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ORIGINAL  STUDIES

Rehabilitation treatment of post-stroke spastic 
and non-spastic genu recurvatum

Matei Teodorescu1,2, Marius-Nicolae Popescu1,2, Alina Nela Iliescu1,2, Mihai Berteanu1,2 

1 “Carol Davila” University of Medicine and Pharmacy Bucharest
2 Medical Rehabilitation Department of the Elias Emergency University Hospital, Romania 

Abstract
Background. Stroke is a leading cause of long-term disability. Gait impairment post-stroke has a major implication 

for health and it is an essential predictor for functional independence. A common gait impairment is the presence of genu 
recurvatum in post-stroke patients, whether spastic or non-spastic.

Aims. To evaluate the efficacy of the rehabilitation program and botulinum toxin upon gait spatial and temporal 
parameters, muscle spasticity, functionality of lower limb and risk of fall in post-stroke patients with spastic and non-spastic 
genu recurvatum.

Methods. We conducted a two-year prospective study (April 2018 – April 2020) of forty hemiparetic patients with spastic 
(20) and non-spastic (20) genu recurvatum who underwent a rehabilitation program for three weeks and ultrasound guided 
botulinum toxin injection for the spastic group.

Results. In the non-spastic group, statistically significant differences were observed post-treatment (after 3 weeks) in the 
case of gait speed from 0.457 meters/sec (T0) to 0.6265 m/sec (T1), TUG from 16.3 (T0) to 14.15 (T1) and LEFS from 32.45 
(T0) to 34.7 (T1). In the spastic group, gait speed also had significant differences, from 0.467 (T0) to 0.7145 (T1). LEFS had 
an increase from 32.45 (T1) to 34.75 (T2). MAS had a decrease from 2.65 (T0) to 1.55 at (T1).

Conclusions. Following a 3-week rehabilitation program and using ultrasound guided botulinum toxin injections, in 
the case of spasticity, improves gait spatiotemporal asymmetry and ameliorates functionality, lowering the risk of fall in 
hemiparetic patients with post-stroke genu recurvatum whether spastic or non-spastic.

Keywords: stroke, genu recurvatum, spasticity, botulinum toxin, ultrasound guided. 
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Introduction 
Stroke is a leading cause of long-term disability. 

Of individuals who survive, more than 80% have gait 
impairment that recovers to some extent in the first 2 
months after stroke. Yet, community ambulation often 
remains compromised in most survivors. Gait impairment 
has major implications for health; it is an essential predictor 
of functional independence and long-term survival after 
stroke. Unsurprisingly, regaining gait ability is one of the 
most common goals of stroke survivors (Cristea, 2020).

Genu recurvatum affects between 40 and 68% of 
hemiparetic stroke patients. From a biomechanical point of 
view, genu recurvatum occurs during the stance phase. It is 
characterized by a ground reaction force vector that passes 
well in front of the knee (Bleyenheuft et al., 2010).

Different methods, whether conservative or surgical 
procedures, for the treatment of genu recurvatum were 
used depending on etiology, such as intramuscular 

injection of Botulinum Toxin Type A in the presence 
of gastrocnemius-soleus spasticity (Klotz et al., 2013), 
ankle-foot orthoses (Ohsawa et al., 1992), knee-ankle-foot 
orthoses (Boudarham et al., 2013), and electrogoniometric 
feedback (Bleyenheuft et al., 2010), functional electrical 
stimulation (Chantraine et al., 2016), aponeurotic calf 
muscle lengthening   (Bleyenheuft et al., 2010). Also, other 
devices that approached post-stroke gait rehabilitation 
using body-weight support systems (Berteanu et al., 2014) 
showed improvements of gait parameters, but in post-
stroke patients without the presence of genu recurvatum.

Early studies that discuss genu recurvatum had some 
methodological limitations and did not specify the period 
from the onset of stroke to the initiation of treatment. Also, 
their approach was not focused on the etiology of genu 
recurvatum, whether caused only by a neurological issue 
or a mixed one (orthopedic and neurologic) (Bleyenheuft 
et al., 2010). Although some studies demonstrated 
the efficacy of functional electrical stimulation (FES) 
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upon ankle kinematics, spatiotemporal parameters, gait 
symmetry, and balance control in post-stroke hemiparetic 
patients, the potential benefits of FES on the mechanics 
of post-stroke non-spastic genu recurvatum still remain 
unclear (Chantraine, et al., 2016).

Objectives 
To evaluate the efficacy of the rehabilitation program 

associated with neuromuscular electrical stimulation or 
botulinum toxin upon gait spatial and temporal parameters, 
muscle spasticity, functionality of lower limb and risk of 
fall in post-stroke patients with spastic and non-spastic 
genu recurvatum.

Hypothesis
Many patients with post-stroke gait disability have 

some similarities regarding spatiotemporal parameters. In 
post-stroke patients associating genu recurvatum with or 
without the presence of spasticity of the lower limb, these 
spatiotemporal parameters tend to differ between them. 
The question remains which mechanisms are involved in 
the appearance of post-stroke spastic or non-spastic genu 
recurvatum.    

Material and methods
Research protocol
a) Period and place of the research
We conducted a two-year prospective study (April 

2018 - April 2020) at the Neurological Rehabilitation Unit 
of Elias Emergency University Hospital.

b) Subjects and groups
Forty hemiparetic patients with spastic (20) and 

non-spastic (20) genu recurvatum who underwent a 
rehabilitation program for three weeks associated with 
neuromuscular electrical stimulation for the non-spastic 
group and ultrasound guided botulinum toxin injections 
for the spastic group.

The exclusion criteria were: less than 6 months after 
stroke, ability to walk without a walking aid for a distance 
of 10 meters, lower extremity musculoskeletal condition 
other than stroke that could restrict ambulation, severe 
cardiopulmonary disease affecting gait ability, severe 
cognitive impairment, unstable medical conditions and 
peripheral neuropathy. 

The two groups followed a complex rehabilitation 
program, and in the spastic group ultrasound guided 
botulinum toxin injections in spastic muscles were 
performed. Patients that met the study criteria were included 
in the study. All patients signed an informed consent, and 
the study protocol was approved by the research ethics 
committee of the hospital.

Each of the groups included 20 patients (eleven men and 
nine women in the spastic group and thirteen men and seven 
women in the non-spastic group), the mean age was 61.6 
years (range 41 - 80 years) for the non-spastic group and 
62 years (range 44 - 75 years) for the spastic group. The 
average period after stroke was 15.8 months for the non-
spastic group and 14.1 for the spastic group. 

In the non-spastic group, 14 patients had right hemiplegia 
and 6 had left hemiplegia, and in the spastic group, 9 patients 
had right hemiplegia and 11 left hemiplegia. 

c) Applied tests 
Evaluation was made on the first and last day of the 

rehabilitation program and at one month for the non-spastic 
group and at 2 months for the spastic group. The evaluation 
consisted of gait analysis, Lower Extremity Functional 
Scale (LEFS), Modified Ashworth Scale (MAS) and 
Timed Up and Go Test. Gait analysis was performed with 
G-WALK from BTS which is a wearable system for the 
functional analysis of movement that offers a quantitative 
analysis for the performance of gait (spatial-temporal 
parameters, general kinematic parameters, symmetry 
index, propulsion index and pelvis kinematics). 

Each patient who joined the study was evaluated before 
the rehabilitation program and botulinum toxin injection 
(baseline, T0), at 3 weeks on the day of discharge (T1), and 
after discharge at 4 weeks (T2) for those in the non-spastic 
group and at 8 weeks (T2) for those in the spastic group. 

To obtain a better qualitative gait measurement, gait 
analysis was made using BTS G-Walk inertial sensor and 
3 successful trials were recorded with the patients at their 
self-selected speed (without a walking aid) on a 10-meter-
long walkway. For each patient, the outcome measures were 
calculated and averaged for the trial session. Therefore, the 
average value would not be modified by minor deviations 
in the time of occurrence of peaks and valleys in the stance 
and swing phases data.

To evaluate the degree of spasticity and to determine 
the botulinum toxin dosage, the Modified Ashworth Scale 
(MAS) was used. To establish the impact of treatment on 
the functionality of the lower limb, the Lower Extremity 
Functional Scale (LEFS) was used, and to assess the risk 
of fall, the Timed Up and Go Test was chosen.

The complex rehabilitation program followed by the 
two groups spanned 3 weeks, 4 hours daily, 5 days/week, 
and consisted of Bobath therapy, neuromuscular electrical 
stimulation (NMES), gait training, and in the spastic group 
the same rehabilitation program, 3 hours daily 5 days/week, 
without NMES and ultrasound guided abobotulinumtoxinA 
(aboBoNT-A, Dysport [Ipsen]) injection.

The stimulation frequency used in the case of NMES 
is set between 12 and 50 Hz, and the strength of muscle 
contraction is modulated by changing either the pulse 
amplitude (typically 0 to 100 mA) or pulse width (typically 
0 to 300 μsec). NMES was applied to the quadriceps muscle 
and dorsiflexors of the foot for 30 minutes daily.

The dosage of abobotulinumtoxinA used which totaled 
800 IU was divided as follows: 100 IU for each head of 
the quadriceps muscle, 100 IU for each gastrocnemius 
muscle, and 200 IU for the soleus muscle. The remaining 
200 IU were injected in the upper limb spastic muscles. 
The injection was performed using the ultrasound guided 
approach, targeting the belly of the muscle.

d) Statistical processing
Data analysis was performed in the R programming 

language, version 3.6.2, and some tables and graphs in 
the Excel application of the Microsoft 365 for Enterprise 
package.

For the evaluation of the type of distribution, i.e., 
whether the data in a batch were normally distributed or 
not, the Shapiro-Wilk test was used, with a significance 
threshold of 0.05.
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To compare the pairs-batches (from one moment to 
another), we used the paired t-test when data were normally 
distributed and the Wilcoxon signed rank sum test when 
data were not normally distributed.

To compare independent groups (from one muscle 
group to another or from non-spastic to spastic ones), 
we used two independent sample t-tests when data were 
normally distributed and Wilcoxon-Mann Whitney test 
when data were not normally distributed. Pearson’s (r being 
the associated correlation indicator) was used to perform 
the correlations since we had to deal with continuous data. 

Before starting to compare the time periods between 
them, for each variable and for each muscle group by 
spasticity, the normality of the distribution should be 
evaluated. 

Results
In Table I we can see the comparison tests between 

times T0 and T1 in the non-spastic group. Below we see 
the difference of the means, plus the classic p-value and 
the related statistics. In the non-spastic group, statistically 
significant differences were observed post-treatment (after 
3 weeks) in the case of cadence from a mean of 46.15 steps/
minute (T0) to 57.5 (T1), gait speed from 0.457 meters/sec 
(T0) to 0.6265 m/sec (T1) and 0.5965 m/sec (T2), stance 
phase duration from 69.43% (T0) to 65.44% (T1, p < 0.05) 
with almost 4% on average. Swing phase duration from 
33.91 (T0) to 34.57 (T1, p < 0.05), Timed Up and Go from 
16.3 (T0) to 14.15 (T1) and LEFS from 32.45 (T0) to 34.7 
(T1). No differences were observed in the case of double 
support duration from 19.94 (T0) to 18.65 (T1) and single 
support duration from 29.76 (T0) to 31.1 (T1).

Table I 
Results of comparison tests between times T0 and T1 

for non-spastic patients. 

Parameter Test
Average 

difference
(T0-T1)

Result
(p-value)

Cadence Wilcoxon signed 
rank sum test -11.35 < 0.0001

Gait speed Wilcoxon signed 
rank sum test -0.0925 < 0.0001

Stride length Paired t-test 0.154 0.0382
Stance phase 
duration

Wilcoxon signed 
rank sum test 3.99 0.0020

Swing phase 
duration

Wilcoxon signed 
rank sum test -0.66 0.1615

Double support 
duration Paired t-test 1.29 0.1203

Single support 
duration

Wilcoxon signed 
rank sum test -1.34 0.0701

TUG test Wilcoxon signed 
rank sum test 2.15 0.0001

LEFS Paired t-test -2.25 < 0.0001

Legend: TUG: Timed Up and Go test, LEFS: Lower Extremity 
Functional Scale
   

The comparison between T0 and T2 (at one month post-
discharge) in the non-spastic group can be seen in Table 
II, and this time the variables that registered significant 
differences from T0 to T2 were slightly different:

Cadence showed significant differences from (T0) 
46.15 to (T2) 49.7, with an average increase of 3.55 units 

of measurement at T2 compared to T0 (when the T0-T2 
difference was negative, it means that it increased at T2); 
gait speed also had significant differences, with an increase 
at (T2) 0.5165 of 0.025 units of measurement from a 
baseline value of 0.4915; on the other hand, stride length 
did not register any statistical differences, from (T0) 1.16 
to (T2) 1.19. 

The stance phase duration of the affected leg registered 
significant differences, with a decrease of 2.78 units of 
measurement from (T0) 69.43 to (T2) 66.65, and the swing 
phase duration of the affected leg also showed significant 
differences, from 33.91 (T0) to 33.34 (T2). 

In the case of double support duration, p-value was 
very close to the significance threshold; in any case, in 
absolute value it decreased by 0.865 units of measurement, 
having a value of 19.94 at baseline and       19.08 at T2, 
while the single support duration, with a value of 29.76 at 
T0 and 30.58 at T2, also had a p-value quite close to the 
0.05 threshold, but higher. In absolute value, there was an 
increase of 0.81 percentage points. 

Timed Up & Go registered significant differences from 
(T0) 15.5 to (T2) 16.3, but LEFS did not record significant 
differences from one moment to another, (T0) 32.45 and 
(T2) 32.75; in absolute value, there was an increase of 0.3 
units of measurement.

Table II 
Results of comparison tests between times T0 and T2 

for non-spastic patients.

Parameter Test
Average

difference
(T0-T2)

Result
(p-value)

Cadence Wilcoxon signed 
rank sum test -3.55 0.0003

Gait speed Wilcoxon signed 
rank sum test -0.025 0.0034

Stride length Paired t-test 0.065 0.236

Stance phase 
duration

Wilcoxon signed 
rank sum test 2.78 0.0019

Swing phase 
duration

Wilcoxon signed 
rank sum test 0.565 0.2707

Double support 
duration Paired t-test 0.865 0.0571

Single support 
duration

Wilcoxon signed 
rank sum test -0.81 0.0761

TUG test Wilcoxon signed 
rank sum test 0.8 0.0017

LEFS Wilcoxon signed 
rank sum test -0.3 0.1145

Legend: TUG: Timed Up and Go test, LEFS: Lower Extremity 
Functional Scale

Regarding the results in the spastic group, from baseline 
to T1, first, as usual, we observe the type of distribution 
(whether it is normal or not) of the data for each of the 
variables. In Table III we can see that most of the variables 
at most times were normally distributed.

Cadence showed statistical differences from baseline 
compared to 3 weeks later. In absolute terms, it meant an 
increase of 23.9 units of measurement, from 38.85 (T0) 
to 62.75 (T1). Gait speed also had significant differences 
from one time to another, i.e., an increase of 0.2475 units 
of measurement on average, from 0.467 (T0) to 0.7145 
(T1). Instead, stride length had an increase of 0.30 units 
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of measurement, without this difference being statistically 
significant, from 0.60 (T0) to 0.92 (T1). The stance phase 
duration had an average increase of 14,855 units of 
measurement, from 41.34 (T0) to 56.2 (T1). The swing 
phase duration, on the other hand, decreased significantly, 
from 58.8 (T0) to 43.35 (T1). The double support duration 
phase registered a decrease of 4.52 units of measurement, a 
statistically significant difference, from 22.26 (T0) to 17.74 
(T1). The single support duration phase had an increase of 
4,785 units of measurement, also significant, from 25.88 
(T0) to 30.66 (T1). 

Timed Up & Go registered a significant difference 
from baseline, 17.5, with a value of 14.1 (T2). LEFS 
had a statistically significant increase of 2.3 units of 
measurement, with a value of 32.45 at T1 and 34.75 at T2. 
MAS also showed a statistically significant decrease of 2.3 
units, from 2.65 (T0) to 1.55 at (T1).

Table III 
Results of comparison tests between times T0 and T1 

for the group of spastic patients. 

Parameter Test
Average

difference
(T0-T1)

Result 
(p-value)

Cadence Paired t-test -23.9 < 0.0001

Gait speed Wilcoxon signed 
rank sum test -0.2475 < 0.0001

Stride length Wilcoxon signed 
rank sum test 0.30 0.5754

Stance phase 
duration Paired t-test -14.855 < 0.0001

Swing phase 
duration Paired t-test 14.855 < 0.0001

Double support 
duration Paired t-test 4.52 < 0.0001

Single support 
duration Paired t-test -4.785 < 0.0001

TUG test Wilcoxon signed 
rank sum test 3.4 < 0.0001

LEFS Paired t-test -2.3 < 0.0001

MAS Wilcoxon signed 
rank sum test -2.3 < 0.0001

Legend: TUG: Timed Up and Go test, LEFS: Lower Extremity 
Functional Scale, MAS: Modified Ashworth Scale

The results presented in Table IV at the third evaluation 
(T2) at 2 months post-discharge in the spastic group 
revealed that some of the effects obtained at discharge were 
maintained.

Cadence had significant differences, with an average 
increase of 20 units at T2, 58.85, compared to 38.85 (T0). 
Gait speed registered a significant average increase of 
0.1655 units, from 0.467 (T0) to 0.6325 (T2). Stride length 
had a significant increase of 0.21 units on average at T2, 
but with a much higher p-value than in the previous cases 
(much closer to the threshold of 0.05), from 0.60 at T0 to 
0.81 (T2). 

Stance phase duration showed a significant increase of 
8,085 units at T2 from 41.34 (T0) to 49.42 (T2). Swing 
phase duration (also in the affected leg) had a statistically 
significant decrease of 8.97 units, from 58.66 (T0) to 49.69 
(T2). Double support duration had a significant decrease of 
2,405 units from 22.26 (T0) to 19.86 (T2). Single support 
duration registered a significant increase of 2.53 units 

from 25.88 (T0) to 28.4 (T2). T had a decrease of 1.6 units 
(significant) from 17.5 (T0) to 15.9 (T2). LEFS showed an 
increase of 0.65 units (significant) from 32.45 (T0) to 33.1 
(T2). MAS had a decrease of 0.525 (significant), from 2.65 
(T0) to 2.125 (T2). 

Table IV 
Results of comparison tests between times T0 and T2 

for the group of spastic patients. 

Parameter Test
Average

difference
(T0-T2)

Result
(p-value)

Cadence Paired t-test -20 0.0008

Gait speed Wilcoxon signed 
rank sum test -0.1655 < 0.0001

Stride length Wilcoxon signed 
rank sum test 0.21 0.0289

Stance phase 
duration Paired t-test -8.085 < 0.0001

Swing phase 
duration Paired t-test 8.97 < 0.0000

Double support 
duration Paired t-test 2.405 < 0.0000

Single support 
duration Paired t-test -2.53 < 0.0001

TUG test Wilcoxon signed 
rank sum test 1.6 0.0001

LEFS Paired t-test -0.65 0.0009

MAS Wilcoxon signed 
rank sum test 0.525 < 0.0000

Legend: TUG: Timed Up and Go test, LEFS: Lower Extremity 
Functional Scale, MAS: Modified Ashworth Scale

Discussions 
The aims of this study were to analyze the differences 

between post-stroke spastic and non-spastic patients with 
genu recurvatum gait asymmetries and to determine the 
efficacy of a complex 3-week rehabilitation program 
associated with neuromuscular electrical stimulation (in 
the non-spastic group) and alongside botulinum toxin 
injection (in the spastic group).

Regarding the selected evaluation periods, in the case 
of patients in the non-spastic group, the evaluation at 1 
month post-treatment was chosen in accordance with other 
studies that demonstrated the effects of neuromuscular 
electrostimulation as having a post-treatment duration of 
approximately 2 to 4 weeks (Hong et al., 2018). In the 
case of patients in the spastic group, the evaluation was 
performed 2 months after treatment, based on the finding 
that the beneficial effect usually occurs at 7-10 days post-
injection and the maximum response can be reached in 
approximately 4-6 weeks and could last for an average 
of 12 weeks. Also, ultrasound guided botulinum toxin 
injections are usually repeated every 3-4 months (Ozcakir 
& Sivrioglu, 2007).

In the initial evaluation, we can observe a couple of 
differences and similarities between the spastic and non-
spastic groups regarding gait spatiotemporal parameters 
and patterns. 

The similarities present in both groups, either spastic 
or non-spastic, were represented in the first case by 
spatiotemporal parameters such as cadence, gait speed, 
both single and double support duration, stride length, 
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and in the second case by functional parameters such 
as the Timed Up and Go Test and the Lower Extremity 
Functional Scale. 

The differences between the two groups, either spastic 
or non-spastic, were only present in the spatiotemporal 
parameters, the non-spastic group having a longer 
duration of the stance phase and a shorter duration of the 
swing phase.

We believe that these differences are due to the presence 
of spasticity of the quadriceps and gastrocnemius-soleus 
complex muscles in the spastic group and the weakness 
of quadriceps, gluteal and dorsiflexor muscles in the 
non-spastic group. From a biomechanical point of view, 
patients with non-spastic genu recurvatum are trying to 
keep their knee in a hyperextension position, keeping their 
ground reaction force in front of the knee, thus preventing 
a probable fall (Bleyenheuft et al., 2010). Also, it is 
important for patients with non-spastic genu recurvatum to 
maintain their posture during gait, allowing them a normal 
step with minimal risks of fall, and maintaining the load 
line in front of the knee (Bleyenheuft et al., 2010). 

In the case of spastic genu recurvatum patients, the 
concomitant presence of spasticity in the quadriceps 
muscle which leads to a “stiff-knee gait”, in which genu 
recurvatum is present during the stance phase and the 
gastrocnemius-soleus complex that forms the plantar 
flexion-knee extension couple which also has an influence 
upon extension of the knee during the stance phase 
(Perry et al., 2010; Klotz et al., 2013), could explain the 
shorter stance phase duration and a longer swing phase in 
comparison with the non-spastic genu recurvatum. 

From a functional view, both post-stroke non-spastic 
and spastic genu recurvatum had similar implications 
regarding the functionality of the lower limb, evaluated 
on the lower extremity functional scale (LEFS), which 
is a well-known and validated patient-rated outcome 
measure (PROM) that can be used to measure lower 
extremity function (Dingemans et al., 2017).

Regarding the efficacy of the 3-week rehabilitation 
program associated with neuromuscular electrical 
stimulation on gait spatiotemporal parameters in patients 
with post-stroke non-spastic genu recurvatum, we can 
observe an increase of gait speed, cadence and stride length, 
slightly lowering the risk of fall and the functionality 
of the lower limb, changes that were maintained at one 
month after discharge. In the literature, few studies have 
been conducted on the efficacy of botulinum toxin on 
the spatiotemporal parameters of patients with spastic 
hemiparesis after stroke associated with genu recurvatum. 
However, a recent study has shown the effectiveness of 
botulinum toxin on lower limb muscle spasticity and 
spatiotemporal parameters of post-stroke gait (Esquenazi et 
al., 2021). In the presence of quadriceps muscle spasticity, 
the administration of botulinum toxin improved the degree 
of knee flexion in the stance and swing phases, and caused 
a decrease in energy consumption, but not a reduction of 
genu recurvatum (Caty et al., 2008). 

