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ABSTRACT

Introduction: Patients with critical illness can lose more than 15% of muscle mass in
one week, and this can have long-term detrimental effects on activities of daily living
and quality of life. Early mobilization (EM) therapy has emerged as a crucial aspect
of intensive care unit (ICU) management, aiming to counteract the detrimental
effects of prolonged immobility in critically ill patients.

Aim: To study the effects of a protocol-based EM versus standard EM on muscle
strength and endurance in mechanically ventilated (MV) patients.

Methodology: 70 ICU trauma patients, on prolonged MV, were separated randomly
into two groups: experimental (EG), where we used a protocol-based EM, and a
control group (CG), where we used standard clinic EM. The Physical Function in
the ICU score (PFITs) was used twice to assess muscle strength and endurance when
patients could first engage actively in physiotherapy and again at ICU discharge.
Results: Statistically significant intergroup difference is observed in favor of the EG
in terms of the ‘sit-to-stand”(p = .000) and ‘cadance” (p = .009) components as
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well as the total score of the PFITs (p = .005), compared to the CG.
Conclusion: Protocol-based EM resulted in better muscle strength and endurance
at ICU discharge in the experimental group compared to the standard EM in the
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INTRODUCTION

While advancements in medical technology have
significantly improved intensive care unit (ICU)
patient survival rates, studies have highlighted that
ICU treatments, particularly mechanical ventila-
tion, often result in reductions in muscle mass and
function (Balke et al., 2022). Patients with critical
illness can lose more than 15% of muscle mass in
one week, and this can have long-term detrimental
effects (Fazzini et al., 2023)

One of the most debilitating consequences of criti-
cal illness and prolonged ICU stay is Intensive Care
Unit-Acquired Weakness (ICU-AW). It is character-
ized by symmetrical and predominantly proximal
limb weakness with typical sparing of facial muscles
and overall reduction in osteo-tendon reflexes in
patients with critical illness and has no underlying
cause other than the critical illness itself. Respiratory
muscles can also be affected (Hermans & Van den
Berghe, 2015; Fazzini et al., 2023).

ICU-AW is a medium- and long-term complication
in critically ill patients that impacts quality of life by
increasing morbidity and healthcare costs. About 20
million people worldwide require [CU admissions
each year. Among this group, the incidence of ICU-
AW is estimated to be around 25-30%, meaning
3—6 million patients are affected annually. The rate

is even higher in surgical ICUs, with some studies
reporting rates between 50% and 70% (Wang et al.,
2020).

Several risk factors have been identified for develop-
ing ICU-AW, including mechanical ventilation (MV)
(Vanhorebeek et al., 2020; Lu et al., 2024; Sinha et
al., 2024), immobilization (Parry& Puthucheary,
2015; Hermans, Van den Berghe, 2015; Wang et al.,
2020; Akan, 2021), poor glycemic control (Bercker
et al., 2005), sepsis (Evans et al., 2021), higher age,
and female sex (Geense et al., 2021; Meyer-Friessem
etal., 2021; Hajeb et al., 2021)

Early mobilization (EM) has emerged as a crucial
aspect of ICU management, aiming to counteract
the detrimental effects of prolonged immobility in
critically ill patients (Singam, 2024). EM has been
shown to improve functional outcomes, muscle
strength, shorten ICU and hospital lengths of stay,
and enhance survivors’ overall quality of life (Tip-
ping et al., 2017; De Queiroz et al., 2018; Phelan et
al., 2018; Clarissa et al., 2019; Zhang et al., 2019;
Monsees et al., 2023)

Aim and Objective

The present study aims to evaluate the effects of a
protocol-based EM on muscle strength and endur-
ance in mechanically ventilated patients.
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METHODOLOGY

Seventy ICU polytrauma patients, each on mechan-
ical ventilation for at least 72 hours, were randomly
assigned to two groups. The experimental group,
with a mean age of 43.14+18.9 years, received pro-
tocol-based early mobilization (EM), while the con-
trol group, with a mean age of 47.94+19.3 years, re-

ceived standard clinical EM. The Physical Function
in the ICU test score was used to evaluate muscle
strength and endurance twice: once when the pa-
tient was first awake and cooperative, and again at
ICU discharge. Characteristics of the patient cohort
are presented in Table 1.

