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Improving spinal alignment
through innovative resistance
training with outdoor fitness
equipment in middle-aged and
older adults: a randomized
controlled trial

P. ). Marcos-Pardo™?, T. Abelleira-Lamela®", R. Vaquero-Cristobal®**, A. Espeso-Garcia?,
F. Esparza-Ros> & N. Gonzalez-Galvez®

The main objective of this study was to analyze the effect of a resistance training program using
outdoor fitness equipment (OFE) on sagittal spine disposition and pelvic tilt in middle-aged and older
adults. One hundred and twenty-eight middle-aged and older adults were randomly assigned to the
training (TG) or control group (CG). The TG trained for 8 weeks, with 2 weekly sessions of one hour of
resistance circuit training with OFE. Before and after the intervention, the sagittal spine disposition
and pelvic tilt in the relaxed standing and sitting positions were analyzed. The results showed that the
TG obtained a significant reduction (p <0.001) in all the curvatures of the sagittal spine disposition and
pelvic tilt in the standing position after the intervention, in contrast to the CG, which only showed a
significant reduction in pelvic tilt (p =0.005). Regarding the sitting position, only the TG presented a
significant decrease in lumbar lordosis (p <0.001). In conclusion, resistance training with OFE may be
useful in improving sagittal spine disposition in middle-aged and older adults. Given the availability
of free OFE in parks, the present research provides elders with an accessible and effective training
program to curb the effects of ageing on the sagittal spine disposition.
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Current scientific evidence describes an increase in thoracic curvature while standing as a person ages'~*, without

a clear trend for lumbar curvature in the standing position in this population. While some studies find that it
often flattens during this stage, other studies show that it increases®*°. Not surprisingly, previous studies have
found that 20-40% of older adults have thoracic hyperkyphosis in the standing position’~®, with the incidence of
older adults showing hyperlordosis in the standing position also being high®.

This increase has been linked to a poorer health status, characterized by respiratory problems, greater loss of
physical function, lack of mobility, risk of falling, back pain in general, and low back pain in particular, and even
mortality!%-1°, In addition, pathologies such as spondylolysis, spondylolisthesis or degenerative changes in the
intervertebral discs have also been linked to spine misalignments'®!”.

One of the factors that could be associated with the increase in sagittal curvatures of the spine beyond the
normal range with age is the loss of physical conditioning’. A relationship has also been found between changes
occurring in the sagittal spine disposition and loss of strength!218-2!. Specifically, it has been found that a deficit
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in the strength of the extensor muscles of the trunk is related to an increase in thoracic hyperkyphosis and
hyperlordosis or rectification of the lumbar area, as well as an alteration of the lumbo-pelvic dynamics"!*1%20,
In addition, strength deficits in the trunk muscles, with the subsequent changes in the sagittal spine disposition,
increase the risk of suffering from some pathologies such as herniated discs!'.

As a result of the aforementioned factors, various studies have suggested the implementation of
comprehensive exercise training programs, with a specific emphasis on resistance training to enhance sagittal
spinal disposition?>~2%, Thus, most of these studies have implemented multicomponent programs, usually
including stretching or postural hygiene exercises together with resistance work as well'#?. Therefore, the
effect of exclusive resistance training on the sagittal spine disposition is lightly studied but promising!*2¢-25,
In addition, very few of these studies have focused on the adult/older population®5-%°. Likewise, reviews on
the effect of strength training on spinal disposition have shown that a full body circuit based on different types
of overload training, such as using gym equipment, dumbbells, or weighted backpacks, can improve thoracic
aligment in elders as long as sufficient overload and training volume is achieved. This could be due to the fact
that in most of these interventions, the trunk musculature is not worked on exclusively, but most of the exercises
focus on the upper and lower limb musculature, with the trunk musculature being involved as a synergist, so
that the generation of sufficient overload seems to be a limiting factor in the effects of these interventions on
the sagittal spine disposition®*. However, these interventions have been focused on different methodologies
used for strength training, such as gym equipment, self-loading exercises, dumbbells, weighted backpacks or
elastic bands, with very different results reported between them, which could be due to the differences in the
training programs proposed, the training volume, the overloading of the different training systems used, or the
characteristics of the population included™’.