The presence of spasticity in the gastrocnemius-
soleus complex muscle also plays an important role in 
the occurrence of the genu recurvatum, with only one 
study demonstrating the effectiveness of botulinum toxin 

injected into the gastrocnemius-soleus complex muscle in 
reducing recurvatum in pediatric cerebral palsy patients 
(Klotz et al., 2013). So far, no studies have been conducted 
regarding the effectiveness of ultrasound guided botulinum 
toxin injection in association with a rehabilitation 
program in post-stroke spastic genu recurvatum. A recent 
multicenter, prospective, double-blind, randomized, 
placebo-controlled, adult lower limb study has shown 
that a dosage of aboBoNT-A 1500 U significantly reduced 
gastrocnemius-soleus complex spasticity at week 4 and 12 
post-injection (Santamato et al., 2019).

Using the ultrasound guided approach increases the 
injection accuracy considering that the gastrocnemius are 
thin muscles and are easy to miss; and being biarticular 
muscles, they have a role in knee extension in the 
stance phase in closed kinetic chain, thus promoting 
the occurrence of genu recurvatum when spasticity is 
present. We can observe that associating ultrasound 
guided injection of botulinum toxin in the spastic 
muscles (quadriceps and gastrocnemius-soleus complex 
muscle) with a 3-week rehabilitation program improved 
the gait spatiotemporal parameters, functionality of 
the spastic lower limb, lowering the risk of fall and 
reducing the degree of spasticity in post-stroke spastic 
genu recurvatum. In the post-discharge evaluation, the 
remaining effects were mainly due to the botulinum toxin 
maintenance effect.

During the course of our study, patients that followed 
oral antiplatelet or anticoagulant therapy showed no 
adverse effects regarding muscle hematomas or other 
post-injection complications, an evolution that concurs 
with other studies (Popescu et al., 2018).

Conclusions
1. Our findings suggest that following a 3-week 

rehabilitation program and using ultrasound guided 
botulinum toxin injections, in the case of spasticity, 
improves gait spatiotemporal asymmetry and ameliorates 
functionality, lowering the risk of fall in patients with post-
stroke genu recurvatum, whether spastic or non-spastic.

2. The gait pattern of stroke genu recurvatum patients 
has some differences regarding the stance phase duration, 
which is longer in the case of non-spastic patients and 
shorter in spastic ones.

3. Besides the implications of quadriceps and 
dorsiflexor muscles in post-stroke non-spastic genu 
recurvatum, gluteal muscles could be another cause, and 
further studies are needed to determine their implication.  

4. In the case of post-stroke spastic genu recurvatum, 
both muscle groups, the quadriceps and the gastrocnemius-
soleus complex are involved, but the gastrocnemius-soleus 
complex seems to have a greater involvement. Further 
studies need to establish the percentage of involvement of 
each muscle group.

5. Botulinum toxin injections are an effective method 
of treating focal lower limb spasticity in post-stroke 
hemiparetic patients with genu recurvatum, especially 
when the ultrasound guided approach is used.

6. Post-stroke genu recurvatum, whether spastic or 
non-spastic, increases the risk of fall, having a negative 
influence on lower limb function.
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Abstract
Background. Multiple sclerosis (MS) is an inflammatory demyelinating disease of the central nervous system and the 

main cause of disability in young people. Drug therapy cannot completely control many disabling symptoms in MS, such 
as cramps, pain, depression, and cognitive impairment. Non-invasive brain stimulation (NIBS) technology can be used as a 
tool to regulate changes in cortical excitability and plasticity in MS patients, thereby improving the disability symptoms that 
affect such patients.

Aims. Our objective was to explore the effectiveness and safety of non-invasive brain stimulation in the treatment of 
fatigue in patients with multiple sclerosis.

Methods. We performed a literature review in different databases: PubMed, Web of Science, Cochrane Library, Medline, 
Google Scholar. Full text articles that used NIBS for exercise performance improvement in athletes were included (only 
articles in English were found). We searched for articles available in each database until 30 October 2019. We used articles 
published in journals, randomized or pseudo-randomized, sham-controlled clinical trials to evaluate the effects of non-
invasive brain stimulation (NIBS).  The main result is the fatigue score before and after stimulation; the secondary result is 
the adverse event.

Results. The general inverse variance method was used to aggregate data from cross-group and parallel group studies. A 
total of 14 studies (tDCS 11, TMS 2 and tRNS 1) which recruited 186 patients were included in the study. No qualified tACS, 
transcranial electrical therapy stimulation or non-invasive cortical electrical stimulation study with reduced impedance was 
found. The short-term and long-term therapeutic effects are for tDCS, TMS is significant, and TMS and tRNS are not superior 
to sham stimulation. Existing evidence supports the effectiveness of the 1.5 mA subgroup and the bilateral S1 subgroup of 
tDCS. Adverse events are mild and transient, but are comparable between real and sham stimulation.

Conclusions. tDCS is a safe and effective way to treat fatigue in MS patients. However, there is further research needed 
to confirm our results in a large population and investigate the effectiveness of other NIBS subtypes.

Keywords: transcranial direct current stimulation (tDCS or HD-tDCS), tACS (transcranial alternative current stimulation), 
TMS (transcranial magnetic stimulation), fatigue, MS (multiple sclerosis), non-invasive brain stimulation (NIBS).
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Introduction
Multiple sclerosis (MS) is the most common immune-

mediated demyelinating disease affecting the central nervous 
system. As the disease progresses, symptoms may appear, 
which reduce the quality of life and increase the burden of the 
disease (Kesselring & Beer, 2005). Among these symptoms, 
fatigue is particularly common and may occur in up to 90% 
of MS patients (Chalah & Ayache, 2018; Patejdl & Zettl, 
2017). Fatigue is described as a lack of physical or mental 
energy, hindering daily activities, or an abnormally persistent 
feeling of fatigue/weakness, but has not yet received a 
generally accepted definition (Tur, 2016; Flachenecker et 
al., 2002). Drugs sometimes prescribed for MS fatigue, such 

as pemoline, prokalin, and carnitine, lack sufficient evidence 
(Miller & Soundy, 2017). Moreover, the clinical data of 
modafinil are limited and conflicting (Shangyan et al., 
2018; Yang et al., 2017). The aggregated results confirmed 
the effectiveness of amantadine as early as ten years 
ago (Yang et al., 2017). However, its effect is moderate, 
unsatisfactory, and the benefits for quality of life are unclear 
(Kesselring & Beer, 2005). Therefore, non-pharmacological 
intervention and multidisciplinary management are 
currently recommended to treat MS complications (Tur, 
2016). Non-invasive brain stimulation (NIBS) is a new type 
of neuromodulation technology that has shown encouraging 
therapeutic effects in various neurological diseases (such 
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as stroke sequelae and chronic pain) (Palm et al., 2014). 
The most common types of NIBS include transcranial 
direct current stimulation (tDCS), transcranial magnetic 
stimulation (TMS), transcranial random noise stimulation 
(tRNS), transcranial alternating current stimulation (tACS), 
and intracranial electrical therapy or non-invasive cortical 
electrical stimulation to stimulate and reduce impedance 
(O’Connell et al., 2018; Tavakoli & Yun, 2017). TMS uses 
a rapidly changing magnetic field to induce an electric field 
in the target brain area (Chung et al., 2015). In other types 
of NIBS, the randomly applied stimulus is a constant weak 
current (tDCS) change (tRNS), rhythmic reversal (tACS) 
or pulse (cranial electrical therapy stimulation) (O’Connell 
et al., 2018; Tavakoli & Yun, 2017). Non-invasive cortical 
electrical stimulation to reduce impedance reduces the 
electrical impedance of the skull soft tissue through current 
frequency (Bronfort et al., 2004). TMS can be further 
divided into repeated transcranial magnetic stimulation, 
intermittent theta burst stimulation (iTBS) and continuous 
theta burst stimulation, based on the difference in stimulus 
wave patterns (Chung et al., 2015).

Hypothesis
In this review article, we synthesized the necessary 

information regarding the potential therapeutic effect of 
NIBS on MS fatigue. However, these studies are limited by 
the small sample size and the results are inconsistent.

Material and methods 
Research protocol 
a) Period and place of the research 
We performed a literature review in different databases: 

PubMed, Web of Science, Cochrane Library, Medline, 
Google Scholar. Full text articles that used NIBS for 
improving fatigue in patients with multiple sclerosis were 
included (only articles in English were found). We searched 
for articles available in each database until 30 October 
2019. We used articles published in journals, randomized 
or pseudo-randomized, sham-controlled clinical trials 
to evaluate the effects of non-invasive brain stimulation 
(NIBS).  

The main result is the fatigue score before and after 
stimulation; the secondary result is the adverse event.

b) Subjects and groups
The focus of this study is on participants who were 

diagnosed with MS. There were no restrictions on gender, 
age, MS type, extended disability status scale (EDSS), 
scope or severity. As the degree of fatigue may be affected 
by the recurrence of MS, we only included studies in which 
participants were clinically stable for at least 1 month.

c) Applied tests 
The main result is the fatigue level before and after 

the measurement. The Modified Fatigue Impact Scale 
(MFIS), fatigue severity scales, visual analog scales or other 
validated quantitative scales are acceptable. The secondary 
outcome is an adverse event that occurred during or after the 
intervention.

d) Statistical processing 
We used standardized mean difference (SMD) and 

confidence interval (CI) to show the therapeutic effect of 
the intervention. We used I2 to study heterogeneity and 

we reported the short-term (≤1 w after the completion of 
stimulation) and long-term (>1 w after intervention) results, 
respectively. If there were data at multiple time points in 
each period, we extracted the earliest post-stimulation data 
for short-term measurement, and the data closest to 4 weeks 
post-stimulation for long-term follow-up. As suggested 
by the Cochrane Handbook for Systematic Reviews of 
Interventions version 5.0.1, we combined the results of 
the parallel group and the crossover study by estimating 
the inter-condition correlation coefficient (0.55) from the 
included crossover study (Cancelli et al., 2018). Sensitivity 
analysis. Check that the conclusions are consistent by 
reducing the correlation coefficient to 0.35 and increasing it 
to 0.75.  The trim and fill analysis was performed using Stata 
15.1 (a). Other statistical processes were conducted using 
RevMan 5.3 (b). 

Results
A total of 1899 records were retrieved from the database, 

459 records were repeatedly deleted, and 1394 records were 
excluded after reviewing the title/abstract. Of the remaining 
46 potential articles, 32 were deleted due to the following 
reasons: MS was not studied (1); stimulation was not 
applied to the brain (3); subject assignment was not random 
or pseudo-random (2); no fatigue report (11); the control 
type was not a false stimulus (2); and trial record missing 
results (13). Finally, there were 13 articles and one including 
trial registration records for 14 independent studies system 
assessment.

Study 
In Table I are listed the characteristics of the included 

studies and their baseline demographic information. The 
14 included studies were published from 2011 to 2019. 
Except for one of the trials (Charvet et al., 2018), all trials 
were conducted in Europe. A total of 186 MS patients 
were recruited. Most studies used a crossover design (10 
studies), while four trials were a parallel group design. In 
a study (Saiote et al., 2014), the order of real stimulus and 
fake stimulus was determined pseudo-randomly. The other 
13 trials were randomized controlled trials. The selection 
criteria for MS patients were different across the studies. 
A total of 10 studies recruited MS patients with fatigue. 
Other requirements for enrollment of MS patients included 
concomitant neuropathic pain (Ayache et al., 2016; Palm et 
al., 2016) and spasticity (Mori et al., 2010). All trials required 
participants to have no recurrence for at least 1 month to 
minimize potential biases caused by MS fluctuations.

The studied types of NIBS were tDCS (11 studies), TMS 
(1 repeated transcranial magnetic stimulation study and 1 
iTBS study), and tRNS (1 study). tACS was not qualified 
as cranial electrical therapy stimulation. The iTBS study 
(Mori et al., 2010) assessed the real compared with pseudo-
iTBS with exercise therapy, while other trials were focused 
only on the role of NIBS. The parameters of the intervention 
varied from study to study. The included studies performed 
anodal stimulation on the left dorsolateral prefrontal cortex 
(DLPFC) or prefrontal cortex (6 studies), right posterior 
cortex (1 study), left DLPFC or right posterior cortex (1 
study), bilateral S1 (3 studies), bilateral main sensorimotor 
cortex of the hand (1 study), bilateral M1 (1 study), and 
contralateral M1 of the affected limb (1 study). 
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For the tDCS study, the current intensity was 1 mA, 
1.5 mA or 2 mA, and the range was 0-2 mA in the tRNS 
study. For the two TMS tests, with 15 or 20 minutes per 
stimulation, the stimulus intensity was 120% stationary 
motor threshold and 80% active motor threshold, 
respectively, in most tDCS and tRNS trials; a stimulus 
study was not included. The time between participants 
varied (Fiene et al., 2018). In terms of both TMS studies, 
treatment lasted 18 minutes and 200 s, respectively. The 
total number of sessions for the 14 studies ranged from one 
to 18 sessions. 

All included studies immediately reported fatigue 
severity results after the last stimulus, and they were 
reported in the review as short-term effects. When 
estimating the correlation coefficient according to the 
method of Cancelli et al. (2018), it was 0.55. tDCS showed 
a positive effect on MS fatigue. Despite the trend to support 
TMS treatment, the difference between real stimulus and 
fake stimulus was not significant. The only tRNS study did 
also not provide conclusive results. There is considerable 
heterogeneity between tDCS studies; validation uses a 
random effect model.

The funnel picture is basically symmetrical and is 
trim and fill analysis. Decreasing and increasing the 
estimated correlation coefficient by 0.2 will not change 
the significance of the treatment effect. This shows that 
the effect of the merger is quite powerful. The subgroup 
analysis to assess the short-term impact of tDCS is 
according to the current intensity (1.5 mA and 2 mA) and 
the stimulation site (left DLPFC and bilateral S1). Due to 
the uncertainty of the results, comparisons that could not 

be made with less than three studies (such as 1 mA tDCS 
and bilateral M1 tDCS) were excluded. We conducted an 
analysis. Seven 1.5 mA tDCS studies showed that SMD = 
-0.77 (95% CI -1.14, -0.40), and three 2 mA tDCS studies 
showed that the effect was more than zero (SMD: -1.24 
[95% CI: -2.75, 0.27]). The combined effect of the four left 
DLPFC tDCS trials did not reach significance (SMD: 0.20 
[95% CI: -0.86, 1.27]), while the bilateral S1 tDCS study 
showed a significant therapeutic effect (SMD: -1.38 [95% 
CI: -2.20, -0.56]). When removing outliers (Saiote et al., 
2014; Tecchio et al., 2014) or changing the correlation, the 
coefficients did not have a meaningful effect on the results.

To evaluate the long-term effect, the last follow-up 
was conducted 0 to 8 weeks after the last session. Long-
term treatment effects were measured in four trials (Saiote 
et al., 2014; Gaede et al., 2018; Ferrucci R et al., 2014; 
Tecchio et al., 2014), where the fatigue score improved in 
the tDCS study (SMD: -0.65 [95%CI: -0.97, -0.34]), but 
not in the TMS study. Changing the estimated correlation 
coefficient did not significantly affect the results. Data 
were extracted for long-term analysis of effects 21 to 28 
days after the stimulus in the tDCS study, and the TMS test 
was performed 6 weeks after the stimulation.

The definition and report format of adverse events 
varied greatly across the studies. Six studies systematically 
reported the incidence of adverse events, but there was no 
information on safety and tolerability, mentioned in six 
studies. Adverse events were generally moderate and self-
limited, the most common being headaches, insomnia, pain 
and the tingling sensation (Table II). No research showed 
adverse events between real stimuli and fake stimuli.

Table I
TMS parameters for MS. 

Study Design Country 
of study

Participants’
Conditions Number Age (years) EDSS Gender

Ayache 
et al. (2016) RCT, CO France MS patients with neuropathic 

pain
16 
(11RR+4SP+1PP) 48.9±10.0 4.3±1.4 13 F/3 M

Cancelli 
et al. (2018) RCT, CO Italy MS patients with MFIS>35 and 

BDI <=19 10RR 43.2±13.4 0.9 [0-3.5] 8 F/2 M

Saiote C 
et al. (2014)

Pseudorandomized
controlled trial, CO Germany MS patients with FSS>=4 and 

BDI < 19 13RR 46.9±6.8 3.5±6 10 F/3M

Chalah 
et al. (2017) RCT, CO France MS patients with FSS>5 and   

BDI <=19
10 
(9RR+1SP) 40.5±11.2 2.3±2.5 4 F/6 M

Charvet 
et al. (2017) RCT, PA USA MS patients 27 44.2±15.9 4.9 [0-8.5] 16 F/ 11M

Fiene 
et al. (2018) RCT, CO Germany MS patients with WEIMuS>=9 

and BDI<=19
15 
(14RR+1SP) 43.2±15.0 3.5±1.9 8 F/7 M

Hanken 
et al. (2016) RCT, PA Germany MS patients experiencing 

cognitive fatigue
40 
(15RR+25SP) 49.1±9.5 4.2±1.5 25 F/15 M

Ferrucci R 
et al. (2014) RCT, CO Italy MS patients with MFIS >45 23 

(19RR+4SP) 44.5±6.6 3.3±0.6 16 F/7 M

Tecchio 
et al. (2014) RCT, CO Italy MS patients with MFIS>38 and 

BDI <19
10 
(7RR+1SP+2PP) 45.8±7.6 1.5 [0-3.5] 7 F/3 M

Tecchio 
et al. (2015) RCT, CO Italy

MS patients with MFIS>15 
without depression (no 
medication)

13RR 45.8±7.6 1.5 [0-3.5] 9 F/4 M

Tecchio 
et al. (2015) RCT, CO Italy

MS patients with MFIS>15 
without depression (no 
medication)

8RR 38.1±9.8 2 [ 1-2.5] 6 F/2 M

Gaede 
et al. (2018) RCT, PA Germany MS patients with FSS>=4 or     

BDI IA>=12
19 
(17RR+2SP) 43.8 2.8 14 F/5 M

Mori 
et al. (2010) RCT, PA Italy MS patients with spasticity 20RR 38.4±11.2 3.7±1.4 7 F/13 M

Palm 
et al. (2016) RCT, CO France MS patients with neurological 

pain
16 
(11RR+4SP+1PP) 47.4±8.9 4.2±1.3 13 F/3 M
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Discussion
The aggregated data shows that there is a statistically 

significant improvement in short-term and long-term 
MS fatigue after tDCS treatment compared with sham 
stimulation. In terms of different stimulus intensities and 
positions, its importance has also been confirmed for the 
1.5 mA and bilateral S1 subgroup. The overall effect of 
TMS crosses but it is close to the zero line. The only tRNS 
trial includes a recommendation benefit. In general, NIBS 
is an effective and safe procedure for MS.

The pathophysiology of MS fatigue is not fully 
understood. Earlier studies have shown that the severity of 
fatigue in MS patients is related to functional connectivity 
between different areas of the brain, such as the caudate 
nucleus and motor cortex (Finke et al., 2015). The abnormal 
excitability of M1 and the somatosensory network may 
also cause fatigue In MS patients (Yusuf & Koski, 2013; 
Cancelli et al., 2018). This interaction between fatigue 
and other symptoms (such as depression) complicates the 
clinical situation (Flachenecker et al., 2002) and spasticity 
(Milinis et al., 2016). In patients with multiple sclerosis, the 
severity of depression has been shown to be significantly 
correlated with fatigue scores (Bakshi et al., 2000), which 
can be partially explained by their shared pathways in the 
frontal lobe, and frontotemporal white matter neuroimaging 
studies have demonstrated these vascular bundles (Gobbi 
et al., 2014). The possible mechanism of NIBS is the 
increased persistence of long-term neuroplasticity (LTP) 

or long-term depression (LTD) induction of increased or 
decreased synaptic signaling pattern stimulation (Iodice 
et al., 2017). It has been proven in mice that the model 
of LTP/LTD damage in the cortical stoma pathway may 
be the cellular mechanism of exercise-induced fatigue 
(Ma et al., 2018). The inflammatory process of MS can 
interfere with LTP/LTD, while NIBS works by inducing 
plasticity similarly to LTP and producing cortex changes 
in excitability, thereby facilitating recovery (Stampanoni 
Bassi et al., 2017). 

The therapist can increase or decrease the cortical 
excitability of MS patients by switching the current 
direction in tDCS, or change the frequency and stimulation 
pattern in TMS (Salazar et al., 2018).

In this way, NIBS can modulate the network topology 
mode related to MS fatigue. Other studies have shown 
that NIBS for other MS comorbidities such as depression 
(Chalah et al., 2017) and cramps (Centonze et al., 2007) 
promotes fatigue improvement.

Improving our understanding of the efficacy of NIBS in 
the treatment of MS fatigue requires large-scale recruitment 
of RCTs from multiple ethnic groups. Since residual 
effects are problematic and will reduce statistics ability to 
detect differences between parallel treatment groups, the 
design may be more appropriate than the crossover study. 
A reliable blind agreement is necessary, especially for 
high-current tDCS. Otherwise, blind integrity should be 
demonstrated by methods such as asking patients to guess 
their intervention allocation.

Table II
tDCS parameters for MS. 

Study Participants
Type

Intervention
Site Intensity Duration Control

type
Outcome
Measure

Retention
period post
stimulation

Ayache 
et al. (2016) tDCS Left DLPFC 2mA 20 min

qd x 3 days
Sham
stimulation MFIS 0 day

Cancelli 
et al. (2018) tDCS Bilateral S1 1.5 mA 15 min

qd x 5 days
Sham
stimulation MFIS 0 day

Saiote C 
et al. (2014) tDCS Left DLPFC 1 mA 20 min

qd x 5 days
Sham
stimulation MFIS 0, 3, 5, 10, 15 

days
Chalah 
et al. (2017) tDCS Left DLPFC

or right PPC 2 mA 20 min
qd x 5 days

Sham
stimulation MFIS 0 day

Charvet 
et al. (2017) tDCS Left DLPFC 2 mA 20 min x

20 sessions
Sham
stimulation

PROMIS
Fatigue scores 0 day

Fiene 
et al. (2018) tDCS Left PPC 1.5 mA Sham

stimulation
Subjective Fatigue 
(10-point Rating scale) 0 day

Hanken 
et al. (2016) tDCS Right PPC 1.5 mA Sham

stimulation VAS 0 day

Ferrucci 
et al. (2014) tDCS Bilateral M1 1.5 mA Sham

stimulation FIS 0, 1, 3 weeks

Tecchio 
et al. (2014) tDCS Bilateral S1 1.5 mA Sham

stimulation MFIS 0, 4, 8 weeks

Tecchio 
et al. (2015) tDCS Bilateral S1 1.5 mA Sham

stimulation MFIS 0 day

Tecchio 
et al. (2015) tDCS Bilateral

hand SM1 1.5 mA Sham
stimulation MFIS 0 day

Gaede 
et al. (2018) rTMS Left PFC

120% RMT, 36 stimuli 
at 18 Hz x 50 trains, 
ITI 20s

Sham
stimulation FSS 0, 2, 4, 6 weeks

Mori 
et al. (2010) iTBS + ET M1 contralateral 

to the spastic limb

80% AMT, 3 stimuli at 
50 Hz x 10 bursts At 
5Hz x 20 blocks

Sham
stimulation + ET FSS 0 day

Palm 
et al. (2016) tRNS Left DLPFC 1 +- 0.325 mA,

oscillation 0-500Hz
Sham
stimulation MFIS 0 day
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Conclusions
1. In MS patients, tDCS can reduce fatigue levels 

immediately after cessation of treatment, and this positive 
effect will continue for at least three weeks.

However, the quality of evidence is limited by the 
following factors: considerable heterogeneity and small 
sample size. 

