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Comparative effectiveness of manual therapy and band exercises combined with high-intensity walking for pain, posture, and cardiorespiratory health in older adults: a randomised clinical trial
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Background: Musculoskeletal pain and cardiovascular and pulmonary disorders affect the growing population of older adults. Manual therapy has proven to be effective, however, research using elastic bands is still scarce. The aim of this manuscript is to compare the effects of elastic band program training versus a manual therapy protocol, both combined with high-intensity walking, on age-related health parameters, such as pain, posture, and cardiorespiratory variables.

Methods: A multicentre randomised clinical trial was conducted on community dwelling older adults with non-specific musculoskeletal pain. Participants were divided into two groups: (1) Manual therapy and high-intensity walking group (MTWG), who received self-assisted manual therapy followed by supervised high-intensity walking and (2) Elastic band and high-intensity walking group (EBWG) who performed resistance exercises with elastic bands and high-intensity walking. Musculoskeletal pressure pain threshold in trapezius muscles, back pain intensity, postural pattern (change in thorax position and chest wall expansion) and cardiorespiratory variables (heart rate and oxygen saturation, SpO2) were measured before the intervention (T0), after the 4-week programme (T1) and after the 4-week follow-up (T2).

Results: A total of 102 older adults (49 in the MTWG and 53 in EBWG) completed the study and were analysed. Five RM-MANCOVA models were specified. The EBWG showed significantly higher PPT scores than the MTWG across all data points (p < 0.01); a between-within-subjects effect was found for VAS scores (p < 0.05) (Model A). Statistically significant within-subject differences were found for the left acromion-to-bed distance scores (p < 0.05) but not for the right-side scores (Model B). Similarly, significant between-subject differences for the upper chest wall were found (p < 0.05), but not for the lower chest wall. However, univariate tests revealed significant within-subject for both the upper and lower chest wall scores. Finally, no significant differences were found in pulmonary function scores (Model D), heart rate (HR) or oxygen saturation scores (Model E).

Conclusion: Both protocols reduce pain. Manual therapy helps with non-specific back pain and improves acromion-to-table posture, while elastic band treatment enhances trapezius pressure threshold and upper thoracic expansion. Neither improved lower thoracic mobility or respiratory variables.
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Introduction

Nowadays, life expectancy has increased, leading to an increase in the proportion of older adults worldwide, and it is estimated that between 2020 and 2030, the percentage of people over 60 years of age will increase by 34% (1). The aging process entails a series of changes at the physical, social and psychological levels, as well as in the regulatory systems of the body, mainly the cardiovascular, pulmonary and musculoskeletal systems (2).

Non-specific neck and low back pain are the leading causes of global disability (3), the most prevalent pain in older adults affecting the back and spine (4). Despite this, pain tends to be underestimated in this population (5, 6), although this does not imply that they should be content to live with pain. Treatment and relief options that improve older adults’ quality of life are required, as well as exploring pain management solutions. In this regard, at the musculoskeletal level, aging is associated with a decrease in muscle mass and strength, reduced mobility and physical functionality, also affecting the quality of gait and the ability to walk safely and functionally (7). As a consequence of the decrease in muscle strength, older adults generate unconscious adaptations to balance their body weight through adjustments in the spine, which ends up significantly affecting body posture, and at the same time can generate pain in the musculoskeletal system (8). Thus, previous studies related to musculoskeletal pain in older adults conclude that pain likewise increases with age (9).

On the other hand, postural pattern alterations are one of the changes that most affect older adults, and the cause seems to be multifactorial. Such adjustments derive mainly from alterations in the passive and active stabilizing elements of the spine (10). In this regard, the trapezius muscle has been identified to be closely related to the postural changes caused by age and to the respiratory pattern (11); accordingly, assessing this muscle in terms of pain perception may be of interest.

At the cardiovascular level, aging is associated with an increase in blood pressure, changes in the endothelial muscles, such as atherosclerosis, or a decrease in the ejection fraction and cardiac output, which can result in a greater number of thrombotic processes (12). During the aging process, the respiratory system also undergoes a decrease in the distensibility of the thoracic and pulmonary wall, decreased vital capacity and a decline in cough strength or mucociliary clearance, with an increased risk of infections and broncho-aspirations (13). Moreover, musculoskeletal changes in the thorax lead to a more kyphotic posture, restricted mobility of the rib cage and thus a tendency toward a restrictive pattern (14). The increase in thoracic hyperkyphosis induces a shift of the centre of gravity which may increase the number of falls (15) and, consequently, the risk of fractures (16).

To address these problems, physiotherapy can contribute as a suitable therapeutic option. First, physical activity is recommended in order to achieve healthy aging. According to the World Health Organization, older adults should perform at least 2 days of muscle-strengthening activity and at least 150 min of moderate-intensity or 75 min of high-intensity physical activity (17). Previous studies have shown the beneficial cardiovascular and musculoskeletal effects of aerobic exercise in the population (18), as well as improving quality of life and mood (19). The simplest and most economical form of aerobic exercise is walking. There are authors who point out the effects of walking on the physical, cognitive, and nociceptive levels in older adults specifically, highlighting aerobic exercise as one of the best ways to work on chronic musculoskeletal pain (20).

On the other hand, self-assisted manual therapy (MT) has been shown to be effective for various musculoskeletal conditions such a musculoskeletal pain, functionality, and posture in older adults (21). It is also important to promote a person-centered approach to care (22). Moreover, it has been observed that in older adults, treatment focused on the rib cage has positive results on respiratory parameters (23).

Other studies infer the importance of combining therapeutic muscle resistance and aerobic exercise to improve mobility, muscle quality and strength in the elderly (24–27). A number of studies suggest that resistance exercises with elastic bands seem to be beneficial for the relief of chronic musculoskeletal pain in the elderly, but the literature is scarce (28, 29). In this sense, previous studies carried out in older adults have shown efficacy of 8- to 10-week treatment programmes for improving muscle quality, physical performance (30), grip strength and cardiovascular parameters (31), as well as walking speed (32). However, these studies did not focus on parameters such as perceived pain intensity, posture pattern, or they are not easily reproducible by clinicians or patients because they lack detail in their application. Therefore, the use of resistance bands emerges as an option to improve musculoskeletal health, in terms of pain parameters, thoracic expansion, posture and possibly even cardiovascular or respiratory parameters.

Finally, it should be noted that multicomponent training strategies, including different capacities and aspects in a single session, promote an improvement in the general health condition of older adults; this is why they are currently described as a powerful tool for addressing functional disorders in this population elderly people (33). In addition, this type of training is typically carried out in groups, thus favoring socialization among participants (33). On the other hand, recent clinical guidelines also propose multimodal treatment as an effective strategy for the management of patients with chronic neck pain (34). It is also important to highlight that guided exercise, performed independently and supervised by professionals, is an effective strategy for older people to achieve the levels of exercise recommended by international guidelines (35).

In short, the benefits of self-assisted MT for musculoskeletal pain, functionality, and posture have been well established. We are also aware of the benefits of resistance band-based strength training for each variable, but we have yet to learn the differences between these variables, or whether one treatment is better than another or if they are similar. For all of the above, the hypothesis was that resistance elastic band exercises program can be as effective as MT both combined with high-intensity walking, in relation to musculoskeletal pain and posture, chest wall expansion, and cardiorespiratory variables.

The main aim of this study was to analyse and compare the effects of two physiotherapy programmes, elastic band training versus MT, both combined with high-intensity walking, on the improvement of age-related health parameters, such as pain, posture, chest wall expansion and cardiorespiratory variables.



Methods


Study design

A multicentre randomised clinical trial was conducted from October 2021 to May 2022 in the Faculty of Physiotherapy, University of Valencia (Spain) and the Faculty of Physical Education and Sport, Charles University (Prague). The potential bias arising from a sample of two culturally and socially different locations was controlled by the stay of some co-authors in the collaborating country. This exchange facilitated the transfer of the methodology for both the evaluation and execution of techniques uniformly. Additionally, monthly follow-up checks were conducted to monitor the consistency and accuracy of the procedure. Participants were divided into two groups: (a) MT and high-intensity walking exercise group (MTWG), who performed self-assisted MT followed by supervised high-intensity walking; (b) elastic band and high-intensity walking exercise group (EBWG) who received resistance exercise with elastic band plus supervised walking at high intensity. In both groups the intervention protocols were implemented as a group and were always guided by a physiotherapist. Both therapeutic interventions had a total duration of eight sessions, 2 days a week, for a period of 4 weeks. Study variables were measured at baseline (T0), after the 4-week intervention (T1), and at 4-weeks follow-up after the end of the intervention (T2); participants were asked not to replicate the interventions during follow-up.

The study was conducted following the guidelines of the Consolidated Standards of Reporting Trials (CONSORT) (36), and informed consent was obtained from all participants. Participants featuring the intervention protocol footage of this manuscript gave consent for open access publication. The study was approved by the Ethics Committee for Research on Humans of the University of Valencia (No. 1393203), and registered, as part of a larger study, in the ClinicalTrials.gov database (Identifier: NCT04345211).



Participants

The present study included community-dwelling older adults who met the following inclusion criteria: aged 60–80 years, with non-specific (specific causes were ruled out after gathering background information) (37) musculoskeletal or osteoarticular chronic pain (>3 months) and non-smokers (>6 months). The exclusion criteria were inability to walk without technical aids or assistance, history of respiratory or cardiac condition, acute musculoskeletal or osteoarticular pain at the time of assessment, contraindications for manual therapy or exercise, and cognitive impairment (Mini-Mental State Examination <25 points) (38).



Randomization and blinding

Participants were randomly assigned to the MTWG or the EBWG. Randomization was performed using Microsoft Excel by an external researcher. An independent blinded researcher who was unaware of participant allocation and of the aim of the study performed the assessments and recorded the data. A statistician conducted the analysis and interpretation of results.



