AG, Jeekel J, 
van Pelt AWJ, Kleinrensink GJ and Lange JF. 
Oxygen therapies and their effects on wound 
healing. Wound Repair Regen 2017; 25: 591-
608.

[14] Gottrup F, Dissemond J, Baines C, Frykberg R, 
Jensen P, Kot J, Kröger K and Longobardi P. 
Use of oxygen therapies in wound healing. J 
Wound Care 2017; 26 Suppl 5: S1-S43.

[15] Tlapák J, Chmátal P, Oniscenko B, Pavlík V, Do-
sel P, Páral J and Lochman P. The effect of hy-
perbaric oxygen therapy on gene expression: 
microarray analysis on wound healing. Under-
sea Hyperb Med 2020; 47: 31-37.

[16] Tejada S, Batle JM, Ferrer MD, Busquets-Cor-
tés C, Monserrat-Mesquida M, Nabavi SM, Del 
Mar Bibiloni M, Pons A and Sureda A. Thera-
peutic effects of hyperbaric oxygen in the pro-
cess of wound healing. Curr Pharm Des 2019; 
25: 1682-1693.

[17] Jee JP, Pangeni R, Jha SK, Byun Y and Park JW. 
Preparation and in vivo evaluation of a topical 
hydrogel system incorporating highly skin-per-
meable growth factors, quercetin, and oxygen 
carriers for enhanced diabetic wound-healing 
therapy. Int J Nanomedicine 2019; 14: 5449-
5475.

[18] Kimmel HM, Grant A and Ditata J. The pres-
ence of oxygen in wound healing. Wounds 
2016; 28: 264-270.

[19] Deng Z, Chen W, Jin J, Zhao J and Xu H. The 
neuroprotection effect of oxygen therapy: a 
systematic review and meta-analysis. Niger J 
Clin Pract 2018; 21: 401-416.

[20] Xu Z and Hsia HC. The impact of microbial 
communities on wound healing: a review. Ann 
Plast Surg 2018; 81: 113-123.

[21] Mangoni ML, McDermott AM and Zasloff M. 
Antimicrobial peptides and wound healing: bio-
logical and therapeutic considerations. Exp 
Dermatol 2016; 25: 167-173.

[22] Wallace N, Zani A, Abrams E and Sun Y. The 
impact of oxygen on bacterial enteric patho-
gens. Adv Appl Microbiol 2016; 95: 179-204.

mailto:zxl15047809819@126.com
mailto:zxl15047809819@126.com

