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INTRODUCTION
Soccer is a full-contact sport with a large number of physical 
interactions between players during training and match plays. 
Union of European Football Associations reported that the 
incidence of injury was 8 injuries over 1000 hours of football 
related activities.1 The main types of injuries are sprains of 
muscles and ligaments, bruises and abrasions. However, even 
minor injuries may cause both physical and psychological 
discomfort and worsen the recovery process of the players. 
Therefore, it is extremely important to develop effective 
tools and methods to reduce the recovery time after bruises 
and abrasions.2-7

Nitric oxide (NO) is a gaseous signaling molecule produced 
by NO synthase.8 The discovery of its synthesis in the body 
was a major contribution to biology and medicine, for which 
F. Furchgott, L.J. Ignarro, and F. Murad were awarded the 
Nobel Prize in 1998. Numerous studies have demonstrated that 
NO signaling mediates physiological and pathophysiological 

processes in the body.9-14 NO promotes wound cleaning 
through the formation of peroxynitrite, deamination of DNA 
and S-nitrosirovanietiols on the surface of cell membranes, 
oxidative damage to DNA and lipid peroxidation.15-19 During 
the proliferation phase of wound healing, NO increases 
angiogenesis, and accelerates fibroblast proliferation, 
maturation and fibrotic transformation of granulation 
tissue.15,20-23

This discovery led to the creation of the air-plasma device 
“Plason” in 1998 by a group of scientists from the Bauman 
Moscow State Technical University and the Sechenov Moscow 
Medical Academy (currently, Sechenov University).24,25 This 
device forms an air-plasma flow enriched with NO from 
the atmospheric air, and allows local exposure bringing the 
necessary concentration of NO to the site of injury or other 
disease.26-28 Since 2000, the device manufactured by the 
company “CVTM at MSTU named After N. E. Bauman” has 
been supplied to medical organizations in Russian Federation, 
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Ukraine, Belarus, Slovakia, etc. The main advantages of this 
device are: 1) possibility of producing NO in therapeutically 
significant concentrations,26-28 2) low content of side 
compounds (O3

–, NO2, OH–, O–),26-30 and 3) the procedure is 
painless for patients, since the gas flow temperature is 25°C, 
which eliminates thermal damage to tissues and allows the 
faster delivery of NO to the damaged area.27

NO penetrates the skin, mucous membranes and cornea, 
which widens its range of applications to not only open, 
but also deep lesions.11,12 Plason has been used in practical 
medicine in purulent disease,31,32 abdominal surgery,33,34 
maxillofacial surgery,35 military medicine,36 gynecology,37 
ophthalmology,38 otolaryngology,39,40 dentistry41 and sports 
medicine,42 as well as in the treatment of post-radiation 
complications.43,44 Previously, it was shown the effectiveness 
of NO-therapy for the treatment of injuries to the tendons of 
the knee joint and Achilles tendon in athletes.42,45

Pathological tissue disorders associated with sports injuries, 
including soccer trauma (tissue necrosis, edema, impaired 
microcirculation, and hemorrhage with subsequent tissue 
regeneration), resemble tissue alterations occurring during 
wound healing.46,47

The NO-therapy provides mobile help, allowing it to 
be applied during training camp tours and competitions. 
The method is non-invasive, does not significantly affect 
the parameters determined by doping control, and has 
practically no contraindications. However, it is still to be 
investigated how exogenous NO impacts more severe sport-
associated conditions including tendon ruptures and fractures. 
Hypothetically, the mobile and easy-to-use device can be 
overused in the field and cause misdiagnosis due to its pain 
revealing effect.

Considering this, we studied the impact of NO generated 
by Plason on the injury process in experimental cutaneous-
muscular wounds, and subsequently, based on the experimental 
data, determined the effectiveness of NO-therapy in the 
treatment of sports injuries (bruises) in soccer players.

MATERIALS, PARTICIPANTS, AND METHODS
Ethics concern
The animal study was approved by the Local Ethics Commit-
tee of the Sechenov First Moscow State Medical University, 
Russian Federation (Protocol No. 15-19) on November 25, 
2019 (Additional file 1). All animal studies were conducted 
in full conformity with the International Guiding Principles 
for Biomedical Research Involving Animals (Geneva, 1990).
The clinical study was conducted following the Declaration 
of Helsinki and was approved by the Clinical Research Ethics 
Committee of the Sechenov First Moscow State Medical Uni-
versity, Russian Federation (Protocol No. 02-20) on February 
5, 2020 (Additional file 2). All the individuals participating 
in the study expressed written informed consent (Additional 
file 3).