Outcomes

Before the session, procedures were explained in detail to all participants. Sociodemographic and clinical data were then registered, followed by the measurement of the study variables. The sociodemographic and clinical characteristics included age, sex, educational level, marital status, body weight (using a Tanita BC 601, TANITA Ltd., Tokyo, Japan), height (measured with a SECA 213 stadiometer, Seca Ltd., Hamburg, Germany), body mass index [BMI, (kg/m2)], and the Charlson’s Comorbidity Index (39) which scores 0 to 1 (no comorbidity), 2 (low comorbidity), and 3 to 10 (high comorbidity). A physiotherapist with 15 years of experience in treating musculoskeletal disorders in older adults conducted individual, face-to-face assessments.


Primary outcome


Musculoskeletal pain

Pain pressure threshold (PPT) was evaluated in trapezius muscles by the minimal pressure (kg/cm2) which induces pain by pressure algometry (Wagner Instruments FDK 20, Greenwich, United States of America) since the trapezius is one of the muscles where pain in older adults is most prevalent (4). It was assessed in the middle part of the anterior border of the upper trapezius, three times, bilaterally, with 30-seconds rest between them and taking the mean value for analysis. It has shown to be reliable ICC = 0.91 (IC del 95%: 0.82; 0.97) (40).

Pain intensity. Global non-specific perceived intensity of back pain in the last week was assessed by the visual analogue scale (VAS). The VAS ranges from 0 “no pain” to 10 being the “worst pain imaginable,” in relation to pain intensity “in the last 24 hours.” The VAS has a high internal consistency (0.92) (41).




Secondary outcomes


Postural pattern

Thorax position was assessed by measuring the distance (mm) between acromion and bed using a rigid standard plastic transparent ruler. Participants are requested to lie supine on a standard treatment table and adopt their natural relaxed posture, hands rested gently on the abdomen, arms placed by their sides, and the elbows flexed and resting against the lateral wall of the abdomen, placing the glenohumeral joint in slight internal rotation (42). The linear distance from the treatment table to the posterior (lateral) aspect of the acromion is then measured without exerting any downward pressure onto the table. Each side is measured three times in succession, and on each occasion the right angle was replaced as previously described. This test has shown to be reliable with an ICC between 0.92 and 0.93 for subjects with symptoms and between 0.90 and 0.93 for subjects without symptoms (43).

Chest wall expansion. A measuring tape is used to measure chest expansion in centimeters (cm) at two levels of the rib cage. For upper chest expansion, the anatomical landmarks used are the spinous process of fifth thoracic vertebrae, the midclavicular line, and the third intercostal space. For lower chest expansion, the anatomical landmarks used between the chest circumference at maximal inspiration and maximal expiration was measured with a tape measure. The measurements were repeated twice and the means of the two values obtained was considered. The difference between inspiration and expiration at each site was used for analysis. A lower value represents limited chest wall expansion (44).



Cardiorespiratory parameters

Pulmonary function was measured with pulmonary function tests. Spirometry was conducted with the Spirovit SP-10 (Contec, Barcelona) spirometer. Forced vital capacity (FVC), forced expired volume at 1 s (FEV1) and the FEV1/FVC ratio (%) by forced expiratory flow manoeuvre were obtained, and the FEV1/FVC ratio was used for analysis. The predicted percentage was registered and 80% or over of the reference value was considered as an optimal value (45); for the FEV1/FVC ratio, a decreased percentage allowed defining the concept of “obstruction” (46). The test was performed according to the American Thoracic Society standards (47). Spirometry has shown an intraclass correlation coefficient (ICC) of 0.89 in COPD patients (48).

Heart rate (HR) and oxygen saturation (SpO2) were measured using a finger pulse oximeter (Finger Pulse Oximeter FS20C with OLED display). Participants were seated and relaxed while the pulse oximeter was positioned on their index finger, ensuring it was clean and devoid of nail polish. After a few seconds for the pulse oximeter to detect the parameters, the HR and SpO2 were registered. The normal resting HR of healthy older adults is on average 80 bpm (range: 78–82 bpm) (49). The normative SpO2 levels at sea level are between 96 and 100% (50).





Intervention

Two treatments guided by a physiotherapist with more than 20 years of experience in applying manual therapy were applied.


Self-administered manual therapy protocol

A self-administered manual therapy protocol was implemented, comprising a total of nine techniques based on a previous study (21) which included prior respiratory awareness of the abdominal and thoracic areas. Seven techniques focused on the cervical, scapular, and thoracic regions, and concluded with abdominal and thoracic respiratory awareness exercises. The whole protocol lasted 30 min.



Self-administered elastic band exercises protocol

Exercises were aimed at the upper limbs, torso, and lower limbs. Upper limb and torso exercises focus on body straightening and “chest opening” while lower limb exercises aims to improve the position of the pelvis, thus also the position of the torso and indirectly the chest. The upper limbs were not overburdened during the exercises (51). Each exercise was performed five times in a row, slowly executing each exercise and always returning to the starting position gradually resisting against band pull (Appendix I). Participants were asked to reach a rating of 16 (“somewhat hard”) on the Rate of Perceived Exertion (RPE) scale (52). The external band resistance was increased by adding more bands or by using bands with higher resistance through greater stretching. The intervention used green and red Akrafit bands,1 with the green and red bands providing between 13–20 N and 18–27 N of resistance, respectively, when stretched to twice their original length.



High-intensity walking exercise

Walking was performed immediately after MT or elastic band intervention, since exercise in this order has been shown to enhance the synergistic effect of combining the two interventions (53, 54). This protocol consisted of supervised walking on a 400 m circular track/terrain. In order to determine the exercise intensity when performing the walking protocol, the RPE scale (52) was used. The structure of the walking sessions began with a warm-up including a short walk at self-selected speed, with a duration of 10 min. After the warm-up, participants walked at a target intensity of 16 (“somewhat hard”) on the RPE scale for 40 min according to the same criteria as those used by Espí-López et al. (21) in their study.




Sample size calculation

The sample size was calculated using G*Power 3.1.9.7. An “a priori” power analysis was performed for two independent groups to detect small to moderate effect sizes (Cohen’s d = 0.25, based on prior study) (55) with α = 0.05 and 1-β = 0.95. The results indicated a minimum sample size of 44 participants to achieve sufficient statistical power and we considered a loss of 10%, the sample needed for our study being in total 48 participants.



Statistical analysis

All statistical analyses were conducted with IBM SPSS Statistics 29. First, Pearson’s bivariate correlations were calculated to determine any association between outcomes. A statistically significant correlation between outcomes would justify conducting repeated measures, multivariate analysis of variance, or RM-MANOVA. Box’s M and Mauchly’s Sphericity tests were conducted to ensure that our RM-MANOVA models met the assumptions of general linear models. A non-significant p-value in each of these tests would indicate that the homogeneity of variance assumptions (between-subjects) and the sphericity assumption (within-subjects) were met. See Appendix II for a more detailed explanation of our analysis and robustness checks.

Five RM-MANCOVA models were generated to test our hypotheses, mainly, Models A, B, C, D, and E. In all models, the dependent variable was measured at three data points, mainly (T0) baseline, (T1) post-intervention, and (T2) follow-up (1 month after; within-subjects factor). For our between-subjects factor, we entered a dummy coded variable, in which the control group was coded as “0,” and the treatment group was coded as “1.” No control variables were entered in any of the five models.

Model A tested for significant differences in our primary outcome, PPT, and overall VAS, Hypothesis 1a and 1b, respectively. Regarding our secondary outcomes, Model B tested for significant differences in participants’ thorax position measured as the distance from the posterior edge of the acromion to the flat surface (Hypothesis 2a). Similarly, Model C tested for differences in upper and lower chest wall expansion (Hypothesis 2b). Finally, models D and model E tested for significant differences in pulmonary function (Hypothesis 3a), and for differences in cardiovascular frequency and oxygen saturation (Hypothesis 3b).




Results

Of the 118 initial participants, 105 met the inclusion criteria and were allocated to intervention. Before the intervention, some participants dropped out so ultimately, 102 (49 in the MTWG and 53 in EBWG) completed the study and were analysed (Figure 1). Table 1 shows sociodemographic data.
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FIGURE 1
 Flowchart according to CONSORT statement for the report of randomized trial.



TABLE 1 Sociodemographic and anthropometric characteristics of the participants.

	Outcomes
	Categories/units
	Total sample
	EBWG
	MTWG



	n = 102
	n = 53
	n = 49

 

 	Sex n (%) 	Women 	81 (79.40%) 	45 (84.90%) 	36 (73.50%)


 	Men 	21 (20.60%) 	8 (15.10%) 	13 (26.50%)


 	Age (IRQ) 	Years 	70 (6.50) 	70 (6.00) 	70 (7.00)


 	Marital status n (%) 	Single 	12 (11.80%) 	7 (13.20%) 	5 (10.20%)


 	Married 	55 (53.90%) 	27 (50.90%) 	28 (57.10%)


 	Widowed 	20 (19.6%0) 	11(20.80%) 	9 (18.40%)


 	Divorced 	13 (12.70%) 	7 (13.20%) 	6 (12.20%)


 	Separated 	1 (1%) 	1 (1.90%) 	–


 	Other 	1 (1%) 	– 	6 (12.20%)


 	Level of education n (%) 	Primary 	1 (0.90%) 	– 	–


 	High School 	43 (42.10%) 	25 (47.20%) 	20 (40.80%)


 	University 	58 (56.90%) 	27 (50.90%) 	29 (59.20%)


 	 	No studies 	1 (1%) 	1 (1.90%) 	


 	Employment status n (%) 	Employed 	7 (6.90%) 	4 (7.50%) 	3 (6.10%)


 	Retired 	95 (93.10%) 	49 (92.50%) 	46 (93.90%)


 	Weight (IRQ) 	kg 	67.70 (14.10) 	67.70 (15.90) 	67.40 (12.65)


 	Height (IRQ) 	m 	1.62 (0.12) 	1.63 (0.12) 	1.61 (0.12)


 	Body mass index (IRQ) 	kg/m2 	26.18 (4.24) 	25.12 (5.26) 	25.51 (4.58)


 	Medication n (%) 	Yes 	24 (23.5%) 	14 (26.4%) 	10 (20.4%)


 	Charlson comorbidity index (IRQ) 	 	0.00 (0.00) 	0.00 (0.00) 	0.00 (0.50)


 	Hypertension n (%) 	Yes 	33 (32.40%) 	19 (35.80%) 	14 (28.60%)


 	High cholesterol n (%) 	Yes 	47 (46.11%) 	26 (49.10%) 	21 (42.92%)


 	Mini-mental cognitive test (IRQ) 	Total scores 	34 (2.00) 	34 (3.00) 	34 (2.00)


 	Smoking index (IRQ) 	 	0.00 (0.00) 	0.00 (0.00) 	0.00 (14.50)





EBWG, elastic band and high-intensity walking group; MTWG, manual therapy and high-intensity walking group; IRQ, interquartile range.
 