Table 1. Characteristics of the patients in the two groups

Group EG CG p Total
Sex
Men 28 (80%) 23 (65.7%) 51 (72.86%)
Women 7 (44%) 12 (34.3%) 19 (27.14%)
Total: 35 35
Mean age (years) 43.1418.9 47.94+19.3 .397 45.54+19.1
<40 years 15(42.86%) 14 (40%) 29 (41.43%)
41-60 years 12 (34.28%) 13 (37.14%) 25 (35.71%)
>61 years 8 (22.85%) 8 (22.85%) 16 (22.86%)

Notes. Experimental group (EG), patients undergoing early mobilization according to the Surgical Intensive care unit
Optimal mobilization score; Control group (CG), patients undergoing ward-standard early mobilization; p, degree of
significant differences between the two groups, determined by Mann-Whitney U-criterion for nonparametric and Stu-

dents t-criterion for parametric variables.

In the EG, we applied the Surgical Intensive Care
Unit optimal mobilization score (SOMS) twice dai-
ly (Table 2). This score ranges from ‘0’ to ‘4, with
‘0’ indicating “No activity” and ‘4’ representing
‘Ambulation’ The goal was to achieve the highest
possible functional status and early verticalization
while patients were still on mechanical ventilation
(MV). A SOMS level 0 score applies to patients
who cannot be mobilized due to several contrain-
dications, such as inability to maintain adequate
arterial blood pressure even with catecholamine

support or meet target saturation; increased risk of
death within the next 24 hours; or unstable spinal
fractures that could affect the spinal cord. Level 1
activities include passive range of motion and sit-
ting in bed. Level 2 involves moving the patient to
a chair with a mechanical lift or sitting on the edge
of the bed. It is crucial that patients are cooperative
and able to voluntarily perform limb movements.
Level 3 activities include verticalization, such as
standing next to the bed. Level 4 involves walking
around, with support if needed (Meyer et al., 2013).

Table 2. Surgical Intensive care unit optimal mobilization score (Meyer et al., 2013)

SOMS Algorithm

No mobilization (0) PROM (1)

Sitting (2) Standing (3)  Ambulation (4)

1) Stable spine

2) No excessive predicted

mortality in the next 24

hours

3) ICP <20 cm H,0
1) Follows 1-step com-
mands
2) Volitional movements
3) No SCI, open lumbar
drains, open EVD, femo-
ral vein access for CVVH

Safety criteria for advancing mobilisation

1) >3/5 bilateral quad-
riceps strength

2) Sits with no support
3) No WB restrictions

1) Stands twice with
minimal assist

2) Steps-in-place
with minimal assist

Attempt to maintain blood pressure and heart rate within a clinically appropriate range during mobilization;
consider using vasopressors, adjusting fluid volume, administering vasodilators, and prescribing pain medi-
cation as indicated. If unsuccessful in achieving hemodynamic stabilization, do not advance.

Notes. ICP - intracranial pressure; SCI - spinal cord injury; EVD - external ventricular drain; CVVH - continuous

veno-venous hemofiltration; WB - weight-bearing.

For patients in the CG, we applied standard for

the ward physiotherapy twice every day, which

261



Vladislav Bonev

260 - 266

included: inbed range of motion exercises for the
limbs (for the upper limbs: shoulder joint flexion,
extension, abduction and adduction, elbow joint
flexion, extension, supination and pronation, wrist
and fingers flexion and extension; for the lower
limb: hip joint flexion, extension, abduction and
adduction, knee extension, ankle planter and dor-
sal flexion, toes flexion and extension), 10 times
for each movement and progressing from passive,
to active-assisted and active, breathing exercises
(such as chest extensions, inhalation with raising
of the upper limbs and exhalation combined with
lowering them, manual chest percussion), hip
bridges, rolling in bed and maintaining an upper
body position of 30-45 degrees. Verticalization to
sitting on the edge of the bed and standing out of
bed, as well as activities in these positions, were
delayed until patients no longer needed MV.

