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Introduction: Flexibility and mobility are essential components of physical fitness, impacting joint function and musculoskeletal health. Individuals with obesity often exhibit restricted range of motion (ROM), exacerbated by muscle weakness, joint stiffness, and altered posture. Whole-body cryostimulation (WBC), involving exposure to low temperatures, has shown promise in alleviating inflammation and improving physical performance. This study evaluates the acute and short-term effects of WBC combined with rehabilitation on spinal and shoulder ROM in individuals with obesity.



Methods: This non-randomized controlled trial included 42 adults with obesity undergoing a 4-week multidisciplinary rehabilitation program consisting of nutritional intervention, psychological support, physiotherapy, and physical activity. Participants were divided into two groups: a WBC group [WG, n = 21; 12 males (BMI = 38.77 kg/m2), 9 females (BMI = 38.45 kg/m2)] receiving 10 sessions (−110°C, 2 min/session) alongside rehabilitation, and a control group [CG, n = 21; 12 males (BMI = 43.37 kg/m2), 9 females (BMI = 41.86 kg/m2)] receiving rehabilitation alone. ROM for spine-related (i.e., anterior flexion, lateral bending, rotation) and shoulder-related (i.e., frontal rise, lateral rise, backward push) motor tasks was assessed at different time-points using a marker-based optoelectronic motion capture (MoCap) system. Repeated-measures (RM-ANOVA) analyzed changes within groups over time, post hoc t-tests identified significant effects, and mixed RM-ANOVA compared changes between groups.



Results: Except for anterior flexion, WG showed significant improvements (p < 0.05) in ROM and task duration across all movements, with moderate to large effect sizes (0.20 ≤ d < 0.80). For instance, improvements were reported for ROM in shoulder flexion (acute-post: p = 0.045, d = 0.43) and extension (pre-post: p < 0.001, d = 0.51), as well as for spinal rotation (pre-post: p = 0.029, d = 0.42). Similarly, task duration reductions across all tasks, such as spinal rotation (pre-post: p = 0.040, d = 0.45) and lateral bending (pre-post: p < 0.025, d = 0.54). Conversely, CG showed no significant ROM changes.



Discussion: WBC, when combined with rehabilitation, led to significant improvements in spinal and shoulder ROM. Acute and short-term benefits were observed in ROM and task duration, supporting WBC as a valuable addition to rehabilitation for individuals with obesity.




Clinical Trial Registration: https://clinicaltrials.gov/study/NCT05443100, identifier NCT05443100.
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1 Introduction

Flexibility is an intrinsic property of body tissues that determines the range of motion (ROM) achievable at a joint or group of joints and is widely regarded as a fundamental component of physical fitness and overall musculoskeletal health (1). It plays a critical role in facilitating efficient movement, preventing injury, and maintaining functional independence (2, 3). At the joint level, maximum ROM is influenced by a combination of structural and functional factors, including the mechanical properties of bones, tendons, ligaments, and joint capsules, as well as neuromuscular control (4). Among these, tendon compliance—the ability of tendons to stretch under load— is particularly important in allowing smooth and efficient joint movement (5).

Neuromuscular regulation also plays a pivotal role in flexibility. The stretch reflex, a protective neuromuscular mechanism, further influences flexibility by triggering muscle contraction in response to rapid elongation, thus preventing overstretching and potential injury (6). Furthermore, reduced neural activation decreases resistance to muscle elongation, facilitating greater ROM under a given load (7). Conversely, heightened muscle tension or neural activation restricts ROM by increasing resistance to elongation (8, 9). However, training methods like static stretching and proprioceptive neuromuscular facilitation can desensitize this reflex, allowing greater ROM without compromising stability (10).

While flexibility refers to the passive capacity to achieve ROM, mobility encompasses the active control of ROM and integrates muscle function, strength, stability, and coordination. Adequate flexibility supports mobility, but the latter requires additional elements to ensure efficient movement in sports and daily activities. Poor mobility can lead to compensatory movement patterns, increasing injury risk and impairing performance. Thus, optimizing both flexibility and mobility through targeted interventions enhances physical function and reduces injury risk, particularly in athletic contexts (11).

This interplay between structural and neuromuscular factors underscores the complexity of flexibility and how these factors may interact and differ among individuals. However, its determinants remain incompletely understood, with significant variability influenced by factors such as age (12), physical activity levels, specific training, and overall health status (13).

A reduced ROM is particularly relevant in the context of obesity, which is associated with various musculoskeletal disorders, including spinal impairments and osteoarthritis (14). Being overweight or having obesity can significantly reduce joint flexibility (15), contributing to restricted spinal mobility and increased stiffness, particularly in the dorsal region (16). Musculoskeletal disorders, especially in the shoulder (17), are common, potentially due to compensatory postural changes in the spine (e.g., increased stiffness) (18) and upper limbs (e.g., restricted ROM at the elbow) (19). Reduced flexibility in the thoracolumbar region may also lead to postural alterations, especially during prolonged standing, which increases mechanical stress on the hip joints (20). These postural changes, including hyperextension of the lumbar spine, increased anterior pelvic tilt while standing and a generally limited ROM due to reduced mobility in the pelvic and thoracic regions, are commonly observed in individuals with obesity (21). Abdominal circumference and gravitational forces may further influence lumbar lordosis and its mobility during forward flexion or lateral bending and altering muscle dynamics, particularly in erector spinae muscles (22). This may impair the ability of these muscles to counteract anterior shear forces, compromising spinal stability. Such postural changes can exacerbate spinal loading, increased torque and shear forces at the L5-S1 level, potentially contributing to disc degeneration (23). Other factors, such as neuromuscular activation deficits and muscle fatigue, may also contribute to reduced spinal stability during movement (24).

The application of thermal agents such as heat or cold is popular in clinical and rehabilitative settings and have been explored to improve ROM. Altering tissue temperature can have a range of therapeutic effects through changes in metabolism, nerve transmission, pain modulation, hemodynamics, and mechanical properties (25). Heat therapies, including thermotherapy, warm water immersion, and the application of hot packs, have been shown to enhance tissue elasticity, improve blood flow, and promote muscle relaxation, which collectively contribute to increased flexibility and range of motion (26–29). While the literature has indicated potential benefits of cryotherapy on ROM (28), the evidence remains inconsistent and highlights the need for further investigation.

Whole-body cryostimulation (WBC) is a physical/medical treatment where the entire body is exposed to extremely low temperatures (between −110°C and −140°C) for a short period of time, within dedicated cryochambers. Emerging evidence demonstrates that WBC elicits systemic physiological responses, including reductions in inflammation and oxidative stress (30, 31), pain (32–35), and stress/anxiety symptoms (36, 37). These effects position WBC as a promising adjunct therapy for various medical and sports medicine applications. The analgesic and anti-inflammatory benefits of cryostimulation are mediated by a sudden thermal gradient that activates cutaneous thermal receptors. This results in a reduction in skin temperature, a slowing of nerve impulse propagation in pain-transmitting fibers, and a modulation of pain signals through inhibitory pathways. In addition, repeated WBC sessions lead to a decrease in the production of pro-inflammatory mediators and oxidative stress markers. These physiological changes contribute to an increase in parasympathetic activity, concomitant with a reduction in sympathetic nerve activity, which is manifested by a decrease in fatigue, a reduction in muscle tension, an alleviation of delayed onset muscle soreness, and an improvement in mood and depressive symptoms (38). Initially employed for rheumatoid arthritis pain management (39), WBC's clinical applications have expanded to encompass orthopaedic, neurological, metabolic, autoimmune, psychiatric, and sleep disorders (30, 40–45).

Recent studies indicate that WBC modulates inflammatory responses, alleviating joint pain (46) and fatigue (47), which supports its potential as a valuable approach to managing obesity-related symptoms and improving physical function (44). This aligns with findings from studies demonstrating WBC's beneficial effects on mobility and pain reduction in patients with various musculoskeletal conditions (37, 48–51). Notably, when combined with exercise or physical therapy programs, repeated WBC has been shown to improve spinal mobility, muscle strength, endurance, and reduce low back pain and inflammation in patients with conditions like osteoarthritis, multiple sclerosis, and ankylosing spondylitis (37, 49–52). Furthermore, improvements in subjective measures of pain, mobility, and quality of life following WBC treatments have been reported in patients with various musculoskeletal conditions (i.e., knee and hip osteoarthritis, spinal pain syndromes) and chronic pain conditions like fibromyalgia and rheumatoid arthritis (35, 43, 53–56). Notably, De Nardi et al. (57) demonstrated significant improvements in sit-and-reach ROM after a single session of WBC.

Further research is warranted to fully elucidate WBC's impact on ROM in individuals with obesity. Obesity alters body movement biomechanics, hindering the joints' physiological ROM and increasing the risk of musculoskeletal overload. This dysfunction contributes to the high incidence of musculoskeletal disorders in this population, ultimately reducing their capacity to accomplish daily life and occupational activities (58, 59). By improving ROM and alleviating inflammation, WBC may offer a promising approach to mitigating these issues, but further studies are needed to confirm its long-term benefits and effectiveness in this context.

Previous studies evaluating WBC's effects on this population have primarily relied on subjective measures [e.g., Visual Analog Scales (VAS)] and functional tests [e.g., Timed Up and Go (TUG), Six-Minute Walk Test (6MWT)]. As for ROM assessment, manual goniometry has limited accuracy, which may prevent the consistent detection of clinically significant changes. To address these limitations and enable precise quantification of ROM changes, this study aims to objectively assess spinal and shoulder active ROM in individuals with obesity using a 3D marker-based optoelectronic motion capture (MoCap) system.