Table 2 shows means, standard deviations and Pearson’s bivariate correlations. As expected, the three data points were correlated for our outcome measures. These correlations justify the use of an RM-MANOVA approach to isolate the effect of said correlation.


TABLE 2 Means, SD, and Pearson bivariate correlations.

	Outcomes
	M
	SD
	1.
	2.
	3.
	4.
	5.
	6.
	7.
	8.
	9.
	10.
	11.
	12.
	13.
	14.

 

 	01. PPT-T0 	3.45 	1.50 	– 	 	 	 	 	 	 	 	 	 	 	 	 	


 	02. PPT-T1 	3.90 	1.80 	0.72** 	– 	 	 	 	 	 	 	 	 	 	 	 	


 	03. PPT-T2 	4.21 	1.77 	0.72** 	0.79** 	– 	 	 	 	 	 	 	 	 	 	 	


 	04. VAS-T0 	2.17 	1.78 	−0.20* 	−0.15 	−0.09 	– 	 	 	 	 	 	 	 	 	 	


 	05. VAS-T1 	1.19 	1.41 	−0.16 	−0.39** 	−0.25* 	0.46** 	– 	 	 	 	 	 	 	 	 	


 	06. VAS-T2 	1.15 	1.45 	−0.17 	−0.21 	−0.17 	0.61** 	0.50** 	– 	 	 	 	 	 	 	 	


 	07. ACROM-R-T0 	8.00 	2.21 	0.04 	−0.01 	−0.09 	−0.22* 	0.09 	−0.14 	– 	 	 	 	 	 	 	


 	08. ACROM-R-T1 	8.09 	1.88 	−0.01 	0.06 	−0.05 	−0.20* 	0.14 	−0.07 	0.78** 	– 	 	 	 	 	 	


 	09. ACROM-R-T2 	7.81 	1.92 	0.11 	0.11 	0.04 	−0.24* 	0.06 	−0.06 	0.68** 	0.75** 	– 	 	 	 	 	


 	10. ACROM-L-T0 	7.74 	2.07 	−0.01 	−0.05 	−0.10 	−0.24* 	0.12 	−0.15 	0.90** 	0.67** 	0.60** 	– 	 	 	 	


 	11. ACROM-L-T1 	7.92 	1.74 	0.08 	0.08 	0.05 	−0.19 	0.19 	−0.13 	0.72** 	0.84** 	0.63** 	0.76** 	– 	 	 	


 	12. ACROM-L-T2 	7.52 	1.87 	0.14 	0.14 	0.05 	−0.27* 	0.04 	−0.07 	0.61** 	0.69** 	0.89** 	0.63** 	0.72** 	– 	 	


 	13. UWC-T0 	4.44 	2.14 	0.02 	0.02 	0.03 	0.08 	0.13 	0.06 	0.09 	−0.11 	−0.28** 	0.10 	−0.06 	−0.25* 	– 	


 	14. UWC-T1 	5.79 	2.94 	0.10 	0.06 	0.13 	0.23* 	0.12 	0.06 	−0.31** 	−0.27** 	−0.49** 	−0.29** 	−0.21* 	−0.43** 	0.58** 	–


 	15. UWC-T2 	5.27 	2.77 	0.10 	−0.07 	0.08 	0.26* 	0.22* 	0.03 	−0.14 	−0.17 	−0.37** 	−0.17 	−0.19 	−0.40** 	0.52** 	0.68**


 	16. LWC-T0 	4.65 	2.72 	0.13 	0.02 	0.05 	−0.06 	0.09 	0.10 	0.07 	−0.07 	−0.14 	0.12 	−0.03 	−0.13 	0.66** 	0.29**


 	17. LWC-T1 	6.00 	2.88 	0.25* 	0.05 	0.18 	0.10 	0.13 	0.04 	−0.24* 	−0.27** 	−0.37** 	−0.24* 	−0.18 	−0.33** 	0.52** 	0.63**


 	18. LWC-T2 	5.37 	2.82 	0.24* 	0.10 	0.28** 	−0.08 	0.09 	−0.04 	−0.16 	−0.19 	−0.34** 	−0.09 	−0.10 	−0.31** 	0.515** 	0.57**


 	19. F/C-T0 	87.49 	7.46 	−0.01 	−0.14 	−0.02 	−0.27** 	0.04 	−0.09 	0.14 	−0.02 	0.07 	0.17 	0.05 	0.19 	0.08 	0.03


 	20. F/C-T1 	87.89 	8.84 	−0.03 	−0.09 	0.00 	−0.13 	−0.05 	−0.17 	0.01 	−0.11 	0.06 	0.08 	0.02 	0.16 	0.00 	0.13


 	21. F/C-T2 	85.92 	14.04 	0.06 	−0.06 	−0.03 	−0.06 	−0.03 	−0.03 	0.02 	−0.09 	−0.09 	0.13 	0.06 	0.03 	0.18 	0.11


 	22. HR-T0 	76.70 	12.92 	−0.14 	−0.19 	−0.20 	−0.33** 	0.04 	−0.06 	0.14 	0.05 	0.08 	0.14 	0.05 	0.10 	−0.08 	−0.16


 	23. HR-T1 	76.30 	11.96 	−0.11 	−0.11 	−0.16 	−0.19 	0.11 	0.00 	0.19 	0.04 	0.07 	0.17 	0.03 	0.10 	0.03 	−0.09


 	24. HR-T2 	77.74 	12.33 	−0.19 	−0.09 	−0.16 	−0.27* 	−0.01 	−0.04 	0.09 	0.07 	0.09 	0.12 	0.03 	0.11 	−0.02 	−0.13


 	25. SpO2-T0 	97.23 	1.37 	0.10 	0.04 	0.11 	−0.02 	−0.13 	−0.09 	−0.24* 	−0.15 	−0.25* 	−0.15 	−0.12 	−0.20 	0.03 	0.05


 	26. SpO2-T1 	97.26 	1.78 	0.04 	0.12 	0.10 	0.14 	−0.07 	0.27** 	−0.29** 	−0.20 	−0.15 	−0.27** 	−0.23* 	−0.17 	−0.05 	0.08


 	27. SpO2-T2 	97.29 	2.01 	0.15 	0.19 	0.17 	0.03 	−0.11 	0.01 	−0.27** 	−0.22* 	−0.22* 	−0.16 	−0.14 	−0.16 	0.13 	0.23*







	Outcomes
	M
	SD
	15.
	16.
	17.
	18.
	19.
	20.
	21.
	22.
	23.
	24.
	25.
	26.
	27.

 

