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RESEARCH ARTICLE 
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Abstract 

Background: Microcirculatory dysfunction represents a key pathophysiological mechanism in critically ill patients. Whole-body vibra-

tion (WBV) has been investigated as a non-invasive intervention with potential effects on microcirculation. 

Objective: The aim of this study was to investigate the acute effect of WBV applied in a seated position on systemic microcirculation in 

patients at the second stage of rehabilitation. 

Method and Material: This was an experimental repeated-measures study including 39 participants (18 patients, 21 healthy individu-

als). WBV was applied in a seated position in all participants, while in healthy individuals it was additionally applied in a standing posi-

tion for comparative evaluation. Patients also underwent passive mobilization using a cycle ergometer. Microcirculation was assessed 

using near-infrared spectroscopy in combination with vascular occlusion, before and after each intervention. 

Results: In the overall sample, seated WBV led to a reduction in the reperfusion index (RS: 3.0±1.1 to 2.7±1.0 %/min, p=0.02). In healthy 

individuals, RS decreased significantly (p<0.05), with a trend toward reduction in OS (p=0.091), whereas no changes were observed in 

patients (p>0.05). Standing WBV did not affect microcirculatory indices but resulted in increased heart rate and systolic blood pressure 

(p<0.05). In patients, none of the interventions affected microcirculatory indices, except for a reduction in StO₂ following passive mobili-

zation (p<0.05). 

Conclusions: Seated WBV appears to be associated with acute changes in microcirculatory indices in healthy individuals, but not in 

critically ill patients. These findings highlight the need for further investigation of the parameters and the effectiveness of WBV in clini-

cal populations. 
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INTRODUCTION 

Critical illness and prolonged hospitalization in Intensive Care 

Units (ICUs) are associated with profound alterations in micro-

circulation and endothelial function, directly affecting tissue ox-

ygenation and metabolism.1,2 This dysfunction constitutes a 

well-established pathophysiological mechanism linked to dis-

ease progression, recovery, and long-term functional outcomes. 

As a result, a substantial proportion of patients discharged from 

the ICU exhibit significant impairment in physical and functional 

capacity.3 

Despite structured rehabilitation programs, a considerable num-

ber of patients fail to achieve functional reintegration into the 

community following hospital discharge. The inability of many 

patients to meet the demands of conventional physiotherapy in-

terventions, due to motor, neuromuscular, or cognitive limita-

tions, reduces the effectiveness of rehabilitation. Consequently, 

some patients are either excluded from more intensive pro-

grams or demonstrate limited responsiveness to the applied in-

terventions.4,5 These findings suggest that current therapeutic 

approaches may be insufficient to fully address the underlying 

pathophysiological disturbances, including microcirculatory 

dysfunction in this patient population. 

Whole-body vibration (WBV) is a non-invasive therapeutic ap-

proach that does not require active participation and can be ap-

plied even in patients with significant functional limitations.6,7 

Through mechanisms involving mechanical stimulus transduc-

tion and vasoactive responses, WBV appears to influence multi-

ple physiological systems, including the circulatory system.8,9,10 

The majority of studies have demonstrated that WBV can im-

prove microcirculation in regions proximal to the site of appli-

cation.11,12,13 However, available evidence regarding its systemic 

effects - its ability to induce remote microcirculatory responses 

- remains limited. The investigation of this aspect is of particular 

importance, as it may indicate the presence of mechanisms be-

yond local mechanical effects. 

In this context, the present study aimed to investigate the po-

tential systemic effects of WBV on microcirculation. Additionally, 

the safety and tolerability of WBV applied in a modified seated 

position were evaluated, a setup specifically designed to be ap-

plicable in critically ill patients with limited ability to actively par-

ticipate. 

 

METHODOLOGY 

The present study was an experimental repeated-measures 

study aimed at investigating the acute effects of WBV on micro-

circulation when applied in a modified seated position. The pri-

mary study population consisted of critically ill patients at the 

second stage of rehabilitation, in whom seated WBV was ap-

plied. The effects on systemic microcirculation, as well as the 

safety and feasibility of the intervention, were evaluated through 

comparison with passive mobilization using a cycle ergometer. 