In this line, despite the many investigations carried out with different types of equipment, including traditional
machines®!"?, it should be noted that none of these previous studies have used outdoor fitness equipment (OFE)
for resistance training. In general, OFE machines are specially designed for adults and older adults, with a
friendly design and a simple operation3*3*. Many public entities worldwide have used them with the aim of
achieving a healthy aging of the population by making access to OFE simple and free of charge****. The location
of these machines in public spaces and their free-of-charge use, provide greater availability and accessibility as
compared to traditional machines. In addition, although they are more oriented towards the elderly population,
they are commonly used by people of all age groups*, so that a larger population group in multiple countries*
could benefit from their use over traditional gym machines. In fact, this type of installation has been booming
in recent years.

OFE is a very interesting option for guided resistance training with exercise equipment. Theoretically,
training with OFE should influence the sagittal spine disposition by strengthening the adjoining and stabilizing
trunk and back musculature such as abdominal obliques, rectus abdominis, multifidus, transverse abdominal,
quadratus lumborum, erector spinae or dorsal, among others®*-*%. These muscles act as synergists when pulling
or pushing with the upper limb, or movements involving hip flexions or extensions, movements for which many
OFE are designed®. In fact, previous studies have shown that training on OFE-like machines such as guided gym
machines can improve sagittal spine posture as a result of the activation generated by these machines in synergist
muscles that act as stabilizing musculature of the trunk and back?*3%40-42, However, although OFE machines
are training devices with certain similarities to traditional gym machines, unlike traditional gym machines in
the OFE the user’s own weight is used as the load by means of a system of levers®”*3. Previous studies have
shown that their use can improve body composition and functionality, and increase strength in arms and legs®.
Furthermore, OFEs have been designed without regard to safety or ergonomic principles®. This therefore raises
the question of whether the OFE machines can achieve long-term beneficial effects on the sagittal disposition
of the spine despite their design, or provide sufficient stimulus, as has been found with other strength training
systems?’. It is therefore essential to know the effects of training with this type of equipment on the sagittal spine
disposition.

Therefore, the aim of the present study was to analyze the effect of a resistance training program using OFE
on the sagittal spine disposition and pelvic tilt of middle-aged and older adults. The hypothesis of the present
study is that resistance training with OFE will improve the sagittal spine disposition and pelvic tilt of middle-
aged and older adults.

Materials and methods

Study design

The present study is an 8-week randomized controlled trial. The trial design was registered with ClinicalTrial.
gov (identifier: NCT04958499) and followed the Consolidated Standards of Reporting Trials (CONSORT)
guidelines and the Template for Intervention Description and Replication (TIDieR) checklist. The research was
conducted in accordance with the Declaration of Helsinki. Approval was obtained from the Ethics Committee
of the Universidad Catélica San Antonio de Murcia (Ethical Application Ref: CE111908) before the start of the
project. All participants were informed of the study evidence as well as any potential risks and possible adverse
effects, and voluntarily signed an informed consent form prior to the measurements and intervention, and also
provided their consent to have their photographs taken for subsequent publications.

Participants

The minimum sample size necessary for the study’s development was calculated using Rstudio 3.15.0 software
(Rstudio Inc., USA), and followed the methodology employed in previous studies*, which also provided the
standard deviation (SD) from prior studies that measured thoracic kyphosis in standing position for a sample
of older adults (SD =8.5°)%. This standard deviation was chosen after selecting a study that showed a sample
similar to the present one. In addition, to be conservative, a standard deviation that was slightly higher than the
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norm was used to ensure the sample and power size. With an estimated error (d) of 2.12, a confidence interval
of 95%, a significance power of 95% (1-B=0.95), and a significance level of 0.05, the required sample size was
determined to be 62 volunteers. To be cautious and to avoid a high sample loss after the end of the intervention,
a dropout rate of 20% was assumed, based on previous studies’>** that had similar characteristics to the present
one. Thus, a minimum of 74 participants per group was required.

The participants were recruited on a voluntary basis through informative conferences and advertising in
different senior centers in the Region of Murcia (Spain). The inclusion criteria were: a) being over 50 years
of age; and b) not performing resistance training or physical exercise regularly. The exclusion criteria were:
a) suffering from any spinal disorder or injury that prevented the performance of the measurements and/or
training; b) having undergone surgery that prevents/poses a risk towards performing any of the tests and/or
training; c¢) presenting any neurological, cardiovascular, musculoskeletal or metabolic alterations at the time
of the measurement/training; d) missing the post-test evaluations; and e) starting to perform physical exercise
systematically during the time of the study. The final sample consisted of 128 middle-aged and older adults, 46
men (mean age: 60.50+5.96 years) and 82 women (mean age: 58.04+7.62). They were randomized into the
training group (TG) (n=64; 24 males and 40 females; mean age: 60.02+7.25 years) and control group (CG)
(n=64; 22 males and 42 females; mean age: 57.83 +6.92 years). The CONSORT flow diagram is shown in Fig. 1.