Patients’ inclusion criteria are: trauma patients
aged 18 or older; on mechanical ventilation (MV)
for at least 72 hours; independent in activities of
daily living before admission; no missing limbs

or parts of limbs; contact, compliant, and coop-
erative; and able to give informed consent to par-
ticipate in the study. The exclusion criteria are:
patients who required amputation of a limb or
part of a limb during their ICU stay; patients who
refused to participate in the study; patients with
spinal cord injuries and irreversible neurological
deficits; patients receiving palliative care; and pa-
tients with significant cognitive deficits.

The Physical Function in the Intensive Care Unit
Test Score (PFIT-s) is a scale used to assess physi-
cal capabilities such as muscle strength and endur-
ance in the ICU (Table 3) (Denehy et al., 2013). The
test involves evaluating four components: shoulder
strength, assessed by evaluating shoulder flexion
according to the Oxford Scale for grading muscle
strength; knee strength, assessed by evaluating
knee extension using the Oxford Scale; sit-to-stand
assistance, determining the number of people
needed to help the patient stand; and cadence,
which refers to the number of steps per minute.

Table 3. Physical Function in the intensive care unit test-score (Denehy et al., 2013)

PFIT Scoring 0 1 2 3 TOTAL
Shoulder strength (grade) 0, 1 or 2 3 4 5 TOTAL PFIT
Knee strength (grade) 0,1or2 3 4 5 Score:
Sit-to-stand Assistance Unable Assist x2 Assist x1 No assist (0-12)
Cadence (steps/min) Unable >0-49 50<80 80+

Statistical analysis

All statistical analyses were performed using SPSS
for Windows, Version 19.0. The level of signifi-
cance was set at p < .05. All data subsets were as-
sessed for the presence of a normal distribution
(Shapiro-Wilk test p > .05) and for homogeneity
with Levenes test for equality of variance before
using parametric analysis. Differences between
data at the PFIT-s and SOMS levels were assessed

using repeated measures analysis of variance with
post hoc multiple comparisons by t-test with Bon-
ferroni corrections.

RESULTS
The changes in upper and lower limb muscle
strength and muscular endurance reported with
the Physical Function in ICU test score are shown
in Table 4.
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Table 4. Mean values and changes in muscle strength and endurance assessed by PFIT-s in both groups

over the course of the ICU stay.

Component Group n, Mt SD n, M+ SD
CG 35 1.19£1.22 3 2.52+0.89***
Shoulder Strength EG 35 1.76£1.35 34 2.76+0.65***
p 072 119
CG 35 1.81+1.25 32 2.72£0.73%%*
Knee Strength EG 35 2.06+1.2 34 2.88+0.54***
p 419 301
CG 35 0.00+0.00 3 1.45+1.06***
Sit-to-stand EG 35 0.00+0.00 34 1.76£0.98***
p 1.0 <.001
CG 35 0.00+0.00 3 0.25£0.44***
Cadence EG 35 0.00+0.00 34 0.67+0.84***
p 1.0 .009
CG 35 3.46+2.16 3 6.2242.32%%*
PFIT-s 0610 EG 35 4.20+£2.47 34 7.794£2.13%%*
p 0.185 .005

Notes. M, and M,, mean values of the four tests; SD, standard deviation of the parameters; EG, experimental group;
CG, control group; n, - number of patients at the first assessment; n, - number of patients at ICU discharge; *** p<.001,
** p<.005,%*p<.05, significance level determined by Student t-test for dependent and Independent samples, Mann-Whit-

ney, and Wilcoxon for dependent and independent samples.