In parallel, a comparison between seated and standing WBV was 

conducted in healthy volunteers to investigate differences in 

mechanical loading, microcirculatory response, hemodynamic 

changes, and safety between the two positions (Figure 1). 

Participants 

A total of 39 individuals participated in the study, including 21 

healthy volunteers (11 females and 10 males), aged 25–60 years, 

and 18 critically ill patients (11 females and 7 males), aged 22–

98 years. Patients constituted the primary study population and 

were at the second stage of rehabilitation following ICU hospi-

talization. 

Inclusion criteria included age ≥18 years and, for the patient 

group, the need for post-acute rehabilitation. Healthy volun-

teers had no history of acute or chronic conditions affecting mi-

crocirculation. For safety reasons, individuals with contraindica-

tions to vibration or the measurement procedures were ex-

cluded, including severe obesity, active fractures, severe anemia, 

uncontrolled spasticity, or skin lesions at sensor sites. No restric-

tive exclusion criteria were applied to critically ill patients re-

garding functional or mobility status, and comorbidities were 

not excluded, in order to evaluate the applicability of the inter-

vention in a clinically heterogeneous population. 

All participants provided written informed consent. In cases 

where this was not possible, consent was obtained from next of 

kin. 

Interventions 

Whole-Body Vibration Protocol  
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WBV was applied using a medical vibration platform at a fre-

quency of 20 Hz and an amplitude of 1.5 mm. The intervention 

was delivered intermittently, consisting of 1-minute cycles sep-

arated by 30-second rest intervals, for a total of 10 cycles. 

Body Position During WBV 

In healthy volunteers, WBV was applied in both standing and 

seated positions. In the standing position, participants stood 

with feet shoulder-width apart and knees slightly flexed to en-

sure adequate mechanical loading and vibration absorption. The 

seated position was a modified WBV application designed to al-

low partial body weight transfer to the platform, simulating me-

chanical loading conditions similar to those of standing (Figure 

2). In patients, only the modified seated position was applied, 

adjusted to their functional capacity to ensure safe and feasible 

delivery of the intervention. 

To provide technical validation of the modified seated position, 

a pilot assessment was conducted using inertial measurement 

sensors placed at the base of the vibration platform, on the seat-

ing surface between the thighs, and on the posterior aspect of 

the trunk. The findings (data not shown) confirmed the trans-

mission of vibration from the platform to the seated participant 

and enabled evaluation of vibration exposure according to the 

ISO 2631-1 standard, indicating acceptable safety levels.  

Comparison with Passive Mobilization 

In critically ill patients, passive mobilization was performed using 

a cycle ergometer in passive mode, with a total duration of 14 

minutes of continuous application, to ensure comparability with 

the WBV intervention. 

Measurements 

In all participants, vital signs and microcirculatory parameters 

were recorded before and immediately after each intervention. 

Blood pressure, heart rate, and oxygen saturation were meas-

ured. Microcirculation was assessed using near-infrared spec-

troscopy (NIRS) in combination with a vascular occlusion tech-

nique. Measurements were obtained at the thenar eminence of 

the left upper limb. Vascular occlusion was induced using a cuff 

placed on the upper arm, inflated to 50 mmHg above systolic 

blood pressure for 3 minutes. In all experimental conditions, the 

upper limb used for measurements remained outside the area 

of intervention and was not directly exposed to the mechanical 

stimulus, in order to assess remote microcirculatory responses. 

From the recordings, the following parameters were calculated: 

tissue oxygen saturation at rest (StO₂, %), oxygen consumption 

rate during occlusion (occlusion slope, OS, %/min), reperfusion 

rate (recovery slope, RS, %/min), and the time required for tissue 

oxygen saturation to return to baseline levels (SecHyperEND). 