Animal study
Modeling and intervention
The required number of animals was calculated with ClinCalc.

com sample size calculator. Based on the preliminarily evalu-
ated morphometry of control and Plason treated wounds, the 
required sample size was 5 with a confidence level of 95% and 
5% margin of error. As an experimental model, a full-thickness 
skin wound was modeled in 15 male Wistar rats, weighing 
160–180 g, with a bounding ring. Anesthesia was performed 
by intraperitoneal administration of a solution of Zoletil 100 (6 
mg/kg; VIRBAC, Carros, France). In the inter-scapular space, 
a circle with a diameter of 18–20 mm was excised down to the 
muscle tissue. A Teflon ring (Center BMSTU, LLC, Moscow, 
Russian Federation) was implanted into the formed defect. The 
outer part of the ring was covered with a perforated plastic film 
(Chetak Packaging, Gujarat, India) with 20–25 perforations 
up to 0.5 mm in size, to prevent drying, contamination, and 
premature contraction of the injury. Injuries had a standard 
size of 3 cm2.

All the animals were randomly divided into three groups, 
with five rats in each group (Table 1). In the control group, 
the injuries were left without specific treatment for spontane-
ous healing. On days 1, 2, and 3 after the surgery, 60 seconds 
exposure group received anesthesia solution of Zoletil 100 
intraperitoneally, the protective film was removed from the 
surface of the ring, after which the surface of the injuries was 
blown by NO-containing gas flow in a circular motion at a 
distance of 14 cm from the outlet of the manipulator of Plason 
(Figure 1) for 60 seconds. A similar procedure was performed 
in 120 seconds exposure group, and the wounds were blown 
for 120 seconds. Axial parameters of NO-containing gas flow 
were 1.68 (mg/s), 1200 ppm (NO), 130 ppm (NO2), 10.0 m/s 
and 280C.

Figure 1: Operation set for NO therapy with 
Plason.
Note: NO: Nitric oxide.

Histological examination 
On the 4th day after the injury, the animals were removed 
from the experiment and the injured tissues were taken for 
morphological analysis. The animals were anesthetized by 
intramuscular injection of a solution of Zoletil 100 (6 mg/kg 
body) and were euthanized by the injection of a solution of 
Zoletil 100 (60 mg/kg). The biological materials were fixed 
in 10% neutral formaldehyde and embedded in paraffin. Par-
affin sections, 4–5 µm thick, were stained with hematoxylin 
and eosin (Cat# ab245880, Abcam, Cambridge, UK). The 
resulting microscopic images were examined with a universal 
microscope LEICA DM4000 B LED (Leica Microsystems, 
Wetzlar, Germany) equipped with digital video camera LEICA 
DFC7000 T (Leica Microsystems) by two experienced pa-
thologists (AVB and ABS).

A semi-quantitative (score) method for evaluating mor-
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phological findings was used to objectify the results.22 In 
each sample, signs of inflammation (exudation, presence of 
bacterial colonies, inflammatory infiltration, microcircula-
tion disorders) and regeneration (neoangiogenesis, fibroblast 
proliferation, prevalence, and maturity of granulation tissue) 
were evaluated on a 4-point scale: 0 – absence, 1 – low, 2 – 
medium, 3 – high, 4 – maximum severity. Morphometry was 
conducted by an independent blinded pathologist.

Clinical study
Study design
This interventional, single-centered, simple randomized, open-
label, controlled, parallel-group study was carried out for a 
period of 1 year (March 2020 – May 2021).

Recruitment and treatment
The sample size was calculated with ClinCalc.com calculator. 
Based on the preliminarily evaluated morphometry of control 
and Plason treated wounds, the required sample size was 17 
with a confidence level of 95% and 5% margin of error. The 
study included 34 professional soccer players (males, 22 ± 
2.5 years) with the following anthropometric characteristics: 
height 180 ± 5.7 cm, weight 76 ± 3.7 kg, leg length 101.5 ± 4.8 
cm, lower leg length 43.5 ± 2.4 cm, lower leg circumference 
36.0 ± 1.7 cm. Inclusion criteria: lower leg bruises (harm score 
2–3), admission of a sports doctor to participate in training 
and competitions, the rank is higher than the Candidate for 
Master of Sports, compliance with anti-doping rules. Exclu-
sion criteria: the presence of open bleeding, hypotension, the 
presence of concomitant diseases, inability or disagreement 
to sign an informed consent.