 	01. PPT-T0 	3.45 	1.50 	 	 	 	 	 	 	 	 	 	 	 	 	


 	02. PPT-T1 	3.90 	1.80 	 	 	 	 	 	 	 	 	 	 	 	 	


 	03. PPT-T2 	4.21 	1.77 	 	 	 	 	 	 	 	 	 	 	 	 	


 	04. VAS-T0 	2.17 	1.78 	 	 	 	 	 	 	 	 	 	 	 	 	


 	05. VAS-T1 	1.19 	1.41 	 	 	 	 	 	 	 	 	 	 	 	 	


 	06. VAS-T2 	1.15 	1.45 	 	 	 	 	 	 	 	 	 	 	 	 	


 	07. ACROM-R-T0 	8.00 	2.21 	 	 	 	 	 	 	 	 	 	 	 	 	


 	08. ACROM-R-T1 	8.09 	1.88 	 	 	 	 	 	 	 	 	 	 	 	 	


 	09. ACROM-R-T2 	7.81 	1.92 	 	 	 	 	 	 	 	 	 	 	 	 	


 	10. ACROM-L-T0 	7.74 	2.07 	 	 	 	 	 	 	 	 	 	 	 	 	


 	11. ACROM-L-T1 	7.92 	1.74 	 	 	 	 	 	 	 	 	 	 	 	 	


 	12. ACROM-L-T2 	7.52 	1.87 	 	 	 	 	 	 	 	 	 	 	 	 	


 	13. UCW-T0 	4.44 	2.14 	 	 	 	 	 	 	 	 	 	 	 	 	


 	14. UCW-T1 	5.79 	2.94 	 	 	 	 	 	 	 	 	 	 	 	 	


 	15. UCW-T2 	5.27 	2.77 	– 	 	 	 	 	 	 	 	 	 	 	 	


 	16. LCW-T0 	4.65 	2.72 	0.30** 	– 	 	 	 	 	 	 	 	 	 	 	


 	17. LCW-T1 	6.00 	2.88 	0.53** 	0.63** 	– 	 	 	 	 	 	 	 	 	 	


 	18. LCW-T2 	5.37 	2.82 	0.45** 	0.62** 	0.76** 	– 	 	 	 	 	 	 	 	 	


 	19. FEV1/CVF-T0 	87.49 	7.46 	0.04 	0.00 	−0.06 	0.06 	– 	 	 	 	 	 	 	 	


 	20. FEV1/CVF-T1 	87.89 	8.84 	−0.04 	−0.08 	−0.07 	0.07 	0.47** 	– 	 	 	 	 	 	 	


 	21. FEV1/CVF-T2 	85.92 	14.04 	0.06 	0.09 	0.07 	0.13 	0.25* 	0.27** 	– 	 	 	 	 	 	


 	22. HR-T0 	76.70 	12.92 	−0.10 	−0.01 	−0.06 	−0.06 	0.22* 	0.27** 	0.12 	– 	 	 	 	 	


 	23. HR-T1 	76.30 	11.96 	−0.09 	0.00 	−0.05 	0.03 	0.35** 	0.17 	0.04 	0.60** 	– 	 	 	 	


 	24. HR-T2 	77.74 	12.33 	−0.24* 	−0.08 	−0.18 	−0.11 	0.31** 	0.14 	0.13 	0.66** 	0.64** 	– 	 	 	


 	25. SpO2-T0 	97.23 	1.37 	0.10 	−0.03 	−0.01 	0.14 	−0.07 	0.07 	0.06 	−0.02 	0.01 	0.05 	– 	 	


 	26. SpO2-T1 	97.26 	1.78 	0.00 	−0.01 	−0.01 	0.10 	−0.18 	−0.09 	−0.08 	0.04 	−0.03 	0.10 	0.53** 	– 	


 	27. SpO2-T2 	97.29 	2.01 	0.11 	0.20 	0.24* 	0.25* 	−0.03 	0.05 	0.06 	−0.01 	0.03 	0.01 	0.56** 	0.56*** 	–





*p < 0.01; **p < 0.01; T0, baseline; T1, post-test; T2, follow-up. PPT, pain pressure threshold; VAS, visual analog scale; ACROM-R, acromion-bed right; ACROM-L, acromion-bed left; UCW, upper chest wall; LCW, lower chest wall; FEV/CVF, FEV1/FVC ratio (%); HR, heart rate; SpO2, oxygen saturation (SpO2).
 


Model A

Univariate tests revealed a moderate, statistically significant between-subjects effect on PPT [F (1, 85) = 7.03, p < 0.01, partial η2 = 0.08; Cohen’s d = 0.57]. Conversely, no between-subjects effect was detected for VAS [F (1, 85) = 1.02, ns]. Table 3 and Figure 2 show that the EBWG reported significantly higher PPT scores than the MTWG across all datapoints. Model A also detected large within-subjects differences for both PPT [F (2, 170) = 12.01, p < 0.001, partial η2 = 0.12; Cohen’s d = 0.75] and VAS [F (2, 170) = 28.93, p < 0.001, partial η2 = 0.25; Cohen’s d = 1.17] scores. Finally, a statistically significant, between-within-subjects interaction effect was found for VAS scores [F (2, 170) = 3.55, p < 0.05; partial η2 = 0.04; Cohen’s d = 0.40], with the EBWG group showing lower baseline levels than the MTWG group at T1, but subsequently stabilizing at T2 and T3. Post-hoc tests showed that the change between T2 and T3 was non-significant for PPT (I-J = 0.27, SE = 0.12, ns) nor for VAS (I-J = −0.03, SE = 0.15, ns). These results provide partial support for H1a and H1b.


TABLE 3 Estimated marginal means, SE, and 95% CI for primary and secondary outcomes.

	Outcomes
	Group
	Estimated mean (SE), [95% CI]



	Pre-test (T0)
	Post-test (T1)
	Follow-up (T2)

 

 	Model A


 	Pain pressure threshold (PPT) 	MTWG 	3.12 (0.24), [2.64, 3.60] 	3.52 (0.28), [2.96, 4.09] 	3.70 (0.28), [3.15, 4.25]


 	W-S effects: 	– 	T0 – T1 = −0.40 (0.21), p < 0.16 	T0 – T2 = −0.58 (0.21), p < 0.02


 	– 	– 	T1– T2 = −(0.18), p < 1.00


 	EBWG 	3.95 (0.22), [3.52, 4.39] 	4.31 (0.26), [3.80, 4.82] 	4.68 (0.25), [4.18, 5.17]


 	W-S effects: 	– 	T0 – T1 = −0.35 (0.19), p < 0.19 	T0 – T2 = −0.72 (0.19), p < 0.001


 	– 	– 	T1– T2 = −0.37 (0.16), p < 0.10


 	B-S effects: 	T0 = −0.83 (0.33), p < 0.01 	T1 = −0.78 (0.38), p < 0.04 	T2 = −0.98 (0.37), p < 0.01


 	Visual analog scale (VAS) 	MTWG 	2.53 (0.26), [2.02, 3.05] 	1.12 (0.22), [0.69, 1.56] 	1.20 (0.23), [0.74, 1.66]


 	W-S effects: 	– 	T0 – T1 = 1.41 (0.25), p < 0.001 	T0 – T2 = 1.33 (0.22), p < 0.001


 	– 	– 	T1– T2 = −0.08 (0.23), p < 1.00


 	EBWG 	1.82 (0.23), [1.36, 2.28] 	1.19 (0.20), [0.80, 1.59] 	1.05 (0.21), [0.64, 1.47]


 	W-S effects: 	– 	T0 – T1 = 0.63 (0.23) p < 0.02 	T0 – T2 = 0.76 (0.20), p < 001


 	– 	– 	T1– T2 = −0.14 (0.20), p < 1.00


 	B-S effects: 	T0 = 0.72 (0.35); p < 0.01 	T1 = −0.07 (0.30), p < 0.88 	T2 = 0.15 (0.31), p < 0.64


 	Model B


 	Acromion-bed right (ACROM-R) 	MTWG 	7.85 (0.34), [7.18, 8.52] 	7.81 (0.29), [7.23, 8.39] 	7.26 (0.29), [6.69, 7.84]


 	W-S effects: 	– 	T0 – T1 = 0.04 (0.22), p < 1.00 	T0 – T2 = 0.58 (0.25), p < 0.07


 	– 	– 	T1– T2 = 0.55 (0.21), p < 0.03


 	EBWG 	8.17 (0.31), [7.56, 8.78] 	8.41 (0.27), [7.88, 8.94] 	8.31 (0.27), [7.88, 8.84]


 	W-S effects: 	– 	T0 – T1 = −0.24 (0.20), p < 0.70 	T0 – T2 = −0.14 (0.23), p < 1.00


 	– 	– 	T1– T2 = 0.10 (0.19), p < 1.00


 	B-S effects: 	T0 = −0.32 (0.45), p < 0.49 	T1 = −0.60 (0.40), p < 0.13 	T2 = 1.05 (0.39), p < 0.01


 	Acromion-bed left (ACROM-L) 	MTWG 	7.75 (0.32) [7.12, 8.24] 	7.69 (0.28), [7.14, 8.24] 	7.14 (0.29), [6.57, 7.71]


 	W-S effects: 	– 	T0 – T1 = 0.06 (0.20), p < 1.00 	T0 – T2 = 0.61 (0.26), p < 0.07


 	– 	– 	T1– T2 = 0.55 (0.21), p < 0.03


 	EBWG 	7.81 (0.29), [7.24, 8.38] 	8.15 (0.25), [7.65, 8.65] 	7.89 (0.26), [7.37, 8.41]


 	W-S effects: 	– 	T0 – T1 = −0.34 (0.19), p < 0.22 	T0 – T2 = −0.08 (0.24), p < 1.00


 	– 	– 	T1– T2 = −0.25 (0.20), p < 0.60


 	B-S effects: 	T0 = −0.06 (0.43), p < 0.89 	T1 = −0.46 (0.37), p < 0.22 	T2 = 0.75 (0.39), p < 0.06


 	Model C


 	Upper chest wall (UCW) 	MTWG 	5.06 (0.29), [4.49, 5.53] 	6.23 (0.42), [5.40, 7.05] 	5.58 (0.42), [4.75, 6.41]


 	W-S effects: 	– 	T0 – T1 = −1.17 (0.37), p < 0.001 	T0 – T2 = −0.52 (0.37), p < 0.48


 	– 	– 	T1– T2 = −0.65 (0.34), p < 0.17


 	EBWG 	3.87 (0.28), [3.32, 4.42] 	5.23 (0.40), [4.44, 6.03] 	4.98 (0.40), [4.18, 5.78]


 	W-S effects: 	– 	T0 – T1 = −1.37 (0.36), p < 0.001 	T0 – T2 = 1.37 (0.36), p < 0.001


 	– 	– 	T1– T2 = −0.25 (0.33), p < 1.00


 	B-S effects: 	T0 = 1.19 (0.40), p < 0.004 	T1 = 0.99 (0.58), p < 0.09 	T2 = 0.59 (0.58), p < 0.31


 	Lower chest wall (LCW) 	MTWG 	5.17 (0.40), [4.37, 5.97] 	6.23 (0.42), [5.40, 7.06] 	5.60 (0.42), [4.77, 6.42]


 	W-S effects: 	– 	T0 – T1 = −1.06 (0.36), p < 0.01 	T0 – T2 = −0.43 (0.36), p < 0.71


 	– 	– 	T1– T2 = 0.64 (0.29), p < 0.08


 	EBWG 	4.14 (0.39), [3.37, 4.92] 	5.67 (0.40), [4.86, 6.47] 	5.18 (0.40), [4.38, 5.98]


 	W-S effects: 	– 	T0 – T1 = −1.53 (0.35), p < 0.001 	T0 – T2 = −1.04 (0.35), p < 0.01


 	– 	– 	T1– T2 = 0.48 (0.28), p < 0.25


 	B-S effects: 	T0 = 1.03 (0.56), p < 0.07 	T1 = 0.57 (0.58), p < 0.33 	T2 = 0.41 (0.58), p < 0.33