2. Our results are not sufficient to support the 
use of TMS or tRNS to relieve MS fatigue, but  3 . 
NIBS is usually a safe and easy-to-use option for fatigue 
management in MS patients. 

4. In the future, well-designed studies with a relatively 
large sample size are needed.
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Abstract
Background. COVID-19 (Coronavirus disease 2019)  is caused by a new coronavirus known as SARS-CoV-2 (severe acute 

respiratory syndrome coronavirus 2). Patients previously diagnosed with obstructive ventilatory dysfunction: COPD (chronic 
obstructive pulmonary disease) or asthma that becomes infected with SARS-CoV-2 are more prone to severe forms of the 
disease.

Aims. The aim of our study was to analyze the effects of the individualized respiratory rehabilitation program - correct bed 
posture, percussion of the chest wall, breathing exercises and kinetic exercises - on respiratory function, range of motion and 
quality of life in patients diagnosed with obstructive ventilatory dysfunction (COPD or asthma) and COVID-19. We also looked 
at the extent to which the diagnosis of obstructive ventilatory dysfunction influenced the severity of COVID-19.

Methods. We performed a retrospective study, between May 2020 - April 2021, with 69 patients diagnosed with COVID-19 
who were divided into two groups: the first group G1-30 of known patients with COPD and the second group G2-39 of known 
patients with asthma.

Results. Clinical and functional parameters had a significant modification (increased oxygen saturation of arterial blood, 
improvement of dyspnea, maintenance of balance, increased quality of life) after the inclusion of patients in the rehabilitation 
program.

Conclusions. Patients with obstructive ventilatory dysfunction, especially patients diagnosed with COPD, male, smokers, 
are more prone to the development of severe forms of COVID-19. The altered body mass index in the sense of underweight 
or obesity contributes to the appearance of complications, implicitly to moderate and severe forms of COVID-19. The 
consequences of COVID-19 can be treated by pulmonary rehabilitation.
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Introduction
Coronavirus disease 2019 (COVID-19) was first 

detected in China in December, 2019, and declared as a 
pandemic by the World Health Organization (WHO) on 
March 11, 2020. The current management of COVID-19 
is generally based on supportive therapy and treatment to 
prevent respiratory failure (Habas et al., 2020). COVID-19 
is caused by a new coronavirus known as SARS-CoV-2 
(severe acute respiratory syndrome coronavirus 2). In our 
study, patients with obstructive ventilatory dysfunction are 
represented by patients diagnosed with asthma and chronic 
obstructive pulmonary disease (COPD). 

Given the devastating impact that COVID-19 can have 

on the lung, it is natural to fear for patients with underlying 
COPD. Estimating their excess risk for contracting 
COVID-19 and, in particular, its more severe respiratory 
manifestations has been a challenging exercise in this 
pandemic for various reasons (Leung et al., 2020). Most 
COPD patients have a long history of smoking or exposure 
to other harmful particles or gases, capable of impairing 
pulmonary defenses even years after the cessation of 
exposure. Moreover, COPD is characterized by an ongoing 
immune dysfunction, which affects both pulmonary and 
systemic cellular and molecular inflammatory mediators. 
Consequently, increased susceptibility to viral respiratory 
infections has been reported in COPD, often worsened 
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by bacterial co-infections and leading to serious clinical 
outcomes  (Olloquequi, 2020). 

Theoretically, asthmatic patients should have increased 
susceptibility to and severity of SARS-CoV-2 infection due 
to a deficient antiviral immune response and the tendency 
to exacerbation elicited by common respiratory viruses 
(Liu et al., 2020). The Center for Disease Control and 
Prevention advises that patients with moderate to severe 
asthma belong to a high-risk group that is susceptible to 
COVID-19  (Chhiba et al., 2020). 

COVID-19 patients with diabetes, chronic obstructive 
pulmonary disease (COPD), asthma, cardiovascular 
diseases (CVD), hypertension, malignancies, HIV, and 
other comorbidities could develop a life-threatening 
situation. Comorbid individuals must adopt vigilant 
preventive measures and require scrupulous management 
(Ejaz et al., 2020). 

Numerous patients with asthma or COPD are likely to be 
infected with SARS-CoV-2 virus. Although data are limited, 
patients with severe and/or uncontrolled asthma and those 
with COPD appear to be at increased risk of a more severe 
course of COVID-19 infection (Daccord et al., 2020). 

Pulmonary rehabilitation is essential in the management 
of patients with obstructive ventilatory dysfunction, both 
in asthma and COPD. Also pulmonary rehabilitation is 
part of the multidisciplinary treatment of COVID-19. The 
purpose of pulmonary rehabilitation in COVID-19 patients 
is to improve symptoms of dyspnea, relieve anxiety, reduce 
complications, minimize disability, preserve function, and 
improve quality of life (Wang et al., 2020). Pulmonary 
rehabilitation should be provided throughout the disease 
management process, whether the patient is hospitalized 
or at home. In addition, rehabilitation prescriptions should 
be individualized based on the patient’s specific condition. 
The effective incorporation of pulmonary rehabilitation 
into disease management and the patient’s daily life, 
so that it becomes a conscious behavior, can provide 
long-term benefits to both the patient and his/her family 
(Yang & Yang, 2021). Physical therapy management for 
patients hospitalized with COVID-19 comprises elements 
of respiratory support and active mobilization (Felten-
Barentsz et al., 2020). Given the complexity of this new 
condition, multidisciplinary management seems to be the 
best approach (Gallucio et al., 2020). 

Objectives
The aim of our study was to analyze the effects of 

the individualized respiratory rehabilitation program - 
correct bed posture, percussion of the chest wall, breathing 
exercises and kinetic exercises - on respiratory function, 
range of motion and quality of life in patients diagnosed 
with obstructive ventilatory dysfunction (COPD or asthma) 
and COVID-19.

We also looked at the extent to which the diagnosis of 
obstructive ventilatory dysfunction influenced the severity 
of COVID-19.

Hypothesis
In the present study, we aimed to highlight the role of 

the supervised and complete rehabilitation program in the 
recovery of the clinical and functional status of patients 

diagnosed with obstructive ventilatory dysfunction 
and COVID-19. The kinetic exercises were performed 
according to the form of the disease, being adapted to 
patients’ tolerance.

Material and methods
We mention that we obtained the approval of the Ethics 

Committee of the University of Medicine and Pharmacy of 
Craiova No 137/ 07.12.2020 and a signed informed consent 
from all the subjects participating in our study. Our research 
was performed on 69 patients diagnosed with COVID-19, 
with known obstructive ventilatory dysfunction: asthma or 
COPD.

Research protocol 
a) Period and place of the research 
We performed a retrospective study, between May 

2020 - April 2021, in the Pneumology Department of the 
„Victor Babeș” Clinical Hospital of Infectious Diseases 
and Pneumophthisiology, Craiova. 

b) Subjects and groups 
The 69 patients diagnosed with COVID-19 were 

divided into two groups: the first group (G1) - 30 of known 
patients with COPD and the second group (G2) - 39 of 
known patients with asthma (Table I). 

The inclusion criteria taken into account when 
designing the groups were: 

- patients older than 18 years of age;
- the diagnosis of COPD was made according to the 

GOLD (Global Initiative for Chronic Obstructive Lung 
Disease) definition and classification, and the diagnosis of 
asthma according to GINA (Global Initiative for Asthma);

- patient’s smoking status;
- compliance with physical exercise during the 

healthcare program.

Table I 
The demographic data of the patients. 

Group Age
(years)

Age / 
Residence place Female

age
Male
age

Smo-
kers

Urban Rural

G1 =
30 patients
with
COPD +
COVID-19

20 10 8 22

25

Average 64.26 64.05 64.7 63.25 64.63
St.dev. 11.12 9.97 13.73 8.87 12
Minimum 44 48 44 48 44
Median 64.5 63.5 70 62.5 65
Maximum 90 90 79 75 90

G2 =
39 patients
with
asthma+
COVID-19

25 14 24 15

20

Average 54.35 51.2 60 53.29 56.06
St.dev. 13.57 13.56 12.06 13.17 14.47
Minimum 30 30 37 30 30
Median 53 51 59.5 51 58
Maximum 80 75 80 80 75

c) Tests applied 
For the patients included in the study, we analyzed 

clinical data (complete clinical examination), and 
laboratory (laboratory screening  - biological data, imaging 
examination - chest radiography) and functional assessment 
was performed. All tests applied are mentioned below. 

The clinical assessment included: 
- general physical examination;
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- determination of BMI (body mass index);
- respiratory system examination - inspection, 

palpation, percussion and auscultation;
- musculoskeletal examination – somatoscopic exam, 

and manual muscle testing of the limb muscles; 
- examination of balance and gait. 
During the examination, we conducted standard 

laboratory tests and radiological examination in postero-
anterior view of moderate and severe forms of COVID-19 
(Fig. 1a and Fig. 1b).

Fig. 1a – Moderate form of COVID-19.

Fig. 1b – Severe form of COVID-19.

For the functional assessment, we used: 
- Oxygen saturation of arterial blood (SaO2) 

measured by pulse oximetry, for COVID-19 severity; 
- Berg scale for balance - was used to objectively 

determine the patient’s ability to safely balance during 
a series of predetermined tasks. It is a 14 item list with 
each item consisting of a five-point ordinal scale ranging 
from 0 to 4, with 0 indicating the lowest level of function 
and 4 the highest level of function. Berg scale score:  

≤ 20 – wheelchair user;  > 20 ≤ 40 – walking with assistance;  
> 40 ≤ 56 – independent;

- Dyspnea by Borg scale - we used Borg scale to 
measure physical activity intensity (to quantify dyspnea), 
where 0 means absence of dyspnea, and 10 means 
maximum dyspnea;

- SF-36 scale for quality of life - it includes questions 
related to the following aspects: state of health - global, 
social life, pain parameter, mental (emotional) impact, 
physical appearance, quality of life. Each scale question 
has a specific score. The final score of the scale is 
obtained by summing the scores given by the patient to 
each question, and ranges between 0 and 114.

Subjects performed daily exercises within the 
respiratory rehabilitation program. The respiratory 
rehabilitation program was individualized according to 
the patient’s form of disease. Pulmonary rehabilitation is 
necessary to restore physical and respiratory function, but 
also to reduce anxiety and depression.

The rehabilitation program was complex and included: 
- correct bed position - 2-3 hours in supine position, 

with the head resting on a pillow placed on the upper 1/2 
of the posterior thorax; lower limbs with flexed knees; 
2-3 hours in left lateral decubitus, preferably with a 
pillow placed between the thighs; 2-3 hours in prone 
position, the head being comfortably placed on a pillow, 
and a small pillow placed under the abdomen; 2-3 hours 
in straight lateral decubitus position.

- percussions of the chest wall - manual percussions 
were performed for 10-15 minutes, every 3-4 hours, 
on the chest wall, 4-6 percussions, at an interval of 30 
seconds.

- breathing exercises - the patient breathed in 4 times 
(respiratory square): breathe in (inhale), the lung is kept 
swollen (post-inspiratory pause), exhale, then the lung is 
empty (post-expiratory pause).

- kinetic exercises - lower limb exercises - The patient 
grips the legs with the hands in the knee region, under the 
patella, bringing the knee forward, simultaneously lifting 
the torso from the plane of the bed. Hold the position 
for a few seconds (2-3-4 seconds), then slowly return to 
the starting position. Resume the exercise with the other 
lower limb.

- complex gait training - weight shifting, tandem 
walking, lateral stepping over / around objects, obstacle 
courses, front and lateral step-ups, closed kinetic chain 
activities.

For both groups of patients (G1, G2), the types of 
exercises were performed daily, depending on patient’s 
tolerance.

The number of repetitions was progressively 
increased, every 2-3 days, depending on the patient, and 
combined exercises were performed three times a day, 
each session lasting 20 minutes.

d) Statistical processing
All data were collected from the patient observation 

sheets. For statistical data processing we used the Data 
Analysis module of the Microsoft Excel program, and 
for statistical correlations we used the Fisher test, the 
significance threshold being considered at p <0.05. The 
results obtained were summarized in tables and figures.
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Results
Of the 69 subjects evaluated, 30 were known to have 

COPD - 43% and 39 were known to have asthma - 57%.
In group G1 male patients predominated - 73%, 

compared to females - 27%, and in group G2 female 
patients were predominant - 62%, compared to male 
patients - 38%. In terms of age, most patients in G1 were 
aged between 60-69 years - 37%, and in group G2 most 
patients were aged between 50-59 years - 36% (Fig. 2).

Fig. 2 – Age of patients.

In both groups the urban environment predominated, in 
G1 - 67% and in G2 - 64%.

Of the 69 patients diagnosed with COVID-19 and 
obstructive ventilatory dysfunction, 45 were smokers. In 
G1 - 83% of patients, and in G2 - 51% of patients were 
smokers.

The forms of  COVID-19 among the patients in our 
study, previously diagnosed with obstructive ventilatory 
dysfunction, were the following:

- COVID-19 MILD FORM - 24 of the 69 patients 
(34.78%);

- COVID-19 MODERATE FORM - 26 of the 69 
patients (37.68%);

- COVID-19 SEVERE FORM - 19 of the 69 patients 
(27.54%).

Of the 24 patients with mild COVID-19, 5 patients 
were in G1 (21%) and 19 in G2 (79%). Patients diagnosed 
with moderate COVID-19 were distributed as follows - 12 
patients in G1 (46%) and 14 patients in G2 (54%), while 
patients with severe COVID-19 were found in the highest 
proportion in group G1 - 13 patients (68%), only 6 patients 
being found in group G2 (32%). The most severe forms of 
COVID-19 occurred in patients with COPD and changes in 
the body mass index.

Also, moderate and severe forms were statistically 
significantly correlated with patients’ smoking status (p = 
0.0397).

The body mass index played a very important role in 

our study, as only 16 of the 69 patients were normal weight. 
Most underweight patients were in group G1 (8 of the 9 
patients), and most overweight patients were in group G2 
(11 of the 14 patients). Obese subjects were approximately 
equally distributed in the 2 groups.

Regarding weight, moderate and severe forms of 
COVID-19 were associated with underweight or varying 
degrees of obesity. Changes in the body mass index were 
associated with the onset of pneumonia, thus identifying 
moderate and severe forms of COVID-19 (Fig. 3).

Fig. 3 – Body mass index. 

After receiving the drug treatment and performing 
the exercises included in the pulmonary rehabilitation 
program, most patients had a favorable clinical course. The 
pulmonary rehabilitation program was focused on correct 
positioning in bed (2-3 hours in supine position, 2-3 hours 
in left lateral decubitus, 2-3 hours in ventral decubitus and 
2-3 hours in right lateral decubitus), manual percussion of 
the chest wall, breathing exercises and kinetic exercises. 
The exercises were performed daily, depending on the 
tolerance of each patient.

We found an increase in saturation (Fig. 4), with a 
reduction of oxygen requirements in patients with severe 
forms of COVID-19 in both groups, in G1 - 8 of the 13 
patients, and in G2 - 4 of the 6 patients. There were no 
statistically significant differences between the 2 groups (p 
= 1.0000). In the moderate forms of COVID-19, saturation 
increased in 10 of the 12 patients (G1) and 13 of the 14 
patients (G2).

Fig. 4 – Increased oxygen saturation of arterial blood. 
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To quantify dyspnea, we used the Borg scale and at 
the end of treatment all patients showed a decrease in the 
degree of dyspnea, having a higher tolerance to effort. 
All subjects were satisfied with the overall outcome of 
the pulmonary rehabilitation program, and the SF-36 
scale score was increased for both groups. No statistical 
differences were recorded between the two groups (p = 
0.4646).

We evaluated the maintenance of balance after 
completion of the medical recovery program in which 
the patients were included using the Berg scale. Most 
patients had scores above 40, but there was a statistically 
significant difference between the 2 groups; in G1 8 of the 
30 patients required walking assistance compared to 2 of 
the 39 patients in G2 (p = 0.0428). None of the patients 
needed a wheelchair.

Discussion
Pulmonary rehabilitation (PR) has the potential 

to play a vital role in the recovery of patients infected 
with severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) (Gautam et al., 2020). In a patient-
specific manner, PR is planned based on a detailed patient 
assessment including but not limited to training, exercise, 
and behavioral changes, since it aims at improving the 
physical and psychological status of individuals with 
chronic respiratory disease and focuses on comprehensive 
interventions for long-term commitment to health 
improvement attitudes (Aytür et al., 2020). 

As we found that male patients with obstructive 
ventilatory dysfunction (COPD or asthma) and weight 
changes are more prone to moderate and severe forms 
of COVID-19, a study conducted in Switzerland in 2020 
found that these could contribute to the morbidity and 
severity of COVID-19. The authors  performed RNA 
sequencing and explored available RNA-Seq databases to 
study gene expression and co-expression of ACE2, CD147 
(BSG), and CD26 (DPP4), and their direct and indirect 
molecular partners in primary human bronchial epithelial 
cells, bronchial and skin biopsies, bronchoalveolar lavage 
fluid (BAL), whole blood. Asthma, COPD, hypertension, 
smoking, obesity, and male gender status generally led to 
a higher expression of ACE2- and CD147-related genes 
in the bronchial biopsy, BAL, or blood. Additionally, 
CD147-related genes correlated positively with age and 
the body mass index (Radzikowska et al., 2020). 

In our study, patients included in group G1 diagnosed 
with COPD showed more severe forms than patients with 
asthma in group G2. Several studies around the world 
have shown that the presence of COPD is associated 
with severe forms of COVID-19. In the larger New York 
cohort (13, 442 patients with COVID-19 attending the 
emergency department), COPD was associated with an 
increased risk of hospitalization (RR 1.77, 95% CI 1.67–
1.87) (Marcello et al., 2020), and a trend for increased 
mortality (RR 1.08, 95% CI 0.88–1.33). Similar 
findings were reported in an Italian cohort involving 
1044 hospitalized patients; patients with COPD had a 
significantly increased risk of severe respiratory failure 
(RR 1.17, 95% CI 1.09–1.27) (Bartoletti et al., 2020). 
The ISARIC (International Severe Acute Respiratory and 

Emerging Infection Consortium) cohort, based on data 
from over 20,000 patients hospitalized with COVID-19 
infection, demonstrated that non-asthma chronic 
pulmonary diseases are associated with an increased risk 
of death (HR 1.17, 95% CI 1.09–1.27) (Docherty et al., 
2020).

In our study, moderate and severe forms of COVID-19 
were statistically significantly correlated with smoking (p 
= 0.0397). The same was demonstrated by a study based 
on a meta-analysis that identified 19 reviewed papers, with 
a total of 11,590 patients with COVID-19, 2,133 (18.4%) 
with severe disease and 731 (6.3%) with a history of 
smoking. A total of 218 patients with a history of smoking 
(29.8%) experienced disease progression compared 
to 17.6% of non-smoking patients. The meta-analysis 
showed a significant association between smoking and 
progression of COVID-19 (OR 1.91, 95% confidence 
interval [CI] 1.42-2.59, p = 0.001) (Patanavanich & 
Glantz, 2020). 

Pulmonary rehabilitation has an important role in 
the recovery of patients with COVID-19. The exercises 
performed by the patients included in our study 
determined an increase in the oxygen saturation of 
arterial blood, a decrease in oxygen requirements, an 
improvement of dyspnea with an increase of tolerance to 
effort, the maintenance of balance and an improvement 
of quality of life. A study conducted between March 
10, 2020 and April 30, 2020 on 41 patients who were 
included in a lung rehabilitation program showed a 
statistically significant improvement in Barthel Index 
(84.87±15.56 vs 43.37±26.00; p<0.0001), 6-Minute 
Walk Test (303.37±112.18 vs 240.0±81.31 meters; 
p=0.028), Borg RPE scale (12.23±2.51 vs 16.03±2.28; 
p<0.0001) (Curci et al., 2021). These findings suggest 
that  COVID-19 patients might benefit from motor and 
respiratory rehabilitation treatment.

Another meta-analysis study was conducted in 2021 
and looked for publications investigating the benefits of 
lung rehabilitation on lung function, exertion capacity 
(6-minute walk test), quality of life (SF-36 scale), and 
dyspnea. After translating these findings into clinical 
improvements, the pulmonary rehabilitation intervention 
increased the predicted FVC by 5.5%, the 6MWD test 
by 44.55 meters and SF-36  improved by 3.9 points 
compared to baseline values. While specific evidence 
for the pulmonary rehabilitation of COVID-19 patients 
emerges, the resulting data suggest that interstitial 
lung disease rehabilitation could be considered as an 
effective therapeutic strategy to improve the functional 
capacity and quality of life of these patients (Reina-
Gutierez et al., 2021). Limitations of the study – given 
its retrospective nature, we could not follow optimal 
functional parameters for assessing the real complexity 
of dysfunction, determined by the association of the 2 
entities: chronic respiratory disease and infection with 
the new coronavirus.

We intend to conduct in the future a randomized study 
in patients with obstructive ventilatory dysfunction and 
SARS-CoV-2, to monitor the effectiveness of the kinetic 
program in restoring and maintaining an optimal quality 
of life for patients.
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Conclusions
1. Patients with obstructive ventilatory dysfunction, 

especially patients diagnosed with COPD, male, smokers, 
are more prone to the development of severe forms of 
COVID-19.

2. The altered body mass index in the sense of 
underweight or obesity contributes to the appearance of 
complications, implicitly to moderate and severe forms of 
COVID-19.

3. The consequences of COVID-19 can be treated by 
pulmonary rehabilitation. 

4. The results obtained indicate that it is very important 
to include patients in a medical rehabilitation program 
from the time of hospitalization, in order to maximize 
respiratory function, prevent disability and increase quality 
of life.
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Abstract
Background. Chronic liver failure (CLF) is a major health problem worldwide and prevention is the major therapeutic goal.
Aims. The current study was designed to evaluate the hepatoprotective effects of T. officinale root extract in a pre-established 

model of chronic liver failure in rats by analyzing the liver tissue biopsy.
Methods. The rat model was induced through immune liver fibrosis triggered by human serum albumin. The liver biopsy 

was assessed for portal inflammation and fibrosis, for intralobular and periportal degeneration/necrosis, and the Histological 
Activity Index was calculated. The immunopositivity for 3-nitrotyrosine analysis was also performed.

Results. The results highlighted the hepatoprotective effect of the ethanolic T. officinale root extract, reduced necro-
inflammatory changes, Histological Activity Index and 3-nitrotyrosine expression, with no significant effect on fibrosis from 
the liver tissue in experimental human serum albumin induced chronic liver failure.

Conclusions. Ethanolic T. officinale root extract has a hepatoprotective activity in experimental CLF by reducing necro-
inflammatory alterations and 3-nitrotyrosine expression.
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Introduction
Today, mortality from chronic liver disease (CLD) is 

a worldwide concern because it has increased, it mainly 
affects individuals of working age, and it is expected to 
become the leading cause of mortality by 2020 (Thiagarajan 
et al., 2020). In CLD, hepatic injury is the consequence 
of viral, metabolic, toxic, or autoimmune injuries (Gual et 
al., 2017). Lately, the etiology of CLD has changed, from 
the predominance of chronic hepatitis B or C towards the 
predominance of alcohol and obesity induced chronic liver 
diseases (Thiagarajan et al., 2020). Another underestimated 
primary etiology of many chronic diseases, including 
CLD, is the reduced daily physical activity (Booth et al., 
2012). Many studies have indicated that the diet-induced 
inflammatory process can also trigger or influence CLD 
(Barrea et al., 2018).