Randomization and blinding

After the recruitment and selection of the sample, the participants were assigned to the different groups. The group
assignment was blinded and was carried out using a computer-generated random number table by a researcher in
the presence of other researchers unrelated to the present investigation. Two groups were established according
to the thoracic curve, as in previous research®S, and then a random sequence was generated to create the groups
by stratified randomization. The researchers who performed the spinal measurements were not present at the
training sessions. The two researchers involved in data collection were also cross-blinded in the measurements,
where one carried out the measurement using the device, while the other was only responsible for verifying the
correct recording of the data. During randomization, an attempt was made to keep married couples in the same
group, as well as social groups, to increase adherence, following the methodology from previous studies?’.

Measurements

The measurements were performed in a sports science laboratory at a standardized temperature of 24 °C
between 10:00 and 14:00 h. The participants were requested to not stretch or warm up prior to the tests. During
the measurements, the participants remained barefoot on an insulating mat.

First, the basic variables of body mass and height were measured according to the protocol from the
International Society for the Advancement of Anthropometry (ISAK)*. All the measurements were performed
by an ISAK Level 1 accredited anthropometrist. A Tanita BC-545N scale (Tanita, Arlington Heights, Illinois,
USA) was used to measure body mass. A HR001 portable stadiometer (Tanita, Arlington Heights, Illinois, USA)
was used to measure height.

Subsequently, the sagittal spine disposition and pelvic tilt were measured using the Spinal Mouse® system
(Idiag, Fehraltdorf, Switzerland). This device allows the angular measurement of the different spinal curvatures
in a non-invasive way by means of a wireless device connected to a computer. This tool has shown high intra- and
inter observer validity and reliability, with the following correlation coefficients, respectively (0.61-0.96; 0.70-
0.93)%. An assessment of the sagittal spine disposition and pelvic tilt in relaxed standing and sitting positions was
performed, following the protocol from previous studies®®>!. In the standing position, the volunteers stood with
their shoulders relaxed, looking forward, with their arms along their trunk, and their feet hip-width apart. For
the sitting position, the volunteers were placed in a relaxed sitting position on a box, without thoracic or lumbar
support, with their hands resting on their thighs, and with their knees bent at 90°. A positive value implied a
pelvic kyphosis/anteversion, while a negative value implied a pelvic lordosis/retroversion. All the assessments
were performed by the same measurer, who had previous experience in performing similar interventions.

Intervention

The intervention program was carried out in an OFE circuit, consisting of eight OFE machines (Bonny rider,
Air Walker, Surfboard, Row, Parallel bars, Gemini, Flyers wheels and Swing) from the company Entorno Urbano
S.L.U (Murcia, Spain), which was located in a private and reserved area for study within the Universidad Catélica
San Antonio de Murcia, Murcia, Spain.

The TG participants performed a training program using the OFE for 8 weeks, with 2 weekly sessions lasting
one hour per session on non-consecutive days. CG participants did not perform any training and were asked to
maintain their usual lifestyle. The researchers in charge of conducting the training sessions recorded attendance
using Excel software. Average program attendance was 92.75% (min: 78.57%, max: 100%).

The training sessions consisted of resistance circuit training with 11 self-loaded exercises (Table 1) to be
performed on the eight OFE machines, following the example from previous research®2 In the selection of
exercises, it was taken into account that there were exercises that involved the dorsal musculature, hip extensors,
scapular approximators or abdominal muscles, among others. The execution speed was set by a metronome™.
The training program was designed and supervised by Sports Science graduates with Master’s degrees in Strength
and Conditioning Training, Healthy Aging, and Physical Activity and Health. The training protocol performed
is described in Table 2. The training load was regulated by time under tension. A digital metronome was used to
set the execution rhythm of the concentric and eccentric phases in each OFE>.
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Fig. 1. CONSORT flow diagram. CONSORT flow diagram showing the flow of participants through each

stage of the study.