 	Model D


 	Pulmonary function 	MTWG 	87.69 (1.15), [85.40, 89.97] 	88.41 (1.39), [85.66, 91.17] 	85.88 (2.18), [81.55, 90.21]


 	W-S effects: 	– 	T0 – T1 = −0.73 (1.35), p < 1.00 	T0 – T2 = 1.80 (2.19), p < 1.00


 	– 	– 	T1– T2 = 2.53 (2.24), p < 0.79


 	EBWG 	86.76 (1.08), [84.62, 88.90] 	87.17 (1.30), [84.60, 88.90] 	85.95 (2.04), [81.90, 90.03]


 	W-S effects: 	– 	T0 – T1 = −0.41 (1.27), p < 1.00 	T0 – T2 = 0.81 (2.05), p < 1.00


 	– 	– 	T1– T2 = −1.22 (2.10), p < 1.00


 	B-S effects: 	T0 = 0.93 (1.57), p < 0.56 	T1 = 1.24 (1.89), p < 0.52 	T2 = −0.07 (2.98), p < 0.98


 	Model E


 	Heart rate 	MTWG 	76.57 (2.06), [72.47, 80.67] 	75.62 (1.86), [71.83, 79.22] 	78.62 (1.91), [74.83, 82.41]


 	W-S effects: 	– 	T0 – T1 = 1.05 (1.76), p < 1.00 	T0 – T2 = −2.05 (1.65) p < 0.65


 	– 	– 	T1– T2 = −3.10 (1.58), p < 0.16


 	EBWG 	76.83 (1.93), [73.00, 80.67] 	78.10 (1.74), [74.65, 81.56] 	76.98 (1.79), [73.42, 80.53]


 	W-S effects: 	– 	T0 – T1 = −1.27 (1.65), p < 1.00 	T0 – T2 = 0.15 (1.54) p < 1.00


 	– 	– 	T1– T2 = −1.13 (1.47), p < 1.00


 	B-S effects: 	T0 = −0.26 (2.83), p < 0.93 	T1 = −2.58 (2.54), p < 0.31 	T2 = 1.64 (2.61), p < 0.53


 	Oxygen saturation 	MTWG 	97.26 (0.21), [96.84, 97.69] 	96.91 (0.28), [96.36, 97.45] 	97.14 (0.31), [96.52, 97.76]


 	W-S effects: 	– 	T0 – T1 = 0.36 (0.24), p < 0.42 	T0 – T2 = 0.12 (0.26), p < 1.00


 	– 	– 	T1– T2 = 0.24 (0.29), p < 1.00


 	EBWG 	97.29 (0.20), [96.90, 97.69] 	97.56 (0.26), [97.05, 98.08] 	97.42 (0.29), [96.84, 98.00]


 	W-S effects: 	– 	T0 – T1 = −0.27 (0.23), p < 1.00 	T0 – T2 = −0.13 (0.25), p < 1.00


 	– 	– 	T1– T2 = 0.15 (0.26), p < 1.00


 	B-S effects: 	T0 = −0.03 (0.29), p < 0.92 	T1 = 0.66 (0.38), p < 0.09 	T2 = −0.27 (0.43), p < 0.52





B-S effects, between subjects effect; W-S effects, within subjects effect.
 

[image: The image shows four bar charts comparing different groups (MTWG and EBWG) across three time points: pre-test (T0), post-test (T1), and follow-up (T2). The charts illustrate data for PPT, VAS, and measurements labeled as acromion-bed right and left, and UCW and LCW values. Each chart displays bars for both groups, with varying heights indicating changes over time. Error bars are included, suggesting variability or confidence intervals.]

FIGURE 2
 Estimated means for musculoskeletal pain and postural pattern across treatment groups (MTWG and EBWG).




Model B

No significant between-subjects differences were observed for changes in thorax position. More precisely, estimated mean differences among groups in the left acromion-to-bed distance measure [F (1, 88) = 1.42, ns] were not statistically significant. On the other hand, estimated mean differences in the right acromion-to-bed measurement were marginally significant [F (1, 88) = 3.02, p < 0.10, partial η2 = 0.03, Cohen’s d = 0.37]. However, Model B detected statistically significant within-subjects differences for the left acromion-to-bed distance scores [F (1, 184.80) = 3.93, p < 0.05; partial η2 = 0.04; Cohen’s d = 0.40], but not for right acromion-to-bed scores [F (2, 176) = 2.39, ns]. Between-within mean differences among groups were only marginally significant, either for left acromion-to-bed distance [F (1, 87, 184.80) = 2.86, p < 0.10; partial η2 = 0.03; Cohen’s d = 0.34] and for right acromion-to-bed [F (2, 176) = 2.68, p < 0.10; partial η2 = 0.03; Cohen’s d = 0.34]. These results partially support H2a and H2b.



Model C

Model C revealed significant between-subjects differences for the upper chest wall [F (1, 89) = 4.39, p < 0.05, partial η2 = 0.02; Cohen’s d = 0.28], but not for the lower chest wall [F (1, 89) = 1.75, ns]. However, the results of the univariate test revealed significant within-subjects for both the upper [F (2, 178) = 13.33, p < 0.001, partial η2 = 0.13; Cohen’s d = 0.77] and lower chest wall scores [F (1.85, 169.75) = 15.33, p < 0.001, partial η2 = 0.15; Cohen’s d 0.83]. No between-within subjects effects were found.

Finally, neither Model D nor E revealed statistically significant mean differences across groups for pulmonary function scores (Model D) nor in heart rate (HR) and oxygen saturation scores (Model E). These results do not support H3a or H3b.




Discussion

Our findings revealed interesting results across the different variables studied. Regarding pain, both treatments showed positive outcomes, confirming the initial hypothesis that both interventions are beneficial in reducing perceived pain and its intensity. In terms of postural pattern, assessed by the acromion-to-bed distance, results were more favorable for the MTWG, whereas upper thoracic expansion was more effectively improved through the EBWG intervention. Finally, for lower thoracic expansion, a trend toward improvement was observed in both groups, although without statistically significant results. No changes were found in cardiorespiratory parameters, as participants were in optimal conditions from the beginning and throughout the study (Figure 3).

[image: Three bar graphs comparing two groups, MTWG and EBWG, across three time points: Pre-Test (T0), Post Test (T1), and Follow-Up (T2). The first graph shows pulmonary function scores, with MTWG scores slightly higher at each point. The second graph displays heart rate, with a similar pattern except for higher EBWG scores at Post Test. The third graph depicts SpO2 levels, where EBWG scores higher at Post Test and Follow-Up. Error bars indicate variability in data.]

FIGURE 3
 Estimated means for cardiorespiratory outcomes across treatment groups (MTWG and EBWG).


In relation to pain, both groups showed an improvement throughout the assessments for the two pain variables. Considering pain is a prevalent condition in older adults, our results show two treatment options which are sustainable, simple, and affordable, such as manual therapy and resistance bands, both combined with high-intensity walking. In this regard, in relation to the two pain variables, the MTWG showed poorer scores than the EBWG in both of them in the first assessment, and this trend was maintained throughout the study. For trapezius PPT, our results showed statistical differences between groups in favor of the EBWG. This may be due to the fact that elastic band exercises help to build strength, improve flexibility, and enhance overall fitness, and when applied as a moderate-intensity resistance training it is an optimal rehabilitation option for older adults (56). As suggested by other authors, programmes that achieve positive results in pain relief for older adults are those that combine interventions such as Pilates and basic strength training (57). Our study combined resistance elastic band exercises with aerobic exercise such as high-intensity walking. This could have enhanced the effect of elastic band use since combining resistance and aerobic exercises has shown to improve mobility, muscle quality and strength in older adults (24, 26). Our study innovates by highlighting the improvements in terms of musculoskeletal pain. Although previous research had also shown a reduction in pain when combining walking with resistance elastic band training (58), it focused on young adults (see Figure 2).

The improvements achieved in the EBWG compared to the MTWG were mainly related to the PPT. This might be explained by the fact that two of the elastic band exercises activated the shoulder girdle focusing on upper and lower trapezius muscles stabilizing the scapula, retracting the shoulder blades, and participating in the rotation and lateral flexion of the neck. Therefore local muscle endurance training could be beneficial, due to improved blood circulation, when there is poor capillarisation of trapezius muscle fibers (59), something typical of the aging process (26). The MTWG also included techniques targeting the trapezius muscle, but the intervention was passive and focused less on this area, applying only trigger point inhibition in the trapezius followed by its subsequent stretching. This might have a lesser effect compared to strength training. In other words, the treatment was more focused on muscle release rather than endurance.

Moreover, the superior effects observed in the EBWG can be further explained from the perspective of pain physiology. Resistance training regulates the release of neurotransmitters and signaling proteins involved in nociceptive pathways, including β-endorphins, substance P, anti-inflammatory cytokines, and endogenous endocannabinoids. β-endorphins and endocannabinoids contribute to endogenous analgesia, while the inhibition of substance P reduces the transmission of nociceptive signals to the thalamus. Peripherally, the release of anti-inflammatory cytokines counteracts proinflammatory mediators. Furthermore, elastic band exercises activate the shoulder girdle and enhance local muscle endurance, which may lead to the desensitization of hyperactive muscle spindles and normalization of muscle tone. The repeated activation of large-diameter afferent fibers (A-beta) also competes with nociceptive signals from A-delta and C fibers, in line with the Gate Control Theory, further reducing pain perception. Altogether, these integrated physiological mechanisms provide a plausible explanation for the greater benefits observed in the EBWG, linking the intervention to both peripheral and central changes in pain processing (60).

Regarding pain measured on the VAS, both groups showed within-subject improvements in this self-reported variable, suggesting that both approaches are effective for relieving non-specific back pain. Pain is a subjective, complex, and multidimensional experience for which no objective biological markers currently exist.