The liver is an important organ for the immunologic 
and inflammatory processes of the body. Histological 
analysis found that in CLD there is a high risk of 
progression toward chronic liver failure (CLF), cirrhosis, 
and hepatocellular cancer, because hepatocyte injury 
progresses and maintains a chronic inflammatory response 
(Furman et al., 2019; Shen et al., 2019). In CLD, many 
studies indicated oxidative stress as a common underlying 
mechanism of hepatocellular injury (Stauber et al., 2014; 
Pfingstgraf et al., 2021; Luangmonkong et al., 2018). In 
the liver exposed to harmful stimuli, Kupffer cells (KC) 
are activated and produce most of the reactive oxygen 
species (ROS) (Mansouri et al., 2018). In physiological 
and pathological conditions, low production of ROS by 
mitochondria is needed for metabolic adaptation, and 
moderate ROS regulate the release of inflammatory 
mediators. A high, excessive release of ROS can activate 
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apoptosis or autophagy, causing tissue injury. In the liver, 
KC releasing ROS stimulate hepatocyte death by necrosis 
and apoptosis (Gual et al., 2017), and activate hepatic 
stellate cells (HSC), triggering their phenotypic switch 
into cells that produce excessive amounts of extracellular 
matrix and lead to liver fibrosis. Moreover, the activated 
liver cells produce at the same time nitric oxide (NO), a 
freely diffusible molecule that reacts with superoxide and 
forms peroxynitrite, a reactive nitrogen species (RNS). 
Peroxynitrite further reacts with tyrosine residues from 
proteins, and 3-nitrotyrosine results. Together, ROS and 
RNS will damage proteins, lipids, and mtDNA, creating a 
vicious cycle of ROS production (Macdonald et al., 2018).

Because there is currently no effective therapy 
to stop CLD associated ROS production and reverse 
advanced liver fibrosis, many studies are looking for a 
new prevention therapy for CLF (Patten & Shetty, 2018). 
Consequently, efforts to identify dietary factors that reduce 
the inflammatory process might decrease disease severity 
and progression (Barrea et al., 2018).

Phytotherapy is considered to be the mother of modern 
medicine. Plant products are still used as primary or 
complementary treatments. Many studies have proved that 
plants are rich sources of polyphenols with antioxidant, 
anti-inflammatory, and antiapoptotic activities. Therefore, 
they are part of the human diet in order to reduce the risk 
of chronic diseases, such as CLD. The Mediterranean diet 
is rich in compounds such as polyphenols, which have anti-
inflammatory and antioxidant effects (Anania et al., 2018).

Taraxacum officinale (dandelion) is a perennial 
herbaceous plant belonging to the Asteraceae family, 
and it is found in Eurasia and other areas of the world 
(Luangmonkong et al., 2018). T. officinale (TO) is 
currently part of the Mediterranean diet. In phytomedicine, 
TO has been used for liver and gallbladder disorders 
(Abdel-Magied et al., 2019; Pfingstgraf et al., 2020), but 
histological changes and the molecular mechanism of these 
changes have not been completely elucidated (Gerbino et 
al., 2018). 

Hypothesis
In a previous study, we found that TO root extract 

reduced blood liver injury enzymes and systemic oxidative 
stress markers in experimental CLF. Therefore, the current 
study was designed to evaluate the hepatoprotective effects 
of T. officinale root extract in a pre-established model of 
CLF in rats by analyzing the liver tissue biopsy.

Material and methods
Research protocol
a) Period and place of the research
T. Officinale F.H. Wigg. roots (TO) harvested from the 

Alexandru Borza Botanical Garden of “Babes-Bolyai” 
University Cluj-Napoca, Romania in June 2020 and 
deposited in the “Alexandru Borza” Botanical Garden 
Herbarium (Voucher CL: 669002) were ground after 
being dried in a shaded place, and then extracted as 
previously described (Pfingstgraf et al., 2021). The study 
was performed in the Department of Pathophysiology of 
“Iuliu Haţieganu” University of Medicine and Pharmacy 
Cluj-Napoca, between September-December 2020.

b) Subjects and groups
The current study used male Wistar rats aged 3 months, 

with a weight of 200–250 g, provided by the Animal 
Facility of Iuliu Hațieganu University of Medicine and 
Pharmacy, Cluj-Napoca. The animals were randomly 
divided into six groups (n = 5): CONTROL, a negative 
control group; chronic liver failure (CLF); CLF treated 
with Silymarin (CLF-SIL) (200 mg/kg b.w./day) (Jalali 
et al., 2017); CLF treated with T. Officinale extract, as 
follows: CLF–TO100%, treated with undiluted extract 
(200 mg dry plant material/kg b.w./day), CLF–TO50%, 
treated with a half of a dose of extract (100 mg dry plant 
material/kg b.w./day), and CLF–TO25% treated with a 
quarter of a dose of extract (50 mg dry plant material/
kg b.w./day). The daily dose of TO was dissolved in corn 
oil (1 ml/day/animal) (Gao et al., 2019). The control 
group and the CLF group were treated with physiological 
saline (1 ml/day). During the study, the animals were 
kept in a room with a 12/12 h dark/light cycle, controlled 
temperature (22 ± 2 °C) and humidity (50 ± 5%), with 
free access to food and water. The study used a CLF rat 
model induced through immune liver fibrosis triggered 
by HSA (8 g/L) and incomplete Freund’s adjuvant as 
previously described (Wu et al., 2009; Wang et al., 2012; 
Pfingstgraf et al., 2020). At the end of the experiment, the 
animals were euthanatized by cervical dislocation under 
general anesthesia induced by xylazine (10 mg/kg b.w.) 
and ketamine (70 mg/kg b.w.) (Francischi et al., 2017), 
and hepatic biopsies were harvested for histological 
assessment and 3-nitrotyrosine analysis. The study 
protocol was approved by the Sanitary Veterinary and 
Food Safety Authority Cluj-Napoca (no. 19/ 13.12.2016).

c) Applied tests
The histological assessment was performed on two 

liver samples collected from the left lateral and right 
medial lobes harvested from each animal (Ruehl-Fehlert 
et al., 2003). As previously described, liver biopsies 
were fixed for 24 h in 10% phosphate-buffered formalin, 
processed and embedded in paraffin wax. Then, for the 
histological assessment of portal inflammation and 
fibrosis, intralobular and periportal degeneration/necrosis, 
and Histological Activity Index (HAI) calculation, two 
serial sections of 3 µm were cut from each tissue sample, 
and stained with hematoxylin and eosin (H&E) (Knodell 
et al., 1981; Mester et al., 2019).

For the immunopositivity for 3NT analysis, the 
samples were prepared as previously described, and a 
primary mouse monoclonal [clone 39B6] antibody to 3NT 
was used (Pfingstgraf et al., 2021). Further, liver tissue 
3NT was evaluated and scored as previously described: 
grade 0, with no 3NT staining; grade 1, positive 3NT 
staining in less than 10% of hepatocytes/10 high power 
fields; grade 2, positive 3NT staining in more than 10% 
but less than 50% of hepatocytes/10 high power fields; 
grade 3, positive 3NT staining in more than 50% of 
hepatocytes/10 high power fields (García-Monzón et al., 
2000).

d) Statistical processing
Data were expressed as mean ± standard deviation 

(SD), and the different experimental groups were 
compared by using the one-way ANOVA test and the 
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post hoc Bonferroni-Holm test. A p<0.05 was considered 
statistically significant. Data were analyzed using the IBM 
SPSS Statistics, version 20 (SPSS Inc. Chicago, IL, USA).

Results
The control group biopsy had normal structures and 

no significant changes were found, HAI was 0 (Table I) 
and 3-NT immunoexpression was negative (Fig. a1), 
as previously described (Stauber et al., 2014). In CLF 
animals, the normal liver architecture was lost, severe 
chronic intralobular inflammation (p<0.001), a moderate 
amount of mature fibrous tissue (p< .001), and bile duct 
hyperplasia (Fig. 1A) were found. In the periportal area, 
hepatocyte coagulative necrosis (p< .001) was associated 
with a surrounding macrophage, lymphocyte, and 
neutrophil infiltrate (p< .001). The 3-NT immunostaining 
score was positive in more than 10% of hepatocytes (p< 
.001) of the CLF group (Fig. a1). In the CLF rat liver, HAI 

was importantly increased compared to the control group 
(p< .001) (Table I).

The TO treatments significantly reduced periportal 
necrosis (p< .001), with no significant difference between 
TO doses. Periportal inflammation and intralobular 
necrosis were also reduced, the highest TO dose having the 
best effect (p< .001). HAI and fibrosis were lowered by the 
TO treatment (p< .01) in a dose dependent way, the higher 
concentration having the best effect (Fig. 1C, D, E, Table 
I). SYL was a better inhibitor of HAI (Table I), intralobular 
necrosis and fibrosis than all TO doses (p<0.001) (Fig. 
1B). The 3-NT expression was significantly reduced in 
the hepatic lobules of the CLF-TO100% (p< .01) (Fig. c1) 
and CLF-TO50% (p = .05) (Fig. b1) compared to CLF. A 
minimal expression of 3-NT was identified in hepatocytes 
of the CLF-SYL group (Fig. b1). There were no important 
differences of 3-NT expression between CLF-TO25% 
(Fig. 1c) and CLF groups (Table I).

Table I
Histological assessment and 3-nitrityrosine evaluation in the liver biopsies of the study groups. 

Study groups Periportal
necrosis

Intralobular necrosis/
degeneration

Periportal
inflammation Fibrosis HAI 3NT score

CLF-TO100% 0.20±0.02b 0.60±0.05b,c 0.20±0.04b,c 0.80±0.04b,c 1.80±0.84b,c 1.20±0.04b,c
CLF-TO50% 0.20±0.04b 0.80±0.04b,c 0.40±0.04b 1.20±0.10b,c 3.00±0.80b,c 1.40±0.0,b,c
CLF-TO25% 0.20±0.04b 0.80±0.04b,c 0.40±0.10b 1.80±0.10c 3.40±0.7,c 1.60±0.05c
Silymarin 0.20±0.02b 0.20±0.04b 0.40±0.05b 0.60±0.05b 1.20±0.45b 1.00±0.04b
CLF 1.20±0.04 1.00±0.02 0.80±0.04 1.80±0.10 3.80±0.30 1.60±0.05

Results are expressed as mean ± SD; b p˂ 0.05, versus CLF; c p˂ 0.05, versus Silymarin; CLF-TO 100% - chronic liver failure treated 
with 200 mg T. officinale/kg b.w./d; CLF-TO 50% - chronic liver failure treated with 100 mg T. officinale/ kg b.w./d; CLF-TO 25% 
- chronic liver failure treated with 50 mg T. officinale/ kg b.w./d; Silymarin - chronic liver failure treated with 200 mg silymarin/ kg 
b.w./d; CLF - chronic liver failure; HAI – histological activity index; 3NT – 3-nitrotyrosine.

Fig. 1 – Photomicrographs of the liver tissues from the control and experimental animals. H&E stain: A. CLD; B. Silymarin; C. CLF-
TO25%; D. CLF-TO50%; E. CLF-TO100%; Bar=50 µm (A, B) and 20 µm (C, D, E). 3-nitrotyrosine immunoexpression: a1. CLD; b1. 
Silymarin; c1. CLF-TO25%; d1. CLF-TO50%; e1. CLF-TO100%; Bar= 20 µm (a,b,c,d,e). CLF-TO100% = chronic liver failure and 
T. officinale 200 mg/day; CLF-TO50% = chronic liver failure and T. officinale 100 mg/d; CLF-TO25% = chronic liver failure and T. 
officinale 50 mg/day; Silymarin = chronic liver failure and silymarin 200 mg/kg b.w./day; CLF = chronic liver failure.
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Discussions
The study results showed that a seven day treatment 

with TO root extract significantly attenuated the liver 
injuries and 3NT expression in rats with HSA-induced 
CLF.

Previous studies showed that HSA administration in rats 
triggered an immune liver injury and fibrosis (Pfingstgraf 
et al., 2021; Pfingstgraf et al., 2020; Wu et al., 2009). CLF 
diagnostic serum markers target the consequences or the 
mechanism of the liver injury (Pfingstgraf et al., 2020; 
Bajaj et al., 2018; Sarin et al., 2019). In the present study, 
the hepatoprotective effect of the TO root extract was 
evaluated by analyzing the liver biopsy.

Continuous liver injury due to chronic inflammation 
and/or oxidative stress leads to continuous stimulation 
of the HSC, HSC proliferation and dedifferentiation into 
myofibroblasts producing excessive extracellular matrix 
(ECM), and liver fibrosis (Mehta et al., 2019). Moreover, in 
CLD, regeneration is severely impaired due to the chronic 
pathological inflammation, chronic hepatocyte loss, 
reduced hepatocyte proliferation, and decreased matrix 
remodeling (Gual et al., 2017). Therefore, hepatic fibrosis 
associated with CLD is used as a severity and progression 
index (Gual et al., 2017). There is high need to study the 
liver structural and molecular changes in order to better 
understand the mechanisms that control the pathogenesis 
of liver cell death and liver fibrosis, its progression toward 
cirrhosis, CLF or hepatocarcinoma (Ehlken et al., 2011).

Because liver fibrosis represents a key characteristic of 
CLD progression, liver biopsy could serve as diagnostic 
and/or prognostic criteria. It is used in order to confirm 
chronic injury in known CLD, its stage and the CLF. 
Usually, the interpretation of H&E liver samples can help 
in the histological distinction between old and recent liver 
injury. In CLD, inflammation and fibrosis patterns are 
relevant not just for progression evaluation, but also for the 
etiological diagnosis (van Leeuwen et al., 2018). The liver 
biopsy of animals with HAS-induced CLF had extended 
necro-inflammatory changes, associated with fibrosis, and 
important intrahepatic bile duct hyperplasia (Pfingstgraf et 
al., 2021). The repair process causes hepatic remodeling, 
due to fibrosis, and the consequence of such structural 
changes is liver dysfunction (Kubes et al., 2018; Hfaiedh et 
al., 2016; Karakuş et al., 2017) as we also previously found 
(Pfingstgraf et al., 2020). In CLF animals, intralobular 
inflammation was significant, mainly periportal, with portal 
space distension, lymphocyte and macrophage infiltration, 
supporting the autoimmune mechanism of the liver injury 
induced by HAS.

It was already mentioned that in a healthy liver there is 
a hypoimmune response, and in CLD and CLF there is a 
significant cellular inflammatory response with important 
white blood cell infiltration and extended tissue damage. 
ROS have been proposed to be involved in such changes 
(Parola & Pinzani, 2019). The 3-NT immunostaining score 
of the CLF animals confirms a significant ROS and NO 
production in the injured liver of the HAS-induced liver 
injury.

Medicinal plants are a rich source of bioactive 
compounds such as polyphenols with important antioxidant 

properties. T. officinale leaves and flowers extracts are rich in 
flavonoids and coumarins, but also some hydroxycinnamic 
acid derivatives (Pfingstgraf et al., 2021). In phytotherapy, 
TO is frequently empirically used in order to prevent or 
treat several chronic liver diseases (Gerbino et al., 2018). 
TO root extract DPPH and FRAP tests indicated a strong 
in vitro antioxidative activity (Pfingstgraf et al., 2021; Hu 
& Kitts, 2003).

TO treatment reduced liver screening test alteration in 
experimental CLF and acute on chronic liver failure, and the 
effect was dose dependent, with the higher concentration 
having the stronger inhibitory effect (Pfingstgraf et al., 
2021; Pfingstgraf et al., 2020). Previously, we showed 
that in acute on chronic liver failure, pretreatment with 
TO hepatoprotective activity consisted of reducing liver 
necro-inflammatory changes and 3NT expression, with 
no significant influence on liver fibrosis (Pfingstgraf et al., 
2021).

In CLF, NO released by injured liver cells can have a 
dual effect by promoting HSC apoptosis and increase liver 
damage. In CLF animals, TO treatment reduced liver 3NT 
expression, suggesting that TO root extract may reduce 
liver inflammation by decreasing nitrosative stress.

Silymarin is a frequently used hepatoprotector due 
to its antioxidant and anti-inflammatory effects (Owatari 
et al., 2018). In experimental CLF, silymarin reduced 
intralobular necrosis, fibrosis and HAI to a greater extent 
than TO.

Conclusions
1. Taken together, we can conclude that in CLF, the 

hepatoprotective effect of an ethanolic T. officinale root 
extract consists of a reduction in necro-inflammatory 
injuries and 3-NT expression, without an important effect 
on liver fibrosis.

2. Further research is needed in order to confirm 
the beneficial effects of T. officinale root extract 
supplementation in CLD.
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Management of effort intensity in young football players 
training with small-sided games
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Abstract
Background. Developing a model for the content of small-sided games in training, through physiological measurements of 

athletes, can make the way training is conducted more efficient.
Aims. The aim of this study was to analyze whether participation in a training programme with small-sided football games 

can develop speed and agility.
Methods. The subjects of this study were 40 16-18-year-old athletes divided into two equal groups: the experimental group 

(EG) and the control group (CG). Both groups participated in 20-week training programmes between 6.07.2020 - 27.11.2020 – 
EG in a small-sided football games training programme; CG in a classic exercise training programme. The following equipment 
was used: Hosand GT.a – to measure HR – and the WittyGateMicrogate2. Subjects took YYIRTL1 and Pro Agility 5-10-5 field 
tests. The data collected was processed with the SPSS programme, version 23.

Results. In the Pro Agility 5-10-5 field test there were no significant differences in the initial testing (IT) in the two groups, 
but in the final testing (FT) the difference between the final time score averages (Ft) in the two groups was significant (Mann-
Whitney U = 88.50, N1 = 20, N2 = 20, two tailed p = 0.003, d =.99).

Conclusions. The study revealed that speed and agility developed through the application of a training programme with 
small-sided football games. 

Keywords: heart rate, small-sided games, speed and agility, football. 
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Introduction
In performance sport, players’ results are at the 

highest level when the periodization and content of sports 
training are close in form and content to the competition’s 
specificity (Platonov, 2015). For these reasons, in order to 
create a model of sports training, coaches use the integrated 
training method with small-sided football games (Aguiar 
et al., 2012).

Football is characterized by complexity, aerobic 
exercises must be combined with anaerobic exercises, 
given the varied content of the game, involving actions 
such as sprints, directional changes, accelerations and 
decelerations (Dellal et al., 2011b).

Taking an integrated approach to training through 
the use of small-sided games, but also to the physical, 
physiological and technical-tactical influences they may 
have, has, in recent years, increased their popularity in both 
training and scientific research in this field (Dellal et al., 
2011a; Dellal et al., 2011b). 

Several studies analyzed the effects of small-sided 
games in sports training, indicating that physiological 

responses (Aguiar et al., 2012; Dellal et al., 2011a; Dellal 
et al., 2011b) and technical-tactical requirements (Mendez-
Villanueva & Delgado-Bordonau, 2012) can be modified 
during small-sided football training.

There are conceptual differences between  integrated 
and traditional training, the main difference being to address 
all training factors and ball usage in the case of integrated 
training, in contrast to treating training factors separately in 
the traditional approach (Mendez-Villanueva & Delgado-
Bordonau, 2012). The use of the analytical method results 
in the preponderant development of a quality according to 
the topic of training addressed (Clemente et al., 2014). 

The main purpose of this study was to analyze the 
effects of heart rate routing in a training programme with 
small-sided football games on the speed and agility of 
young footballers.

Hypothesis
Monitoring and managing heart rate in training with 

small-sided football games will result in a change in 
players’ speed and agility.
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Materials and methods
Research protocol
a) The period and place of the research
The research was carried out from 06.07.2020 to 

27.11.2020 at the multifunctional facility of the sports 
complex at the Stadium in Deva.

b) Subjects and groups
The sample included in the study consisted of 40 

16-18-year-old athletes divided into two groups of 20 
subjects – the experimental group (EG) and the control 
group (CG) - all components of the same sports club. 
The subjects participated in a programme of 5 workouts 
per week. For the EG athletes, 3 of the 5 weekly training 
lessons included small-sided football games, and for the 
CG athletes, the training programme contained classic 
training means. All subjects and their parents gave their 
written consent to participation in this research.

c) Tests carried out
The subjects took Yo Yo intermitent test level 1 

(Bangsbo et al., 2008; Bangsbo, 2008) at the start of the 
study, to measure HRmax and to delimit the specific effort 
zones of each sport. For the evaluation of speed and agility, 
both groups performed Pro Agility 5-10-5.

The Intervention Programme
The microcycles of training included 4 weekly 

workouts and a bilateral game in the weekend. Due to the 
situation caused by Sars CoV, official competitions being 
stopped for the competition season 2020-2021, friendly 
games were planned at the end of the weekly microcycles 
to model the training programme according to the specific 
content of each training stage.

The workouts had a duration between 60 and 110 
minutes. For the EG athletes, the training programme 
with small-sided games had the following content of the 
effort: aerobic on Monday, aerobic and anaerobic lactacid 
on Wednesday, aerobic and anaerobic alactacid on Friday. 
CG subjects attended a training programme with classic 
exercises during this period. In both groups, the weekly 
cycle also included technical tactical training on Tuesday, 
with an intensity of 50-60% of HRmax. Both groups had 
theoretical lessons included in the weekly programme 
on Thursday. For the EG, the training programme was 
standardized by directing the intensity of the effort in 
small-sided football games, according to the structure of 
the microcycles for preparatory and competitive periods 
(Table I). To guide training intensity and pause duration, 
heart rate was monitored using the Hosand GT.a system. 
In the initial and final tests, Pro Agility 5-10-5, the 
WittyGateMicrogate2 electronic timing system was used.

The characteristics of small-sided games are shown in 
Table II. 

Table I 
The structure of the weekly microcycle used by the EG, training specific to the preparatory period. 

SSG Monday Tuesday Wednesday Thursday  Friday Saturday Sunday
Preparatory period

1 5vs5/6vs6 
50%-60% FCmax

Antre Th-Ta 60% 
FCmax

4vs4/5vs5 
65%FCmax TL 6vs6+2 Gk 60%FCmax Game Day off

2 5vs5/6vs6 
50%-60% FCmax

Antre Th-Ta 60% 
FCmax

5vs5/6vs6 
65%FCmax TL 1vs1 90%FCmax Game Day off

3 3vs3/3vs3+1         
70%- 80% FCmax

Antre Th-Ta 60% 
FCmax

2vs2/3vs3 
>80%FCmax TL 1vsGk  90%FCmax Game Day off

4 3vs3/3vs3+1        
>70%FCmax

Antre Th-Ta 60% 
FCmax

2vs2/3vs3 
>80%FCmax TL - Game Day off

Competitional period

1 4vs4/5vs5 
50%-60% FCmax

Antre Th-Ta 60% 
FCmax

4vs4/5vs5 
65%FCmax TL 6vs6+2 Gk 60%FCmax Game Day off

2 5vs5/6vs6 
50%-60% FCmax

Antre Th-Ta 60% 
FCmax

2vs2/3vs3 
>80%FCmax TL 1vs1 90%FCmax Game Day off

3 5vs5/5vs5+1 
50%- 60% FCmax

Antre Th-Ta 60% 
FCmax

2vs2/3vs3 
>80%FCmax TL 1vsGk  90%FCmax Game Day off

4 3vs3+3
>70% FCmax

Antre Th-Ta 60% 
FCmax  – TL 1vs1 90%FCmax Game Day off

Note: TL = Theoretical lessons; FCmax = Maximum heart rate;  SSG = Small-sided games.

Table II 
The characteristics of small-sided games used in the intervention programme. 

Type of 
SSG

Round 
sec./min.