 

STATISTICAL ANALYSIS 

Statistical analyses were performed using IBM SPSS Statistics for 

Windows (Version 29.0.1.0; IBM Corp., Armonk, NY, USA). Con-

tinuous variables are presented as means ± SD. Significance was 

set at the level of p < 0.05. 

Normality of data distribution was assessed using the Shapiro–

Wilk test. A factorial 2 × 2 (time × group) repeated measures 

analysis of variance (ANOVA) was employed to examine the dif-

ferences between the patients and the healthy subjects in the 

seated position. A factorial 2 × 2 (time × modality) ANOVA was 

also employed to assess the differences between modalities in 

the critically ill (seated vibration exercise vs cycling exercise) and 

healthy participants (standing vs seated vibration exercise). 

Paired samples t-tests (or Wilcoxon non-parametric tests) inves-

tigated within-group and -modality differences). Independent 

samples t-tests (or Mann-Whitney non-parametric tests) and 

chi-square test explored between-group differences at baseline 

levels. 

 

RESULTS 

A total of 17 critically ill patients and 20 healthy volunteers were 

included in the final analysis, as one participant from each group 

did not complete the measurement protocol for personal rea-

sons. Patients were significantly older compared to healthy par-

ticipants (p < 0.01). Anthropometric and demographic charac-

teristics were comparable between groups (weight: p = 0.97, 

height: p = 0.22, BMI: p =0.39, gender: p = 0.75) (Table 1). All 

sessions were completed safely, with no adverse events re-

ported. 

Effect of Seated WBV  

In the overall sample, seated WBV resulted in a reduction in the 

reperfusion rate (p = 0.02), without significant changes in other 

microcirculatory indices or hemodynamic parameters (p > 0.05) 
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(Table 2). 

No changes in StO₂ were observed following the intervention in 

either patients (p = 0.17) or healthy participants (p = 0.56), and 

no significant time × group interaction was detected (p = 0.14). 

In healthy volunteers, a significant reduction in RS was observed 

(p = 0.01), along with a trend toward reduced OS (p = 0.09), 

whereas no corresponding changes were observed in patients 

(RS: p = 0.51, OS: p = 0.61). These changes did not differ signif-

icantly between groups (RS: p = 0.16, OS: p = 0.11). Hemody-

namic parameters remained unchanged in both groups (p > 

0.05) (Table 3). 

In terms of baseline comparisons, critically ill patients exhibited 

lower StO₂ values compared to healthy participants (p < 0.01). 

Not any other differences were found in the variables included 

(OS: p = 0.24, RS: p = 0.27, SecHyperEND: p = 0.50, HR: p = 0.95, 

SysBP: p = 0.78, DiaBP: p = 0.13). 

Comparison Between Seated and Standing WBV in Healthy 

Participants 

In healthy volunteers, WBV applied in the standing position did 

not induce changes in microcirculatory indices (OS: p = 0.24, RS: 

p = 0.14, StO₂: p = 0.65). In contrast, seated WBV was associated 

with a reduction in RS (3.1 ± 0.9 to 2.8 ± 0.8 %/min, p=0.01) and 

a trend toward reduced OS (8.6 ± 2.8 to 7.8 ± 2.2 %/min, p = 

0.09). However, no significant differences were observed be-

tween positions in terms of changes in microcirculatory indices 

(OS: p = 0.54, RS: p = 0.42, StO₂: p = 0.43). 

Regarding hemodynamic parameters, an increase in heart rate 

was observed only during standing WBV (p< 0.001), with a dif-

ference compared to the seated condition (p = 0.01). Similarly, 

systolic blood pressure increased only in the standing position 

(p = 0.03), although the difference between conditions did not 

reach statistical significance (p = 0.06). Diastolic blood pressure 

remained unchanged (seated position: p = 1.00, standing posi-

tion: p = 0.76) (Table 4). 