At ICU discharge, there is a statistically signifi-
cant intragroup improvement in muscle strength
and endurance in both patient groups (p < .001),
and a statistically significant intergroup dif-
ference is found in the total score, favoring the
EG (p < .005). Significant improvements were
found in shoulder strength, knee strength, sit-to-
stand ability, and cadence in both patient groups
(p < .001). Regarding sit-to-stand and cadence,
we report a significant intergroup difference

(p < .001) in favor of the patients in the experi-
mental group.

From the above, we can conclude that the EG pa-
tients were characterized by better strength and
greater endurance at discharge from the ICU,
compared to the CG, where a standard early mo-
bilization approach was applied.

The distribution of patients by the maximally
achieved SOMS level at ICU discharge is present-
ed in Table 5.

Table 5. Distribution of patients by maximum achieved SOMS level at ICU discharge

SOMS level Group N
Level 1 (inbed) EG (n=34) 1(2.9%)
CG (n=31) 1(2.9%)
Level 2 (Sitting) EG (n=34) 13 (37.1%)
CG (n=31) 19 (54.3%)
Level 3 (Standing) EG (n=34) 9 (25.7%)
CG (n=31) 6(17.1%)
Level 4 (Ambulation) EG (n=34) 11 (31.4%)
CG (n=31) 5 (14.3%)

Notes. EG - experimental group; CG - control group; N - number of patients; SOMS - Surgical ICU optimal mobility

scale.

From Table 5, we found that 11 (31.4%) of the EG
patients undergoing protocol-based EM achieved
a SOMS level 4 (walking) in the ICU, where-
as only 5 (14.3%) of the CG patients achieved
a SOMS level 4 during their ICU stay. Conse-
quently, twice as many patients in the EG were

discharged from the ICU with the maximum
SOMS level compared with those in the CG who
received ward-standard EM.

The comparative analysis of the mean level of
SOMS mobilization achieved in the EG and the
CG is shown in Table 6.
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Table 6. Comparative analysis of the mean level of SOMS achieved in the EG and the CG
Test Group n, M +SD n, M +SD
EG 35 1.00+0.00 34 2.88+0.91***
Mean SOMS achieved CG 35 1.00+0.00 31 2.48+0.81***
p 1.00 069

Notes. M, and M, mean values of the two tests; SD, standard deviation of the parameters; CG, control group; EG, ex-
perimental group; n - number of patients at the first assessment; n, - number of patients at ICU discharge; *** p<.001,**
Pp<.01, * p<.05- significant differences from postoperative values determined by Student t-test for dependent samples; P-
statistical significance by independent samples, Mann Withney and Wilcoxon for dependent and independent samples.

There was an increase in absolute mean SOMS val-
ues in both patient groups at discharge from the
ICU. The improvement in values for the CG was
on average 1.48 + 0.81 points, and for the EG, it
was on average 1.88 + 0.91 points, compared to
the baseline. There was no significant intergroup
difference in the level of mobilization achieved at
ICU discharge for patients in the two groups, but,
in absolute terms, the EG had higher mean scores
at ICU discharge.