Break 
min. No.rounds Dimensions HR/

effort HR/break Effort zone

1vs Gk 6`` 2` 10 10x15 190 110/120 >90%FCmax
1vs1 12`` 2` 4 10x15 190 110/120 >90%FCmax
1vs1 1` 45`` 4/6 10x18 170/190 140/150 >81%FCmax
2vs2 2` 1` 6 15x15 180/185 150 >81%FCmax
3vs3 3` 1`30`` 6 15x20 180/190 140/150 >81%FCmax
4vs4 4` 3` 4 20x20 150/160 120/130 <81%FCmax
5vs5 5` 3` 4 40x20 150 120 <81%FCmax
6vs6 5’ 2’50’’ 4 30x30 155 122 <81%FCmax

                                                                         Note: FC = Heart rate; SSG  = small-sided games. 
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d) Statistical processing
The analysis and interpretation of the results was 

carried out using the SPSS programme, version 23.0, with 
the materiality threshold p <0.05 applied. The Shapiro 
Wilk test was used in the analysis of data distribution 
normality and parametric or non-parametric tests were 
used to compare the results obtained by subjects in the 
two groups depending on the distribution of the data. The 
size of the effect (Cohen, 1988) was also calculated.

Results
From the analysis of data distribution and 

interpretation of the Shapiro-Wilk test for Pro Agility 
5-10-5, it was found that in the initial testing (IT) the data 
were distributed normally to the final time (Ft) parameter 
in both EG (p = .622) and CG (p = .380), but in the 
final test (FT) they did not have a normal distribution, 
EG (p = .400) and CG (p = .036). Therefore, parametric 
tests (independent t-test and paired samples t-test) were 
used for comparison of the averages when the data were 
normally distributed, and non-parametric tests (Mann-
Witney U or Wilcoxon) when the data were not normally 
distributed. The size of the effect was also calculated 
(Cohen, 1988).

The independent samples t-test shows that the 
difference between the averages of the two groups for 
parameter Ft (final time) is not statistically significant 
(Table 3), the groups being homogeneous.

After the completion of the intervention programme, 
the measurements for the sample under investigation were 
repeated and the results were also analyzed statistically 
(Table IV). The difference between the score averages of 
the two groups was significant (U = 88.50, N1 = 20, N2 = 
20, two-tailed p = .003, d = .99).

For the analysis of the effect of intervention 
programmes on the subjects in the two groups, the 
averages recorded by the subjects at the two points of 
the study were compared, using tests according to the 
data distribution. Thus, the paired samples t-test (Table 
5) shows that in the test group the differences were 
significant for the variable Ft (t = 6.235, df = 19, p = .000, 
d = 1.52). The Wilcoxon test was used when comparing 
the control group averages (Table V) and there were no 
significant statistical differences for the variable Ft (Z = 
-1.954, p = .051, d = .51).

Discussions
In a study by Faude et al. (2012), the influence of 

anaerobic speed and skills on increasing efficiency and 
scoring football goals was investigated. The results of 
this experiment, carried out at the level of professional 
football in Germany, show that anaerobic power, speed 
and manifestations are decisive in determining the results 
of football. It is therefore necessary to include these 
components of physical training in sport-specific testing 
and physical training programmes (Faude et al., 2012).

Table III 
Means, standard deviations, comparison of means and effect size 

for Pro Agility 5-10-5 – Ft – before the intervention programme (N = 40). 

Time Variable Group Average AS ES t df. Sig. Cohen’d

T1 Ft
 EG (20) 5.5010 .24645 .05511

-.768 38 .447 .20
 CG (20) 5.5495 .13801 .03086

 Note: EG – experimental group; CG – control group; Ft – final time. 

Table  IV
Comparison of the averages and the size effect 

at the end of the intervention programme (N = 40). 
Variable Ft – Pro Agility 5-10-5

Mann-Whitney U 88.50
Z -3.017

Asymp. Sig. (2-tailed) .003
Cohen d .99

Table  V 
Comparison of averages and effect size of Pro Agility 5-10-5, for the variable Ft, 

in the experimental and control groups, before and after the intervention programme (N = 40). 

Pair Time Variable
Paired Samples Statistics Paired Samples Testª,ᵇ

Mean Std Deviation ta\Zb df p d

Pair 1 EG
IT Ft 5.501 0.24645

6.235a 19 .000 1.52
FT Ft 5.1845 0.15275

Pair 2 CG
IT Ft 5.5495 0.13801

-1.954b 19 .051 .51
FT Ft 5.4155 0.29795

Note: a. EG t-test; b. CG Wilcoxon Signed Ranks Test; IT – initial testing; FT final testing; Ft -final time.
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For coaches and team sports athletes, developing 
these physical qualities represents the main goal. As 
highlighted in the meta-analysis carried out by Hammami 
et al. (2017), several studies address the development of 
these qualities as a research theme by using small-sided 
football games.

Thus, a study carried out in elite footballers (M = 14.2, 
A.S. = 0.9) shows that after 6 weeks of small-sided games 
training, significant improvements were achieved in short 
distance travel speed, directional changes and the agility 
specific to football actions (Chaouachi et al., 2014). 
These speed and other physical quality improvements 
with specific anaerobic effort can be explained by the 
multitude of specific actions encountered in small-sided 
games at a higher intensity (Hammami et al., 2017).

In our experiment, it is shown that after a 20-week 
period of small-sided football games training, athletes’ 
performance in speed and agility was significantly better 
than the results achieved by athletes who used classic 
methods in their training programme. We also noticed 
significant differences between the average scores of 
the Ft, between the two tests of the EG athletes, which 
indicates that this training time and the content of the 
training programme were effective in improving speed 
and agility. Compared to the results obtained by EG, 
where we observed significant statistical differences 
between the tests after 20 weeks of training, the results 
obtained by CG do not show any significant statistical 
differences between IT and FT.

A 7-week study with U19 Australian footballers 
shows that small-sided games improve agility but do not 
produce significant speed improvements with short-range 
directional changes (Young & Rogers, 2014). These 
data indicate that a longer period of small-sided games 
workouts is needed to influence speed development.

In another study, the results of a small-sided football 
games training programme were compared with the results 
of classical exercises over a period of 6 weeks (Amani-
Shalamzari et al., 2019). The results of this study show 
that both the small-sided games methods and the classical-
field ones produce significant improvements in aerobic 
and anaerobic capacity, but do not have a significant 
impact on agility development (Amani-Shalamzari et al., 
2019). Unlike the study mentioned above, the results of 
our research show significant improvements in agility, 
but after applying a training programme with small-sided 
football games over a longer period of time.

In the study by Devies et al. (2013), in a group 
of professional football players from Australia, it is 
shown that the standardization of a small-sided games 
training programme can only influence the development 
of agility if the rules used in the structure of exercises 
are effectively selected. The results obtained from our 
experience and those presented in these studies show that 
a training programme, which is correctly standardized and 
time-limited, with small-sided football games, produces 
significant improvements in speed and agility.

Conclusions
The analysis of results and the experience gained from 

this experiment led us to the following conclusions:
1. Going through a training programme with small-

sided football games over a period of 20 weeks develops 
speed and agility in 16-18-year-old athletes.

2. The guidance of the training intensity by measuring 
heart rate and the constant re-standardization of the 
means used, as the body adapts to the stress stimuli, have 
positively impacted the physical potential of athletes.

3. By monitoring the training intensity we can know 
the physiological profile of the athletes according to the 
effort zones.

4. The small-sided football games training method 
can be more effective in developing physical performance 
than traditional training methods.
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Abstract
The COVID-19 pandemic is the deadliest disease of the modern medicine era. Internationally, governments are enforcing 

measures such as travel bans, quarantine, isolation, and social distancing leading to an extended period of time at home. This 
has resulted in reductions in physical activity and changes in dietary intakes that have the potential to accelerate sarcopenia, a 
deterioration of muscle mass and function (more likely in older populations), as well as increases in body fat. These changes 
in lifestyle, diseases including cardiovascular disease (CVD), diabetes, osteoporosis, frailty, cognitive decline, and depression 
have appeared much more frequently. Furthermore, CVD, diabetes, and elevated body fat are associated with greater risk of 
COVID-19 infection and more severe symptomology. The potential of low physical activity and isolation lead to an increased 
muscle loss and chronic disease.
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Introduction
The new SARS-CoV-2 virus, which belongs to the 

coronavirus family, is a single-stranded RNA virus that 
marks our era and severely affects people’s quality of 
life. This family also includes MERS and SARS-CoV-1 
(Disser et al., 2020; Cui et al., 2019). SARS-CoV-2 
caused the death of about 3.4 million people by May 19, 
2021, triggering the first pandemic in the era of modern 
medicine, according to information reported on the World 
Health Organization (WHO) website.

It has been observed that infected people with 
moderate or severe illness develop more severe 
symptoms, including skeletal muscles, joints, bones and 
nerves (Disser et al., 2020).

COVID-19 infection not only causes problems in the 
acute phase due to its symptoms and lung damage with 
the onset of acute respiratory distress syndrome (ARDS), 
but also in the long term regarding the rehabilitation 
of patients affected either directly or indirectly by the 
pandemic (Welch et al., 2020; De Biase et al., 2020).

Osteosarcopenia is defined by loss of muscle and 
bone mass, manifesting by a decrease in muscle strength 
with the appearance of difficulties in performing daily 
activities and the occurrence of disabilities with a decrease 

in quality of life (Welch et al., 2020; Cruz-Jentoff et al., 
2019; Beadart et al., 2015).

SARS-CoV-2 has a similar mechanism of action to 
SARS-CoV-1; we can expect some long-term effects 
after this pandemic. Studies during SARS-CoV-1 
infection in 2009 showed that impairment of lung and 
musculoskeletal capacity was significant at one year after 
healing, compared to a control group with uninfected 
subjects. After regression of the viral infection, patients’ 
functionality improves significantly but remains below 
that of the control group (Hui et al., 2009).

Pathogenesis 
The direct effects of SARS-CoV-2 infection on the 

musculoskeletal system have received special attention 
especially in the last period of the pandemic. Initially, 
the main concerns were for lung damage, respectively 
life support. Subsequently, it was observed that the 
involvement of the infection is multisystemic and each 
system requires a particular approach.

Respiratory infection with SARS-CoV-2 has type II 
pneumocytes as the first starting point, which line the 
respiratory epithelium (Cheng et al., 2020).

Common symptoms in hospitalized patients include 
fever (70%-90%), dry cough (60%-86%), shortness of 
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breath (53%-80%), fatigue (38%), myalgias (15%-44%), 
nausea/vomiting or diarrhea (15%-39%), headache, 
weakness (25%), and rhinorrhea (7%). Anosmia or ageusia 
may be the sole presenting symptom in approximately 3% 
of individuals with COVID-19 (Mao et al., 2020).

Following accumulation of the authors’ clinical 
experience, after a year of monitoring the evolution 
and therapy of patients with COVID-19 infection, it has 
been observed that many patients present with a variety 
of extra-pulmonary symptoms such as musculoskeletal 
disorders, digestive tract and metabolic disorders, 
especially for diabetes. These observations are described 
in a number of articles.

Even if lung cells are primarily involved, all cells 
can be affected primarily if they have ACE receptors by 
viremia and indirectly, e.g. by “cytokine storm”.

Cellular mechanism 
Both SARS-CoV-1 and SARS-CoV-2 enter cells via 

the angiotensin-converting enzyme 2 (ACE2) receptor 
using the serine transmembrane protease, serine 2 
(TMPRSS2) (Hoffmann et al., 2020).

Following receptor binding, proteolytic cleavage of 
the S protein using TMPRSS2 occurs with exposure to 
fusion peptide signal which allows mixing of viral and 
human membranes and release of viral RNA into the 
cytoplasm (Fehr & Perlman, 2015).

The ACE2 receptor is found on all cells in the body, 
in different concentrations, which at first sight explains 
why the symptoms are so varied through pulmonary, 
digestive, neurological manifestations, myalgias, 
arthralgias (Morley et al., 2020; Lin et al., 2020). It is 
a multifunctional transmembrane protein with a role in 
maintaining cellular homeostasis and protection against 
pathogens. There are two ways to activate it, through the 
renin-angiotensin system (a process by which Ang2 is 
cleaved in Ang 1-7) and a pathway through which Ang 1 
to Ang 1-9 is cleaved (Yamamoto et al., 2020).

The virus-laden pneumocytes release many different 
cytokines and inflammatory markers such as interleukins 
(IL-1, IL-6, IL-8, IL-120 and IL-12), tumor necrosis 
factor-α (TNF-α), IFN-λ and IFN-β, CXCL-10, monocyte 
chemoattractant protein-1 (MCP-1) and macrophage 
inflammatory protein-1α (MIP-1α). This ‘cytokine storm’ 
acts as a chemoattractant for neutrophils, CD4 helper T 
cells and CD8 cytotoxic T cells, which then begin to get 
sequestered in the lung tissue (Parasher, 2020; Yuki et al., 
2020).

Muscle involvement 
Due to restrictions, isolation and hospitalization, 

eating and sports habits have changed over the past year. 
All this had a strong impact on skeletal muscles.

The World Health Organization recommended during 
the pandemic a minimum physical activity of 150 min / 
week, at least 2 days / week. The recommendation is made 
for all infected people or not, regardless of age or gender. 
This underscored the importance of avoiding physical 
deconditioning to prevent long-term complications (***, 
2020). 

Weakness and myalgia are among the most common 

musculoskeletal manifestations in COVID-19 infection, 
up to ¼ of patients having these symptoms. There was a 
reduction in muscle strength by 32% and in the distance 
traveled in 6 minutes by 13%, 2-3 months after the acute 
episode. Return to work was slow and long delayed for 
40% of patients who had severe forms. Inability to move 
from homes or hospitals that required prolonged bed rest 
led to severe decline in physical activity, loss of appetite 
and eventually overweight / obesity, hypertension, 
dyslipidemia, decreased muscle mass (Disser et al., 2020).

The biological mechanisms that lead to muscle loss 
are still insufficiently known; the possible explanations 
are: 1. Neuronal demyelination; 2. Cytokine storm that 
determines a pro-inflammatory status; 3. IFN-gamma, IL-
1beta, IL-6, IL-17, TNF-alpha directly induce proteolysis 
and decrease protein synthesis, 4. Corticosteroids have 
a direct effect on muscles, causing atrophy and muscle 
weakness, 5. Vitamin D deficiency causes atrophy of type 
II muscle fibers (Disser et al., 2020).

Sarcopenia has been considered an age-related 
condition, manifesting by a qualitative and quantitative 
decrease in muscle mass and strength. It often begins in 
people over the age of 40, being one of the most common 
causes of disability, mortality and morbidity (Kirwan et 
al., 2020; Welch et al., 2020; Beaudart et al., 2015; Landi 
et al., 2015).

COVID-19 infection mainly affects the elderly who 
have other diseases that weaken the body’s immune 
system (diabetes, high blood pressure, obesity), causing 
more severe forms of the disease and further accentuating 
sarcopenia through immobilization, isolation and 
hospitalization (Morley et al., 2020; Lin et al., 2020). 

Another factor independent of the disease itself is the 
social effect of distancing and quarantine, lockdown and 
restrictions implemented by governments, thus lowering 
the level of physical activity and increasing the level of 
sedentary lifestyle. All these factors enhance the degree 
of disability, with low function, loss of muscle mass, 
bone, mobility and joint stability (functionality) in the 
short and long term, by increasing the level of social and 
medical care.

Due to musculoskeletal impairment, a personalized 
physiotherapy and rehabilitation plan was added to the 
drug treatment protocol for each patient, taking into 
account age and the form of disease (Welch et al., 2020; 
Deniz et al., 2020).

SARS-CoV-1 and influenza virus have more 
frequently caused myositis, through an insufficiently 
known mechanism. SARS-CoV-2 mainly affects the 
skeletal muscles and heart muscle. There have been cases 
of infection in children that have resulted in heart failure, 
followed by death. Autopsy revealed various changes in 
muscle fibers: atrophy, fibrosis, focal necrosis, changes in 
myofibrils and Z disc (Casey et al., 2021).

Many studies have shown the presence of 
rhabdomyolysis, observed by increased values of creatine 
kinase (CK) and lactate dehydrogenase (LDH), including 
in patients who did not show respiratory manifestations. 
Consequently, myalgia and muscle weakness were 
among the main changes at the onset of COVID-19 
infection. Rhabdomyolysis is a complication of myositis 
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and involves a heart attack (myonecrosis) and elevated 
levels of myoglobin in the blood (myoglobinemia). 
Rhabdomyolysis is a life-threatening condition that 
may cause kidney failure, compartment syndrome and 
intravascular coagulation (Revzin et al., 2020).

Diaphragm muscle dysfunction causes impaired 
respiratory function and difficulty accepting mechanical 
ventilation. Imaging helps diagnose and monitor 
this muscle dysfunction in COVID-19 patients. The 
fluoroscopy sniff test offers a quick and real-time 
assessment of diaphragm excursion. Ultrasound brings 
additional information about the presence or absence of 
signs of muscle atrophy, calculation of muscle thickness, 
and evaluation of muscle excursion. HR-US is used to 
identify peripheral nerve damage in the neck, which 
ultimately helps differentiate diagnosis, determining the 
cause of diaphragmatic dysfunction (Ramani et al., 2021).

The increased incidence of thrombotic events has led 
to the appearance of painful manifestations in the muscle, 
both acutely and chronically, rehabilitation taking into 
account this aspect.

The recommended rehabilitation methods for myalgias 
during the pandemic include:

- Rest, ice, compression and elevation of the painful 
limb (RICE rule)

Impairment of muscle and peripheral vessels caused 
by inflammatory reactions has the effect of edema and 
pain. These manifestations can be reduced by applying 
the RICE rule in the first 72 hours after onset.

- Protective technique
Through kinesiology tapes, it protects the joints and 

reduces pain and edema, improves lymphatic circulation 
and fascia function.

In the first days after the onset of pain, the passive 
movement of the limb is indicated. Thus, the mobility of 
the joint can be maintained and prevents its stiffening. 
At the same time, peripheral vascularization is improved, 
so it can help the healing process. Stretching exercises 
can be applied gradually to maintain the elasticity of the 
tendons. If pain has subsided, active exercises can be 
started.

Bone involvement
The effects of viral infections in general on bones 

have been less studied than on other tissues. We do not 
know very well how SARS-CoV-2 acts on bone tissue. 
Rather, we know the consequences of disease, therapy, 
and isolation / immobilization on bones.

RNS sequencing identified receptors for ACE2 
in each sample of unenriched cortical and trabecular 
bone composites and in osteoblast-enriched samples. 
TMPRSS2 was expressed in osteoblast samples. This 
information indicates that the bone structure may also be 
the site of COVID-19 infection (Disser et al., 2020).

Literature studies have revealed that osteoblasts and 
osteoclasts express angiotensin-converting enzyme 2 / 
angiotensin- (1–7) / mitochondrial assembly receptor 
[ACE2 / Ang- (1–7) / MasR] and have illustrated how 
the ACE2 / Ang- (1–7) / MasR axis can affect bone 
metabolism. More specifically, the activation of ACE2 
/ Ang- (1–7) / MasR axis restrains bone resorption and 

exhibits anti-inflammatory properties (Nozato et al., 
2019).

ACE2 / Ang- (1–7) / MasR is a renin-angiotensin 
system (RAS) axis with osteoprotective effect in animals 
with induced postmenopausal osteoporosis. These data 
suggest that ACE2 is essential in maintaining bone 
structure. Once ACE2 has been targeted by SARS-CoV-2, 
the block of ACE2 may give occasion to a decrease in 
bone mass and joint inflammation (Abuohashish et al., 
2017; Tao et al., 2020).

The listed cytokines, and especially IL-1, IL-6, and 
TNF-α, stimulate bone resorption both directly and 
indirectly through the RANKL system. In COVID-19 
infection, it would be useful to measure the bone 
metabolism markers (CTX, P1NP, alkaline phosphatase) 
(Salvio et al., 2020).

From clinical observations in Whuan, China, we know 
that SARS-CoV-2 infection if associated with fractures 
has a much poorer prognosis in terms of survival rate (Mi 
et al., 2020).

A multicenter observational study from 13 hospitals 
in Spain looked at the survival rate in a pandemic in 
patients with a femoral neck fracture. Mortality was 
30.4% in those with a positive test and 10.3% in those 
with a negative test for COVID-19 over a 14-day follow-
up period (Muñoz Vives et al., 2020).

Decreases in bone mineral density (BMD) have been 
reported in previous outbreaks of SARS-CoV-1 and 
MERS. At the beginning of the pandemic, it was considered 
that the decreases in BMD are due to glucocorticosteroid 
therapy, so essential in fighting inflammation, but later 
it was analyzed as occurring independently of treatment 
(Orford et al., 2019; van Niekerk & Engelbrecht, 2018).

We also know from previous SARS epidemics that 
osteonecrosis occurs much more frequently and is closely 
related to glucocorticosteroid therapy. Over up to 3 years 
of follow-up, the frequency was 58%, the hip bones being 
the most often incriminated, followed by the talus, the 
calcaneus (Lv et al., 2009).

In addition to treatment with glucocorticosteroids, 
the state of hypercoagulability with an increased risk of 
thrombosis may also contribute to osteonecrosis.

The occurrence of the cytokine storm and especially 
CXCL10, IL-17, and TNF-α have a well-known role in 
osteoclastogenesis with decreased osteoblastogenesis 
by reducing proliferation and differentiation, which will 
ultimately lead to a reduction in BMD (Liu et al., 2017; 
Kotake et al., 1999; Gilbert et al., 2000; Wang et al., 
2020).

Joint involvement
Arthralgia is a common symptom in viral infections. 

The association of arthralgias with myalgias makes it 
difficult to differentiate between them (Vasiliadis et al., 
2021). The presence of symptoms seems to persist in 
most patients after the cure of the viral infection. The 
remaining symptoms after the acute episode are: fatigue, 
dyspnea, joint pain and chest pain. This will increase the 
need for physical and emotional rehabilitation (Mahase, 
2020).

The pandemic and lockdown had a negative impact 
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on patients with advanced arthrosis scheduled for 
arthroplasties, but delayed due to the pandemic. High 
levels of osteoarthritis and decreased physical activity 
have led to increased pain scores and decreased quality of 
life for patients (Endstrasser et al., 2020).

Patients with arthralgia have a significantly elevated 
C-reactive protein (CRP) level and fever more frequently 
than patients without joint manifestations. However, the 
risk of developing pneumonia is the same, with or without 
arthralgia (Hoong et al., 2021).

A cohort study reported that 30% of hospitalized 
patients had an episode of arthralgia. This may be an 
independent manifestation of lung damage, with arthralgia 
occurring either before the viral prodrome or in time, 
after the lung damage has healed. The mechanism of the 
disease is not known, among the suspected mechanisms 
being the direct infection of the synovial membrane that 
has ACE receptors. However, the absence of the virus 
in the synovial fluid tends to disprove this mechanism. 
Another proposed mechanism is the doping of immune 
complexes that trigger inflammation, which is also found 
in other viral disorders (Hoong et al., 2021).

In another study, half of the patients developed 
arthralgia in a large joint, which was undetectable 
biologically or by imaging. A suspected mechanism is 
neurological or a small degree of synovitis undetectable 
by imaging (Griffith, 2011).

Cases of reactive arthritis have been reported, all 
subjects being male, with predominant damage to the 
lower limb, knee, ankle, metatarsal, interphalangeal joints, 
with a single case of shoulder and wrist. In the analysis of 
synovial fluid, the only pathological elements discovered 
were a large number of polymorphonuclear cells and a 
small number of mononuclear cells, being negative for 
rheumatoid factor (FR), anti-CCP antibodies, human 
leukocyte antigen (HLA B27), COVID, bacteria and 
other antibodies. All cases responded well to nonsteroidal 
anti-inflammatory or steroidal anti-inflammatory drugs 
(Hønge et al., 2021).