Athletes were randomly divided into 2 groups, with 17 ath-
letes in each. In group I, NO therapy and external medicines 
such as non-steroidal anti-inflammatory ointments and gels 
were prescribed. In group II, only the drugs were prescribed. 
The study included athletes with lower leg injuries sustained 
in collision with other players during the soccer match. All 
athletes had bruises on the shins.

All players had complaints: pain around the area of impact, 
accompanied by edema and limited function on the injured 
leg. When examining the area impacted by the collision, we 
observed hematomas on the player’s skin accompanied by 
edema of the injured segment of the lower limb and strongly 
marked soreness. Due to the bruises of the lower extremities 
and the exclusion of the risk of re-injury, the players were 
transferred to an individual training regime.

All athletes complained about pain in the lower leg after 
colliding with another player and had restricted movement as-
sociated with edema of soft tissues and ligamentous apparatus. 
On examination, there was a hematoma at the site of the injury, 
which was accompanied by rapidly increasing tissue edema. 

Measurements 
The intensity of pain was assessed with the Visual Analogue 
Scale (VAS) (Figure 2). Each athlete was asked to mark the 
area of injury which corresponded to the severity of pain. In 
current study, one centimeter corresponded to one point on 
the 0-to-10 scale.48

Anthropometry of the lower limbs was performed to deter-
mine the dynamics of soft tissue edema. The measurement of 
lower leg girths was calculated as the arithmetic mean of five 
measurements of girths evenly distributed along the length 
of the corresponding segment of the lower limb.

The study excluded the athletes who showed signs of 
hypotension (below 100/50 mmHg when measuring blood 
pressure), which is a contraindication for NO therapy. 

Treatment with plasma-chemical NO was performed at 
a distance of 14 cm from the output channel of the Plason 
device, with the flow moving along a concentric trajectory 
from the perifocal zone to the center of pain. The exposure 
time was 10–15 seconds/cm2. The procedure was performed 
once a day for 5 consecutive days. The sports doctor turned 
on the source of air-plasma flow, held the manipulator in his 
hand, and blew the injured area, focusing on the sensations 
that occurred during the procedure. NO was applied to both 
the affected and unaffected skin along the main vessels of 
the lower leg.

The criteria for stopping the treatment were the complete 
disappearance of pain, visual and palpatory indicators, and 
finally, admission to the general training group.

Statistical analysis
Statistical analysis of experimental data was performed us-
ing the standard software package GraphPad Prism version 
8.00 for Windows (GraphPad Software, Inc., San Diego, 
CA, USA). Normal distribution of quantitative data (sum of 
inflammation points, sum of regeneration points) was checked 
using the Shapiro-Wilk’s test for the normality of the distri-
bution. The intergroup differences were analyzed using the 
Kruskal-Wallis test with Dunn’s correction (for abnormally 
distributed data). The results were presented as boxes with 
whiskers with 95% confidence intervals. The significant level 
of P differences was estimated at < 0.05.

Statistical analysis of pain intensity and anthropometrical 
measurements was conducted with Student’s t-test. The re-
sults were presented as linear graphs with mean values and 
95% confidence intervals.

RESULTS
NO therapy promotes the repair of skin and muscle injuries 
in rats  
In the control group, the injured surface was covered with 
a fairly thick fibrin clot. Microvascular disorders were viv-
idly expressed in the underlying tissue: stasis, erythrocyte 
sludge, hemorrhages. The number of fibroblasts was small, 
the cells were arranged in a disordered manner. In the centers 
of immature granulation tissue, collagen fibers were almost 
completely absent (Figure 3A).

In the 60 seconds exposure group, the thickness of the 
fibrin clot differed insignificantly from the control group. 
In the underlying tissues, there was a moderate infiltration 

Figure 2: Visual Analogue Scale applied to measure the intensity of pain.
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with lymphocytes, macrophages, and singular neutrophils. 
Granulation tissue occupied a larger area than in the control 
group. It consisted of longitudinally arranged fibroblasts and 
chaotically arranged capillaries, in some places consisting of 
disordered fibroblasts (Figure 3B).

In the 120 seconds exposure group, the fibrin clot was 
much less pronounced than in the control group. Fibrin was 
loosely oriented, and the total number of infiltrating cells was 
relatively small. There was a relatively thick layer of granula-
tion tissue between the adipose tissue and the fibrin clot. Its 
maturity was much more pronounced than in the control, the 
volume was also increased. Most fibroblasts were oriented 
along the wound surface, the content of collagen fibers was 
increased, and there were almost no signs of microcirculation 
disorders (Figure 3C).