DISCUSSION

In a study by Parry et al. (2015) with 66 patients (40
males and 26 females), the mean age was 58 + 17
years. They required intensive care for an average
of 8 days (range 5-15 days), with an average of 5
days on mechanical ventilation (range 3-10 days).
The patients achieved a mean PFIT-s of 4.7+2.3
points at first contact after awakening from seda-
tion. In our study, at first contact after awakening
from sedation, patients in the control group (CG)
had a mean PFIT-s of 3.46 + 2.16 points, while the
experimental group (EG) had a mean PFIT-s of
4.20 + 2.47 points. Therefore, our patients show a
lower baseline score compared to those in Parry et
al. (2015). We believe this difference results from
the later initiation of early mobility (EM) in our
study, occurring at a mean of 19.71 + 13.78 days
(with the EG at 16.17 + 10.16 days and the CG at
23.26 + 16.03 days) from ICU admission and start
of mechanical ventilation. Parry et al. (2015) did
not specify the exact day EM was started after ICU
admission, but their ICU stay averaged 8 days, with
5 days on MV. We believe that the delay in EM in
our study is due to the more severe condition of
our patients and the need for prolonged sedation.
Notably, the mean age of our cohort was lower, at
45.54 + 19.1 years (EG: 43.14 + 18.9 years; CG:
47.94 + 19.3 years), compared to 58 + 17 years in
Parry et al. (2015). Between the two assessments -
upon awakening and at ICU discharge- patients in
Parry et al. (2015) underwent standard ICU phys-

iotherapy, including bed mobility, sitting on the
bed’s edge, standing, marching in place, and walk-
ing. At ICU discharge, they reported a PFIT-s score
of 6.3 £ 2.2 points (mean difference = 1.59, 95% CI
=1.12,2.06, p <.005). In our study, CG results were
similar, at 6.22 + 2015. 32, while the EG achieved
a mean PFIT-s of 7.79 + 2.13 points (p = .005). We
attribute the higher PFIT-s score in the EG to our
implementation of upper extremity resistance ex-
ercises- both manual and with free weights- and
early verticalization efforts while patients were still
on MV. This approach included lower extremity
exercises against gravity, such as standing, sitting,
marching in place, stair climbing, and walking with
or without aids.

Higher PFIT-s scores at waking from sedation
(OR = 1.59, p = .004) and younger age are signifi-
cant factors in determining whether a patient will
be discharged home or to along-term rehabilitation
center, as noted in studies by Denehy et al. (2013)
and Nordon-Craft et al. (2014). Furthermore, ac-
cording to Berney et al. (2012) and Denehy et al.
(2013), PFIT-s can be used to guide exercise se-
lection in ICU patients as well as to monitor their
functional recovery.

In a study by Dos Reis et al. (2022) in the ICU of
the Federal University of Santa Catarina’s Univer-
sity Hospital with 122 patients, the mean age was
56 years (47-66 years), and the mean ICU length
of stay was 7 days (5-11), with an average of 5 days
(3-8) on mechanical ventilation (MV). Patients
scored a mean PFIT-s of 8 (5-10) points at ICU
discharge. In comparison, EG patients in our study
had a mean PFIT-s of 7.79 + 2.13 points at ICU
discharge, which is close to the score reported by
Dos Reis et al. (2022). It is important to note that
Dos Reis et al. (2022) do not specify the exact type
of early mobilization used in their study. We be-
lieve that our results are due to the protocol-based
early mobilization we implemented, which aims to
achieve the highest level of motor independence
within the ICU while patients are still on MV.
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CONCLUSION

The use of protocol-based progressive mobiliza-
tion, with an emphasis on early verticalization, in
the EG resulted in a more significant increase in
muscle strength and endurance. Further research
is needed to determine the optimal time to initiate
early mobilization as well as the best safety criteria
to progress in the intensity.

REFERENCES

Akan, B. (2021). Influence of sarcopenia fo-
cused on critically ill patients. Acute and critical
care, 36(1), 15-21.
https://doi.org/10.4266/acc.2020.00745

Balke, M., Teschler, M., Schafer, H., et al.
(2022). Therapeutic Potential of Electromyostim-
ulation (EMS) in Critically Il Patients-A System-
atic Review. Frontiers in physiology, 13, 865437.
https://doi.org/10.3389/fphys.2022.865437

Bercker, S., Weber-Carstens, S., Deja, M.,
et al. (2005). Critical illness polyneuropathy and
myopathy in patients with acute respiratory dis-
tress syndrome. Critical Care Medicine, 33(4),
711-715.
https://doi.org/10.1097/01.ccm.0000157969.46388.a2