Regarding pain measured on VAS, both groups showed within-subjects differences in this self-reported variable, so both approaches appear to be optimal for relieving non-specific back pain. Pain is a subjective, complex and multidimensional experience for which there are no objective biological markers; despite decades of effort, there is no neurophysiological or chemical test that can measure pain in individual patients. Self-reporting is considered the most accurate and appropriate pain assessment method as health care professionals often underestimate a patient’s pain (5). However, our results offer some hope of offering a relief option for older adults suffering from back pain, even if they are without a specific diagnosis explaining the cause of pain. This pain undoubtedly has a negative impact on their quality of life (61).

Regarding postural pattern, there is evidence that supports that body mechanics in older adults are diminished due to regressive changes in ligaments and articular cartilage (62), especially in women. In addition, musculoskeletal changes occur in the thorax, such as osteoarticular stiffness of the rib cage, dehydration of intervertebral discs, and progressive ossification of chondrocostal and costovertebral joints. All these postural changes frequently accompany the aging process. In our study, the EBWG showed no improvements compared to the MTWG in relation to changes in acromion-to-bed distance. Manual therapy techniques managed to reduce the acromion-to-bed distance from T1 to T2, thus, shoulders exhibited less anterior displacement. This result can be explained by the inclusion of two techniques in the manual therapy (MT) protocol specifically aimed at improving clavicular mobility (gliding of the sternoclavicular joint) and scapular mobility (scapulothoracic joint mobilization and sliding of the thoracic vertebral joints). These techniques involve movement of the shoulders and clavicle, and particularly emphasize scapular mobility, which engages the thoracic vertebrae and the scapular stabilizing musculature. It is possible that the protraction and retraction of the scapula involving the trapezius, rhomboids, serratus anterior, and pectoralis minor muscles, whose function is to stabilize the scapula (63), are key to this improvement. Additionally, the contribution of clavicular mobility and its role in the scapulohumeral rhythm (64) may further explain these benefits.

On the other hand, with regard to upper thoracic mobility, both treatments achieved improvements at the end of the intervention. However, EBWG results were more sustained compared to the MTWG, likely because the exercises were specifically focused on thoracic expansion (trunk extensor exercise). This improvement has also been confirmed by other authors (65), although this had not previously been demonstrated using resistance band training. Elastic band exercises for the thoracic region may be more engaging than traditional mobility exercises. This is because they add variety, allow for adjustable resistance—albeit subjectively—are portable, safe, and provide visual motivation by allowing participants to see and feel the band stretching. Moreover, resistance training with elastic bands has been shown to have a positive impact on both physical and mental health (66).

In terms of lower thoracic mobility/expansion, both protocols showed a trend toward improvement, but the results were not statistically significant. These findings are consistent with the nature of the exercises and interventions applied, which were not specifically targeted at the lower thoracic region. On the one hand, the elastic band exercises did not promote focused expansion of the lower thoracic area, and the self-assisted manual therapy protocol primarily addressed general mobility. Therefore, more targeted interventions might have yielded better outcomes.

Regarding respiratory variables (FEV1/FVC), the pattern observed in our sample indicates neither an obstructive nor a restrictive profile. This suggests that we are working with relatively healthy older adults, whose values fall within normative ranges. Similarly, heart rate (HR) and oxygen saturation (SpO₂) remained within normal limits throughout the study. The chest mobilization technique has been used in clinical practice to enhance thoracic cage mobility and modulate the autonomic nervous system through the activation of proximal ganglia of the thoracic sympathetic chain at the costotransverse joint. In this regard, Rocha et al. conducted a pilot study evaluating the feasibility of an intervention protocol and the immediate effects of two manual rib cage lift techniques on the autonomic nervous system in patients with Chronic Obstructive Pulmonary Disease. The study concluded that diaphragmatic release may reduce resting heart rate and increase heart rate variability following the intervention (67). However, our sample consisted of individuals without known respiratory or cardiac conditions, who are also health-conscious, which may explain their optimal baseline status in these variables. Therefore, it can be concluded that while both intervention protocols were effective in improving parameters related to pain, mobility, and posture, neither was able to induce significant changes in respiratory or cardiovascular variables.

Our results indicate that this is a population that actively takes care of their health. Other authors have highlighted that inadequate health literacy is associated with poorer physical and mental health outcomes (68). In conclusion, we are observing a generation of older adults who are increasingly aware of the importance of physical exercise, and this factor positively influences their respiratory values, which were found to be satisfactory in this population.

Social, economic and biomedical factors are in continuous change, and the increased life expectancy of the population has an impact on the health system with a considerable increase in expenditure for social security and assistance (69). In order to avoid this situation, an active and healthy aging process necessary. Given today’s long-lived society, it is essential to achieve longer and healthier lives, in addition to reducing the costs of this type of society (70). According to research by Barrios Duarte et al. (71) exercise in older adults will provide multiple benefits such as decreased pain, improved quality of life, improved mood or improved sleep. It would be desirable to implement home-based follow-up using technological tools or monitoring through primary care centers, in order to enhance motivation and ensure proper supervision.


Limitations and strengths

Our study is not without limitations. First, there were no exercises or techniques specifically targeting the lower thoracic region, which may have limited the outcomes in that area. In future studies, it would be advisable to incorporate techniques into both protocols—self-assisted manual therapy and elastic band mobility exercises—with a focus on diaphragmatic breathing. Moreover, the postural assessment used (acromion-to-bed distance), while practical, may lack the sensitivity of more precise methods such as digital inclinometry or photogrammetry. Additionally, the sample was restricted to community-dwelling older adults (60–80 years), excluding frail or institutionalized individuals, which may limit the generalizability of our findings. Finally, including a control group could provide more robust comparisons between the two intervention protocols.

The strength of the present study lies in the fact that both protocols can be initiated and implemented at home, empowering individuals to take an active role in managing and improving their health. Moreover, the use of validated assessment tools (PPT, VAS, acromion-to-bed test, chest expansion, and spirometry) strengthens the reliability of the outcome measures.




Conclusion

Both protocols relieve pain; however, the manual therapy intervention alleviates nonspecific back pain, while the elastic band intervention improves the musculoskeletal pain pressure threshold in the trapezius muscles. The postural pattern related to the acromion-to-table distance improves with manual therapy treatment, whereas upper thoracic expansion improves with elastic band treatment. Neither protocol succeeded in improving lower thoracic mobility parameters or respiratory variables.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Ethics Committee for Research on Humans of the University of Valencia (No. 1393203). 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. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

AA-G: Writing – original draft, Resources, Funding acquisition, Project administration, Supervision, Writing – review & editing, Conceptualization, Investigation. LF-A: Data curation, Formal analysis, Writing – original draft, Writing – review & editing. EM-S: Investigation, Writing – review & editing. LM: Data curation, Writing – review & editing, Formal analysis. RC: Investigation, Writing – original draft, Writing – review & editing, Data curation. DP: Writing – review & editing, Resources, Investigation. GE-L: Conceptualization, Supervision, Methodology, Investigation, Writing – review & editing, Writing – original draft.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was funded by the Conselleria de Educacion, Cultura, Universidades y Empleo, Generalitat Valenciana (CIGE/2023/56).



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 authors declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



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/fmed.2025.1654670/full#supplementary-material