Nervous involvement
Neurological symptoms are commonly reported in 

patients infected with COVID-19. It affects both the CNS, 
manifesting by headache, dizziness, visual disturbance, 
crisis, drowsiness, encephalopathy, ataxia, stroke, and 
peripheral nerves through anosmia, dysgeusia, Guillain-
Barre syndrome, Miller-Fisher syndrome, polyneuritis 
cranialis, axonal demyelination (Zhao et al., 2020; 
Machhi et al., 2020).

The ACE2 receptor is present in the neuron, astrocyte 
and oligodendrocyte. Expression of ACE2 was also highly 
concentrated in the substantia nigra, ventricles, middle 
temporal gyrus, posterior cingulate cortex, and olfactory 
bulb (Zubair et al., 2020). The mechanism of action is 
not fully elucidated, among the possible pathways being 
transsynaptic transfer across infected neurons, entry via 
the olfactory nerve, and infection of vascular endothelium 
or leukocyte migration across the blood-brain barrier 
(Chen et al., 2020).

Daia et al. (2021) analyzed people cured of COVID-19, 
but who still have symptoms, namely generalized fatigue, 

especially in the lower limbs. Patients who did not 
have such symptoms before and who are not familiar 
with neurological pathology were selected. In these 
patients, following a nerve conduction study (NCS), they 
found demyelination at the anterior tibial nerve level, 
supported by slight prolonged distal latency, partial or 
total conduction block, and rare or absent F-waves on 
NCS examination. Demyelination was found in a lower 
percentage at the level of the common fibula nerve. A 
small number of patients also presented demyelination 
at the level of the upper limb on the median and ulnar 
nerves (Daia et al., 2021).  Guillain-Barré syndrome 
(GBS) is an immune-mediated inflammatory pathology 
of polyneuropathic demyelination. The suspected 
mechanism is mimetic, otherwise the virus contains 
epitopes similar to some components of the peripheral 
nerve. Activation of T and B lymphocytes will lead to 
the synthesis of antibodies that bind to peripheral nerve 
components, with the appearance of neuronal dysfunction. 
Zhao et al. support GBS by the disappearance of F waves 
associated with prolonged distal latency and slow motor 
conduction velocity (Zhao et al., 2020). Patients showed 
only motor nerve damage, without sensitive damage, the 
rare form in GBS, which can lead us to think of either 
MMN or an independent entity of peripheral nerve 
damage in SARS-CoV-2 infection (Daia et al., 2021).

One such case was a patient in Wuhan in January 
2020 who showed signs of generalized weakness without 
respiratory symptoms. Following the examinations, 
he was diagnosed with GBS and received intravenous 
treatment with immunoglobulins, with a favorable 
response (Zhao et al., 2020).

Edward et al. objectified the onset of mononeuritis 
multiplex in 1 in 6 patients who required prolonged 
mechanical ventilation. Patients required an average of 
36 days of mechanical ventilation ranging from 16 to 73 
days. Nerve damage has been observed to occur after 
withdrawal from sedation, suggesting that the time of 
injury should be during ventilation. The average nerve 
affected in these patients is slightly above 3 (Needham 
et al., 2020).

Another neurological condition of the peripheral 
nerves observed is Bell’s palsy, which appears from a 
few days after the diagnosis of the infection until 4 weeks 
after diagnosis. The mechanisms that may lead to nerve 
damage are direct injury, autoimmunity, and ischemia 
of the vasa nervorum or inflammatory demyelination. 
Patients responded favorably to steroid treatment (Oke et 
al., 2021; Lima et al., 2020).

Conclusions
1. The effects of COVID-19 infection on the 

musculoskeletal system were neglected at the beginning of 
the pandemic due to the overwhelming number of new cases 
when all health systems had to respond to emergencies.

2. It was later observed that COVID-19 infection 
causes multisystemic impairment, the musculoskeletal 
system being primarily involved. The consequences of 
the disease are multiple and affect all structures in varying 
proportions through a mechanism partially described so 
far.
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3. The means of medical rehabilitation are effective 
and can act on this side as well. The follow-up time of 
patients with COVID-19 must be long-lasting because 
many of the musculoskeletal disorders appear late, with 
consequences that can cause significant disability.
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Abstract
Ozone is an atmospheric gas occurring in very low quantities. It is formed in parallel with dissociation in the atmosphere. 

Artificial ozone sources produced in the laboratory are important for its therapeutic effect - virucidal effect, bactericidal effect, 
fungicidal effect and anti-parasitic effect, as well as for its biocide disinfectant effect. 

Ozone therapy can be used in the treatment of the SARS-CoV-2 infection, as non-pharmacologic complementary therapy 
alongside the pharmacologic therapy in the treatment of COVID-19. The effect mechanism of ozone therapy comprises 
the rebalancing of the redox homeostasis, induction of formation of IFN-γ and pro-inflammatory cytokines, increase of 
pulmonary, renal and cardiac vascularization and oxygenation; it acts like an auto-vaccine when administered as minor auto-
hemotherapy. 
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Introduction
Ozone (O3) is an unstable gas, a triatomic derivative 

of oxygen (O2), occurring in the atmosphere in very low 
quantities - 0.03% or 5.3 x 1011 molecules/cm3. It is formed 
by O2 in the upper atmosphere layers at 25-30 km, in the 
area called ozonosphere where it reaches concentrations of 
10-11ppm.

The atmospheric formation takes place under the 
influence of low wavelength UVC radiation. At ground 
level, O3 can also arise under the influence of natural 
thunderstorms. Artificial sources of O3 originate from the 
activity of UV radiations emitted by laboratory devices 
and physiotherapy devices, by the voltaic arc, by electric 
welding, etc. The ozonosphere plays an important role in 
shielding the biosphere from UVA and UVB radiations, 
which it absorbs up to 97-99%.

In parallel to O3 formation, a dissociation process 
under the influence of infrared solar radiations and organic 
substances in the troposphere takes place, which can be 
converted to O2.

The formation and decomposition processes of O3 
ensure a constant concentration between 0.1-0.5ppm, 
depending on altitude, latitude, season, solar activity, air 
movement. In high concentrations, O3 is a pro-oxidant 
air pollutant with negative effects on the body, causing 
respiratory discomfort and ocular irritation.

The increase of fluor, chlorofluorocarbons, nitrogen 
oxides, freons in the atmosphere and their reactions with 
O3 lead to the formation of holes in the O3 layer, followed 
by the penetration of UV radiations affecting the tegument 
and often causing skin cancer and sunburns (Bocci, 2014).

Ozone effects 
O3 has favorable therapeutic effects on the body: 

bactericidal, virucidal, fungicidal, antiparasitic (Fernández-
Cuadros et al., 2016; Fernández-Cuadros et al., 2020a; 
Kekez & Sattar, 1997; Martínez-Sánchez et al., 2020), 
immunomodulatory (Fernández-Cuadros et al., 2020b), 
stimulating the peripheral circulation (Ranaldi et al., 2020).

O3 is recommended in the treatment of: wounds, 
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gangrenes, certain locomotor conditions (arthritis, 
rheumatoid arthritis, osteoarthritis); respiratory 
diseases (pneumonias, cancers and pulmonary fibrosis, 
bronchiectasis, asthma, chronic obstructive pulmonary 
disease); cardiovascular diseases (myocardial infarction, 
coronary heart diseases, arterial diseases of the lower 
limbs); neurological diseases (multiple sclerosis); type II 
diabetes (diabetic retinopathy,  diabetic foot infections); 
hepatitis C (Fernández-Cuadros et al., 2020b; Cattel et al., 
2021; Izadi et al., 2021).

O3 also has a disinfectant role with biocide effect. 
The maximum antiviral disinfectant effect requires a 
short period of relative humidity above 90%  and an O3 
concentration of 20-25 ppm, 39-49 mg/m3 (***, 2020).

It is used for water disinfection, ground decontamination, 
disinfection of interiors, human (equipment) and animal 
decontamination, decontamination of hard surfaces 
(plastic, glass, stainless steel), fabrics, food processing 
(Fernández-Cuadros et al., 2016; Percivalle et al., 2021; 
***, 2020). For this purpose, it is used as a gas, liquid 
spray and aerosols (Percivalle et al., 2021).  A 30 second 
exposure to O3 inactivates viruses up to 99% (Roy et al., 
1981; Percivalle et al., 2021).

SARS-CoV-2 infection
During the history of mankind, many infectious 

diseases have led to pandemics, the last one being caused 
by the new coronavirus SARS-CoV-2, which is responsible 
for the disease called Coronavirus disease 19 (COVID-19). 

Shi et al. (2020) described four stages of SARS-CoV-2 
infection. In stage I, the asymptomatic or incubation 
period, the virus can or cannot be detected; 85% of patients 
can remain asymptomatic (Senniapan et al., 2020). In stage 
II or the non-severe symptomatic period, the virus can be 
detected, as it is present at the level of the upper respiratory 
tract; during this stage, flu-like symptoms, acute infection 
of the upper respiratory tract or digestive symptoms may 
appear. Stage III or the severe respiratory period comes 
with high viral load. Patients have pneumonia (frequently 
alongside cough and fever), with or without hypoxemia 
(SpO2 < 92%), and thoracic injuries visible by CT; 5% 
of the patients can present severe symptoms (Senniapan 
et al., 2020). Stage IV or the critical stage is the stage of 
complications, which can lead to death: acute respiratory 
distress syndrome (ARDS) characterized by the presence 
of shock, encephalopathy, myocardial injuries occur, also 
cardiac insufficiency, coagulation disorders and acute renal 
dysfunctions;  the mortality rate can reach up to 2.8% 
(Senniapan et al., 2020).

Ozone therapy and SARS-CoV-2 infection
Ozone therapy is a non-pharmacologic therapeutic 

procedure, consisting of administering a mixture of O2 and 
O3 or Medical Ozone using the technique of auto-hemo-
infusion (Ranaldi et al., 2020), with a content of 97% O2 
and 3% O3 (Hernández et al., 2021). O3 is considered an 
adjuvant treatment within the antiCOVID-19 therapy 
(Araimo et al., 2020) with cytoprotective role (Martínez-
Sánchez et al., 2020).

O3 can be administered as part of the treatment as saline 
ozone solution preventively or interventionally (***, 

2020), as major auto-hemotherapy (***, 2020; Hernández 
et al., 2021), as extracorporeal blood oxygenation and 
ozonation (O2 and O3 mixture) (Ricevuti et al., 2020), as 
minor auto-hemotherapy (Hernández et al., 2021) and 
rectally (Fernández-Cuadros et al., 2020b).

It is recommended due to the anti-inflammatory, 
immunomodulatory, organ-protective validity (Ricevuti et 
al., 2020). Standard dosages and methods are established 
according to the Madrid Declaration on Ozone Therapy 
(Schwartz-Tapia et al., 2015 quoted by Martínez-Sánchez 
et al., 2020).

O3 treatment recommended for COVID-19 
patients

The severity of SARS-CoV-2 infection depending 
on the clinical symptomatology, para-clinical signals 
and treatment was described by Fernández-Cuadros et 
al. (2020a) in three stages. In stage 1 - early infection, 
with strong viral response, symptomatology is generally 
light and it is represented by fever, dry cough, diarrhea, 
headache, while para-clinical lymphopenia, increased 
prothrombin time, a slight LDH increase appear; during 
this stage, O3 acts like a viral inhibitor (virucidal effect). 
In stage 2 - the pulmonary stage, without hypoxemia (2a) 
or with hypoxemia (2b), cytokine synthesis is initiated 
progressively. Dyspnea, abnormal radiological thoracic 
images appear, while the level of transaminases increases. 
During this stage, O3 is administered as a cellular and 
humoral stimulant. Stage 3 – systemic hyper-inflammation, 
is characterized by the maximum level of cytokine storm. 
During this stage, severe acute respiratory syndrome 
(SARS), multiple organ failure syndrome (MOFS), shock, 
cardiac insufficiency occur. Para-clinically, this stage is 
characterized by an increase of inflammatory markers 
(LDH, CRP, IL-6); O3 has an immunomodulatory action 
(decreasing IL-1, IL-6, IL-2, TNF-α and stimulating IL-
10); O3 blocks the pathway of the kβ (NF-kβ) nuclear 
factor and stimulates the pathway of the Nrf2 (nuclear 
factor erythroid 2-related factor 2) nuclear factor, while 
being beneficial within the cytokine storm and being able 
to favor O2 distribution and hypoxemia, and showing 
benefits within MOFS.

The non-pharmacologic O3 therapy in SARS-CoV-2 
infection is paired with the pharmacologic therapy using 
remdesivir, chloroquine, hydroxychloriquine, combinations 
of lopinasivir and ritonavir, duranavir, danoprevir, 
cobicistat, Anti-CD147 Humanized Meplazumab, 
Recombinant Human Angiotensin-converting Enzyme 2, 
transfusions from recovering patients, NK cells, Umbilical 
Cord-Derived Mesenchymal Stem Cells, bevacizumab, 
eculizumab, immunoglobulin, vitamin C IV, vitamin D, 
INF-β, glucocorticoids (Martínez-Sánchez et al., 2020; 
***, 2020). Besides the use as complementary therapy 
paired with the pharmacologic therapy, ozone therapy can 
also be used for disinfecting the environment, water and 
food (***, 2020).

Antiviral therapeutic effects of O3 in COVID-19 
therapy

O3 can inactivate viruses present in biological fluids 
or intracellularly in pneumocytes, hepatocytes, alveolar 
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epithelial type II cells, CD4+ lymphocytes, monocytes, 
glial cells and neurons (Bocci, 2014).

Bocci & Paulesu (1990) consider that O3 treatment 
can lead to the adaptation to oxidative stress (OS), by 
modulating the Nrf2 and NF-kβ factors and rebalancing the 
antioxidant environment; the antioxidant response of O3 
shows its paradoxical effect as a non-radical pro-oxidant,  
involved in the cellular redox state (Pecorelli et al., 2013; 
Izadi et al., 2021). O3 can inactivate the virus directly by 
oxidizing its components or indirectly by generating O2 
species (ROS), generated because of its decomposition. 
The reactions between O3 and ROS with the constituents 
of the virus structure (lipids, proteins and amino acids) 
determine the chain formation of other ROS, while the chain 
of oxidative processes contributes to the destruction of the 
viruses and the inhibition of the infectious mechanism, 
through the attack on the proteins and lipids of the SARS-
CoV-2 spikes and envelope (Tizaui, 2020). 

In the combination O3 and O2 (O2O3 therapy), by 
activating the Nrf2, the antioxidant response may increase 
the level of direct antioxidants (GSH, CO, bilirubin), 
the stimulation of GSH regeneration by GSH reductase 
and thioredoxin reductase, the increase of antioxidant 
and electrophilic enzyme levels (CAT, SOD, GPx, 
GSTr, NADPH-quinone oxidoreductase), the increase of 
enzyme level for stage II, inhibition of the inflammation 
mediated by cytokines though induction of leukotrien-B4 
12-hydroxydehydrogenase/15-oxo-prostaglandin 
13-reductase. Also, the reduction of iron overload and of 
oxidative stress induced by ferritin occurs, as well as the 
repairing and restoration of proteins, protection against 
apoptosis and increase in DNA repairing activity (Sagai & 
Bocci, 2011).

The O2O3 mixture is highly soluble in plasma and 
induces the formation of secondary messengers, H2O2, 
ozonides and alkenes (Wan et al., 2020). The effect 
mechanism of O2O3 therapy on the proteasome, on the 
inflammatory cascade and the inflammatory process is by 
stimulating the Nrf2 nuclear factor and inhibition of the 
NF-kβ nuclear factor (Zhang et al., 2020). O3 reacts with 
the double bond of the unsaturated fatty acids and generates 
aldehydes, which are lipid oxidation products (LOP) and 
reactive oxygen species (ROS), mechanisms that activate 
the biochemical means for increasing the vascular flow 
in ischemic areas (Bocci, 2005 quoted by Ranaldi et al., 
2020). O3 and other compounds resulting from ozonation 
can stimulate the production of certain growth factors in 
platelets and tissues (Vallacchi et al., 2011).

O3 therapy can induce the synthetization of pro-
inflammatory cytokines such as IL and IFN-gamma (IFN-γ) 
in the monocyte-macrophage system and the activation of 
antigen-presenting cells (Larini & Bocci, 2005). Tissue 
irrigation and oxygenation increase at cardiac level 
(Simonetti et al., 2019), hepatic level (Tezcan et al., 2018), 
pulmonary level (Kaldirim et al., 2014) and renal level 
(Wang et al., 2014). O3 acts upon the microcirculation: 
arterioles, meta-arterioles, precapillary sphincters, true 
capillaries and/or thoroughfare channels and venules, 
vessels with a caliber under 100 μm (Liu et al., 2015). 
The effect takes place through direct or indirect generation 
of mediators, with effect on the endothelial, pericyte and 

erythrocyte cells. 
O3 can act like an auto-vaccine, which can induce the 

oxidation of the viral components (Bocci, 2014; Bocci et 
al., 2009).

Mediators involved in ozone therapy
Hydrogen peroxide, oxygenated water (H2O2) is 

a non-radical reactive O2 species, which increases in 
plasma after ozone therapy. Oxygenated water stimulates 
neoangiogenesis through the formation of the vascular 
endothelial growth factor (VEGF), which activates 
mediators playing a role in coagulation, complement 
formation and generation of inflammatory cells. In addition, 
it increases the concentration of 2.3-diphosphoglycerate 
(2.3-DPG) and oxygenation in peripheral tissues, if 
transferred into the red blood cells and reduced to water 
through the antioxidant glutathione system (GSH) - catalase 
(CAT). Another effect is the reduction of thrombotic and 
fibrotic processes (Ranaldi et al., 2020).

4-hydroxynonenal or 4-hydroxy-2-nonenal (4-HNE) 
is the most active aldehyde occurring after ozone therapy. 
It acts as a major mediator in the transduction of cellular 
signals, activating the synthesis of certain protective 
enzymes (γ-glutamate, cysteine ligase, γ-glutamyl 
transferase, γ-glutamyl transpeptidase, heme oxygenase-1 
– HO-1), as well as the synthesis of some antioxidant 
enzymes such as superoxide dismutase (SOD), glutathione 
peroxidase (GSH-Px), catalase (CAT) (Esterbauer et al., 
1991; Bocci et al., 2011).

Nitric oxide (NO) is a radical species of nitrogen. O3 
induces the synthesis of nitric oxide synthase (NOS) and 
the formation of NO. It is produced by endothelial cells, 
neutrophils, macrophages, fibroblasts, platelets, neurons 
(Green, 2020). 

NO has many effects on the cardiovascular system, 
as well as on the nervous system (Green, 2020). In the 
cardiovascular system, NO has a local endothelial effect 
on vasodilator tone, the modulation and proliferation of 
smooth muscle fibers, on endothelial permeability, and 
a local effect on platelets through prevention of platelet 
deposits, lubrication of the vascular wall and modulation 
of aggregation, an antithrombotic effect. NO modulates the 
control mechanisms of vascular tone through local release 
of endothelin I and serotonin, with vasoconstrictor effect. 
In addition, it has a general effect of maintaining normal 
blood pressure and induces the increase of HO-1 level by 
activating Nrf2.

In the nervous system, NO has local effects on the 
nervous tissue as a synaptic neuromediator. 

Heme oxygenase-1 (HO-1) is an indirect NO product, 
an enzyme which converts heme to CO, which inhibits the 
NF-kβ pathway, reduces the expression of inflammatory 
cytokines, by inhibition of cytokines and chemokines (IL-
1β, IL-8, IL-33, MCP-1 and MIP-1β) and activates anti-
inflammatory cytokines (IL-10).

NADPH-quinone oxidoreductase (NQO-1) is a detox 
enzyme from stage II, efficient in the Nrf2 regulation 
of reduced nicotine-adenine-dinucleotide phosphate 
(NADPH) and reduced nicotine-adenine-dinucleotide 
(NADH). It contributes to the regulation of the redox 
balance, by modulating the ratio of reduced/oxidized 
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pyridine nucleotides (Ranaldi et al., 2020). 
O3 administration blocks the inflammatory processes 

by linking NF-kβ and Nrf2 (nuclear factor erythroid 2–
related factor 2). The two factors are part of a network of 
regulatory protein transcription factors, which modulates 
the expression of genes associated with inflammatory 
response.  

NF-kβ initiates the transcription of genes linked to 
pro-inflammatory cytokines. Ozone therapy has anti-
inflammatory and anti-apoptotic effects by blocking the 
activity of this factor (Cooke, 1997) and stimulates the 
activation of the Nrf2 pathway (Re et al., 2014).

Conclusions
1. Ozone therapy can be used in the treatment of 

SARS-CoV-2 infection.
2. The effect mechanism of ozone therapy comprises 

the rebalancing of the redox homeostasis, induction of 
the formation of IFN-γ and pro-inflammatory cytokines, 
increase of pulmonary, renal and cardiac vascularization 
and oxygenation; it acts like an auto-vaccine when 
administered as minor auto-hemotherapy.

3. Ozone therapy is a non-pharmacologic method, 
which can be used as complementary therapy paired with 
the pharmacologic therapy in COVID-19 treatment.
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Abstract
Over the last decade, Cognitive-Behavioral Therapy (CBT) has developed a rapid evolution in the improvement of 

different strategies and methods for treating emotional disorders. Virtual Reality (VR) is one of those methods, and recent 
studies in this field show that CBT augmentation with Virtual Reality can represent an efficient psychological intervention for 
treating specific anxiety disorders. Even though this type of psychological treatment is just at its beginning, the main idea that 
emerges from this is to investigate further the effects of the augmentation between CBT and VR in this kind of psychological 
disorders. Also, if the possibility of applying the standard protocols vs. new protocols in the treatment of Generalized Anxiety 
Disorder (GAD) is taken into consideration, we could determine which is associated with the best outcomes for a particular 
sample. Therefore, in this article, our quest will be to answer this difficult question, considering the studies published in the 
lasts years, and to elaborate a conclusion based on this body of research.             
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Introduction
Generalized Anxiety Disorder (GAD) represents an 

anxiety disorder from the DSM-5 spectrum with specific 
symptoms consisting of: worry, marked anxiety, muscle 
tension, fatigue, insomnia, irritability and intolerance to 
uncertainty lasting at least six months (***, 2013). The 
prevalence of generalized anxiety disorder (GAD) is 
2.6% for 12 months, and 8.7% over a lifetime (Watterson 
et al., 2017). International medical treatment guidelines 
recommend Cognitive-Behavioral Therapy (CBT) 
along with medication and relaxation techniques for the 
treatment of GAD (***, 2013); (1). CBT is considered 
one of the most effective forms of psychological treatment 
for anxiety disorders (***, 2016). Also, the psychological 

treatment of anxiety disorders has undergone an accelerated 
development over the last decade, in relation to the 
innovative technologies that have emerged, such as Virtual 
Reality (VR). This technique consists of recreating a virtual 
environment (for example, a plane flight simulation, urban 
agglomerations, crowds, etc.) using specialized software. 
The effect that is generated through the patient’s exposure 
to the virtual environment is an increase of anxiety/ stress 
levels, similarly to classic CBT exposures (Baños et al., 
2011). CBT includes cognitive techniques such as cognitive 
restructuring, descending arrow, Socratic questions, but 
also exposure to anxious stimuli using standard approaches 
such as behavioral exposure or VR (Fisher & Newman, 
2016). Standard interventions which are specific to both 
Behavioral Therapy and CBT are associated with the 
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same positive therapeutic response as in the case of using 
standard in vitro exposure techniques. Patients receiving 
this combination treatment present improvements in 
their quality of life, as well as positive therapeutic results 
that are stable over time (Opriș et al., 2012). Used as an 
exposure technique, VR has been shown to be effective 
in lowering the level of anxiety in GAD (Navarro et al., 
2019). Also, this approach represents an efficient treatment 
in Post Traumatic Stress Disorder (PTSD) due to the fact 
that the therapist can use VR to personalize the treatment 
for patients, while, at the same time, this technology offers  
multiple choices for “rescripting”, enabling  specific 
virtual frames that may reconstitute the environment in 
which the trauma appeared (for example, a battlefield). 
Another advantage of using VR technology in the 
treatment of PTSD is the possibility to create behavioral 
exposure scenarios in a virtual environment, when in 
vivo (real life) exposure is impossible, such as combat 
scenarios for  soldiers who suffer from PTSD (DiMauro, 
2017). The implementation of VR as a form of exposure 
to anxious stimuli in the treatment of anxiety disorders has 
been shown to be effective over time (Freeman et al., 2017; 
Cardoș et al., 2017; Freeman et al., 2018). Despite this, a 
recent meta-analysis indicated that there are no differences 
between classical behavioral exposure (in vivo/ in vitro) 
and behavioral exposures performed by VR in terms of 
therapeutic outcomes (Carl et al., 2019). 