Berney, S., Haines, K., Skinner, E. (2012).
Safety and feasibility of an exercise prescription
approach to rehabilitation across the continuum
of care for survivors of critical illness. Phys Ther
92(12):1524-1535

Clarissa, C., Salisbury, L., Rodgers, S., & Kean,
S. (2019). Early mobilisation in mechanically ven-
tilated patients: a systematic integrative review of defi-
nitions and activities. Journal of Intensive Care, 7, 3.
https://doi.org/10.1186/s40560-018-0355-z

de Queiroz, R., Saquetto, M., Martinez, B.,
etal. (2018). Evaluation of the description of active
mobilisation protocols for mechanically ventilat-
ed patients in the intensive care unit: A systemat-
ic review of randomized controlled trials. Heart
& lung: the journal of critical care, 47(3), 253-260.
https://doi.org/10.1016/j.hrtlng.2018.03.003

Denehy, L., de Morton, N., Skinner, E., et
al. (2013). A physical function test for use in the
intensive care unit: validity, responsiveness, and
predictive utility of the physical function ICU test
(scored). Physical Therapy, 93(12), 1636-1645.
https://doi.org/10.2522/ptj.20120310

Dos Reis, N., Figueiredo, F,, Biscaro, R., et al.
(2022). Psychometric Properties of the Barthel Index
Used at Intensive Care Unit Discharge. American
journal of critical care: an official publication, Ameri-
can Association of Critical-Care Nurses, 31(1),65-72.

https://doi.org/10.4037/ajcc2022732
Evans, L., Rhodes, A., Alhazzani, W,, et al.
(2021). Surviving sepsis campaign: international
guidelinesformanagementofsepsisandsepticshock
2021. Intensive Care Medicine, 47(11), 1181-1247.
https://doi.org/10.1007/500134-021-06506-y
Fazzini, B., Markl, T., Costas, C., etal. (2023).
The rate and assessment of muscle wasting during
critical illness: a systematic review and meta-anal-
ysis. Critical Care (London, England), 27(1), 2.
https://doi.org/10.1186/s13054-022-04253-0
Geense, W., Zegers, M., Peters, M., et al.
(2021). New Physical, Mental, and Cognitive Prob-
lems 1 Year after ICU Admission: A Prospective
Multicenter Study. American Journal of Respirato-
ry and Critical Care Medicine, 203(12),1512-1521.
https://doi.org/10.1164/rccm.202009-33810C
Hajeb, M., Singh, T., Sakusic, A., et al.
(2021). Functional outcome after critical illness in
older patients: a population-based study. Neuro-
logical research, 43(2), 103-109.
https://doi.org/10.1080/01616412.2020.1831302
Hermans, G., & Van den Berghe, G. (2015).
Clinical review: Intensive care unit acquired weak-
ness. Critical Care (London, England), 19(1), 274.
https://doi.org/10.1186/s13054-015-0993-7
Lu,C.,&Wenjuan,].(2024). Constructionand
evaluation of acquired weakness nomogram model
in patients with mechanical ventilation in intensive
care unit. Digital Health, 10, 20552076241261604.
https://doi.org/10.1177/20552076241261604
Meyer, M., Stanislaus, A., Lee, J., et al.
(2013). Surgical Intensive Care Unit Optimal Mo-
bilisation Score (SOMS) trial: a protocol for an in-
ternational, multicentre, randomised controlled
trial focused on goal-directed early mobilisation
of surgical ICU patients. BM] Ppen, 3(8), 003262.
https://doi.org/10.1136/bmjopen-2013-003262
Meyer-Friessem, C., Malewicz, N., Rath,
S., et al. (2021). Incidence, Time Course and
Influence on Quality of Life of Intensive Care
Unit-Acquired Weakness Symptoms in Long-
Term Intensive Care Survivors. Journal of In-
tensive Care Medicine, 36(11), 1313-1322.
https://doi.org/10.1177/0885066620949178
Monsees, J., Moore, Z., Patton, D., et al.
(2023). A systematic review of the effect of early mo-
bilisation on length of stay for adults in the intensive
care unit. Nursing in critical care, 28(4), 499-5009.
https://doi.org/10.1111/nicc.12785
Nordon-Craft, A., Schenkman, M., Ed-
brooke, L., et al. (2014). The physical function in-
tensive care test: implementation in survivors of