Figure 3D showed a decrease in the severity of signs of 
inflammation (the maximum total score of signs was 6 and 
8, respectively) in 120 seconds exposure group compared 
with the control group, where the maximum total scores of 
inflammation and regeneration were 13 and 6 (P < 0.05). 
There were no significant differences between 60 and 120 
seconds exposure groups.

on average started the training process with restrictions in 45 
minutes in the general group on the 6th day and resumed the 
entire training process on the 7th day after the injury.

During the study, there were no signs of hypotension in 
the examined athletes.

DISCUSSION
In the present study, we treated sports traumas of soccer 
players with exogenous NO. The observed beneficial clini-
cal effects of NO-therapy are based on mechanisms that are 
universal for a wide range of pathologies.21,38,49 Activation 
of NO-related signaling pathways accelerates regenerative 
processes and inhibits inflammation27 A key observation that 
combines experimental and clinical research is a significant 
shortening of the duration of wound healing and rehabilitation 
of injured athletes. This period was reduced from 7 days to 
4–5 days. The impact of NO-containing gas flows on patients’ 
well-being is majorly associated with the elimination of edema, 
hemorrhages and necrosis. 

The obtained results show exogenous NO treatment to be a 
promising tool in athletic health care assistance. However, a 
detailed study of the mechanisms of action of exogenous NO 
in sport traumas, the development of indications and contra-
indications for its use in athletes, the testing of therapeutic 
modalities in different disciplines should be the subject of 
further research.

The limitation of the present study was the choice of only one 
regime of NO-therapy. We previously demonstrated that the 
effectiveness of exogenous NO application in the acceleration 
of wound healing is dose-dependent.22 These correlations will 
be studied in our future research. It is important to emphasize 
that the reported effects were achieved with the Plason device 
and could differ from other commercial and experimental air-
plasma generators since they vary in construction design and 
gas composition, especially in NO concentration.

The application of a NO-containing gas flow produced by 
the Plason device for the treatment of skin and muscle inju-
ries in the experiment normalized microvascular disorders, 
activated the lymph-macrophage reaction, accelerated the 
transition of the inflammatory phase of the wound process 
to the proliferative phase, enhanced angiogenesis, fibroblast 
proliferation, and collagen fibrogenesis. These results made it 
possible to apply NO-therapy for the treatment of lower limb 
contusions in soccer players. The effectiveness of treatment has 
been proven by accelerating the reduction and disappearance 

Figure 3: Effect of nitric oxide therapy on the repair of skin and muscle 
injuries in rats.
Note: (A–C) Morphological observation of wound tissue samples (hematoxylin and 
eosin staining). (A) Control group: Thick fibrin clot (arrow), immature granulation 
tissue with hemorrhage foci (*). (B) 60 seconds exposure group: Moderately mature 
granulation tissue with lymphocyte and macrophage infiltration (*) and moderate 
fibroblast proliferation. (C) 120 seconds exposure group: A large number of newly 
formed capillaries (*), an increase in the number of fibroblasts and collagen fibers, 
and the partial fibrosis of granulation tissue (arrow). Scale bars: 100 μm. (D) 
Morphological scores. Data are expressed as mean ± 95% confidence interval (n 
= 5). *P < 0.05 (Kruskal-Wallis test).

NO-therapy promotes the repair of bruises in soccer players
NO-therapy accelerated resorption of hematoma and removal 
of edema in athletes of the experimental group compared 
with the control group. Figure 4 shows that the intensity of 
pain decreased significantly in the control and experimental 
groups. At the same time, in the experimental group using 
NO-therapy, recovery was faster (P < 0.05). On the 4th day, the 
players of the experimental group began the training process 
in the general group with minor restrictions, from the fifth day 
they trained without restrictions. The control group players 

Figure 4: Effect of nitric oxide therapy on the repair of bruises in soccer 
players.
Note: (A) Visual Analogue Scale. (B) Dynamics in the average value of the shin 
girth after injury. Data are expressed as mean ± 95% confidence interval (n = 17). 
*P < 0.05, **P < 0.01, ***P < 0.001, vs. group I (Student’s t-test).  
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of pain, edema and hematoma, reducing the duration of reha-
bilitation in comparison with the use of exclusively external 
anti-inflammatory drugs. NO-therapy has a vast unexplored 
potential in sports injuries.
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