Comparison Between WBV and Passive Mobilization in Patients 

In critically ill patients, no changes were observed in microcircu-

latory indices (OS, RS, recovery time) following either interven-

tion (all comparisons p > 0.05). StO₂ decreased significantly after 

passive mobilization with a cycle ergometer (p = 0.02), whereas 

it remained unchanged following seated WBV (p = 0.174). The 

difference between interventions showed a trend but did not 

reach statistical significance (p = 0.09). Hemodynamic parame-

ters remained stable, without significant differences between in-

terventions (p > 0.05) (Table 5). 

 

DISCUSSION 

The present study investigated the systemic effects of WBV on 

microcirculation and hemodynamic responses, as well as the 

variation in response according to body position and population 

characteristics. The main findings showed that WBV applied in 

the seated position in healthy participants was associated with a 

statistically significant reduction in the reperfusion index at a re-

mote measurement site, without concomitant hemodynamic 

changes. In contrast, no significant changes in microcirculatory 

indices were observed in patients, whereas lower baseline tissue 

oxygenation values were recorded. In addition, WBV applied in 

the standing position in healthy participants was accompanied 

by an increase in heart rate and systolic blood pressure, without 

corresponding changes in microcirculatory indices, while in pa-

tients΄ passive mobilization led to a reduction in StO₂, in contrast 

to seated WBV. 

WBV, both in the seated and standing positions, was safe and 

well tolerated, with no adverse events reported. This finding is 

particularly important given that the intervention was also ap-

plied in critically ill patients. Although physiological responses 

differed according to body position, all interventions were com-

pleted without safety concerns. The modified seated WBV ap-

proach may therefore represent a feasible and well-tolerated 

option for individuals with limited functional capacity. In addi-

tion, the possibility of applying the intervention without trans-

ferring the patient may enhance its practical value in clinical re-

habilitation settings.  

The findings of the present study can be interpreted in light of 

differences in microcirculatory responsiveness depending on 

both the characteristics of the applied stimulus and the popula-

tion under investigation. In the existing literature, interventions 

associated with more consistent systemic microcirculatory re-

sponses are typically characterized by increased muscle activa-

tion, higher metabolic demand, and more pronounced hemody-

namic stimuli, such as exercise—even when involving voluntary 
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activation of a single muscle group for a short period—as well 

as electrical muscle stimulation.14,15 In contrast, interventions 

with lower muscular and metabolic load, such as passive mobi-

lization and WBV, tend to exhibit greater variability and are often 

limited to mild or local effects, without consistent evidence of 

systemic microcirculatory responses.16,17 

In the critically ill patients of the present study, no significant 

changes in microcirculatory indices were observed following 

WBV, whereas lower baseline tissue oxygenation values were 

recorded. Despite the clinical heterogeneity of the sample, a 

common characteristic of the patients was the presence of sig-

nificant functional limitation, neurological or neuromuscular im-

pairment, and a high burden of comorbidities, mainly cardiovas-

cular and metabolic. These findings suggest that, in this popula-

tion, reduced tissue oxygen availability and utilization may al-

ready be present at rest, along with a diminished capacity for 

microcirculatory adaptation to external stimuli, consistent with 

the presence of microvascular dysfunction. 

Similar patterns have been described in the literature across var-

ious pathological conditions, including heart failure, diabetes 

mellitus, COVID-19, arterial hypertension and stroke, where re-

duced microvascular reactivity and impaired post-occlusive hy-

peremic responses have been reported.18,19,20,21,22,23,24,25 This re-

duced adaptability has been linked to endothelial dysfunction, 

increased oxidative stress, and chronic inflammation, leading to 

elevated vascular tone and impaired microvascular perfusion. In 

addition to functional alterations, structural changes such as re-

duced capillary density and a lower number of perfused capil-

laries contribute to heterogeneous blood flow distribution and 

increased oxygen diffusion distance.26 These factors may further 

limit the capacity for acute microcirculatory adaptation to exter-

nal stimuli such as vibration. 