CBT intervention protocols for GAD
As we have shown above, CBT is effective in treating 

anxiety disorders, including GAD, but it is not yet known 
exactly which specific therapeutic processes contribute 
to the reduction of symptoms. Thus, regarding anxiety 
disorders, CBT is more effective in treating panic attacks, 
compared to GAD or social anxiety. Also, when comparing 
the magnitude of the effects in GAD versus social anxiety, no 
statistically significant differences were found, indicating 
that, when addressing these particular problems, the 
efficacy of CBT is similar (Cuijpers et al., 2016). However, 
unfortunately, due to the chronic nature of GAD, patients 
commonly face multiple relapses. Therefore, among 
anxiety disorders, this diagnosis remains the most difficult 
to approach using standard CBT interventions (Yonkers et 
al., 1996; Gould et al., 2004; Cougle, 2012). According to 
Dugas & Robinchaud (2007) and Beck (2021), an efficient 
CBT protocol/treatment plan for treating GAD should  
include: a) psychoeducation and conceptualization; b) 
cognitive techniques; c) behavioral techniques; d) a good, 
collaborative therapeutic relationship; f) problem solving 
techniques; g) acquisition of new skills; h) integration of  
new skills in everyday life; i) strategies for increasing self-
efficacy, (l) time limited interventions; (m) techniques for 
living in the present moment; o) application of  different 
strategies from the established action plan (Dugas & 
Robichaud, 2006; Beck, 2021). In our opinion, and 
according to studies published in the last period (Grenier et 
al., 2015; Triscari et al., 2015), this protocol can integrate 
a VR intervention along with behavioral methods in GAD. 
Accordingly, the most important techniques incorporated 
in the present protocol, tailored for the treatment of GAD 
from the perspective of CBT, are:

Psychoeducation and Conceptualization
In this phase, the therapist presents the principles of 

cognitive-behavioral therapy to the patient, explaining the 
diagnosis of GAD, all this to normalize the symptoms. 
There are lots of conceptualization models for GAD, the 
main purpose being to provide an explanation to patients 
regarding how symptoms “work” and an introductory 
training related to the “recognition of concerns”. 
Conceptualization has the role to describe the association 
between situations, the way the patient interprets them, 
automatic thoughts, meaning of automatic thoughts, 
emotions and behaviors. Also, patient’s core beliefs, 
intermediate belief and dysfunctional coping mechanism 
can be investigated (Sperry & Carlson, 2020). For 
the therapist, clinical conceptualization represents the 
foundation of the treatment plan, and is one of the most 
important parts in the psychological treatment of GAD.

Cognitive techniques
Cognitive restructuring is a process through which 

the patient’s negative automatic thoughts are debated 
in a logical, rational way, to the extent that the patient 
succeeds in changing distorted cognitions in an adaptive 
manner. This process is based on the descending arrow and 
Socratic questioning techniques. Specifically, the therapist 
uses a set of questions that start from an already known 
truth, through these questions the patient managing to 
identify and evaluate particular automatic thoughts that 
generate anxiety, and then their content is discussed and 
an alternative interpretation is offered (Clark & Beck, 
2011; Beck et al., 1987). Cognitive fusion is a cognitive 
process that occurs especially in Obsessive-Compulsive 
Disorder (OCD), as well as in GAD (Abramowitz et 
al., 2003), in fact this concept defining two objects that 
become one. It is also described as the thought-action 
fusion, this phenomenon causing marked anxiety (Shafran 
& Rachman, 2004) because the patient states, for example, 
that: a) If I thought about this, it means that the bad thing 
I was thinking about is about to happen; b) If I had this 
thought, it means that the negative thing I thought about 
will definitely happen. In the first phase, patients often 
try to apply thought suppression as a way to control their 
thought/thoughts. This process can be described as a 
dysfunctional cognitive coping mechanism that occurs not 
just in GAD, but in many other disorders from the DSM-5 
spectrum (Popa et al., 2020a). Thought suppression can be 
briefly defined as being actually the opposite of cognitive 
flexibility. In general, the occurrence of thoughts, as well 
as their frequency or intensity cannot be controlled by 
any person. Also, while most automatic thoughts can be 
changed, there are still a number of thoughts that are very 
difficult to change or cannot be changed at all. Again, in 
this case, acceptance is of great significance, as it can help 
the patient to get used to these extremely rigid thoughts 
(such as obsessions/worries). Both for cognitive fusion and 
for thought suppression, the therapist can apply techniques 
such as pros and cons analysis (Popa et al., 2020b), and/
or cognitive defusion techniques which are specific to the 
“third wave” of CBT (Hayes & Hofmann, 2020).  

Behavioral techniques 
Specific anxiety disorders are related to different 

dysfunctional coping mechanisms, the most common 
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for GAD being avoidance and reassurance (Kobori & 
Salkovskis, 2013; Haciomeroglu & Inozu, 2019). The 
problem is that if the patient avoids and/or uses reassurance 
to handle different situations that generate his/her fear (for 
instance, a patient with agoraphobia may avoid going out 
of the house), he/she does not have the chance to figure out 
new, adaptive behaviors for anxiety management (Hayes 
et al., 2016). On the contrary, if the patient faces his/her 
avoidance and exposes himself/herself by repeating a 
behavior that generates anxiety/ discomfort (exposure to 
phobias), at some point, he/she will be able to manage 
those types of situations, due to numerous repetitions and 
behavioral reinforcements (Bach & Moran, 2008). Even if 
the results do not appear immediately, it is recommended 
that the patient continue the exposure. For example, in 
depression, lying in bed during the day, unhealthy eating, 
spending too much time in front of the TV, etc. are negative 
behavioral reinforcements that maintain and aggravate the 
depressive episode (Beck, 2011). In anxiety disorders, it 
is the same, therefore it is important to help patients learn 
how to proceed in order to carry out their activities in a 
different way, without focusing on what they are feeling 
(anxiety, panic, etc.), but rather on what they need to do 
practically. From this perspective, behavioral experiments 
can represent a very efficient behavioral technique, since 
it is important to help patients get involved in adaptive 
behavioral change throughout therapy (Moran et al., 
2018). When the patient expresses negative predictions 
related to specific situations, the patient and the therapist 
may decide to test these predictions/ hypotheses together 
between psychotherapeutic sessions. All the details of 
this experiment will be discussed by the patient and the 
therapist in advance in order to increase the success rate 
of that experiment. The patient will be prepared to cope 
/ adapt to the “most negative result” that may occur as 
a result of this action. The results of the experiment, its 
implications, but also the thoughts and beliefs will be 
discussed later, during subsequent meetings (Beck, 2011). 
At the same time, behavioral monitoring is extremely 
important for patients, so that they learn how to monitor 
and change their dysfunctional behavior. The effect of 
the behavioral change will be measured together with the 
patient, applying the behavioral analysis as follows: a) 
frequency: how often that behavior was applied / practiced; 
b) duration: how long a behavioral action lasts; c) latency: 
if it is manifest or appears only in certain circumstances; 
d) intensity: how strong that behavior is; f) perseverance / 
persistence: how well he/she does in that role and if he/she 
is constant; g) taking action: something new that pushes 
him/her to action; h) engagement in the particular behavior: 
how to implement that new behavior (Dixon et al., 2020).

VR exposure techniques could complete/replace the 
classical exposure in the psychological treatment of anxiety 
disorders, including GAD. For example, the therapist can 
use VR to recreate the framework linked to the patient’s 
worries, such as flight, car accidents, crowds, etc., given 
that the effect of VR exposure is similarly efficient to 
classical behavioral exposure (Clemmensen et al., 2020). 
When applied in GAD, the advantage of VR is that the 
therapist can generate different scenarios, impossible to 
produce in reality, while, at the same time, if patients have 

a VR at home, the action plan could involve this kind of 
home work. 

Collaborative therapeutic relationship
From the part of the therapist, the therapeutic 

relationship requires genuine attitude, kindness, empathy, 
and most importantly, remembering that the development 
of a good therapeutic relationship starts from the very first 
session (Sperry & Sperry, 2016). However, during the 
first sessions, a collaborative, non-evaluative position and 
reserved emotional expression are requested (e.g., it is not 
appropriate to look surprised at the patient’s evocations). 
Also, an important part is the therapist’s creativity. The 
higher it is, the more the dialogue is stimulated. It is 
important to know that the therapeutic relationship with the 
patient is built over time, and during acute phases, there 
may be periods when the therapeutic relationship may be 
affected (Sperry et al., 2014). In those moments, patience 
and the application of specific elements of the motivational 
interview are needed. Regarding the processes of change 
generated by CBT in other anxiety disorders, one of the 
most frequently mentioned factors is the therapeutic 
relationship. Although it has been studied for a long time, 
the therapeutic relationship is important in everything 
that means and involves the therapeutic process, but the 
results obtained in various explorations are mixed, some 
emphasizing its importance, while others showing that it is 
not so important (Luong et al., 2020).

Problem solving 
These techniques will focus on increasing the patient’s 

problem-solving ability related to the management of 
worries. In addition, another important aspect is the 
timely recognition/ identification of the problem before 
the onset of a high level of anxiety. In order to achieve 
this, patients will be taught how to identify their negative 
emotions, and then to identify the thoughts that led to the 
occurrence of uncomfortable emotions such as anxiety. It 
is even recommended to make a list that includes most of 
the situations/ problems that cause concern and anxiety 
(Nezu et al., 2012). Then, the analysis of possibilities and 
the generation of alternative solutions will follow, when 
quantitative and qualitative evaluation, postponement of 
decision making, factor analysis and cost-benefit analysis 
will be used. This technique is usually implemented when 
the content of automatic thoughts is true or partially true 
(Beck, 2021; Nezu & Nezu, 2018).

Acquisition of new skills and involvement of these 
skills in everyday life

New approaches derived from “the third wave” of CBT 
are recommended at this point to complete standard CBT 
(Beck, 2021). In this regard, different Acceptance and 
Commitment Therapy (ACT) techniques can help patients 
acquire new adaptive skills. Before trying to change the 
dysfunctional behaviors of patients, it is important to help 
them gain new skills and abilities. Also, the goal has to 
be set realistically, meaning that patients can successfully 
implement the new behavioral skills in everyday life. Thus, 
a way to efficiently motivate the patient for developing 
new skills is to correlate the patient’s personal life values   
with the new desired behavioral patterns. Life values/
assumptions can be defined as beliefs that give meaning 
and significance to people’s lives (Hayes, 2019). These 
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values differ greatly depending on the cultural factors, the 
geographical area and the customs of people. Since the 
beginning of intervention, it is important to evaluate the life 
values/assumptions of the patient. From this perspective, it 
is not advisable to set therapeutic goals at the beginning of 
therapy, because the patient has not yet clarified his own life 
values. Patients are heavily influenced by the environment 
where they live, but there are choices  that can help them 
achieve their goals in life. When patients verbalize the 
content of these goals, or other content in general, then 
they motivate themselves to act towards a goal, because 
language influences their reactions (Roediger et al., 2018). 
As a result, values   refer to the final result and not to the 
process; therefore, under no circumstances should the 
therapist induce, or even suggest to the patient his/ her 
own life values. It is a serious therapeutic error to say to 
the patient, for example: If you would be dealing with art, 
visiting museums, if you would get involved in sports, then 
these will help you! Although the intention and behavioral 
activation are absolutely fine, suggesting values   that belong 
to the therapist may not match the patient’s expectations 
and this may weaken the therapeutic alliance. To discover 
the personal life values of patients, it is recommended to 
use   the Socratic interrogation and the descending arrow, 
so that the patient realizes what is most important to him/
her, from this point of view (Gordon & Borushok, 2017). 
When we want an assessment of the patient’s behavior in 
relation to his/her life values/assumptions, we must ask the 
following questions: What actions do you take concretely 
to achieve a goal in life? In fact, the basic idea that the 
patient should remember and implement is: Because my 
life values/ assumptions   are important for me, even if I need 
to deal with high levels of negative emotions, I will act in 
the direction of changing my behavior (Harris, 2019). The 
main therapeutic goal that derives from this is to help the 
patient postpone immediate gratification and accept the 
process of change, as well as negative reinforcements that 
result from this process. There may also be situations in 
which a patient fails to identify/ establish his/her life values/ 
assumptions   and goals, at that moment becoming blocked/ 
thinking that he is blocked (Hayes et al., 2013). In this case, 
the therapist will offer the patient several alternatives, the 
application of a specific questionnaire being recommended, 
or the patient will be given a list of values   and will be asked 
to circle those that define him. It should be emphasized that, 
at this point in therapy, it is important not to try to change the 
lives of those patients. Instead, the main therapeutic goal is 
teaching them to discover how to live their lives in relation 
to their own values, so that, in this way, they can regain their 
emotional balance (Luoma et al., 2017). Socratic questions 
are recommended when the patient fails to identify his own 
life values, on the one hand, or, on the other hand,  even 
when he manages to do so, it is important to know the extent 
to which he/she lives his/her life in relation to those values. 
The most important thing at this stage of the therapeutic 
intervention is that the patient is willing to do things, to take 
concrete actions, even if he/she does not feel comfortable in 
those roles (e.g., behavioral exposure) (Leahy, 2017). 

Contact with the present moment
From the perspective of establishing contact with the 

present moment, it must be said that patients with anxiety 

disorders judge certain current events in their lives in 
relation to past behavioral antecedents, for example: If I 
had a panic attack in the Mall, there is a high probability 
of having a panic attack again, whenever I’m going to 
the Mall. In other words, the patient is stuck in the past, 
thinking all the time about those events and failing to live 
in the present (David, 2012). Another example is that of 
patients suffering from GAD, who have the same type 
of cognitive distortions related to different negative life 
situations. These patients need to be assisted in learning 
new skills every day. In therapy, this can be formulated as 
follows: Be present in your life, live the present moment 
(Cheng-Kar & Oei, 2012). The practice of mindfulness 
is based on the premise that only the experience of the 
current event can help us perceive what is happening 
at that moment, in reality. We can adopt any kind of 
behavior, but this is only valid for the present moment, 
“here and now”, and patients need to be taught how to 
take this perspective (Woods et al., 2019). Mindfulness 
used from a CBT perspective is a technique for increasing 
attention/ awareness skills. It is not a meditation/ 
relaxation technique, therefore it will not be used for 
this purpose. Mindfulness is related to the therapeutic 
process, a skill through which the therapist helps the 
patient to live in the present moment in relation to his/ 
her life values. For applying mindfulness techniques, the 
management of contingencies will be taken into account, 
i.e., mindfulness will be applied complementarily to 
behavioral techniques (see behavioral analysis) (Sears, 
2017). As a complementary experiential method, the 
empty chair technique can also be used, starting from the 
question: Can you accept the feelings you have? With this 
technique, the intervention may help patients be more 
grounded, which may in turn positively influence their 
welfare (Pugh, 2019).

Applying different strategies from the action plan
The action plan is an important therapeutic instrument 

in the treatment of anxiety disorders, including GAD.  
Different activities are integrated here. An example 
would be the fact that three times a day, patients have to 
stop whatever they are doing and pay attention to their 
worries. Besides, it is recommended that patients share 
their concerns to someone close, ideally with their partners 
in this case. Also, it is important that different behavioral 
exposure strategies, mindfulness, relaxation techniques, 
and so on are included in this action plan (Beck et al., 
2016). It is also important to note that VR can be adapted to 
all the techniques presented above, but it can be efficiently 
applied in other protocols, which are specific to other 
approaches, such as ACT (Prudenzi et al., 2019).

Conclusions
CBT represents the gold standard psychological 

intervention in treating generalized anxiety, while the 
ascending trend of VR interventions is not only a modern 
concept, but also an extremely effective one. Although the 
therapeutic effect is similar, VR can be a viable choice for 
classical exposures, especially given that in reality and/ 
or through in vitro guided imaging, particular anxiogenic 
situations cannot be created. 
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Certain CBT treatment plans for GAD can be adjusted 
and augmented with VR exposure techniques and/ or 
mindfulness techniques generated by different softwares. 
Therefore, these approaches represent an efficient 
combined treatment for GAD, as well as for other anxiety 
disorders.  
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Abstract
Chronic postsurgical pain (CPSP) and fibromyalgia are prevalent conditions defined by the occurence of chronic pain, 

which is associated with multiple challenges at both the individual and societal level. The biopsychosocial model integrates 
psychological variables among factors contributing to the transition from acute to chronic pain. The aim of the present 
review is to provide a description of the most efficient psychotherapeutic approaches for increasing the quality of life for 
these patients. Acceptance and Commitment Therapy (ACT) is an effective treatment for chronic pain that aims to decrease 
psychological inflexibility, which is a core mechanism in psychopathology. 

First, an overview of studies examining the comorbidity between chronic pain and symptoms of anxiety and depression 
will be exposed. Second, common pharmacological strategies used in pain management will be presented. Third, the empirical 
status of psychological interventions implemented in treating chronic pain patients will be revised. Finally, a brief, naturalistic 
intervention based on ACT for patients with CPSP and fibromyalgia will be outlined, including implications for clinical 
practice. 
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Introduction
The International Association for the Study of Pain 

defines pain as a subjective “unpleasant sensory and 
emotional experience associated with actual or potential 
tissue damage” (Raja et al., 2020). Chronic pain was 
traditionally described as a condition that lasts for over 3 
months, which is considered the average necessary time for 
tissue recovery, if there are no other damaging influences 
involved (Reilly et al., 2020). Chronic pain is a multifaceted 

issue, interfering with the physical, social and emotional 
functioning of patients (Hadi et al., 2019). Chronic pain 
is also correlated with decreased quality of life and work 
productivity. Moreover, the associated economic burden is 
increased by the expenses of direct medical care services 
and disability programs (Schirmer et al., 2020).

The transition from acute to chronic pain does not 
always present a straightforward pathway, but a complex 
one which is influenced by a variety of factors. It is 
impossible to change some of these, such as the type 
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of tissue injury that may have already occurred, while 
others such as lifestyle variables, general attitudes or 
the individual reaction to pain are modifiable (Glare 
et al., 2020). The biopsychosocial model describes the 
way psychological and social factors may affect the pain 
experience, while acknowledging that biomedical aspects, 
including the impact of epigenetic, neural plasticity 
and central desensitization, are at its core. Besides these 
features, psychosocial factors such as personal beliefs and 
emotional distress that accompanies the physical sensation 
of pain, as well as various pain behaviors that usually serve 
as coping strategies may have an important effect on the 
individual perception of pain (Malpus, 2019). This idea 
is supported by investigations on the neuronal circuits 
implicated in the development of chronic pain. Indeed, 
studies using neuroimaging techniques, such as functional 
MRI, showed that brain regions that hold a crucial role in 
emotional and motivational systems are also involved in 
the transition from acute to chronic pain. Some of these 
cerebral areas are the prefrontal and anterior cingulate 
cortex, amygdaloid nuclei, and nucleus accumbens (Kuner 
& Kuner, 2021). Although evidence is not conclusive 
regarding their implications for acute pain, these regions 
are especially relevant to explain the reaction to extended 
activation of nociceptors, namely the adaptation to chronic 
pain (Glare et al., 2020; Kuner & Kuner, 2021). 

Chronic postsurgical pain (CPSP) refers to the unusual 
prolongation of pain following medical operations. This 
condition is slightly common, estimates indicating that 
over 20% of patients undergoing surgery develop chronic 
pain, particularly after thoracic or breast surgeries, inguinal 
hernia, as well as limb amputations (Schug et al., 2019). 
Also, the transition from acute to long-acting pain is not 
always related to nerve injuries or other complications 
occurring during the surgical procedure, especially that 
minimally invasive interventions are currently preferred 
whenever possible (Glare et al., 2019). 

Fibromyalgia is another condition characterized 
mainly by chronic, widespread musculoskeletal pain. 
It is also frequently linked to fatigue, sleep disturbances 
and additional somatic or cognitive problems. Estimates 
of prevalence range from 2% to 4% in the general 
population, while percentages may exceed 15% in specific 
clinical samples (Bair & Krebs, 2020). The etiology of 
fibromyalgia is not fully understood, and establishing 
rigorous diagnostic criteria remains a challenge for medical 
practitioners and researchers. Therefore, the condition 
could often be underdiagnosed. Among the most common 
risk factors of fibromyalgia, female gender, childhood 
adversity, somatic complaints, sleep and mood disorders, 
as well as dysfunctional illness behaviors are frequently 
mentioned in the scientific literature (Creed, 2020).

The association between pain and anxious/
depressive symptoms

Anxious and depressive symptoms often accompany 
the experience of pain, influencing patients’ perception 
and reaction to it. Previous research underlined the 
complexity of this relationship, most studies indicating 
that they exacerbate the subjective intensity of pain, 
even if there is data showing that the pain threshold can 

be lowered in depressed patients (Michaelides & Zis, 
2019). Nevertheless, common mental health concerns 
such as anxiety and depressive disorders have a negative 
impact on the wellbeing and functional status of patients 
suffering from chronic pain, promoting the engagement in 
maladaptive coping strategies, such as avoidance behaviors 
(Mills et al., 2019). 

Multiple studies revealed that preoperative anxiety and 
depression are important predictors of CPSP in the case of 
various operations, including less invasive procedures such 
as laparoscopic interventions (Fregoso et al., 2019). Anxiety 
is considered an important factor involved in the persistence 
of pain and the occurrence of psychological distress in the 
case of CPSP, as surgery is a highly stressful, activating 
event that triggers patients’ cognitive vulnerability, 
generating a loop of fear and avoidance (Giusti et al., 
2021). In turn, emotional disorders can exert a negative 
impact on the physical condition. A prospective cohort 
study demonstrated that high preoperative depression and 
anxiety can worsen the outcomes of surgical treatment and 
favor prolonged inflammation, which hinders the process 
of recovery (Geoffrion et al., 2021). Furthermore, elevated 
anxiety predicted increased pain medication consumption 
following major surgery (Larach et al., 2021). Similarly, 
anxious and depressive symptoms correlated with more 
emergency department visits over the course of a year 
following cardiac surgery (Curcio et al., 2019). 