265


mailto:karotoo@abv.bg

Vladislav Bonev

260 - 266

critical illness. Physical Therapy, 94(10), 1499-1507.
https://doi.org/10.2522/ptj.20130451

Parry, S. & Puthucheary, Z. (2015). The im-
pact of extended bed rest on the musculoskeletal
system in the critical care environment. Extreme
physiology & medicine, 4, 16.
https://doi.org/10.1186/s13728-015-0036-7

Parry, S., Denehy, L., Beach, L., et al. (2015).
Functional outcomes in ICU - what should we
be using? - an observational study. Critical care
(London, England), 19(1), 127.
https://doi.org/10.1186/s13054-015-0829-5

Phelan, S., Lin, E, Mitchell, M., & Chaboy-
er, W. (2018). Implementing early mobilisation in
the intensive care unit: An integrative review. In-
ternational Journal of Nursing Studies, 77, 91-105.
https://doi.org/10.1016/j.ijnurstu.2017.09.019

Singam A. (2024). Mobilizing Progress: A
Comprehensive Review of the Efficacy of Ear-
ly Mobilization Therapy in the Intensive Care
Unit. Cureus, 16(4), e57595.
https://doi.org/10.7759/cureus.57595

Sinha, R.K,, Sinha, S., Nishant, P, etal. (2024).
Intensive care unit-acquired weakness and mechan-

ical ventilation: A reciprocal relationship. World
Journal of Clinical cases, 12(18), 3644-3647.
https://doi.org/10.12998/wjcc.v12.i18.3644

Tipping, C., Harrold, M., Holland, A., et
al. (2017). The effects of active mobilisation and
rehabilitation in ICU on mortality and func-
tion: a systematic review. Intensive Care Medi-
cine, 43(2), 171-183.

https://doi.org/10.1007/s00134-016-4612-0

Vanhorebeek, 1., Latronico, N., & Van den
Berghe, G. (2020). ICU-acquired weakness. In-
tensive Care Medicine, 46(4), 637-653.
https://doi.org/10.1007/s00134-020-05944-4

Wang, W., Xu, C., Ma, X,, et al. (2020). In-
tensive Care Unit-Acquired Weakness: A Review of
Recent Progress

With a Look Toward the Future. Frontiers
in Medicine, 7, 559789.
https://doi.org/10.3389/fmed.2020.559789

Zhang, L., Hu, W,, Cai, Z., et al. (2019).
Early mobilization of critically ill patients in
the intensive care unit: A systematic review
and meta-analysis. PloS One, 14(10), €0223185.
https://doi.org/10.1371/journal.pone.0223185

Corresponding author:

Vladislav Boneyv,

“Department of Physiotherapy and Rehabilitation”,
National Sports Academy “Vassil Levski”

Sofia, Bulgaria

E-mail: v.bonev@nsa.bg

266


https://ojs.ub.uni-konstanz.de/cpa/issue/view/ISBS1995

IV International Scientific Congress
“Applied Sports Sciences”

PROCEEDING
BOOK

Peer-Review Statement

All full-text papers included in this conference proceed-
ings volume have undergone a rigorous peer-review pro-
cess. Each submission was evaluated by at least two inde-
pendent reviewers with academic expertise relevant to the
topic of the paper. Reviews were conducted in accordance
with established scholarly standards, ensuring the quali-
ty, validity, and originality of the published contributions.
Only papers that met the required scientific and ethical
criteria were accepted for publication.