Age represents another important factor influencing microcircu-

latory function. In the present study, patients were older and ex-

hibited lower baseline tissue oxygenation values, suggesting dif-

ferences in baseline microvascular status compared to younger 

healthy participants. It is well established that aging is associated 

with reduced endothelium-dependent vasodilation, increased 

vascular tone, and diminished capacity to regulate blood flow in 

response to metabolic demands27,28, as well as a weakened rela-

tionship between hemodynamic stimuli and vascular response.29 

In addition, NIRS-based studies have shown that older individu-

als may exhibit a lower degree of tissue deoxygenation during 

vascular occlusion, which may influence the subsequent hyper-

emic response.30 

In contrast, healthy participants exhibited a distinct microcircu-

latory response. Specifically, seated WBV tended to be associ-

ated with a reduction in the reperfusion index (RS), reflecting 

changes in the dynamics of post-occlusive reactive hyperemia 

(PORH) and suggesting modulation of microvascular reactivity 

and endothelium-dependent vasodilation.31,32,33 Given the ab-

sence of underlying microvascular dysfunction, this finding likely 

reflects an acute functional adaptation of the microcirculation to 

the mechanical stimulus of vibration rather than a pathological 

impairment. 

A potential mechanism underlying this response involves activa-

tion of the exercise pressor reflex, through neurogenic pathways 

that regulate cardiovascular responses and contribute to the re-

distribution of blood flow toward activated muscle groups.34,35 

Body position may also play a relevant role, as it affects venous 

return and hydrostatic pressure, thereby influencing microcircu-

latory dynamics.36 

Similarly, evidence from passive interventions suggests that 

even mild stimuli, such as passive mobilization with a cycle er-

gometer, may influence sympathetic activity and induce sys-

temic neurogenic responses, without this necessarily translating 

into a stable and uniform microcirculatory response.37,38,39 In the 

present study, the reduction in tissue oxygenation observed fol-

lowing passive mobilization may reflect an imbalance between 

oxygen delivery and utilization at the tissue level in a population 

with limited physiological reserve. 

The heterogeneity of responses described in the literature38, 

both across different populations and within the same group, is 

consistent with the findings of the present study. These obser-

vations suggest that microcirculatory responses to passive stim-

uli are not uniform, but largely depend on baseline physiological 

status and the characteristics of the applied intervention. 

The present study has some limitations that should be consid-
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ered when interpreting the findings. Microcirculatory assess-

ment was performed using near-infrared spectroscopy (NIRS) 

combined with vascular occlusion, a method whose indices are 

influenced not only by microvascular function but also by the 

characteristics of tissue deoxygenation. Although the rate of de-

oxygenation during occlusion was recorded, the minimum tissue 

oxygen saturation value was not systematically assessed, which 

does not allow full evaluation of the intensity of the ischemic 

stimulus. In addition, no direct measurements of sympathetic 

activity or blood flow distribution were performed, limiting the 

causal interpretation of the proposed mechanisms. The rela-

tively small sample size and the heterogeneity of the clinical 

population may also affect the generalizability of the findings. 

Further studies are required to investigate the mechanisms un-

derlying the observed responses, particularly the potential con-

tribution of neuromuscular pathways and mechanical loading 

characteristics to WBV-induced microcirculatory modulation. In 

addition, future research should determine whether alternative 

loading strategies can influence microcirculatory responsiveness 

in critically ill patients while maintaining clinical feasibility and 

patient safety. Further investigation is also needed to clarify the 

clinical relevance of the observed microcirculatory changes and 

to identify the patient populations most likely to benefit from 

WBV. 

 

CONCLUSIONS 

In conclusion, WBV elicited differential microcirculatory re-

sponses depending on population characteristics and body po-

sition. In critically ill patients, the modified seated application of 

WBV was safe and well tolerated but did not induce significant 

changes in microcirculatory parameters. In contrast, healthy par-

ticipants demonstrated changes in microvascular reactivity at a 

remote site following seated WBV, without significant hemody-

namic alterations. These findings highlight the heterogeneous 

physiological response to WBV across different populations. 
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ANNEX 

 TABLE 1. Study demographic and anthropometric characteristics. 