Marker-based motion capture (MoCap) systems are widely regarded as the gold standard for motion analysis and functional motor assessment, owing to their high levels of accuracy and reliability, with Intraclass Correlation Coefficient (ICC) values typically ranging from 0.80 to 0.99, depending on the measurement parameter and the protocol employed (60–62). These systems utilize reflective markers placed on specific anatomical landmarks, allowing for precise tacking of human movement through multiple synchronized cameras. Such methodologies are foundational in fields such as biomechanics and rehabilitation, where accurate movement quantification is crucial for assessment and intervention.

By leveraging these advanced technologies, the study aims to provide insights into how WBC may enhance mobility in individuals with obesity. The hypothesis is that WBC may help address mobility limitations, ultimately improving functional outcomes. By quantitatively tracking these changes within a rehabilitation program combining physiotherapy interventions with WBC, the study aims to contribute to a deeper understanding of how WBC impacts movement efficiency and overall musculoskeletal health in this population.



2 Materials and methods


2.1 Participants

This non-randomized controlled trial investigated the impact of WBC on active ROM in the spine and shoulder in individuals with obesity. A MoCap system was used to objectively measure ROM across a set of six motor tasks targeting the spine and shoulder at multiple time points.

The study was conducted between September 2023 and October 2024. A total of 42 participants were recruited among patients with obesity following a 4-week multidisciplinary rehabilitation program at San Giuseppe Hospital (IRCCS Istituto Auxologico Italiano, Piancavallo, Italy). The participants were divided into two cohorts. The first cohort (WG) consisted of 21 individuals with obesity undergoing the rehabilitation program complemented by a cycle WBC. The second cohort, serving as the control group (CG) included 21 individuals matched by age, sex, and BMI, who underwent only the rehabilitation program. Participants' characteristics are summarized in Table 1.



TABLE 1 Mean anthropometric and clinical features of participants.



	Variable
	WBC group (WG)
	Control group (CG)





	Participants (M/F)
	21 (12/9)
	21 (11/10)



	Age (years)
	50.48 (13.64)
	52.19 (14.65)



	Body mass (kg) (Baseline)
	114.61 (23.77)
	123.03 (25.00)



	Weight loss during rehabilitation (kg)
	−5.30 (2.21)
	−6.65 (3.13)



	Height (cm)
	168.39 (21.61)
	167.11 (11.34)



	BMI (kg/m2)
	39.40 (5.03)
	42.58 (5.42)




	Values are expressed as mean and standard deviation (SD), except for the number of participants, which is divided into males (M) and females (F) for each group.







Participants were selected based on the following inclusion criteria: age ≥18 years, BMI >30 kg/m2, absence of acute cardiovascular, respiratory, or infectious diseases, and absence of neurological or musculoskeletal conditions impairing the ability to understand vocal cues or motor functions. Participants with genetic obesity disorders (e.g., Prader-Willi Syndrome) were excluded. For eligibility to WBC treatment, additional criteria were considered, including the absence of unstable hypertension, no cold intolerance, no claustrophobia, no recent modifications to their usual pharmacological treatment, and body temperature ≤37.5°C.

The study protocol was approved by the Ethics Committee of the Istituto Auxologico Italiano (code 2021_05_18_14) and conducted in accordance with the ethical standards of the Institute and the 1964 Helsinki Declaration and its subsequent amendments. The sample in this study is part of a larger cohort initially gathered to examine broader patterns in the effects of WBC on individuals with metabolic or neurological conditions, fibromyalgia, or healthy patients with normal or excess weight (study registration: NCT05443100).

Written informed consent was obtained from all participants prior to enrollment.



2.2 Therapeutic intervention

The multidisciplinary rehabilitation program included tailored nutritional interventions, psychological support, physiotherapy sessions and supervised physical activity throughout the hospital stay. Participants were provided with a balanced hypocaloric diet structured into three main meals – breakfast, lunch, and dinner - formulated to provide 18%-20% protein, 27%–30% fat, 50%–55% carbohydrates, and 30 g of fibers derived primarily from fresh vegetables. Physical rehabilitation involved two daily 60-minutes sessions including individualized, progressive aerobic exercise training, activities to enhance postural control, and gradually intensifying strength training exercises, all supervised by qualified physiotherapists.

Participants in WG also underwent exposure to extremely cold, dry air (−110°C) in a cryochamber (Artic, CryoScience, Rome, Italy) where breathable air is present (Figure 1). Prior to treatment, patients wore minimal clothing, consisting of a surgical mask, ear band, gloves, a t-shirt, shorts, socks, and rubber clogs. Patients were also required to remove any glasses, contact lenses, and metallic jewelry, and ensure their skin was thoroughly dried to avoid skin burns. To familiarize patients with the procedure, a 1-minute trial session at −110°C was performed. Subsequent sessions (1st to 10th) were extended to 2 min at the same temperature. Throughout each session, continuous vocal and visual monitoring through the chamber's window was maintained to ensure patient comfort and safety. Each participant of WG completed a total of ten WBC sessions (i.e., 1 cycle), typically distributed over a two-week period. Skin temperature was assessed before and after the first and the last WBC sessions assessed using a high-precision infrared thermometer (Fluke 62 Max+, Fluke Corporation, Everett, WA, USA) with an accuracy of ±1°C or 1% of the measured value and a distance-to-spot ratio of 12:1, capable of detecting temperatures from −30°C to +650°C. Measurements were taken at four specific anatomical regions: nape of the neck (N), quadriceps (Q), popliteal cavity (PC), and calf (C). Skin temperature data were collected within one minute, both immediately before and after each WBC session.


[image: The CRYOArctic cryotherapy chamber has an open door, revealing its padded, anatomically shaped inside. A big metal tank connects to the chamber with a hose. Everything is set up on a wooden floor.]
FIGURE 1
Visual representation of the cryochamber used in this study.




2.3 Experimental set-up and study design for motor assessment

All participants underwent instrumented motor assessment at the Motion Analysis Laboratory of San Giuseppe Hospital, equipped with a 6-camera, marker-based optoelectronic MoCap system (VICON, Oxford Metrics Ltd., Oxford, UK; sampling rate: 100 Hz). A set of 12 reflective makers (Ø = 15 mm) was manually placed on specific anatomical landmarks according to the model proposed by Menegoni et al. (63), with two additional markers placed on the right and left elbows to track upper limb motion (64). The full marker setup is as shown in Figure 2.


[image: Diagram of a humanoid figure with labeled anatomical points. The front view on the left shows the right acromion (RACR), right elbow (RELB), right anterior superior iliac spine (RASIS), left acromion (LACR), left elbow (LELB), and left anterior superior iliac spine (LASIS). The rear view on the right labels the left posterior superior iliac spine (RPSIS) and the T1, T6, L1, L3, and S1 vertebrae.]
FIGURE 2
Placement of markers for tracking spine and shoulder motion.


Each participant performed a series of six tasks designed to evaluate the active ROM of the spine and shoulders. Starting from an upright standing position with arms extended and forearms aligned, participants performed the following motor tasks (Figure 3):


	•Anterior trunk flexion: participants bent forward at the waist while keeping the spine as neutral as possible, aiming to reach toward the ground or shins without bending the knees. This task measured spinal flexion (Figure 3a);

	•Lateral bending (right/left): participants bent the torso sideways at the waist, bringing one arm toward the leg while maintaining hip stability. This task measured spinal lateral flexion (Figure 3b);

	•Twist (right/left): participants rotated the torso to one side, while keeping the hips facing forwards. This task measured spinal rotation (Figure 3c);

	•Frontal arm rise (right/left): participants raised the arm straight in front of the body to the maximum achievable height while keeping the elbow straight. This task measured shoulder flexion (Figure 3d);

	•Lateral arm rise (shoulder abduction) (right/left): participants raised the arm laterally out to the side to the maximum achievable height while maintaining a straight elbow. This task measured shoulder abduction (Figure 3e);

	•Backward arm push (shoulder extension) (right/left): participants extended the arm backwards behind the body, maintaining a straight elbow throughout the movement. This task measured shoulder extension (Figure 3f).




[image: Human Anatomical Model Postures. Illustration of a human anatomical model performing various postures, showcasing muscle anatomy from different perspectives. (a) Model bending forward and backward. (b) Model leaning sideways. (c) Model with arms extended sideways. (d) Model viewed from the side with arms forward. (e) Model with arms extended horizontally. (f) Model viewed from the side with arms backward.]
FIGURE 3
Motor task for spine and shoulder active ROM assessment. Anterior flexion (a); lateral bending (b); twist (c); frontal rise (d); lateral rise (e); and backward push (f).


Each task was performed in two sets of six repetitions (per side for bilateral movements). Participants were instructed to perform the movements at their natural, self-selected pace, within their maximum pain-free active ROM.

The assessment was conducted at distinct time points to quantitatively evaluate the effects of the rehabilitation programs with and without WBC on WG and CG. Specifically, WG was evaluated at baseline (i.e., PRE), immediately after the first WBC session (i.e., ACUTE), and at the completion of the WBC cycle (i.e., POST). In contrast, CG was assessed at baseline (i.e., PRE) and following a rehabilitation period matched in duration to the WBC cycle (i.e., POST). A graphical representation of the treatment protocol and its timeline is provided in Figure 4.