Statistical analysis

After analyzing the normality of the variables using the Kolmogorov-Smirnov test, as well as kurtosis, skewness,
and variance, Mauchly 's W-test was used to evaluate the sphericity of the data. Two-way ANOVAs with one-way
repeated measures were carried out to analyze inter- and intra-group differences. Partial eta squared (n2) was
used to calculate the effect size and was defined as small: ES >0.10; moderate: ES > 0.30; large: > 1.2; or very large:

ES>2.0, with an error of p<0.05%. A value of p<0.05 was set to determine statistical significance.
The statistical analysis was performed with the SPSS statistical package (v. 25.0; SPSS Inc., IL).
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Exercise

Method of use

Representation

Bonny rider

Using a supine grip, pull the handle with both
hands by flexing the elbow and extending the
shoulder

Shoulder press

On the Gemini machine, taking the grips at a
low height, push the handle by elbow extension
and shoulder flexion

Air Walker

Holding and on both platforms, perform

hip flexion-extensions keeping the trunk
perpendicular. Hold briefly and isometrically at
the end of the range of motion

Tricep dips

On the parallel bars, holding with both hands
and starting with the elbow flexed, extend it by
overcoming the load of the user’s own weight.
Adaptation: Triceps push-ups with prone grip
sideways to the machine

Shoulder wheel

On the Flyers Wheels machine, with elbows
fully extended and grasping the grips, perform
circumduction through shoulder mobility

Chest press

On the Gemini machine, holding the grips
at a middle height, push the handle by elbow
extension and shoulder flexion

Rotator Cuff
wheel

On the Flyers wheels machine on the side,
support the elbow and take the grip. Perform
internal and external rotation

Calf raise

On the Swing machine, with the knee extended,
rest the metatarsal on the lower edge of the
platform. Flex and extend the ankle

Surfboard

Standing on the platform and holding on to the
handle, perform from the waist the pendulum
movement in the frontal plane. Hold briefly and
isometrically at the end of the range of motion

Continued
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Exercise Method of use Representation

On the Swing machine, sitting with feet on the
Leg press platforms, push through knee extension to
overcome the load

Sitting on the seat, and with the feet in position,
pull on the grip by flexing the elbow and
externally rotating the shoulder, keeping the
trunk perpendicular to the ground

Table 1. Exercises to be performed in the outdoor fitness equipment circuit.

g
3

Sets

T of work / exe (s) | Reps Exe | Concentric/eccentric (repetition/s) | T rest/exe (s) | T rest/set (min) | T session (min) | Total Reps/ session

30

15 1/1 45 13.75 165

30

15 1/1 30 27 330

30

15 11 30 43 495

30

15 1/1 30 43 495

45

15 1/2 30 51.25 495

45

15 1/2 30 51.25 495

45

11 2/2 30 51.25 371
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11 2/2 30 51.25 371

Table 2. Training planning. Exe exercise, Reps repetitions, T time.

Results
Regarding the intergroup baseline differences, Table 3 shows homogeneity in the variables age, gender, marital
status, level of education, occupation, who they live with, and number of falls in the last year (p>0.05).

Table 4 shows the pre-post intervention differences in the sagittal spine disposition and pelvic tilt in each
of the groups. In the standing position, there was a significant reduction in thoracic kyphosis, lumbar lordosis
and pelvic anteversion of the TG after the intervention (p <0.001). In contrast, the CG showed no significant
differences in thoracic or lumbar curvatures (p=0.863; p=0.053), although a significant decrease in pelvic tilt
(p=0.005) was observed. There were no significant changes in either the TG or CG in the sitting position results,
except for a decrease in lumbar lordosis in the TG (p <0.001). These results are shown in Fig. 2.

Table 5 shows the differences between the TG and CG in the pre-post change. The TG showed a significantly
greater reduction than the CG in thoracic curvature, lumbar curvature, and pelvic tilt in the standing position
(p=0.024-<0.001). In the sitting position, a greater reduction in thoracic and lumbar curvature was found in
the TG than in the CG (p=0.023-0.002). There was no difference in the change that occurred in the pelvic tilt
when sitting between groups (p=0.607).

Table 6 shows the differences in pre- and post-test changes between standing and sitting positions.
Significantly greater reductions in thoracic and lumbar curvatures and pelvic tilt were observed in the standing
position than when sitting (p <0.001).