 
Whole group Patients Healthy participants 

Gender 

(male /female 

17/22 7/11 10/11 

Age (years) 
53.1 ± 23.0 

 

70.6 ± 19.9 38.1 ± 12.5 

Body weight (Kg) 
 

68.4 ± 14.0 

 

68.0 ± 13.5 68.8 ± 14.8 
 

Height (m) 
1.7 ± 0.1 

 

1.7 ± 0.1 
 

1.7 ± 0.1 
 

Body mass index 

(weight/height(m²)) 
 

24.0 ± 4.0   
 

24.5 ± 3.8 23.6 ± 4.1 

Data are presented as mean ± standard deviation (SD). 

 

TABLE 2. Comparison of NIRS variables and hemodynamic indices during vibration in the seated po-

sition in the patient and healthy participant groups. 

Variables 

Vibration in the seated position 

T-test (p value) 

Before After 

OS (%/min) 8.2 ± 2.7 7.9 ± 2.3 0.46 

RS (%/min) 3.0 ± 1.1 2.7 ± 1.0 0.02 

SecHyperEND (sec) 172.9 ± 21.6 171.4 ± 23.1 0.45 

StO2 (%) 87.5 ± 5.0 87.0 ± 5.4 0.42 

HR (bpm) 75.6 ± 12.1 77.2 ± 14.4 0.26 

SysBP (mmHg) 109.5 ± 12.3 109.7 ± 13.5 0.97 

DiaBP (mmHg) 68.7 ± 6.5 68.2 ± 7.3 0.48  

OS, slope of the deoxygenation phase; RS, slope of the reperfusion phase; SecHyperEND, time to the 

end of reactive hyperemia; StO₂, tissue oxygen saturation; HR, heart rate; SysBP, systolic blood pressure; 

DiaBP, diastolic blood pressure. Data are presented as mean ± standard deviation. The level of statistical 

significance was set at p < 0.05. 
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TABLE 3. Comparison of NIRS variables and hemodynamic parameters during seated vibration between patients and healthy partici-

pants. 

 

 

 

Variables 

Patients (n = 17) Healthy participants (n = 20) ANOVA 

Before After 

Within-

group p-

value 

Before After 

Within-

group p-

value 

Time x group 

(p value) 

OS (%/min) 7.5 ± 2.7 7.7± 2.6 0.61 8.6 ± 2.8 7.8 ± 2.2 0.09 0.11 

RS (%/min) 2.7 ± 1.3 2,7 ± 1.3 0.51 3.1 ± 0.9 2.8 ± 0.8 
0.01 

0.16 

SecHyperEND 

(sec) 

170.2 ± 26.0 165.1 ± 20.5 0.27 175.0 ± 17.7 176.5 ± 24.3 
0.93 

0.49 

StO2 (%) 84.7 ± 5.2 83.4 ± 3.9 
0.17 

89.7 ± 3.7 89.9 ± 4.5 0.56 0.14 

HR (bpm) 75.4 ± 13.8 76.1 ± 15.2 0.65 75.7 ± 10.7 78.2 ± 13.9 
0.30 

0.53 

SysBP (mmHg) 108.9 ± 12.8 111.7 ± 12.9 0.31 110.0 ± 118 108.1 ± 13.6 0.35 0.14 

DiaBP (mmHg) 66.7 ± 7.6 66.1 ± 7.0 0.15 70.0 ± 5.4 70.0 ± 7.1 1.00 0.73 

OS, slope of the deoxygenation phase; RS, slope of the reperfusion phase; SecHyperEND, time to the end of reactive hyperemia; StO₂, 

tissue oxygen saturation; HR, heart rate; SysBP, systolic blood pressure; DiaBP, diastolic blood pressure. Data are presented as mean ± 

standard deviation. The level of statistical significance was set at p < 0.05. 
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TABLE 4. Comparison of NIRS variables and hemodynamic parameters between seated vibration and standing vibration in the healthy 

participant group (n = 20). 