[image: Study Setup Diagram. Diagram illustrating a study setup with two groups: a Working Group (WG) and a Control Group (CG). The WG undergoes cryotherapy at -110°C for two minutes, repeated ten times over two weeks. The CG follows a personalized regimen of diet, physiotherapy, physical activity, and psychological support. A timeline shows baseline, acute, and post periods for both groups.]
FIGURE 4
Graphical representation of the treatment protocol.




2.4 Data analysis and processing

Raw optical data were initially processed using VICON Nexus software (version 1.8., Vicon, Oxford Metrics Ltd., Oxford, UK). During this process, each marker was assigned to its corresponding anatomical landmark. Processed data were then imported into SmartAnalyzer (BTSBioengineering, Milan, Italy) for further analysis with custom routines to extract quantitative measurements.

The 3D marker coordinates were first linearly interpolated and filtered using a 5 Hz low-pass Butterworth filter to reduce noise. To ensure accurate angle measurements and minimize alignment errors between the participant's body and laboratory reference system (X, Y, Z), a local reference frame (x, y, z) was defined on the pelvis, following the method described by Menegoni et al. (63). Specifically:


	•The x-axis (medial-lateral) was aligned with the markers on the right and left anterior superior iliac spine (RASIS and LASIS), and oriented from the left to the right of the subject.

	•The y-axis (vertical) was defined as the perpendicular to the pelvic plane (i.e., plane formed by the vector connecting RASI to RPSI), and directed upwards.

	•The z-axis (anterior-posterior) was defined as the cross product of the x- and y-axes.



Task-specific routines were then applied to calculate relevant rotation angles and their corresponding ROMs. Repetitions for each task were identified by detecting the maximum and the minimum values along the angular curve, focusing on the primary rotation angles associated with each movement (i.e., shoulder flexion in frontal arm rise). For each repetition, ROM was computed as the difference in degrees (°) between the maximum and the minimum. Additionally, task duration (seconds) was calculated as the difference between the end of the last repetition and the start of the first repetition. The analyzed angles and their definitions are detailed in Table 2.



TABLE 2 Definitions of biomechanical angles for shoulder and spinal movements.



	Task
	Measured angle
	Angle label
	Definition





	Frontal rise
	Shoulder flexion
	SF
	Angle defined by anterior elevation of the arm relative to the torso



	Lateral rise
	Shoulder abduction
	SA
	Angle defined by the lateral elevation of the arm relative to the torso



	Backward push
	Shoulder extension
	SE
	Angle defined by the posterior displacement of the arm relative to the torso



	Lateral bending
	Spinal inclination (Absolute)
	SIA
	Angle between the vector passing through LACR and RACR and the Y-axis



	Spinal inclination (Local)
	SIL
	Angle between the vector passing through LACR and RACR and the y-axis



	Twist
	Spinal rotation (Absolute)
	SRA
	Angle measured between the vector passing through LACR and RACR and the Z-axis.



	Spinal rotation (Local)
	SRL
	Angle measured in the coronal plane between the vector passing through LACR and RACR and the z-axis.



	Anterior flexion
	Lower spine inclination
	S1-L1
	Angle of the lower spinal segment (S1-L1) with respect to Y-axis



	Mid-lower spine inclination
	S1-L3
	Angle of the mid-lower spinal segment (S1-L3) with respect Y-axis



	Mid spine inclination
	L1-T1
	Angle of the mid spinal segment (L1-T1) with respect to the Y-axis.



	Upper-mid spine inclination
	L1-T6
	Angle of the upper-mid spinal segment (L1-T6) with respect to Y-axis



	Upper spine inclination
	T6-T1
	Angle of the upper spinal segment (T6-T1) with respect to Y-axis



	Pelvic inclination
	Pelvis
	Angle between the projection of the S1-L1 vector and y-axis



	Trunk inclination
	Trunk
	Angle between the projection of the S1-T1 vector and the Y-axis



	Thoracic inclination
	Thorax
	Angle between the projection on the sagittal plane of vector T1-L1 and vector S1-L1




	Movements are categorized by tasks, measured angles, labels, and their definitions. Spinal movements are described in relation to both local (x, y, z) and laboratory (X, Y, Z) reference frame as well as by specific spinal segment. Shoulder movements are categorized based on sagittal and frontal plane actions.









2.5 Statistical analysis

Statistical analysis was performed with JASP (JASP Team, Amsterdam, Netherlands) and Matlab (MathWorks Inc., Natick, MA, United States). Normality of data was assessed with the Shapiro–Wilk test, while homogeneity of variances was verified using Levene's test. A preliminary paired t-test was performed to compare the right and left sides during bilaterally executed tasks. Independent t-tests were conducted at baseline to evaluate potential group differences in anthropometric measures and performance parameters.

To assess whether changes over time differed between groups, a mixed repeated measures ANOVA (mixed RM-ANOVA) was performed using only the PRE and POST data. This analysis aimed to examine the interaction between time (i.e., session) and group (i.e., WG vs. CG), with a significant session*group interaction (p < 0.05) indicating that the time effect on the outcome variable was not the same for both groups.

Within WG, RM-ANOVA was performed across all the available sessions (i.e., PRE, ACUTE, and POST) to evaluate temporal changes in ROM and task duration. The inclusion of the ACUTE time point allowed for a more comprehensive evaluation of the ROM progression over time, which was not captured by the mixed RM-ANOVA that only included the PRE and POST sessions. If a significant main effect of session was found (p < 0.05), post hoc analysis were conducted using multiple t-test comparisons with Holm correction to identify significant differences between specific time points (i.e., PRE vs. POST, PRE vs. ACUTE, ACUTE vs. POST). Effect sizes for post hoc comparisons were reported as Cohen's d (d) and interpreted as follows: d < 0.20, small effect; 0.20 ≤ d < 0.50, moderate effect; 0.50 ≤ d < 0.80, large effect; and d ≥ 0.80, very large effect. For CG, paired t-tests were applied to detect PRE-POST changes, as data were available only for these two sessions according to the study design.

Finally, an additional analysis was performed to evaluate the onset of fatigue during the tasks involving spinal movements. ROM is influenced by the shortening capacity of muscles across a joint, which can be diminished by fatigue. Fatigue, in turn, reduces the ability of muscles to shorten effectively, leading to a reduction in joint ROM during motor task (65). In this study, the presence of fatigue was assessed using RM-ANOVA to examine changes across the performed repetitions in terms of ROM for each session, followed by post hoc tests to identify specific differences between repetitions if needed.




3 Results

The Shapiro–Wilk test confirmed the normality of data distribution, while Levene's test verified the homogeneity of variances across all groups and tasks for all parameters, supporting their representation in terms of mean and standard deviation. Preliminary paired t-tests revealed no statistically significant differences (p > 0.05) in baseline parameters between groups. Similarly, no statistically significant differences (p > 0.05) were found between the right and left sides for bilaterally performed tasks. Based on these results, data from both sides were pooled, and ROM was calculated as the average across repetitions per each set, excluding the first repetition per side to minimize potential initial measurement biases (64, 66). Finally, the average ROM for each participant was computed as the mean value from the two sets.


3.1 Skin temperature measurements

A significant reduction in skin temperature was consistently observed following WBC sessions, providing direct evidence of the treatment's potent cooling effect. Table 3 reports the mean percentage changes in temperature recorded before and after the first treatment and before and after the final treatment for subjects allocated to the WG group.



TABLE 3 Mean percentage changes (Δ%) and mean temperature drops (ΔT), reported as mean (SD), between pre-T1 and post-T1 and pre-T10 and post-T10 WBC sessions at four reference points in WG (n = 21): nape (N), quadriceps (Q), popliteal cavity (PC), and calf (C).



	Reference point
	Mean Δ% - T1
	Mean ΔT°C - T1
	Mean Δ% - T10
	Mean ΔT°C - T10





	Nape
	−17.90 (8.19)
	−4.44 (3.46)
	−20.01 (9.09)
	−5.04 (3.90)



	Quadriceps
	−30.46 (9.37)
	−7.19 (4.86)
	−36.64 (13.20)
	−8.60 (5.97)



	Popliteal cavity
	−43.73 (12.55)
	−10.46 (6.82)
	−46.35 (15.26)
	−11.06 (7.39)



	Calf
	−46.26 (13.28)
	−11.11 (7.31)
	−45.54 (12.98)
	−10.87 (7.06)









3.2 Rehabilitation and treatment effects across sessions


3.2.1 Shoulder

Table 4 summarizes the mean ROM and task duration for shoulder-related motor tasks across sessions, divided by group, along with the corresponding statistical analysis results. These results are also visually displayed in Figure 5. For conciseness, the complete results of the statistical analysis, including the full set of p-values and effect size, are provided in the Supplementary Material.



TABLE 4 Mean and standard deviation for shoulder motor assessment across the different sessions, in terms of ROM and duration.