Footnotes

1   https://www.herycor.com/#


References
	 1. Ageing and Health. (s. f.). Recuperado 23 de abril de 2025 (2025). Available online at: https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
	 2. Engel, RM, Vemulpad, SR, and Beath, K. Short-term effects of a course of manual therapy and exercise in people with moderate chronic obstructive pulmonary disease: a preliminary clinical trial. J Manip Physiol Ther. (2013) 36:490–6. doi: 10.1016/j.jmpt.2013.05.028 
	 3. Global Burden of Disease Study 2013 Collaborators. Global, regional, and national incidence, prevalence, and years lived with disability for 301 acute and chronic diseases and injuries in 188 countries, 1990-2013: a systematic analysis for the global burden of disease study 2013. Lancet (London, England). (2015) 386:743–800. doi: 10.1016/S0140-6736(15)60692-4 
	 4. Sáez López, MP, Sánchez Hernández, N, Jiménez Mola, S, Alonso García, N, and Valverde García, JA. Valoración del dolor en el anciano. Rev Soc Esp Dolor. (2015) 22:271–4. doi: 10.4321/S1134-80462015000600008
	 5. Catananti, C, and Gambassi, G. Pain assessment in the elderly. Surg Oncol. (2010) 19:140–8. doi: 10.1016/j.suronc.2009.11.010 
	 6. Javier De Andrés, A, Juan Pablo Acuña, B, and Alicia Olivares, S. Dolor en el paciente de la tercera edad. Rev Med Clin Condes. (2014) 25:674–86. doi: 10.1016/S0716-8640(14)70089-6
	 7. Suri, A, Rosso, AL, VanSwearingen, J, Coffman, LM, Redfern, MS, Brach, JS , et al. Mobility of older adults: gait quality measures are associated with life-space assessment scores. J Gerontol. (2021) 76:e299–306. doi: 10.1093/gerona/glab151 
	 8. Anwajler, J, Barczyk, K, Wojna, D, Ostrowska, B, and Skolimowski, T. Characteristics of body posture in the sagittal plane in elderly people-residents of social care centres. Gerontol Pol. (2010) 18:134–9.
	 9. Welsh, TP, Yang, AE, and Makris, UE. Musculoskeletal pain in older adults: a clinical review. Med Clin North Am. (2020) 104:855–72. doi: 10.1016/j.mcna.2020.05.002 
	 10. Mika, A, Unnithan, VB, and Mika, P. Differences in thoracic kyphosis and in back muscle strength in women with bone loss due to osteoporosis. Spine. (2005) 30:241–6. doi: 10.1097/01.brs.0000150521.10071.df 
	 11. Vardar-Yagli, N, Saglam, M, Calik-Kutukcu, E, Inal-Ince, D, Arikan, H, and Coplu, L. Increased pain sensitivity, postural abnormalities, and functional balance impairment in obstructive lung disease compared to healthy subjects. Heart Lung. (2019) 48:351–5. doi: 10.1016/j.hrtlng.2018.12.009 
	 12. Noale, M., Limongi, F., and Maggi, S. (2020). Epidemiology of cardiovascular diseases in the elderly. En N. Veronese (Ed.), Frailty and cardiovascular diseases, vol. 1216 (pp. 29–38). Heidelberg: Springer International Publishing.
	 13. Landinez Parra, NS, Contreras Valencia, K, and Castro Villamil, Á. Proceso de envejecimiento, ejercicio y fisioterapia. Rev Cubana Salud Publica. (2012) 38:562–80. doi: 10.1590/S0864-34662012000400008
	 14. Arnal-Gómez, A, Saavedra-Hernández, M, Martinez-Millana, A, and Espí-López, GV. Clinical changes of respiratory parameters in institutionalized older adults after a physiotherapy program combining respiratory and musculoskeletal exercises. Healthcare (Basel, Switzerland). (2022) 10:1680. doi: 10.3390/healthcare10091680 
	 15. Kado, DM, Huang, M-H, Nguyen, CB, Barrett-Connor, E, and Greendale, GA. Hyperkyphotic posture and risk of injurious falls in older persons: the rancho Bernardo study. J Gerontol Ser A Biol Med Sci. (2007) 62:652–7. doi: 10.1093/gerona/62.6.652 
	 16. Huang, M-H, Barrett-Connor, E, Greendale, GA, and Kado, DM. Hyperkyphotic posture and risk of future osteoporotic fractures: the rancho Bernardo study. J Bone Miner Res Off J Am Soc Bone Miner Res. (2006) 21:419–23. doi: 10.1359/JBMR.051201 
	 17. Lee, PG, Jackson, EA, and Richardson, CR. Exercise prescriptions in older adults. Am Fam Physician. (2017) 95:425–32.
	 18. Dauenhauer, JA, Podgorski, CA, and Karuza, J. Prescribing exercise for older adults: a needs assessment comparing primary care physicians, nurse practitioners, and physician assistants. Gerontol Geriatr Educ. (2006) 26:81–99. doi: 10.1300/J021v26n03_06 
	 19. Fleg, JL. Aerobic exercise in the elderly: a key to successful aging. Discov Med. (2012) 13:223–8.
	 20. Booth, J, Moseley, GL, Schiltenwolf, M, Cashin, A, Davies, M, and Hübscher, M. Exercise for chronic musculoskeletal pain: a biopsychosocial approach. Musculoskeletal Care. (2017) 15:413–21. doi: 10.1002/msc.1191 
	 21. Espí-López, GV, Fuentes-Aparicio, L, Cogollos-de-la-Peña, R, Monzani, L, Marques-Sule, E, Pavlu, D , et al. Effects of self-assisted manual therapy combined with a high-intensity walking program on musculoskeletal pain, functionality, and posture in older adults: a multicentre randomized controlled trial. Life. (2025) 15:844. doi: 10.3390/life15060844 
	 22. Draper-Rodi, J, Newell, D, Barbe, MF, and Bialosky, J. Integrated manual therapies: IASP taskforce viewpoint. PAIN Rep. (2024) 9:e1192. doi: 10.1097/PR9.0000000000001192 
	 23. Noll, DR, Degenhardt, BF, Johnson, JC, and Burt, SA. Immediate effects of osteopathic manipulative treatment in elderly patients with chronic obstructive pulmonary disease. J Osteopathic Med. (2008) 108:251–9.
	 24. Drey, M, Zech, A, Freiberger, E, Bertsch, T, Uter, W, Sieber, CC , et al. Effects of strength training versus power training on physical performance in Prefrail community-dwelling older adults. Gerontology. (2012) 58:197–204. doi: 10.1159/000332207 
	 25. Nor, R, Justine, M, Joanny, A, and Zolkafli, AA. Effectiveness of a 3-month antifalling program in the mobility, balance confidence, and muscle performance of older adults. J Exerc Rehabil. (2021) 17:247–55. doi: 10.12965/jer.2142412.206 
	 26. St-Jean-Pelletier, F, Pion, CH, Leduc-Gaudet, J, Sgarioto, N, Zovilé, I, Barbat-Artigas, S , et al. The impact of ageing, physical activity, and pre-frailty on skeletal muscle phenotype, mitochondrial content, and intramyocellular lipids in men. J Cachexia Sarcopenia Muscle. (2017) 8:213–28. doi: 10.1002/jcsm.12139 
	 27. Strasser, E-M, Hofmann, M, Franzke, B, Schober-Halper, B, Oesen, S, Jandrasits, W , et al. Strength training increases skeletal muscle quality but not muscle mass in old institutionalized adults: a randomized, multi-arm parallel and controlled intervention study. Eur J Phys Rehabil Med. (2019) 54:921–33. doi: 10.23736/S1973-9087.18.04930-4
	 28. Kristensen, J, and Franklyn-Miller, A. Resistance training in musculoskeletal rehabilitation: a systematic review. Br J Sports Med. (2012) 46:719–26. doi: 10.1136/bjsm.2010.079376 
	 29. Lee, JG, Kim, WJ, and Kyoung, KJ. Effects of resistance exercise program on pain, stress, range of motion, and body composition of older adults: a randomized controlled trial. Altern Ther Health Med. (2022) 28:95–103.
	 30. Hofmann, M, Schober-Halper, B, Oesen, S, Franzke, B, Tschan, H, Bachl, N , et al. Effects of elastic band resistance training and nutritional supplementation on muscle quality and circulating muscle growth and degradation factors of institutionalized elderly women: the Vienna active ageing study (VAAS). Eur J Appl Physiol. (2016) 116:885–97. doi: 10.1007/s00421-016-3344-8 
	 31. Choi, H-M, Hurr, C, and Kim, S. Effects of elastic band exercise on functional fitness and blood pressure response in the healthy elderly. Int J Environ Res Public Health. (2020) 17:7144. doi: 10.3390/ijerph17197144 
	 32. Chen, R, Wu, Q, Wang, D, Li, Z, Liu, H, Liu, G , et al. Effects of elastic band exercise on the frailty states in pre-frail elderly people. Physiother Theory Pract. (2020) 36:1000–8. doi: 10.1080/09593985.2018.1548673 
	 33. Trapé, AA, Lizzi, EADS, Gonçalves, TCP, Rodrigues, JAL, Tavares, SS, Lacchini, R , et al. Effect of multicomponent training on blood pressure, nitric oxide, redox status, and physical fitness in older adult women: influence of endothelial nitric oxide synthase (NOS3) haplotypes. Oxid Med Cell Longev. (2017) 2017:1–12. doi: 10.1155/2017/2578950
	 34. Parikh, P, Santaguida, P, Macdermid, J, Gross, A, and Eshtiaghi, A. Comparison of CPG’S for the diagnosis, prognosis and management of non-specific neck pain: a systematic review. BMC Musculoskelet Disord. (2019) 20:81. doi: 10.1186/s12891-019-2441-3 
	 35. VanDerVeer, S, Markert, R, Bickford, B, Yuhas, J, Pikman, P, Wall, T , et al. Increasing exercise adherence among elderly patients with chronic disease in primary care: a prospective cohort study. BMC Geriatr. (2021) 21:616. doi: 10.1186/s12877-021-02572-5 
	 36. Schulz, KF, Altman, DG, and Moher, D, CONSORT Group. CONSORT 2010 statement: updated guidelines for reporting parallel group randomised trials. Trials. (2010) 11:32. doi: 10.1186/1745-6215-11-32
	 37. Chiarotto, A, and Koes, BW. Nonspecific low Back pain. N Engl J Med. (2022) 386:1732–40. doi: 10.1056/NEJMcp2032396 
	 38. Lobo, A, Saz, P, Marcos, G, Día, JL, de la Cámara, C, Ventura, T , et al. Revalidation and standardization of the cognition mini-exam (first Spanish version of the Mini-mental status examination) in the general geriatric population. Medicina Clinica. (1999) 112:767–74.
	 39. Charlson, ME, Charlson, RE, Peterson, JC, Marinopoulos, SS, Briggs, WM, and Hollenberg, JP. The Charlson comorbidity index is adapted to predict costs of chronic disease in primary care patients. J Clin Epidemiol. (2008) 61:1234–40. doi: 10.1016/j.jclinepi.2008.01.006 
	 40. Chesterton, LS, Sim, J, Wright, CC, and Foster, NE. Interrater reliability of algometry in measuring pressure pain thresholds in healthy humans, using multiple raters. Clin J Pain. (2007) 23:760–6. doi: 10.1097/AJP.0b013e318154b6ae 
	 41. Scott, J, and Huskisson, EC. Vertical or horizontal visual analogue scales. Ann Rheum Dis. (1979) 38:560. doi: 10.1136/ard.38.6.560 
	 42. Sahrmann, S. Diagnosis and treatment of movement impairment syndromes-E-book. Amsterdam: Elsevier Health Sciences (2001).
	 43. Lewis, JS, and Valentine, RE. The pectoralis minor length test: a study of the intra-rater reliability and diagnostic accuracy in subjects with and without shoulder symptoms. BMC Musculoskelet Disord. (2007) 8:64. doi: 10.1186/1471-2474-8-64 
	 44. Reddy, RS, Alahmari, KA, Silvian, PS, Ahmad, IA, Kakarparthi, VN, and Rengaramanujam, K. Reliability of chest wall mobility and its correlation with lung functions in healthy nonsmokers, healthy smokers, and patients with COPD. Can Respir J. (2019) 2019:1–11. doi: 10.1155/2019/5175949 
	 45. Giménez, M, Piera, ES, and Vergara, P. Prevención y rehabilitación en patología respiratoria crónica: Fisioterapia, entrenamiento y cuidados respiratorios. Washington: Médica Panamericana (2004).
	 46. Güell Rous, MR, Díaz Lobato, S, Rodríguez Trigo, G, Morante Vélez, F, San Miguel, M, Cejudo, P , et al. Pulmonary rehabilitation. Arch Bronconeumol (English Ed). (2014) 50:332–44. doi: 10.1016/j.arbr.2014.06.011
	 47. Graham, BL, Steenbruggen, I, Miller, MR, Barjaktarevic, IZ, Cooper, BG, Hall, GL , et al. Standardization of spirometry 2019 update. An official American Thoracic Society and European Respiratory Society technical statement. Am J Respir Crit Care Med. (2019) 200:e70–88. doi: 10.1164/rccm.201908-1590ST 
	 48. Fernández-Villar, A, Represas-Represas, C, Mouronte-Roibás, C, Ramos-Hernández, C, Priegue-Carrera, A, Fernández-García, S , et al. Reliability and usefulness of spirometry performed during admission for COPD exacerbation. PLoS One. (2018) 13:e0194983. doi: 10.1371/journal.pone.0194983 
	 49. Revuelta, JM, and Alconero-Camarero, AR. Corazón de mujer. Cirugía Cardiovas. (2020) 27:39–41. doi: 10.1016/j.circv.2020.02.002
	 50. Torp, K, Modi, P, Pollard, E, and Simon, L. Pulse oximetry. Treasure Island (FL): StatPearls Publishing (2024).
	 51. Pavlu, D. Übungen mit dem Sanctband. Stuttgart-Feuerbach: Georg Thieme Verlag (2016).
	 52. Fielding, RA, Rejeski, WJ, Blair, S, Church, T, Espeland, MA, Gill, TM , et al. The lifestyle interventions and independence for elders study: design and methods. J Gerontol A Biol Sci Med Sci. (2011) 66A:1226–37. doi: 10.1093/gerona/glr123 
	 53. Engel, RM, Gonski, P, Beath, K, and Vemulpad, S. Medium term effects of including manual therapy in a pulmonary rehabilitation program for chronic obstructive pulmonary disease (COPD): a randomized controlled pilot trial. J Man Manip Ther. (2016) 24:80–9. doi: 10.1179/2042618614Y.0000000074 
	 54. Zanotti, E, Berardinelli, P, Bizzarri, C, Civardi, A, Manstretta, A, Rossetti, S , et al. Osteopathic manipulative treatment effectiveness in severe chronic obstructive pulmonary disease: a pilot study. Complement Ther Med. (2012) 20:16–22. doi: 10.1016/j.ctim.2011.10.008 
	 55. Da Costa, BR, Saadat, P, Basciani, RM, Agarwal, A, Johnston, BC, and Jüni, P. Visual analogue scale has higher assay sensitivity than WOMAC pain in detecting between-group differences in treatment effects: a meta-epidemiological study. Osteoarthr Cartil. (2021) 29:304–12. doi: 10.1016/j.joca.2020.10.004 
	 56. Zhao, H, Cheng, R, Song, G, Teng, J, Shen, S, Fu, X , et al. The effect of resistance training on the rehabilitation of elderly patients with sarcopenia: a meta-analysis. Int J Environ Res Public Health. (2022) 19:15491. doi: 10.3390/ijerph192315491 
	 57. Fernández-Rodríguez, R, Álvarez-Bueno, C, Cavero-Redondo, I, Torres-Costoso, A, Pozuelo-Carrascosa, DP, Reina-Gutiérrez, S , et al. Best exercise options for reducing pain and disability in adults with chronic low Back pain: Pilates, strength, Core-based, and mind-body. A network Meta-analysis. J Orthop Sports Phys Ther. (2022) 52:505–21. doi: 10.2519/jospt.2022.10671 
	 58. Saeterbakken, AH, Nordengen, S, Andersen, V, and Fimland, MS. Nordic walking and specific strength training for neck- and shoulder pain in office workers: a pilot-study. Eur J Phys Rehabil Med. (2017) 53:928–35. doi: 10.23736/S1973-9087.17.04623-8
	 59. Lindman, R, Hagberg, M, Angqvist, KA, Söderlund, K, Hultman, E, and Thornell, LE. Changes in muscle morphology in chronic trapezius myalgia. Scand J Work Environ Health. (1991) 17:347–55. doi: 10.5271/sjweh.1693 
	 60. Mlost, J, Wąsik, A, and Starowicz, K. Role of endocannabinoid system in dopamine signalling within the reward circuits affected by chronic pain. Pharmacol Res. (2019) 143:40–7. doi: 10.1016/j.phrs.2019.02.029 
	 61. Agnus Tom, A, Rajkumar, E, John, R, and Joshua George, A. Determinants of quality of life in individuals with chronic low back pain: a systematic review. Health Psychol Behav Med. (2022) 10:124–44. doi: 10.1080/21642850.2021.2022487 
	 62. Ettinger, B, Black, DM, Palermo, L, Nevitt, MC, Melnikoff, S, and Cummings, SR. Kyphosis in older women and its relation to back pain, disability and osteopenia: the study of osteoporotic fractures. Osteoporos Int. (1994) 4:55–60. doi: 10.1007/BF02352262 
	 63. Srour, F, Dumontier, C, Loubière, M, and Barette, G. Evaluación clínica y funcional del hombro doloroso. EMC Kinesiterapia Med Fís. (2013) 34:1–21. doi: 10.1016/S1293-2965(13)65845-4
	 64. Ramos, MER, Muñoz, RC, Dueñas, MC, and Simón, VR. Importancia de la movilidad de la clavícula en el ritmo escapulohumeral del paciente hemipléjico. Cuest Fisioter. (2002) 19:75.
	 65. Ekstrum, JA, Black, LL, and Paschal, KA. Effects of a thoracic mobility and respiratory exercise program on pulmonary function and functional capacity in older adults. Phys Occup Ther Geriatr. (2009) 27:310–27. doi: 10.1080/02703180902803895
	 66. Li, A, Sun, Y, Li, M, Wang, D, and Ma, X. Effects of elastic band resistance training on the physical and mental health of elderly individuals: a mixed methods systematic review. PLoS One. (2024) 19:e0303372. doi: 10.1371/journal.pone.0303372 
	 67. Rocha, HM, Muniz De Souza, HC, Viana, R, Neves, VR, and Dornelas De Andrade, A. Immediate effects of rib mobilization and diaphragm release techniques on cardiac autonomic control in patients with chronic obstructive pulmonary disease: a pilot study. J Chiropr Med. (2020) 19:167–74. doi: 10.1016/j.jcm.2020.06.001 
	 68. Wolf, MS, Gazmararian, JA, and Baker, DW. Health literacy and functional health status among older adults. Arch Intern Med. (2005) 165:1946. doi: 10.1001/archinte.165.17.1946 
	 69. Alonso Galbán, P, Sansó Soberats, FJ, Díaz-Canel Navarro, AM, Carrasco García, M, and Oliva, T. Envejecimiento poblacional y fragilidad en el adulto mayor. Rev Cubana Salud Publica. (2007) 33:1–17. doi: 10.1590/S0864-34662007000100010
	 70. Scott, AJ. The longevity economy. Lancet Healthy Longevity. (2021) 2:e828. doi: 10.1016/S2666-7568(21)00250-6 
	 71. Barrios Duarte, R, Borges Mojaiber, R, and Cardoso Pérez, LC. Beneficios percibidos por adultos mayores incorporados al ejercicio. Rev Cuba Med Gen Integral. (2003) 19.