Variables 

Vibration in the seated position Vibration in the standing position ANOVA 

Before After 

Within-

group p-

value 

Before After 

Within-

group p-

value 

Time x group 

(p value) 

OS (%/min) 8.6 ± 2.8 7.8 ± 2.2 0.09 8.7 ± 2.5 8.2 ± 1.6 0.24 0.54 

RS (%/min) 3.1 ± 0.9 2.8 ± 0.8  0.01 3.3 ± 0.8 3.1 ± 0.5 0.14 0.42 

SecHyperEND 

(sec) 

175.0 ± 17.7 176.5 ± 24.3 
0.93 

176.5 ± 18.6 169.6 ± 16.5 0.08 0.25 

StO2 (%) 89.7 ± 3.7 89.9 ± 4.5 0.56 89.4 ± 4.7 90.4 ± 3.5 0.65 0.43 

HR (bpm) 75.7 ± 10.7 78.2 ± 13.9 0.30 76.7 ± 11.0 91.7 ± 17.2 <0.001 0.01 

SysBP (mmHg) 110.0 ± 11.8 108.1 ± 13.6 0.35 107.1 ± 13.1 111.9 ± 12.9 0.03 0.06 

DiaBP (mmHg) 70.0 ± 5.5 70.0 ± 7.1 1.00 69.5 ± 7.4 69.5 ± 6.3 0.76 0.83 

OS, slope of the deoxygenation phase; RS, slope of the reperfusion phase; SecHyperEND, time to the end of reactive hyperemia; StO₂, 

tissue oxygen saturation; HR, heart rate; SysBP, systolic blood pressure; DiaBP, diastolic blood pressure. Data are presented as mean ± 

standard deviation. The level of statistical significance was set at p < 0.05. 

 

 

TABLE 5. Comparison of NIRS variables and hemodynamic parameters between seated vibration and cycling exercise in the patient 

group (n = 17). 

Variables 

Vibration in the seated position Cycling exercise ANOVA 

Before After 

Within-

group 

p-value 

Before After 

Within-

group 

p-value 

Time x group 

(p value) 

OS (%/min) 7.7 ± 2.6 7.7 ± 2.7 0.61 7.2 ± 2.1 7.2 ± 1.9 0.96 0.95 

RS (%/min) 2.7 ± 1.4 2.7 ± 1.3 0.51 2.7 ± 1.1 2.6 ± 1.2 0.26 0.83 

SecHyperEND 

(sec) 

173.9 ± 24.0 166.1 ± 20.1 0.27 163.2 ± 20.0 162.5 ± 26.7 0.58 0.55 

StO2 (%) 84.1 ± 4.8 83.4 ± 4.1 0.17 87.3 ± 6.7 83.8 ± 6.6 0.02 0.09 

HR (bpm) 75.2 ± 12.6 75.9 ± 13.3 0.65 74.7 ± 13.4 74.7 ± 14.4 0.36 0.84 

SysBP(mmHg) 108.8 ± 13.2 111.8 ± 13.3 0.31 112.4 ± 11.5 110.6 ± 16.0 0.48 0.27 

DiaBP (mmHg) 66.5 ± 7.9 65.9 ± 7.1 0.15 67.6 ± 8.3 68.8 ± 7.8 0.48 0.18 

OS, slope of the deoxygenation phase; RS, slope of the reperfusion phase; SecHyperEND, time to the end of reactive hyperemia; 

StO₂, tissue oxygen saturation; HR, heart rate; SysBP, systolic blood pressure; DiaBP, diastolic blood pressure. Data are presented 

as mean ± standard deviation. The level of statistical significance was set at p < 0.05. 
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FIGURE 1. Schematic illustration of the study design and comparative interventions, with seated whole-body vibration as the central 

focus. 

 

 

 

 

 

FIGURE 2. Modified seated whole-body vibration position adapted for use in critically ill patients. 

 

 

 

https://ejournals.epublishing.ekt.gr/index.php/HealthResJ