	Task
	Parameter
	WG
	CG



	PRE
	ACUTE
	POST
	PRE
	POST





	Frontal rise
	SF ROM (°)
	111.22 (14.38)
	110.47 (14.76)
	116.13 (13.18)+
	116.27 (13.95)
	115.20 (12.86)



	Duration (s)
	34.76 (5.66)
	29.71 (6.13)†
	31.35 (5.03)*
	36.18 (6.93)
	34.68 (8.00)



	Lateral rise
	SA ROM (°)
	107.29 (19.52)
	105.92 (21.33)
	114.39 (20.86)+
	109.57 (21.76)
	113.46 (19.36)



	Duration (s)
	30.95 (6.05)
	27.21 (6.21)†
	28.10 (5.19)*
	32.21 (7.41)
	30.55 (7.77)



	Backward push
	SE ROM (°)
	29.92 (15.67)
	32.63 (17.54)
	38.73 (17.70)*,+
	30.08 (10.94)
	31.07 (8.55)



	Duration (s)
	26.75 (6.82)
	24.81 (5.56)†
	24.69 (4.18)*
	27.22 (4.95)
	25.40 (4.99)




	Assessments were conducted at three time points for WG: PRE (i.e., baseline), ACUTE (i.e., post-T1) and POST (i.e., post-T10). For CG, assessment was conducted at PRE and POST only. Statistical significance for within-group comparisons is indicated as follows: WG: “*” = p < 0.05 if PRE vs. POST; “†” = p < 0.05 if PRE vs. ACUTE; “+” = p < 0.05 if ACUTE vs. POST.
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FIGURE 5
Visual representation of the mean values and standard deviations of ROM and duration for shoulder motor tasks across sessions and groups. ROM values for the WG are displayed in blue, while those for the CG are shown in black.


The mixed RM-ANOVA revealed a significant session*group interaction for SE ROM during the backward push task (p = 0.003), indicating group-specific improvement from PRE to POST in WG. However, no significant interactions were found for the other tasks.

With respect to the temporal evolution of ROM and task duration within WG, RM-ANOVA revealed statistically significant differences over time for both ROM and task duration. In particular, post hoc tests showed that SF ROM significantly increased from ACUTE to POST in the frontal rise task (p = 0.045), while in the lateral rise task, SA ROM significantly increased from PRE to ACUTE (p = 0.036). Similarly, SE ROM showed significant improvements from ACUTE to POST (p = 0.002), as well as from PRE to POST (p < 0.001). Task duration significantly decreased across all tasks between PRE and ACUTE, as well as between PRE and POST (p < 0.05).

post hoc comparisons also indicated that significant differences (p < 0.05) were associated with moderate (0.20 ≤ d < 0.50) to large (0.50 ≤ d < 0.80) effect sizes, supporting the impact of WBC over time. Conversely, non-significant comparisons (p > 0.05) showed small effect sizes (d < 0.2), pointing to minimal or negligible differences between the observed time points.

In contrast, CG did not show statistically significant changes in terms of ROM or duration between PRE and POST sessions for any tasks.



3.2.2 Spine

The results for motor tasks targeting spinal movements are summarized in Table 5 and Figure 6, following the same format as the shoulder analysis in the previous section.



TABLE 5 Mean and standard deviation for spinal motor assessment across the different sessions, in terms of ROM and duration.



	Task
	Parameter
	WG
	CG



	PRE
	ACUTE
	POST
	PRE
	POST





	Lateral bending
	SIL ROM (°)
	37.60 (10.88)
	38.73 (10.67)
	41.93 (11.26)*,+
	37.28 (7.59)
	36.99 (7.99)



	SIA ROM (°)
	91.50 (12.06)
	90.70 (8.85)
	91.56 (6.57)
	89.31 (9.33)
	87.53 (6.11)



	Duration (s)
	30.67 (7.05)
	25.25 (5.38)†
	27.47 (4.81)*
	34.66 (7.10)
	30.83 (5.13)*



	Twist
	SRL ROM (°)
	27.03 (10.32)
	31.30 (11.29)†
	31.85 (11.74)*
	25.17 (9.09)
	25.79 (8.81)



	SRA ROM (°)
	78.13 (20.96)
	83.21 (26.66)
	84.83 (22.25)
	78.70 (14.33)
	82.19 (14.94)



	Duration (s)
	31.83 (8.28)
	27.91 (5.93)†
	28.86 (4.68)*
	34.51 (8.10)
	32.35 (5.59)



	Anterior flexion
	S1-L1 ROM (°)
	69.70 (16.48)
	70.66 (17.31)
	66.45 (17.27)
	63.00 (17.36)
	63.66 (14.62)



	S1-L3 ROM (°)
	56.32 (15.87)
	54.94 (16.31)
	50.85 (15.84)
	50.55 (15.84)
	50.57 (14.28)



	L1-T1 ROM (°)
	99.18 (21.82)
	98.22 (19.04)
	102.57 (18.32)
	98.51 (16.96)
	98.16 (15.13)



	L1-T6 ROM (°)
	93.01 (18.75)
	93.20 (19.77)
	96.95 (18.59)
	93.35 (18.24)
	93.89 (16.27)



	T6-T1 ROM (°)
	101.77 (22.78)
	99.96 (19.63)
	103.58 (17.38)
	101.30 (13.96)
	100.54 (14.74)



	Pelvis ROM (°)
	31.33 (19.28)
	29.51 (16.00)
	28.47 (15.73)
	21.42 (12.79)
	25.54 (13.53)



	Trunk ROM (°)
	88.52 (17.53)
	88.25 (17.53)
	90.84 (16.16)
	86.71 (15.77)
	87.32 (15.23)



	Thorax ROM (°)
	32.31 (12.00)
	29.17 (10.72)
	37.17 (15.18)+
	38.00 (11.80)
	35.51 (11.99)



	Duration (s)
	22.26 (6.57)
	19.72 (5.07) †
	19.30 (3.82)*
	25.54 (5.69)
	22.77 (3.80)*




	Assessments were conducted at three time points for WG: PRE (i.e., baseline), ACUTE (i.e., post-T1) and POST (i.e., post-T10). For CG, assessments were conducted at PRE and POST only. Statistical significance for within-group comparisons is indicated as follows: WG: “*” = p < 0.05 if PRE vs. POST; “†” = p < 0.05 if PRE vs. ACUTE; “+” = p < 0.05 if ACUTE vs. POST; CG group: “*” = p < 0.05 if PRE vs. POST.
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FIGURE 6
Visual representation of the mean values and standard deviations of ROM and duration for tasks involving spinal movements across sessions and groups. ROM values for the WBC are displayed in blue, while those for the CG are shown in black. Lateral bending and twist task (a) Anterior flexion and task durations (b).


The mixed RM-ANOVA revealed significant session*group interactions (p < 0.05) for several parameters. Specifically, significant interactions were found for SIL ROM in the bending task (p = 0.014), SRL ROM (p = 0.048), and task duration across all tasks. These interactions suggest that the improvements in ROM and reductions in task duration over time were significantly greater in WG compared to CG.

For the bending tasks, RM-ANOVA revealed that SIL ROM significantly increased from ACUTE to POST (p = 0.035) and from PRE to POST (p = 0.005), with a total improvement of about 4°. In the twist task, significant differences were observed from PRE to POST for SRL ROM (p = 0.029), which increased by about 5°. For anterior flexion, although WG showed trends toward ROM improvements, no significant differences were found (all p > 0.05). For instance, L1-T6 ROM and T6-T1 ROM showed variations, but neither reached statistical significance (p = 0.095 and p = 0.397, respectively). In addition, a significant decrease in duration was observed for all tasks from PRE to ACUTE and from PRE to POST. As seen with shoulder movements, post hoc comparisons in WG following RM-ANOVA indicated moderate (0.20 ≤ d < 0.50) to large (0.50 ≤ d < 0.80) effect sizes for significant comparisons, supporting a sustained impact of the treatment over time.

In contrast, CG did not report statistically significant changes in ROM or duration between PRE and POST sessions for any tasks. However, a significant reduction (p = 0.01) in task duration was observed from PRE to POST for bending and anterior flexion.




3.3 Fatigue onset and effects of WBC

No significant fatigue onset was detected for the bending and anterior flexion tasks, where the ROM remained almost stable across the repetitions performed in each session. However, for the twist task, significant differences were observed in SRL ROM between the first considered repetition and the last repetition. Notably, these findings do not seem to indicate fatigue onset but rather a significant enhancement in performance. In fact, while ROM remained consistent across repetitions during the PRE and POST sessions, a progressive increase in ROM was observed from the initial to the last repetition in the ACUTE session. This pattern seems to suggest immediate improvement following WBC treatment, particularly for rotational movements. The absence of significant changes during the PRE and POST sessions further supports the notion that the observed enhancement is specific to the acute effects of WBC. These results are presented in Table 6 and Figure 7.



TABLE 6 Mean values and standard deviations for SRL ROM during the twist task in WG are presented for the first and last repetitions across PRE, ACUTE, and POST sessions.



	Session
	ROM first rep (°)
	ROM last rep (°)
	% Change





	PRE
	26.63 (9.58)
	26.06 (8.81)
	−0.4%



	ACUTE
	29.66 (10.59)
	39.30 (20.73)*
	+29.1%



	POST
	31.44 (12.98)
	31.28 (12.06)
	+1.2%




	The percentage change (% Change) between the first and last repetitions is reported for each session.


	*p < 0.05 if first rep vs. last rep.