In relation to fibromyalgia, it was proven that 
depression and trait-anxiety mediate the influence of 
pain on health-related quality of life (Galvez-Sánchez 
et al., 2020). Psychiatric comorbidities such as anxiety 
and depressive disorders are common in patients with 
fibromyalgia, influencing the perception of pain severity 
and functionality level (Galvez-Sánchez et al., 2019). Poor 
emotional regulation strategies, conceptualized as the lack 
of awareness and understanding of emotions, avoidance 
of difficult sensations and emotional experiences, as well 
as the incapacity to behave in accordance with personal 
values and goals, are strongly correlated with high levels 
of anxiety, depression, anger and disability in fibromyalgia 
patients (Trucharte et al., 2020). 

Pharmacological management of chronic pain
First-line treatment of chronic pain typically consists 

of pharmacotherapy. Various classes of medications are 
used, including: tricyclic antidepressants, serotonin-
norepinephrine reuptake inhibitors, opioids, non-steroidal 
anti-inflammatory drugs, antiepileptics (gabapentinoids), 
benzodiazepines, or topicals such as capsaicin (***, 2021). 
Fibromyalgia and CPSP are generally managed using 
similar pharmacological approaches, since both conditions 
may involve an amplified signaling system, generating an 
exacerbated and extended pain response (Bair & Krebs, 
2020; Thapa & Euasobhon, 2018). Recently, cannabis-
based medicinal products have also been proposed for 
treating chronic primary pain, though the evidence is 
still very limited in this area (***, 2021). Alternative 
treatment modalities that have been applied for CPSP 
in particular comprise nerve blocks, phenol injections, 
neuromodulation, or even surgical management of pain 
(Thapa & Euasobhon, 2018).
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Increased availability of pain medication may facilitate 
patients’ tendency to appeal to drugs excessively. For 
example, the results of a recent investigation indicated 
that patients prefer to receive more pain medication than 
necessary, fearing that they will not be able to control 
their pain properly after a surgery without them (Pius et 
al., 2020). Non-steroidal anti-inflammatory drugs are 
used constantly by patients with chronic pain, often in 
larger doses and without specialized supervision, although 
overdoses may increase the risk of gastrointestinal 
bleeding, renal dysfunction, or cardiovascular accidents 
(Atkinson & Fudin, 2020). Also, frequently reported side 
effects of antidepressant and antiepileptic medication may 
include: dry mouth, gastrointestinal problems, headaches, 
sedation, concentration difficulties and other cognitive 
problems (Bair & Krebs, 2020). Furthermore, misuse of 
pain medication has become a global epidemic, leading 
to addictions, as well as other negative psychological or 
behavioral consequences (Webster et al., 2020). Indeed, 
a study showed that excessive consumption of opioids is 
related to interpersonal and social difficulties for people 
experiencing chronic pain and their families (Dassieu et 
al., 2021).

Evidence-based psychological interventions for 
chronic pain management

Psychological interventions for the management of 
chronic pain are motivated by the fact that depressive 
and anxiety disorders may exacerbate the perception of 
pain severity and promote inappropriate consumption 
of medicine. Specifically, emotional disturbances 
are correlated with worsening side effects and more 
problematic craving episodes related to opioid analgesics 
administration (van Rijswijk et al., 2019). Addressing 
psychological comorbidities, such as anxiety, depression, 
or suicidality, can be a successful strategy for preventing 
unhealthy patterns of medicine intake and increasing the 
welfare of patients in the long run (Volkow et al., 2019). 

Cognitive-Behavioral Therapy (CBT) is a well-
established intervention for the management of chronic pain 
that occurs in a variety of medical conditions, including 
osteoarthritis, low back pain, fibromyalgia, as well as 
patients who had suffered various surgeries (Afrina & 
Karimah, 2019). For example, a study examined the effects 
of a telephone-based CBT protocol comprising techniques 
such as psychoeducation, self-monitoring, behavioral 
activation and problem-solving in a sample of women who 
had undergone bariatric surgery. The intervention improved 
emotional eating, as well as depressive and anxiety symptoms 
one year after the medical intervention (Sockalingam et al., 
2019). Also, CBT is a promising treatment for preventing 
mood disorders in lung cancer patients who are subjected 
to thoracotomy, with direct effects on their adherence to 
medical treatment, but also on their emotional functioning 
and quality of life (Signorelli et al., 2020). Furthermore, CBT 
for insomnia was associated with significant improvements 
in sleep quality, as well as other emotional functioning 
variables, such as depressive symptoms in chronic pain 
patients (Selvanathan et al., 2021).  

During the last decades, recent CBT approaches, aimed 
at developing alternative treatment variants to meet the 

specific needs of clients who were especially resistant to 
standard protocols, called “third wave psychotherapies”, 
have been the focus of many investigations (Hofmann 
& Hayes, 2019). One of the most discussed types of 
psychotherapy is Acceptance and Commitment Therapy 
(ACT), which proved its efficacy for a wide range of 
problems, including anxiety, depression, substance abuse 
and chronic pain (Gloster et al., 2020). Given the evolving 
body of randomized trials indicating the efficacy of ACT, 
the National Institute for Health and Care Excellence 
(NICE) guidelines integrated these interventions among 
psychological treatment recommendations for chronic 
primary pain in April 2021 (***, 2021). 

According to the ACT model, emotional suffering 
is rooted in psychological inflexibility/rigidity (Hayes, 
2019), which refers to the individual’s incapacity to adjust 
to particular contexts (e.g., in our case, an inappropriate 
and dysfunctional response to the unpleasant experience 
of pain). Through its influence on individual thinking 
and behavioral patterns, psychological inflexibility is 
correlated with psychopathological problems (Gilbert et 
al., 2019; Faustino, 2020). For example, a study found that 
psychological inflexibility mediates the relation between 
negative childhood experiences and the presence of 
common mental health concerns later in life (Makriyianis et 
al., 2019). Moreover, psychological inflexibility was linked 
to anxiety and depression in patients reporting migraines 
and cardiovascular risk (Dindo et al., 2019). Inflexibility 
is a predictor of avoidance strategies, which ultimately 
increases the subjective distress generated by pain, as well 
as the occurrence of anxious and depressive states (Gentili 
et al., 2019). Multiple psychological factors, encompassing 
both situational and dispositional psychological variables, 
were studied in relation to physical and mental health 
outcomes after surgery. Among these, mood disorders, 
self-efficacy, perceived control, neuroticism, as well 
as an optimistic attitude towards the future were most 
extensively studied up to date, leading to mixed results 
regarding their effects on surgical patients’ quality of life 
(Levett & Grimmett, 2019). According to explorations on 
the predictors of adaptive and maladaptive responses to 
bariatric surgery, rigidity was associated with fewer weight 
loss and unhealthy behavioral patterns immediately after 
the intervention (Belligoli et al., 2020). This is in line with 
the evidence pointing to the fact that avoidance behavior, 
an important characteristic of psychological inflexibility, 
is a maintaining factor in fibromyalgia, and therefore 
an important treatment target for psychotherapeutic 
intervention (Hedman-Lagerlöf et al., 2019). Similarly, 
existing data indicate that fibromyalgia patients who are 
also diagnosed with major depressive disorder present 
increased cognitive rigidity, conceptualized as a tendency 
to extreme, dichotomous thinking (Aguilera et al., 2019). 
These findings are also supported by neuroimaging studies 
that explored the structural cerebral correlates of the way 
people react to chronic pain in fibromyalgia patients, 
showing that a specific brain region, namely the bed 
nucleus of the stria terminalis, could be specifically linked 
to psychological inflexibility (Feliu-Soler et al., 2020). 

In contrast, psychological flexibility refers to the 
opposite, meaning the capacity to react in an adaptive way 
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in various life circumstances (Hayes, 2019). Therefore, the 
main purpose of ACT interventions is to increase flexibility 
as a functional reaction to particular circumstances, with 
the help of six core elements: acceptance, cognitive 
defusion, present moment awareness, self as context, 
values, and committed action (Faustino, 2020). In 
association with pain, psychological flexibility is closely 
related to the concept of resilience, improving the person’s 
ability to manage the emotional distress associated with 
the unpleasant sensation, as well as promoting adaptive 
functioning when faced, at least to some degree, with 
physical limitations (Gentili et al., 2019). It was proven 
that psychological flexibility may influence the adjustment 
to pain in fibromyalgia, differentiating between various 
profiles of patients (Angarita-Osorio et al., 2020). Indeed, 
the ability to engage in meaningful action in the pursuit 
of personal life values, despite pain, may help preventing 
disability and mental health problems in women with 
fibromyalgia (Galán et al., 2019). 

Acceptance and Commitment Therapy (ACT) for 
chronic pain

A recent review showed that most randomized controlled 
trials exploring the efficacy of ACT for chronic pain among 
patients with rheumatic disease use psychoeducation, 
mindfulness and behavioral techniques, typically focusing 
on the development of acceptance, identification of values 
and patients’ involvement in committed action. These three 
core processes were explicitly covered in the majority of 
studies, although the length of interventions varied and 
some protocols included all six processes. The strongest 
support underlines that ACT has a positive impact in 
fibromyalgia, improving disability, depression, anxiety 
scores, as well as overall quality of life. In addition, the 
most observed effects proved to be persistent at three and 
six months follow-up (Hegarty et al., 2020). Moreover, 
another systematic review found medium to large effect 
sizes for pain acceptance and psychological flexibility, as 
well as small to medium effect sizes for general functioning, 
anxiety and depression of ACT in chronic pain (Hughes et 
al., 2017). Also, there is some evidence that ACT treatments 
are well accepted by chronic pain patients, studies showing 
that outcomes are not particularly influenced by specific 
demographic characteristics (Feliu-Soler et al., 2018). 

ACT interventions in chronic pain are heterogeneous 
in terms of structure, components and format. An eight 
session ACT protocol for chronic pain was established, 
consisting of values clarification, goal setting, defusion, 
mindfulness skills, and committed action (Vowles et al., 
2009). Recent investigations incorporated ACT techniques 
relying on mindfulness, experiential exercises, metaphors 
and behavioral strategies into a multidisciplinary program 
that also included problem solving and physical exercise. 
The ACT intervention was delivered during three weeks, 
for 15 days in total. Participants showed reduced pain and 
fatigue interference, as well as better daily functioning 
(Yu et al., 2020). Another investigation implemented 
a four-week ACT treatment for patients with chronic 
musculoskeletal pain, measuring not only subjective 
features, but also changes in the neuronal connectivity 
following the intervention. Interestingly, results indicated 

decreased functional connectivity between regions 
exhibiting elevated activity in relation to rumination, 
hopelessness and pessimism. Some of these patterns 
involve links between the left putamen and right insula, 
but also between the left insula and right thalamus. Thus, 
this evidence suggests that ACT can significantly alleviate 
psychological distress associated with pain (Meier et 
al., 2020). The protocol was initially provided by Aytur 
et al. (2021), comprising strategies applied to decrease 
experiential avoidance, cognitive fusion, lack of values 
clarity, and inaction (Aytur et al., 2021). 

Nevertheless, ACT seems to be similarly efficient with 
regard to CPSP. A group of veterans undergoing orthopedic 
surgery who also presented symptoms of anxiety and 
depression were enrolled in a one-day ACT workshop 
before the medical procedure. The training had two main 
components, covering mindfulness and acceptance, along 
with behavioral change. Patients in the ACT group reported 
pain cessation and stopped using opioids in a shorter time 
interval than patients in the treatment-as-usual (TAU) 
condition (Roddy et al., 2020). 

Given that the traditional delivery modality of 
psychotherapy and other health services in general faced 
multiple challenges during current circumstances caused 
by the COVID-19 pandemic worldwide, many researchers 
turned to online interventions. In line with this approach, 
an internet-based ACT treatment was associated with 
improvements regarding pain intensity, anxiety and 
depression scores, and sleep quality in chronic pain 
patients. Moreover, participants perceived the intervention 
to be accessible and feasible (Rickardsson et al., 2020). 
Likewise, telephone-delivered interventions based on ACT 
which aimed to improve coping skills and valued behavior 
in people with advanced cancer proved to be achievable 
and well tolerated (Plumb Vilardaga, 2020). 

Constructing on previous research, ACT interventions 
might be adjusted with great ease, so that the requirements 
of specific patient populations could be met. For example, 
Cosio (2019) submitted a group ACT program for chronic 
pain that consisted of 10 sessions, using mindfulness, 
behavioral exercises and metaphors to facilitate acceptance 
and implementation of activities in the direction of 
personal values (Cosio, 2019). In addition, another group 
of researchers proposed an online ACT protocol structured 
in 7 sessions. The content of the program focuses on 
acceptance, cognitive defusion, self-concept, values and 
committed action, using diverse modalities for illustrating 
metaphors and exercises (Terhorst et al., 2020). 

In the light of the results obtained in the explorations 
described above, we propose a brief intervention protocol 
using ACT methods for alleviating anxious and depressive 
symptoms in patients who suffer from CPSP and 
fibromyalgia, respectively. The treatment will incorporate 
four telephonic sessions with the duration of one hour and 
a half, which will be delivered by psychologists who are 
specialized in clinical psychology and cognitive-behavioral 
psychotherapies. The length of the intervention was chosen 
according to empirical evidence which indicates that even 
shorter interventions are associated with a significant 
positive impact on patients’ quality of life (Roddy et al., 
2020). At the same time, decreasing the duration of sessions 
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may represent an efficient way to maximize benefits, while 
reducing treatment costs (Hegarty et al., 2020; Feliu-
Soler et al., 2018). Changing the modality of delivery 
can also contribute to a significant reduction in dropout 
rates, addressing several barriers that people with chronic 
pain may face during standard face-to-face  interventions, 
such as travelling difficulties (Feliu-Soler et al., 2018). 
Furthermore, the flexibility of ACT interventions allows 
their adjustment to the needs of specific populations. In 
the case of these particular samples, the main objectives 
of the psychological intervention would be to learn a set of 
skills and strategies for improving the management of pain 
and associated emotional distress, on the one hand, as well 
as to develop a concept of life meaning despite various 
chronic health conditions, on the other hand. In this way, 
patients will be more willing to have difficult experiences, 
while reintegrating positive feelings into their lives. To do 
so, an introduction to ACT concepts should be provided 
initially. The concept of psychological inflexibility and 
the six components of the ACT model will be presented. 
The idea that we may easily feel stuck in the experience of 
pain and the consequences of this psychological difficulty 
will be exposed. Patients will be invited to reflect upon 
all the ways in which pain stops them from living in the 
present moment and to focus on the most important things 
in their lives. The discussion will end with a 15-minutes 
application of motivational interviewing (MI) techniques, 
in accordance with the recommendations of Malins et al. 
(2020) for reducing dropout rates and facilitating adherence 
in psychological treatment (Malins et al., 2020). The second 
session will focus on values clarification and the importance 
of commitment to values-guided behavior (Harris, 2019). 
The homework could be the development of a list with 
activities in the direction of personal values that would 
also be achievable for the client, taking potential physical 
constraints into consideration. Implications of experiential 
avoidance will be covered in the third session. After that, 
mindfulness techniques focused on pain acceptance will be 
introduced, patients learning to concentrate on the breath, 
while creating space for any difficult sensation they may 
experience at a certain moment. This part will also embrace 
cognitive defusion, promoting a different way of relating 
to disturbing or intrusive thoughts about pain and illness. 
Between the sessions, patients could schedule a time during 
the day when they will rehearse these methods, so that 
they would be able to apply them at particular moments 
when pain or intense psychological distress may occur. In 
a different session, a conversation regarding self-concept 
will be initiated by psychologists. Specifically, patients 
will be asked to reflect on the labels they typically choose 
for describing themselves, with emphasis on the fact that 
people often use changing experiences or roles to get a 
global, rigid picture of themselves. For instance, patients 
may find that they remain inflexibly locked in the role of a 
sick or disabled person. In order to develop a healthier self-
perspective, different ACT metaphors could be presented, 
in a way that participants understand the idea that they as 
a whole are more complex than some isolated, dynamic 
experiences (Harris, 2019). In the last part of the treatment, 
the mindful action plan will be implemented. This approach 
underlines all six dimensions of psychological flexibility 

and is founded on the ACT model. This application starts 
from a simple phrase (i.e., “I am here now, accepting my 
feelings and noticing my thoughts, while doing what I 
care about”), reinforcing the pursuit of valued living and 
committed action, which could therefore foster lasting 
improvements in welfare (Moran & Ming, 2020). 

Several specifications regarding the clinical 
applications of this treatment should be outlined. 
First of all, a tailored interventional design would be 
recommended, taking into account particular requirements 
of CPSP, as well as fibromyalgia patients. Beyond this, the 
demands of particular contexts should be considered. Since 
CPSP has a specific trigger (i.e., surgery), a preventive 
approach could be endorsed, through the identification 
of risk factors for the development of chronic pain, 
such as anxiety, depression, or psyschological rigidity. 
Therefore, psychoeducative strategies would be most 
relevant for encouraging a flexible cognitive style 
and alleviating emotional distress in surgical patients. 
Conversely, in fibromyalgia, an important objective would 
be to enhance abilities for increasing pain tolerance and 
reducing associated psychological suffering. Therefore, the 
intervention would be more focalized on skills training. 
Secondly, the content of the sessions could also be slightly 
different between these groups due to practical limitations. 
The intervention for CPSP prevention could be carried 
out in a fully medical environment, specifically “at the 
patient’s bedside”, before or immediately after the surgery. 
In such a stringent context, patients may have limited 
privacy, which could be an obstacle for using certain 
psychological methods such as experiential techniques. In 
contrast, ACT treatment in fibromyalgia can be carried out 
in a less dynamic or intense environment, in the format 
of a standard psychological intervention, enabling the use 
of acceptance and mindfulness exercises. Lastly, it would 
be revelant to explore the processes of change that could 
explain the outcomes, emphasizing potential differences 
between the groups. 

Conclusions
1. Patients with various health conditions often 

experience increased psychological distress in the form 
of anxiety and depression. Psychological disorders are 
most likely to occur if patients present high psychological 
inflexibility, which serves as an underlying vulnerability 
factor. 

2. Acceptance and Commitment Therapy (ACT) is a 
promising intervention for targeting emotional problems 
co-occuring with chronic pain. The versatility of this 
treatment allows its adjustment to the characteristics of 
particular populations, including chronic postsurgical 
pain (CPSP) and fibromyalgia patients. A four-session, 
telephone-based ACT protocol aimed at increasing 
psychological flexibility can be a feasible, cost-effective 
strategy to reduce anxiety and depression levels in these 
groups, improving  general quality of life in the long term. 

3. Future investigations should clarify the most 
efficient ways in which this program could be tailored in 
order to maximize benefits for CPSP and fibromyalgia 
patients, as well as the particular mechanisms that are 
involved in the process of change. 
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In order to check the quality of articles submitted for publication, the Health, Sports & Rehabilitation Medicine journal applies 
the method of single-blind peer review (the identity of reviewers, but not authors, is kept anonymous).

Conflict of interest
The authors must mention all possible conflicts of interest including financial and other types. If you are sure that there is no 

conflict of interest we ask you to mention this. The financing sources should be mentioned in your work too.
Specifications
The specifications must be made only linked to the people outside the study but which have had a substantial contribution, 

such as some statistical processing or review of the text in the English language. The authors have the responsibility to obtain the 
written permission from the mentioned persons with the name written within the respective chapter, in case the readers refer to the 
interpretation of results and conclusions of these persons. Also it should be specified if the article uses some partial results from 
certain projects or if these are based on master or doctoral theses sustained by the author.

Ethical criteria 
The Editors will notify authors in due time, whether their article is accepted or not or whether there is a need to modify texts. 

Also the Editors reserve the right to edit articles accordingly. Papers that have been printed or sent for publication to other journals 
will not be accepted. All authors should send a separate letter containing a written statement proposing the article for submission, 
pledging to observe the ethics of citation of sources used (bibliographic references, figures, tables, questionnaires).

For original papers, according to the requirements of the Helsinki Declaration, the Amsterdam Protocol, Directive 86/609/EEC, 
and the regulations of the Bioethical Committees from the locations where the studies were performed, the authors must provide 
the following:

• the informed consent of the family, for studies in children and juniors;
• the informed consent of adult subjects, patients and athletes, for their participation;
• malpractice insurance certificate for doctors, for studies in human subjects;
• certificate from the Bioethical Committees, for human study protocols;
certificate from the Bioethical Committees, for animal study protocols.
The data will be mentioned in the paper, in the section Materials and Methods. The documents will be obtained before the 

beginning of the study. Will be mentioned also the registration number of the certificate from the Bioethical Committees.
Editorial submissions will be not returned to authors, whether published or not. 

FOR THE ATTENTION OF SPONSORS 

Requests for advertising space should be sent to the Editors of the “Health, Sports & Rehabilitation Medicine” journal, 1, 
Clinicilor St., 400006, Cluj-Napoca, Romania. The price of an A4 full colour page of advertising for 2012 will be EUR 250 and 
EUR 800 for an advert in all 4 issues. The costs of publication of a logo on the cover will be determined according to its size.

Payment should be made to the Romanian Medical Society of Physical Education and Sports, CIF 26198743. Banca Transilvania, 
Cluj branch, IBAN: RO32 BTRL 0130 1205 S623 12XX (RON). 

SUBSCRIPTION COSTS 

The “Health, Sports & Rehabilitation Medicine” journal is printed quarterly. The subscription price is 100 EUR for institutions 
abroad and 50 EUR for individual subscribers outside Romania. For Romanian institutions, the subscription price is 150 RON, and 
for individual subscribers the price is 120 RON. Note that distribution fees are included in the postal costs.

Payment of subscriptions should be made by bank transfer to the Romanian Medical Society of Physical Education and Sports, 
CIF 26198743. Banca Transilvania, Cluj branch, IBAN: RO32 BTRL 0130 1205 S623 12XX (RON), RO07 BTRL 01,304,205 
S623 12XX (EUR), RO56 BTRL 01,302,205 S623 12XX (USD). SWIFT: BTRLRO 22

These subscription costs are valid only for the printed journal. 

INDEXING 

Title of the journal: Health, Sports & Rehabilitation Medicine
pISSN: 2668-2303; eISSN: 2668-5132; ISSN-L: 2668-2303
Profile: a Journal of Study and interdisciplinary research
Editor: “Iuliu Haţieganu” University of Medicine and Pharmacy of Cluj-Napoca and The Romanian Medical Society of 

Physical Education and Sports in collaboration with the Cluj County School Inspectorate
Copyright and Publishing rights are held by “Iuliu Haţieganu” University of Medicine and Pharmacy Publishing. 
The level and attestation of the journal: a journal rated B+ by CNCSIS in the period 2007-2011 and certified by CMR since 

2003
Journal indexed into International Data Bases (IDB): EBSCO, Academic Search Complete – USA; Index Copernicus, Journals 

Master List – Poland; DOAJ (Directory of Open Access Journals) – Sweden; CiteFactor – Canada/USA, CrossRef – Linnfield, 
MA(US)/Oxford (UK).

Year of first publication: 2000
Issue: quarterly
The table of contents, the summaries and the instructions for authors can be found on the internet page: http://www.jhsrm. org. 

Access to the table of contents and summaries (in .pdf format) is free.


	01-02  - Prima pagina + comit red  ISSN mdf     3-2021    139-140.pdf
	03 Cuprins EN     141.pdf
	04 - teodorescu    142-147.pdf
	05 - mustafa     148-153.pdf
	06 - brindus     154-159 - fig sch.pdf
	07 - Pfingstgraf     160-165.pdf
	08 - Sarbu    166-170.pdf
	09 - irsay     171-176.pdf
	10 - marza     177-181.pdf
	11 - popa     182-187.pdf
	12 - cojocaru    188-195.pdf
	13 - Colaboratori + sponsori EN -    196-198.pdf