Discussion

The main objective of the present investigation was to analyze the effect of a resistance training program using
OFE on the sagittal spine disposition and pelvic tilt of middle-aged and older adults. The results showed a
significant reduction in all curvatures of the sagittal spine disposition in the standing position of the TG after
the intervention. In contrast, the CG showed no significant differences in thoracic or lumbar curvatures. In both
thoracic and lumbar curvatures, as well as in pelvic tilt, the reduction in the TG was significantly greater than
that of the CG.

In accordance with the findings of the current study, previous studies have shown that the systematic
performance of multicomponent programs that include general resistance exercises, trunk muscle strengthening,
joint mobility exercises, and stretches that target the muscles associated to the trunk, lead to a reduction in
sagittal curvatures while in a standing position, following an 8-week training period!*?>%. Similarly, a recent
systematic review with meta-analysis concluded that structured physical exercise combining thoracic strength/
stabilization, mobility, and flexibility, was an effective intervention for reducing the occurrence of thoracic
hyperkyphotic curvatures. However, it suggested that utilizing a multicomponent approach may not be the most
optimal strategy for maximizing the desired changes, as the studies reviewed were of low to moderate quality,
and more studies on the subject were therefore needed!“.
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TG (X+SD or n(%)) CG (X+SD or n(%)) X2/t | p
Age (years) 60.02+£7.25 57.83+£6.92 0.66 |0.511
Female: 40 (62.5%) Female: 42 (65.6%)
Gender 0.66 |0.416
Male: 24 (37.5%) Male: 22 (33.4%)
Single: 5 (7.8%) Single: 3 (4.7%)
Married: 43 (67.2%) Married: 51 (80.0%)
Marital status 5.48 |0.242
Divorced: 11 (17.2%) Divorced: 3 (4.7%)
Widower: 5 (7.8%) Widower: 7 (10.9%)
Primary: 13 (20.3%) Primary: 16 (25.0%)
Secondary: 16 (25.0%) Secondary: 18 (28.1%)
Level of education 3.23 |0.358
Baccalaureate: 12 (18.8%) Baccalaureate: 12 (18.8%)
University: 23 (35.9%) University: 19 (29.7%)

Full-time employee: 21 (32.8%) | Full-time employee: 20 (31.3%)

Part-time employee: 7 (10.9%) | Part-time employee: 9 (14.1%)

Ocupation Self-employed: 6 (9.4%) Self-employed: 9 (14.1%) 4.34 ]0.502
Unemployed: 7 (10.9%) Unemployed: 8 (12.5%)
Retired: 23 (35.9%) Retired: 18 (28.1%)
Partner: 46 (71.9%) Partner: 49 (76.6%)

Who they live with Family: 8 (12.5%) Family: 6 (9.4%) 1.89 | 0.594
Alone: 10 (15.6%) Alone: 9 (14.1%)

Falls in the last year (n) | 0.29+0.68 0.30+0.47 -0.09 | 0.931

Table 3. Comparison of demographic characteristics in training group and control group. TG training group,

CG control group.
Variable Group | Pre-intervention (X+SD) | Post-intervention (X+SD) | F p-value | n? Mean dif | 95% CI
TG 56.81+5.62 52.05+6.72 47.949 | <0.001 0.432 | —4.758 —3.385;-6.131
Standing Thoracic curv. (°)
CG 51.70+8.40 51.88+7.65 0.030 0.863 | <0.001 | 0.180 2.265;-1.904
TG —25.89+8.46 -20.31£10.56 15.460 | <0.001 0.205 | 5.574 8.409; 2.738
Standing Lumbar curv. (°)
CG -26.08+8.47 —25.16+8.96 3.900 0.053 0.058 | 0.914 1.839;-0.011
TG 11.15+8.15 5.06+5.39 48.318 | <0.001 0.434 | —6.086 —4.336;—7.836
Standing Pelvic tilt (°)
CG 8.89+7.09 5.88+5.70 8.601 0.005 0.122 | —3.008 —-0.958;-5.058
TG 50.72+6.49 49.44+9.16 3.620 0.062 0.054 | —1.281 0.064;-2.627
Sitting Thoracic curv. (°)
CG 46.72+10.61 48.38+9.54 2.342 0.131 0.036 | 1.664 3.837;-0.509
TG -5.80+9.08 0.88+11.22 49.930 | <0.001 0.442 | 6.672 8.559; 4.785
Sitting Lumbar curv. (°)
CG -5.98+11.09 -492+12.11 0.479 0.491 0.008 | 1.063 4.130;-2.005
TG 1.40+7.43 0.56+7.06 0.552 0.460 0.009 | —0.844 1.426;-3.113
Sitting Pelvic tilt (°)
CG 1.81+7.52 1.75+7.45 0.004 0.951 | <0.001 | —0.063 1.945;-2.070