[image: Twist and Fatigue Line Graph. Line graph titled "Twist and Fatigue" showing SRL ROM in degrees across three sessions: PRE, ACUTE, and POST. Two lines represent the First Rep (blue) and Last Rep (red). PRE values are 26.63° (First Rep) and 26.06° (Last Rep). ACUTE values are 29.66° (First Rep) and 39.30° (Last Rep), showing a 29.1% increase in the last rep. POST values are 31.44° (First Rep) and 31.28° (Last Rep), showing a 1.2% increase. A legend differentiates the session types.]
FIGURE 7
Visual representation of mean values and standard deviations for the first and last repetitions for SRL ROM during the twist task in WG across PRE, ACUTE, and POST sessions. Data points for the first repetition are shown in blue, while those for the last repetition are shown in red. Percentage change between the first and the last repetitions is indicated in bold black on the graph for each session.





4 Discussion

Reduced ROM, particularly at shoulder and spine level, is common in individuals with obesity, leading to pain, functional impairments and decreased quality of life. WBC, which involves controlled exposure to extremely low temperatures (typically between −110°C and −140°C) for short durations, has been shown to reduce inflammation, pain, and oxidative stress. In our study, we consistently observed a significant reduction in skin temperature following WBC sessions, providing direct evidence of the treatment's potent cooling effect, which is thought to initiate a cascade of physiological responses. The exposure to cold temperatures has been shown to induce systemic physiological responses, such as vasoconstriction followed by vasodilation upon rewarming, promoting enhanced circulation and metabolic recovery (38). This process is thought to decrease inflammatory markers and improve muscle recovery, which could potentially impact mobility (15, 30). In this context, the aim of this original research was to investigate the impact of WBC combined with physiotherapy interventions on active ROM in individuals with obesity, using a 3D marker-based optoelectronic MoCap system, the gold standard for human motion analysis and functional assessment. By tracking these changes within rehabilitation, this study aimed to provide quantitative insights into how WBC-related mechanisms may impact mobility in this population.

The results from 42 patients with a chronic, remitting and relapsing condition like obesity shows evidence that repeated WBC sessions combined with a rehabilitation program can significantly improve spinal and shoulder active ROM as compared to rehabilitation alone. The findings offer quantitative insights into both the acute and short-term effects of WBC, supporting its potential as an effective therapeutic intervention for enhancing flexibility and ROM of the spine and shoulders, thus managing some of the obesity-related musculoskeletal limitations. Although we did not directly measure weight changes during the initial two-week intervention, the comparable and minimal weight loss observed in both the WBC and control groups at the end of the rehabilitation period, especially when considered in relation to the participants' initial weight, suggests that substantial weight fluctuations during the intervention are unlikely to be the main factor in the observed ROM improvements. Given this similar and modest weight reduction in both groups, it becomes less likely that changes in body mass contributed significantly to the improvement in range of motion, thus strengthening the argument that the ROM improvements are primarily attributable to the WBC intervention.


4.1 Acute effects

Changes in active ROM after the first WBC session were observed: they were not significant in shoulder flexion and abduction, whereas in spinal rotation a significant (p < 0.05) increase was observed (PRE, Mean: 27.03°, SD: 10.32; ACUTE, Mean: 31.85°, SD: 11.74°). An immediate benefit of WBC was evident after just one session, as significant reductions in task duration were observed across all tasks. For instance, the duration of the frontal raise task decreased from pre-intervention (PRE, Mean: 34.76 s, SD: 5.66 s) to post-WBC (ACUTE, Mean: 29.71 s, SD: 6.13 s). Similarly, the twist task duration dropped from the same time points (PRE, Mean: 31.83 s, SD: 8.28 s; ACUTE, Mean: 27.91 s, SD: 5.93 s). It is worth noting that De Nardi et al. (57) also demonstrated significant improvements in sit-and-reach ROM after a single WBC session, highlighting the potential for acute ROM enhancements with this intervention. However, in our study, we observed that these acute ROM improvements were specific to spinal rotation, while task duration was reduced across all movements. We can hypothesize that these rapid improvements are due to the synergic local and systemic effects of WBC previously described, reducing discomfort during movement even after a single session. The observation of these acute improvements in spinal rotation and task durations specifically in the WBC group, unlike the control group, further supports the notion that the enhanced ROM is a direct effect of the WBC treatment and not a consequence of weight loss occurring over the rehabilitation period.



4.2 Post-cycle effects

After the 10-session WBC cycle, significant (p < 0.05) improvements in active ROM were observed in spinal and shoulder movements, with the magnitude of improvement varying depending on the task and anatomical region. Shoulder active ROM increased significantly in all tasks, especially during the backward push task (PRE, Mean: 29.92°, SD: 15.67°; POST, Mean: 38.73°, SD: 17.70°). Similarly, active spinal ROM showed significant gains in spinal lateral bending and rotation, but not in anterior flexion. Task durations decreased significantly in all tasks, with further improvements compared to the acute changes, suggesting that WBC's impact on neuromuscular efficiency and coordination is consistent regardless of the movement type. Our results also suggest that while WBC rapidly alleviates muscle stiffness and discomfort, its effects on active ROM may require multiple sessions to achieve substantial improvements.



4.3 Fatigue onset and task-specific insights

Novel insights were observed in fatigue onset, particularly during spinal rotation in the twist task, where a progressive increase in SRL ROM was reported from the first to the last repetition during the acute assessment. This contrasts with the typical fatigue-related decline observed in repetitive motor tasks. Enhanced proprioception and sensory feedback, combined with neurovascular changes such as increased blood flow and oxygenation, likely contributed to this phenomenon. In contrast, the PRE session showed no significant intra-session changes in ROM, indicating baseline capacity without external facilitation. By the POST session, participants demonstrated short-term adaptations, including improved baseline spinal mobility and neuromuscular efficiency, minimizing the need for acute facilitatory effects.



4.4 Underlying mechanisms

The observed benefits in shoulder and spinal active ROM can be attributed to the multifaceted physiological mechanisms elicited by WBC. Firstly, cryotherapy may reduce pain and inflammation by regulating the release of anti-inflammatory cytokines and endorphins, which may accelerate tissue recovery and enhance mobility (67). Secondly, the alternating vasoconstriction and vasodilation cycle may improve blood circulation and oxygen delivery to tissues, potentially relieving stiffness and enabling smoother movement (68). Additionally, the findings suggest that WBC may positively influence neuromuscular control and proprioceptive feedback, potentially contributing to optimized motor performance and reduced discomfort during physical tasks. A systematic review (69) examined 11 trials investigating the effects of local cryotherapy in flexibility. Based on those findings, it appears that there is some credible research evidence supporting the notion that cryotherapy can enhance joint flexibility. Certain researchers support the theory that cryotherapy positively affects the viscoelastic properties of a muscle unit (70) and the muscle myostatic reflex (71). These two mechanisms can contribute to greater muscle relaxation and, thus, to higher flexibility. Further, cryotherapy for a stretched muscle has been found to cause depression of stretch reflex through direct sensory stimulation of the primary and secondary muscle spindle afferent fibers, which decrease activity and lower a muscle's threshold to interfere in muscle excitability (72). In addition, localized cryotherapy, including ice application, has been shown to decrease nerve conduction velocity and muscle spasms (73) and affect muscle properties and neural activity (74). However, as demonstrated by Harlaar et al. (74), these effects do not consistently translate to significant improvements in ROM, particularly in patients with spasticity. These combined effects are particularly significant for individuals with obesity, who often experience restricted ROM, joint pain, and early onset of fatigue. By addressing these limitations, WBC has shown to improve the active ROM in spine and shoulder. Our systemic WBC approach resulted in more substantial gains in spinal and shoulder ROM, suggesting that WBC may enhance joint mobility, although the underlying physiological mechanisms, involving both local and systemic effects, remain unclear and were not specifically investigated in this study. Notably, the improvements observed in WG were absent in CG, where active ROM and task duration exhibited minimal or non-significant changes, reinforcing the hypothesis that the observed benefits are attributable to WBC. The patient's positive emotional engagement with the treatment and satisfaction with a brief, well-tolerated procedure without side effects may have played a role in the observed functional improvements and a placebo effect cannot be ruled out.



4.5 Statistical insights and temporal evolution of ROM

Despite the small sample size, the moderate-to-large effect sizes for significant differences in post hoc tests following RM-ANOVA suggest a sustained impact of WBC over time. These effect sizes indicate that the observed improvements are not only statistically significant but also meaningful in real-world terms, implying functional benefits and emphasizing the potential clinical relevance of the treatment to achieve meaningful mobility improvements.

The mixed RM-ANOVA, which assessed the interaction between time (i.e., session) and group (i.e., WG vs. CG), was performed using only the PRE and POST sessions. This analysis revealed significant interactions for several parameters (e.g., SIL ROM and SRL ROM). However, to examine the evolution of ROM across all time points for WG (i.e., PRE, ACUTE, and POST), a separate RM-ANOVA was conducted. This analysis was specifically intended to assess changes in ROM and task duration over time for WG, even when no significant interaction was found between PRE and POST in the mixed-design ANOVA. By including the ACUTE time point, a more comprehensive progression of ROM was observed, which was not captured by the mixed ANOVA focusing only on PRE and POST.

While the mixed RM-ANOVA did not reveal significant interactions between group and time for PRE and POST for certain parameters (e.g., SF ROM), this does not imply that the WG group did not experience substantial changes. For this reason, within-group analysis across all time points were important to fully capture the evolution of ROM over the entire treatment period, including the acute phase, where initial changes may have occurred.

This dual approach enhances the understanding of the temporal effects of WBC and supports its potential as a clinically relevant intervention for improving mobility, further emphasizing the importance of considering multiple time points in future research.