Copyright
 © 2025 Arnal-Gómez, Fuentes-Aparicio, Marqués-Sulé, Monzani, Cogollos-de-la-Peña, Pavlu and Espí-López. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fmed-12-1654670-g003.jpg
8769

88.41

87.17

76.83

78.62

97.42

ollow-Up (T2)






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Comparative effectiveness of manual therapy and band exercises combined with high-intensity walking for pain, posture, and cardiorespiratory health in older adults: a randomised clinical trial



		Introduction



		Methods



		Study design



		Participants



		Randomization and blinding



		Outcomes



		Primary outcome



		Musculoskeletal pain









		Secondary outcomes



		Postural pattern



		Cardiorespiratory parameters















		Intervention



		Self-administered manual therapy protocol



		Self-administered elastic band exercises protocol



		High-intensity walking exercise









		Sample size calculation



		Statistical analysis









		Results



		Model A



		Model B



		Model C









		Discussion



		Limitations and strengths









		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/fmed-12-1654670-g001.jpg
Assessed for eligibility (n=118)

Randomized (n= 105)

Excluded (n= 13)
+ Not meeting inclusion criteria (n= 13)

- Smokes a cigarette (n= 4)

- Has acute low back pain (n= 4)

- Diagnosed with fibromyalgia (n=3)

- Inability to participate in recent surgery (n=2)

Allocated to intervention (n=53)
+ Made the first assessment (n= 53)

| Assessment |

tervention

5

+ Receive allocated intervention (n=53)

Allocated to control (n= 52)

+ Made the first assessment (n= 49)

+ Did not made the first assessment (n= 3)
-Abandoned voluntarily (n= 3)

Analysed (n= 53)

+ Receive allocated intervention (n=49)

Analysis

Analysed (n= 49)






OPS/images/fmed-12-1654670-g002.jpg
SN

IHIH HIH lﬂlﬂ

1wl






OPS/images/cover.jpg
& frontiers | Frontiers in Medicine

Comparative effectiveness of
manual therapy and band
exercises combined with

high-intensity walking for pain,

posture, and cardiorespiratory
health in older adults: a
randomised clinical trial












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Medicine