Publication Ethics and Malpractice Statement

The editors of this conference proceedings volume are
committed to upholding the highest standards of publica-
tion ethics, following the principles outlined by the Com-
mittee on Publication Ethics (COPE).

By submitting their manuscripts, all authors confirm that:

o their work is original and has not been previously
published or submitted elsewhere;

o the research presented is conducted in accordance with
accepted ethical standards;

o all sources used are properly cited;

o there is no plagiarism, data fabrication, or falsification;

o all authors have contributed substantially to the
manuscript and approve its final version;

« any conflicts of interest have been disclosed.

The editors maintain responsibility for the integrity of the
publication process, ensuring fair and unbiased review,
confidentiality of submissions, and immediate action in
cases of suspected misconduct. Any breaches of ethical
standards will lead to correction, retraction, or other ap-
propriate measures.

21-22 November 2025

Sofia, Bulgaria



IV International Scientific Congress
“Applied Sports Sciences”

21-22 November 2025
Sofia, Bulgaria

PROCEEDING BOOK

EDITORS OF THE PROCEEDING BOOK:

Prof. Ognyan Miladinov, DSc
Assoc. Prof. Milena Kuleva, PhD
Assoc. Prof. Stefka Djobova, PhD

SCIENTIFIC COMMITTEE
INTERNATIONAL MEMBERS OF THE SCIENTIFIC COMMITTEE

Prof. Suzanne Lundvall - Prof. Cevdet Cengiz - Assoc. Prof. Branislav Antala -
University of Gothenburg, Canakkale Onsekiz Mart FIEP World Vice-president,
Sweden University, Turkiye Comenius University

Prof. Nenad Stojiljkovic — Prof. Alejandro Garcia Mas — in Bratislava, Slovakia

University of Nish, Serbia University of the Balearic Assoc. Prof. Dario Novak -
Prof. Monica Stanescu - Islands, Spain FIEPS Europe President,
National University of Physical  Prof. Lana Ruzi¢ Svegl - University of Zagreb, Croatia
Education and Sport, University of Zagreb, Croatia Assoc. Prof. Simone Digennaro -
Bucharest, Romania Prof. Javier Pérez-Tejero — University of Cassino and

Prof. Jean-Paul Belgrado - Polytechnic University Southern Lazio, Italy

Free University of Brussels, of Madrid, Spain Assoc. Prof. Jiri Balas — University
Belgium Prof. Biljana Popeska - of Prague, Czech Republic
Prof. Thierry Zintz — Catholic Goce Delchev University, Assoc. Prof. Gulsah $ahin -
University of Louvain, Belgium  North Macedonia Canakkale Onsekiz Mart

University, Turkiye

MEMBERS OF THE SCIENTIFIC COMMITTEE
FROM THE NATIONAL SPORTS ACADEMY “VASSIL LEVSKI”

Prof. Krasimir Petkov Prof. Mihail Mihailov Assoc. Prof. Korneliya

Prof. Ognyan Miladinov Prof. Eleonora Mileva Naydenova

Prof. Daniela Lyubenova Prof. Daniela Dasheva Assoc. Prof. Petar Peev

Prof. Nikolay Popov Prof. Albena Alexandrova Assoc. Prof. Nina Atanasova
Prof. Nikolay Izov Prof. Antonio Antonov Assoc. Prof. Marina Petfrova
Prof. Ivan Maznev Assoc. Prof. Hristo Andonov Assoc. Prof. Ivan Ivanov
Prof. Tatiana lancheva Assoc. Prof. lvan Slavchev Assoc. Prof. Antoaneta

Prof. Valentin Panayotov Assoc. Prof. Milena Kuleva Dimitrova

Prof. Mihail Konchev Assoc. Prof. Stefka Djobova Assoc. Prof. Ina Vladova

Design: Slavka Asenova, Svetla Kostova
Publisher: Scientific Publishing House NSA Press
ISBN (Online): 978-954-718-803-7