4.6 Strengths and limitations

A significant strength of this study is the use of a MoCap system to quantitively assess the effect of WBC on mobility parameters. MoCap systems are widely regarded as the gold standard for human motion analysis, with excellent accuracy and reliability demonstrated in prior research. Unlike previous studies relying on subjective measures or manual tools like goniometers, MoCap provided precise and reproducible data on movement patterns and changes. The adoption of a marker placement protocol specifically developed for individuals with obesity further enhanced data accuracy, addressing concerns related to adiposity and altered body geometry. This methodological rigor sets a new standard for evaluating therapeutic interventions in this population. Another strength of the study is the use of WBC instead of local cryotherapy. Using a whole-body cold exposure may in fact amplify the results that can be obtained with local cold therapies, taking advantage of the cascade of systemic effects that have been previously documented after WBC.

However, several limitations that deserve consideration are present. Firstly, a consecutive enrollment approach was used, rather than randomization, because of clinical and logistical constraints. Conducted in the hospital setting, randomization proved impractical for maintaining patient tolerance and adherence to the intervention, reflecting clinical practice in which treatment decisions prioritize patient well-being and practical feasibility. Furthermore, the absence of a crossover design is due to the patients' limited rehabilitation period and hospital stay, which made it impractical to implement within the study time frame. As for a placebo-controlled design, patients would have easily detected the lack of steam and cold inside the chamber, compromising the integrity of the placebo effect, especially in later sessions. Additionally, the scope of the study was limited by the absence of multiple outcome measures, such as cytokines and other inflammatory parameters. This decision was made because the small sample size would likely have precluded the detection of significant changes between groups, since these parameters often improve during the rehabilitation process. A larger cohort would be required for such an analysis. Regarding additional assessments of ROM, the patients' tight rehabilitation timeframes necessitated a focused assessment on those measures deemed most relevant to our study objectives. In addition, the relatively small sample size and short-term focus limit the generalizability of the findings. Future research should explore WBC benefits in the long-term and its efficacy across diverse populations. Additionally, the task-specific nature of improvements warrants further investigation to optimize cryotherapy protocols for various movement patterns and functional needs.




5 Conclusions

This study highlights the significant benefits of adding WBC to rehabilitation programs in enhancing spinal and shoulder active ROM in individuals with obesity. The acute effects of WBC provide rapid increase of ROM, while the benefits observed after 10 repeated sessions underscore the added value of a 10-session WBC cycle for achieving clinically meaningful functional outcomes. The consistent decrease in skin temperature observed after each WBC session supports the treatment's effective cooling properties, likely triggering a cascade of physiologic responses that contribute to these positive improvements. In particular, a considerable reduction in skin temperature from before to after the session was observed. This suggests that WBC may elicit beneficial effects through alternative mechanisms or that even a less pronounced reduction in temperature may produce clinically relevant results in this population.

By increasing active ROM, reducing task duration, and enhancing neuromuscular efficiency, WBC offers a versatile therapeutic approach to address obesity-related mobility challenges and improving overall quality of life. This treatment has proven to be safe once medical screening has been performed (75). Although sufficient evidence suggesting an improved joint flexibility after local cryotherapy in athletes has been shown (69), future randomized controlled trials on larger sample sizes of patients with ROM limitations using gender-specific analyses, and extended follow-up periods are needed to validate these findings further and to implement add-on cold therapies to boost rehabilitation outcomes.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found below: Zenodo (https://doi.org/10.5281/zenodo.14735132).



Ethics statement

The studies involving humans were approved by Ethics Committee of the Istituto Auxologico Italiano IRCCS. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

SC: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Software, Validation, Visualization, Writing – original draft, Writing – review & editing. FV: Conceptualization, Data curation, Investigation, Methodology, Project administration, Validation, Writing – original draft, Writing – review & editing. JF: Conceptualization, Investigation, Methodology, Supervision, Validation, Writing – original draft, Writing – review & editing. AA: Conceptualization, Investigation, Methodology, Validation, Writing – original draft, Writing – review & editing. MG: Writing – original draft, Writing – review & editing. PC: Conceptualization, Funding acquisition, Investigation, Project administration, Resources, Supervision, Validation, Writing – original draft, Writing – review & editing. VC: Conceptualization, Data curation, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Supervision, Validation, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by Italian Ministry of Health - Ricerca Corrente.



Acknowledgments

The authors would like to thank Lisa Conforti for her valuable help in data processing and analysis.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fresc.2025.1568280/full#supplementary-material



References


	1. Nuzzo JL. The case for retiring flexibility as a major component of physical fitness. Sports Med. (2020) 50(5):853–70. doi: 10.1007/s40279-019-01248-w


	2. Ingraham SJ. The role of flexibility in injury prevention and athletic performance: have we stretched the truth? Minn Med. (2003) 86(5):58–61.15495679


	3. Stathokostas L, Little RMD, Vandervoort AA, Paterson DH. Flexibility training and functional ability in older adults: a systematic review. J Aging Res. (2012) 2012:306818. doi: 10.1155/2012/306818


	4. Blazevich AJ, Cannavan D, Waugh CM, Fath F, Miller SC, Kay AD. Neuromuscular factors influencing the maximum stretch limit of the human plantar flexors. J Appl Physiol (1985). (2012) 113(9):1446–55. doi: 10.1152/japplphysiol.00882.2012


	5. Holzer D, Millard M, Hahn D, Siebert T, Schwirtz A, Seiberl W. Tendon compliance and preload must be considered when determining the in vivo force–velocity relationship from the torque–angular velocity relation. Sci Rep. (2023) 13(1):6588. doi: 10.1038/s41598-023-33643-9


	6. Bhattacharyya KB. The stretch reflex and the contributions of C David Marsden. Ann Indian Acad Neurol. (2017) 20(1):1–4. doi: 10.4103/0972-2327.199906


	7. Guissard N, Duchateau J. Neural aspects of muscle stretching. Exerc Sport Sci Rev. (2006) 34(4):154–8. doi: 10.1249/01.jes.0000240023.30373.eb


	8. Behm DG, Blazevich AJ, Kay AD, McHugh M. Acute effects of muscle stretching on physical performance, range of motion, and injury incidence in healthy active individuals: a systematic review. Appl Physiol Nutr Metab. (2016) 41(1):1–11. doi: 10.1139/apnm-2015-0235


	9. Fukaya T, Sato S, Yahata K, Yoshida R, Takeuchi K, Nakamura M. Effects of stretching intensity on range of motion and muscle stiffness: a narrative review. J Bodyw Mov Ther. (2022) 32:68–76. doi: 10.1016/j.jbmt.2022.04.011


	10. Sharman MJ, Cresswell AG, Riek S. Proprioceptive neuromuscular facilitation stretching: mechanisms and clinical implications. Sports Med. (2006) 36(11):929–39. doi: 10.2165/00007256-200636110-00002


	11. Skopal LK, Drinkwater EJ, Behm DG. Application of mobility training methods in sporting populations: a systematic review of performance adaptations. J Sports Sci. (2024) 42(1):46–60. doi: 10.1080/02640414.2024.2321006


	12. Stathokostas L, McDonald MW, Little RMD, Paterson DH. Flexibility of older adults aged 55–86 years and the influence of physical activity. J Aging Res. (2013) 2013:743843. doi: 10.1155/2013/743843


	13. Angulo J, El Assar M, Álvarez-Bustos A, Rodríguez-Mañas L. Physical activity and exercise: strategies to manage frailty. Redox Biol. (2020) 35:101513. doi: 10.1016/j.redox.2020.101513


	14. Fanuele JC, Abdu WA, Hanscom B, Weinstein JN. Association between obesity and functional status in patients with spine disease. Spine. (2002) 27(3):306–12. doi: 10.1097/00007632-200202010-00021


	15. Park W, Jaiganesh R, Paul W, Jung ES. Obesity effect on male active joint range of motion. Ergonomics. (2010) 53(1):102–8. doi: 10.1080/00140130903311617


	16. Vismara L, Menegoni F, Zaina F, Galli M, Negrini S, Capodaglio P. Effect of obesity and low back pain on spinal mobility: a cross sectional study in women. J Neuroeng Rehabil. (2010) 7:3. doi: 10.1186/1743-0003-7-3


	17. Allen WE, Lin JJ, Barfield WB, Friedman RJ, Eichinger JK. Shoulder motion decreases as body mass increases in patients with asymptomatic shoulders. JSES Int. (2020) 4(3):438–42. doi: 10.1016/j.jseint.2020.04.004


	18. Jalai CM, Cruz DL, Diebo BG, Poorman G, Lafage R, Bess S, et al. Full-body analysis of age-adjusted alignment in adult spinal deformity patients and lower-limb compensation. Spine. (2017) 42(9):653–61. doi: 10.1097/BRS.0000000000001863


	19. Jeong Y, Heo S, Lee G, Park W. Pre-obesity and obesity impacts on passive joint range of motion. Ergonomics. (2018) 61(9):1223–31. doi: 10.1080/00140139.2018.1478455


	20. Coggon D, Ntani G, Palmer KT, Felli VE, Harari R, Barrero LH, et al. Patterns of multisite pain and associations with risk factors. Pain. (2013) 154(9):1769–77. doi: 10.1016/j.pain.2013.05.039