Table 4. Intra-group changes of the sagittal spine disposition and pelvic tilt during standing and sitting. CG
control group, curv curvature, TG training group. Baseline intergroup difference post-randomization: *p <0.05;
%%

p<0.001.

The same trend is found in the older population, where most studies have analyzed the effects of a
multicomponent intervention on spinal alignment!*>®. However, few studies have demonstrated the effect of
a training program based exclusively on guided equipment-based resistance training on the reduction of the
sagittal spine disposition in the standing position of middle-aged and older adults?®. In that study it was found
that a full body work with guided machines can improve thoracic kyphosis, but that on the contrary, a poor
selection of guided machines such as core pull and vertical lift exercises and their isometric execution can lead
to vertebral fractures?. Another study reported no significant differences, perhaps attributed to the low intensity
of the strength program performed with elastic bands?’. On the contrary, studies performed on postmenopausal
women and men over 45 years of age with a low bone mineral density found that after training similar muscle
groups by means of exercises using 80-85% of one maximum repetition, a significant improvement of -6.7 + 8.2°
and -2.3+0.8° respectively, of thoracic kyphosis was observed after eight weeks of training?®?%. In contrast,
they did not report the effect size using eta squared, so it could not be compared. A previous review indicated
that the key to generating changes in the sagittal disposition of the thoracic spine could lie on the volume of
training and the selection of devices that provide a sufficient load, especially when the trunk musculature is
worked in this type of circuit as a synergistic factor with the rest of the exercises?®*. In light of the results of the
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Fig. 2. Sagittal spine disposition and pelvic tilt in standing and sitting positions in both measurements for the
training group and the control group. Sagittal spine curvatures and pelvic tilt in the pre-test and the post-test
for each group. * indicates that the pre-post differences are p <0.05.

present research, this also seems to be the case with OFE, which could provide a sufficient stimulus to generate
adaptations in the spine.

The analysis of the sagittal disposition of the spine in the standing position is essential. It is the most used
position especially in older people, due to the consequences it has on aspects such as balance and the probability
of falling®’. It has been observed that an increase linearity can improve people’s balance®”-8, and therefore, in our
case, the improvement in linearity after training could reduce the risk of falling.

The reduction in sagittal curvatures and pelvic tilt in the standing position after resistance training found in
the present study could be due to the fact that during the training session, different strengthening exercises were
performed, where the trunk musculature was involved as an agonist or synergist, especially the paravertebral
muscles, spinal erectors, latissimus dorsi, rhomboids, and the upper back. In addition, the pectoral and shoulder
musculature were involved to improve the function of these muscles and to gain a greater range of joint mobility,
with these factors associated with a lower thoracic hyperkyphosis*®**. Previous studies have found that trunk
musculature exercises are essential for the correction of spinal misalignments*#?>3%3%, which in addition to the
results presented in this work, demonstrates that the effects of this type of training can also be extrapolated to
the older population. Considering the high incidence of hyperkyphosis and hyperlordosis in this population®,
and their consequences on different areas of health!’, resistance training could be a great resource that could
be used by the older population to reduce the incidence of these pathologies'®. In addition, it has been proven
that its effect lasts over time; studies in which the strengthening of the spinal extensors was performed, along
with other types of exercise, showed that hyperkyphotic women maintained improvements in kyphosis, spinal
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Variable Group | Diff. Post-pre (X+SD) | Mean dif | p-value | 95% CI (upper; lower limit) | F/Z ES
TG —-4.76 £5.50

Standing Thoracic curv. (°) 4.938 <0.001 |2.49;7.39 15.938 | 0.115
CG 0.18+8.14
TG 5.57+11.07

Standing Lumbar curv. (°) 4.660 0.002 1.76;7.55 10.149 | 0.076
CG 0.91+3.70
TG -6.09+£7.00