	21. Fabris de Souza SA, Faintuch J, Valezi AC, Sant’Anna AF, Gama-Rodrigues JJ, de Batista Fonseca IC, et al. Postural changes in morbidly obese patients. Obes Surg. (2005) 15(7):1013–6. doi: 10.1381/0960892054621224


	22. McGill SM, Hughson RL, Parks K. Changes in lumbar lordosis modify the role of the extensor muscles. Clin Biomech (Bristol). (2000) 15(10):777–80. doi: 10.1016/s0268-0033(00)00037-1


	23. Liuke M, Solovieva S, Lamminen A, Luoma K, Leino-Arjas P, Luukkonen R, et al. Disc degeneration of the lumbar spine in relation to overweight. Int J Obes. (2005) 29(8):903–8. doi: 10.1038/sj.ijo.0802974


	24. Descarreaux M, Lafond D, Jeffrey-Gauthier R, Centomo H, Cantin V. Changes in the flexion relaxation response induced by lumbar muscle fatigue. BMC Musculoskelet Disord. (2008) 9:10. doi: 10.1186/1471-2474-9-10


	25. Bleakley C, McDonough S, MacAuley D. The use of ice in the treatment of acute soft-tissue injury: a systematic review of randomized controlled trials. Am J Sports Med. (2004) 32(1):251–61. doi: 10.1177/0363546503260757


	26. Algafly AA, George KP. The effect of cryotherapy on nerve conduction velocity, pain threshold and pain tolerance. Br J Sports Med. (2007) 41(6):365–9. doi: 10.1136/bjsm.2006.031237


	27. Bleakley C, McDonough S, Gardner E, Baxter GD, Hopkins JT, Davison GW. Cold-water immersion (cryotherapy) for preventing and treating muscle soreness after exercise. Cochrane Database Syst Rev. (2012) 2012(2):CD008262. doi: 10.1002/14651858.CD008262.pub2


	28. Bleakley CM, Costello JT. Do thermal agents affect range of movement and mechanical properties in soft tissues? A systematic review. Arch Phys Med Rehabil. (2013) 94(1):149–63. doi: 10.1016/j.apmr.2012.07.023


	29. Larsen CC, Troiano JM, Ramirez RJ, Miller MG, Holcomb WR. Effects of crushed ice and wetted ice on hamstring flexibility. J Strength Cond Res. (2015) 29(2):483–8. doi: 10.1519/JSC.0000000000000340


	30. Ziemann E, Olek RA, Grzywacz T, Antosiewicz J, Kujach S, Łuszczyk M, et al. Whole-body cryostimulation as an effective method of reducing low-grade inflammation in obese men. J Physiol Sci. (2013) 63(5):333–43. doi: 10.1007/s12576-013-0269-4


	31. Stanek A, Romuk E, Wielkoszyński T, Bartuś S, Cieślar G, Cholewka A. Decreased lipid profile and oxidative stress in healthy subjects who underwent whole-body cryotherapy in closed cryochamber with subsequent kinesiotherapy. Oxid Med Cell Longevity. (2019) 2019:7524878. doi: 10.1155/2019/7524878


	32. Lombardi G, Ziemann E, Banfi G. Whole-body cryotherapy in athletes: from therapy to stimulation. An updated review of the literature. Front Physiol. (2017) 8:258. doi: 10.3389/fphys.2017.00258


	33. Klemm P, Becker J, Aykara I, Asendorf T, Dischereit G, Neumann E, et al. Serial whole-body cryotherapy in fibromyalgia is effective and alters cytokine profiles. Adv Rheumatol. (2021) 61(1):3. doi: 10.1186/s42358-020-00159-z


	34. Salas-Fraire O, Rivera-Pérez JA, Guevara-Neri NP, Urrutia-García K, Martínez-Gutiérrez OA, Salas-Longoria K, et al. Efficacy of whole-body cryotherapy in the treatment of chronic low back pain: quasi-experimental study. J Orthop Sci. (2023) 28(1):112–6. doi: 10.1016/j.jos.2021.10.006


	35. Verme F, Majdič N, Modaffari G, Alito A, Scarpa A, Piterà P, et al. Whole-body cryostimulation: an effective complementary treatment in fibromyalgia? A follow up study. J Pers Med. (2024) 14(8):836. doi: 10.3390/jpm14080836


	36. Rymaszewska J, Ramsey D, Chładzińska-Kiejna S. Whole-body cryotherapy as adjunct treatment of depressive and anxiety disorders. Arch Immunol Ther Exp. (2008) 56(1):63–8. doi: 10.1007/s00005-008-0006-5


	37. Pawik M, Kowalska J, Rymaszewska J. The effectiveness of whole-body cryotherapy and physical exercises on the psychological well-being of patients with multiple sclerosis: a comparative analysis. Adv Clin Exp Med. (2019) 28(11):1477–83. doi: 10.17219/acem/104529


	38. Fontana JM, Gobbi M, Piterà P, Giusti EM, Capodaglio P. Whole-body cryostimulation in fibromyalgia: a scoping review. Appl Sci. (2022) 12(9):4794. doi: 10.3390/app12094794


	39. Hirvonen HE, Mikkelsson MK, Kautiainen H, Pohjolainen TH, Leirisalo-Repo M. Effectiveness of different cryotherapies on pain and disease activity in active rheumatoid arthritis. A randomised single blinded controlled trial. Clin Exp Rheumatol. (2006) 24(3):295–301.16870097


	40. Miller E, Mrowicka M, Malinowska K, Mrowicki J, Saluk-Juszczak J, Kędziora J. Effects of whole-body cryotherapy on a total antioxidative status and activities of antioxidative enzymes in blood of depressive multiple sclerosis patients. World J Biol Psychiatry. (2011) 12(3):223–7. doi: 10.3109/15622975.2010.518626


	41. Lubkowska A, Dudzińska W, Bryczkowska I, Dołęgowska B. Body composition, lipid profile, adipokine concentration, and antioxidant capacity changes during interventions to treat overweight with exercise programme and whole-body cryostimulation. Oxid Med Cell Longevity. (2015) 2015:803197. doi: 10.1155/2015/803197


	42. Douzi W, Dupuy O, Tanneau M, Boucard G, Bouzigon R, Dugué B. 3-min whole body cryotherapy/cryostimulation after training in the evening improves sleep quality in physically active men. Eur J Sport Sci. (2019) 19(6):860–7. doi: 10.1080/17461391.2018.1551937


	43. Klemm P, Hoffmann J, Asendorf T, Aykara I, Frommer K, Dischereit G, et al. Whole-body cryotherapy for the treatment of rheumatoid arthritis: a monocentric, single-blinded, randomised controlled trial. Clin Exp Rheumatol. (2022) 40(11):2133–40. doi: 10.55563/clinexprheumatol/lrff6k


	44. Fontana JM, Alito A, Piterà P, Verme F, Cattaldo S, Cornacchia M, et al. Whole-body cryostimulation in post-COVID rehabilitation for patients with obesity: a multidisciplinary feasibility study. Biomedicines. (2023) 11(11):3092. doi: 10.3390/biomedicines11113092


	45. Alito A, Verme F, Mercati GP, Piterà P, Fontana JM, Capodaglio P. Whole body cryostimulation: a new adjuvant treatment in central sensitization syndromes? An expert opinion. Healthcare. (2024) 12(5):546. doi: 10.3390/healthcare12050546


	46. Sadura-Sieklucka T, Sołtysiuk B, Karlicka A, Sokołowska B, Kontny E, Księżopolska-Orłowska K. Effects of whole body cryotherapy in patients with rheumatoid arthritis considering immune parameters. Reumatologia. (2019) 57(6):320–5. doi: 10.5114/reum.2019.90825


	47. Kujawski S, Słomko J, Godlewska BR, Cudnoch-Jędrzejewska A, Murovska M, Newton JL, et al. Combination of whole body cryotherapy with static stretching exercises reduces fatigue and improves functioning of the autonomic nervous system in chronic fatigue syndrome. J Transl Med. (2022) 20(1):273. doi: 10.1186/s12967-022-03460-1


	48. Giemza C, Czech P, Paluszak A, Biec E, Borzucka D, Kuczynski M. Acute effects of cryotherapy on postural control. Neurosci Lett. (2013) 536:6–9. doi: 10.1016/j.neulet.2012.12.037


	49. Giemza C, Matczak-Giemza M, De Nardi M, Ostrowska B, Czech P. Effect of frequent WBC treatments on the back pain therapy in elderly men. Aging Male. (2015) 18(3):135–42. doi: 10.3109/13685538.2014.949660


	50. Romanowski MW, Straburzyńska-Lupa A. Is the whole-body cryotherapy a beneficial supplement to exercise therapy for patients with ankylosing spondylitis? J Back Musculoskelet Rehabil. (2020) 33(2):185–92. doi: 10.3233/BMR-170978


	51. Barlowska-Trybulec M, Zawojska K, Szklarczyk J, Góralska M. Effect of whole body cryotherapy on low back pain and release of endorphins and stress hormones in patients with lumbar spine osteoarthritis. Reumatologia. (2022) 60(4):247–51. doi: 10.5114/reum.2022.119040


	52. Alito A, Fontana JM, Franzini Tibaldeo E, Verme F, Piterà P, Miller E, et al. Whole-body cryostimulation in multiple sclerosis: a scoping review. J Clin Med. (2024) 13(7):2003. doi: 10.3390/jcm13072003


	53. Szczepanska-Gieracha J, Borsuk P, Pawik M, Rymaszewska J. Mental state and quality of life after 10 session whole-body cryotherapy. Psychol Health Med. (2014) 19(1):40–6. doi: 10.1080/13548506.2013.780130


	54. Chruściak T. Subjective evaluation of the effectiveness of whole-body cryotherapy in patients with osteoarthritis. Reumatologia. (2016) 54(6):291–5. doi: 10.5114/reum.2016.64904


	55. Vitenet M, Tubez F, Marreiro A, Polidori G, Taiar R, Legrand F, et al. Effect of whole body cryotherapy interventions on health-related quality of life in fibromyalgia patients: a randomized controlled trial. Complement Ther Med. (2018) 36:6–8. doi: 10.1016/j.ctim.2017.10.011


	56. Widlak P, Kaczmarek S, Klimkiewicz P, Lopuszanska-Dawid M. Effects of local and whole-body cryotherapy on hip pain and general activity in the course of coxarthrosis. Biomed Hum Kinet. (2023) 15(1):218–24. doi: 10.2478/bhk-2023-0025


	57. De Nardi M, La Torre A, Benis R, Sarabon N, Fonda B. Acute effects of whole-body cryotherapy on sit-and-reach amplitude in women and men. Cryobiology. (2015) 71(3):511–3. doi: 10.1016/j.cryobiol.2015.10.148


	58. Wearing SC, Hennig EM, Byrne NM, Steele JR, Hills AP. Musculoskeletal disorders associated with obesity: a biomechanical perspective. Obes Rev. (2006) 7(3):239–50. doi: 10.1111/j.1467-789X.2006.00251.x


	59. Zdziarski LA, Wasser JG, Vincent HK. Chronic pain management in the obese patient: a focused review of key challenges and potential exercise solutions. J Pain Res. (2015) 8:63–77. doi: 10.2147/JPR.S55360


	60. Mousavi SJ, Tromp R, Swann MC, White AP, Anderson DE. Between-session reliability of opto-electronic motion capture in measuring sagittal posture and 3-D ranges of motion of the thoracolumbar spine. J Biomech. (2018) 79:248–52. doi: 10.1016/j.jbiomech.2018.08.033


	61. Temporiti F, Adamo P, Mandelli A, Buccolini F, Viola E, Aguzzi D, et al. Test-retest reliability of a photographic marker-based system for postural examination. Technol Health Care. (2023) 31(4):1153–60. doi: 10.3233/thc-220155


	62. D'Haene M, Chorin F, Colson SS, Guérin O, Zory R, Piche E. Validation of a 3D markerless motion capture tool using multiple pose and depth estimations for quantitative gait analysis. Sensors. (2024) 24(22):7105. doi: 10.3390/s24227105


	63. Menegoni F, Vismara L, Capodaglio P, Crivellini M, Galli M. Kinematics of trunk movements: protocol design and application in obese females. J Appl Biomater Biomech. (2008) 6(3):178–85.20740463


	64. Menegoni F, Milano E, Trotti C, Galli M, Bigoni M, Baudo S, et al. Quantitative evaluation of functional limitation of upper limb movements in subjects affected by ataxia. Eur J Neurol. (2009) 16(2):232–9. doi: 10.1111/j.1468-1331.2008.02396.x


	65. Cheng AJ, Rice CL. Fatigue-induced reductions of torque and shortening velocity are muscle dependent. Med Sci Sports Exerc. (2010) 42(9):1651–9. doi: 10.1249/MSS.0b013e3181d6c5b5


	66. Cerfoglio S, Lopomo NF, Capodaglio P, Scalona E, Monfrini R, Verme F, et al. Assessment of an IMU-based experimental set-up for upper limb motion in obese subjects. Sensors. (2023) 23(22):9264. doi: 10.3390/s23229264


	67. Yao Y, Xie W, Opoku M, Tadum D, Vithran A, Li Z, et al. Cryotherapy and thermotherapy in the management of osteoarthritis and rheumatoid arthritis: a comprehensive review. Fundam Res. (2024):20–34. doi: 10.1016/j.fmre.2024.07.008


	68. Kepinska-Szyszkowska M, Szarek M, Dabrowski Z, Szygula Z. Whole-body cryostimulation does not disturb the homeostasis of the system in physically active men—pilot study. Cryobiology. (2022) 106:73–8. doi: 10.1016/j.cryobiol.2022.03.008


	69. Kalli K, Fousekis K. The effects of cryotherapy on athletes’ muscle strength, flexibility, and neuromuscular control: a systematic review of the literature. J Bodyw Mov Ther. (2020) 24(2):175–88. doi: 10.1016/j.jbmt.2019.11.001


	70. Prentice WE. Therapeutic Modalities in Sports Medicine. Boston, MA: WCB/McGraw-Hill (1999). Available online at: https://books.google.it/books?id=GapsAAAAMAAJ


	71. Bell KR, Lehmann JF. Effect of cooling on H- and T-reflexes in normal subjects. Arch Phys Med Rehabil. (1987) 68(8):490–3.3619611


	72. Minton J. 1992 Student writing contest-1st runner-up: a comparison of thermotherapy and cryotherapy in enhancing supine, extended-leg, hip flexion. J Athl Train. (1993) 28(2):172–6.16558223


	73. Burke D, Kiernan MC, Bostock H. Excitability of human axons. Clin Neurophysiol. (2001) 112(9):1575–85. doi: 10.1016/S1388-2457(01)00595-8


	74. Harlaar J, Ten Kate JJ, Prevo AJ, Vogelaar TW, Lankhorst GJ. The effect of cooling on muscle co-ordination in spasticity: assessment with the repetitive movement test. Disabil Rehabil. (2001) 23(11):453–61. doi: 10.1080/09638280010008898


	75. Legrand FD, Dugué B, Costello J, Bleakley C, Miller E, Broatch JR, et al. Evaluating safety risks of whole-body cryotherapy/cryostimulation (WBC): a scoping review from an international consortium. Eur J Med Res. (2023) 28(1):387. doi: 10.1186/s40001-023-01385-z






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Effects of whole-body cryostimulation on spinal and shoulder range of motion in individuals with obesity

		1 Introduction



		2 Materials and methods



		2.1 Participants



		2.2 Therapeutic intervention



		2.3 Experimental set-up and study design for motor assessment



		2.4 Data analysis and processing



		2.5 Statistical analysis











		3 Results



		3.1 Skin temperature measurements



		3.2 Rehabilitation and treatment effects across sessions



		3.2.1 Shoulder



		3.2.2 Spine











		3.3 Fatigue onset and effects of WBC











		4 Discussion



		4.1 Acute effects



		4.2 Post-cycle effects



		4.3 Fatigue onset and task-specific insights



		4.4 Underlying mechanisms



		4.5 Statistical insights and temporal evolution of ROM



		4.6 Strengths and limitations











		5 Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher's note



		Supplementary material



		References



















OPS/images/fresc-06-1568280-g002.jpg
Right Acromion
(RACR) ——*©

Right Elbow
(RELB) —*

Right Anterior Superior
liac Spine (RASIS)

Left Acromion
® < (LACR)

Left Elbow
T (ELB)

Left Anterior Superior
liac Spine (LASIS)

Left Anterior Posterior

liiac Spine (RPSIS)

Left Anterior Posteri
liac Spine (RPSIS)

jor





OPS/images/fresc-06-1568280-g001.jpg






OPS/images/cover.jpg
, frontiers ‘ Frontiers in Rehabilitation Sciences

Effects of whole-body
cryostimulation on spinal and
shoulder range of motion in
individuals with obesity








OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Rehabilitation Sciences





OPS/images/fresc-06-1568280-g007.jpg
T T
PRE ACUTE pOST
Dbt





OPS/images/fresc-06-1568280-g006.jpg
Lateral Bending

109
104
®
04t
o N
c
S
g 7
<
<
o
o
B
s N
T T T T T
PRE Acute PRE Acute posT
Session Session
Twist
o6
101
9
9
8
o 81
S
2 71
2 o
S o
% s
51
s
@
3
3
PRE Acute posT PRE Acine
Session Session
(a)
Anterior Flexion
12 e
122 119
r 1061
112 10
1o 9
N - ..
c <
s )
5 o gl
E g Y
T e g
= Sa
2 o
o 5
& 2
st =]
=% o
PRE cuTe PRE AcuTE posT
Session Session
Duration (WG)

Duration (s)






OPS/images/fresc-06-1568280-g005.jpg
Lateral Rise

139
1344
1204
124
119
114391346
a4 |ioes7
109 407.2%
o4
= g0
Zw
€ o]
ERE
s
=
74
oo
Pl
50
T T T
PRE ACUTE posT PRE ACUTE
Session Session
Backward Push - Task Duration (WG)
59 7
54
a9 40
44
o
3429.9230.08
< 29 2 31.35
g 20 ”
€ 1] 2510
8
14 24.60
o
|
-
-6
14
E T T T 1
PRE ACUTE ur posT
Session ‘Session





OPS/images/fresc-06-1568280-g004.jpg
-110°C WBC

eeks i

(L1-3s0d)
aLnov

3
Personalized Diet,
Physmmerapy personanzed :
dprDQr sive Physical

ehaloglesl support |

R

(orL3s0d)
1sod

-5





OPS/images/fresc-06-1568280-g003.jpg
f)

)

(e