Standing Pelvic tilt (°) 3.078 0.024 0.41;5.74 5222 | 0.040
CG -3.01+£8.14
TG —1.28+5.39

Sitting Thoracic curv. (°) 2.945 0.023 0.41;5.48 5.304 | 0.040
CG 1.66+8.70
TG 6.67+7.55

Sitting Lumbar curv. (°) -5.609 0.002 -9.18;-2.04 9.690 |0.071
CG 1.06+12.28
TG —0.84+9.09

Sitting Pelvic tilt (°) 0.781 0.607 -2.22;3.78 0.265 | 0.002
CG -0.06+8.04

Table 5. Inter-group changes of the sagittal spine disposition and pelvic tilt during standing and sitting. CG
Control Group, curv curvature, TG Training Group, ES Effect Size.

Variable Position | Diff. Post-pre (X+SD) | Mean dif | p-value | 95% CI (upper; lower limit) | t ES
Standing | —4.76 £5.50

Thoracic curvature (°) -3.48 <0.001 | —4.81;-2.15 -5.23 | 0.63
Sitting -1.28+5.39

Standing | 5.57+11.07
Lumbar curvature. (°) -5.76 <0.001 | —7.59;-3.92 -6.27 | 0.12
Sitting 0.91+3.70

Standing | —6.09+7.00
Pelvic tilt (°) -524 <0.001 | —8.03;-2.45 -3.75 | 0.64
Sitting —-0.84+9.09

Table 6. Differences in pre-post test changes between standing and sitting positions.

extensor strength, and physical performance one year after the intervention®®. Another study based on a 3-month
intervention using low-load training and elastic bands found that 3 years after the intervention, sagittal spine
curvatures did not worsen with ageing®. For this reason, training by means of OFE, which in young people has
been proven to provide a stimulus similar to low loads*”+*3, may involve a greater effort in adults, generating an
intensity that may result in benefits on the sagittal spine disposition that are maintained over time, with this
becoming a topic to be studied in future research.

One of the novelties of the present study was that it assessed the influence of training on the sagittal spine
disposition and pelvic tilt also in the sitting position. Sitting is one of the most commonly used positions for
spine analysis. It is important to analyze the disposition in this body position in older adults, as this population
usually spends long periods sitting, up to 60% of their waking time®!. It has been shown that the sitting position
produces greater intradiscal pressure than when standing, and that the loss of spinal linearity further increases
the stress on the annulus fibrosus, nucleus pulposus, and cortical bone®. Other studies also found that greater
lumbar flexion increased intradiscal pressure and antero-posterior compressive and shear stress, which together
with prolonged sedation with an inversion of the lumbar spine, increases the capacity for intervertebral flexion
due to the viscoelastic deformation of the ligaments of the posterior arch of the vertebrae®. It is for this reason
that poor ergonomic positions when sitting can compromise the inversion of the lumbar area to a greater extent,
and increase the laxity of the thoracolumbar ligament, which can lead to acute deformations, or chronic ones in
the case of being maintained over time, as in the case of the elderly and the long periods of time spent sitting®'.
These aspects may influence the health of middle-aged and older adults*. For all of these reasons, previous
studies have pointed out that it is necessary to analyze the sagittal spine disposition and pelvic tilt in different
positions, beyond the exclusive evaluation in the standing position®.

Previous studies showed that OFEs force their users to adopt certain postures with the sagittal spine
disposition and pelvic tilt involved during their use®®, but this is the first study to verify the effects of their
continued use. In the present study, when sitting, a decrease in lumbar lordosis was found in the TG, with a
greater disposition in the participants who performed the resistance work as compared to those who did not
train. The results found, such as those in the standing position, could be due to the fact that the implementation
of a muscle strengthening program reduces the incidence of spinal misalignments?*?>%64, although this is the
first study to demonstrate that this improvement in spinal alignment goes beyond the standing position. In light
of these results, resistance training in middle-aged and older adults could improve the sagittal spine disposition
in both standing and sitting positions, and may also result in less disc tension® and viscoelastic deformation of
the ligaments of the posterior arch of the vertebrae®.

This study also compared the evolution of the curvatures in standing and sitting positions. It was found
that the changes produced in the spine through training with OFE were observed, to a greater extent, in the
standing position than in the sitting position. The standing position depends to a great extent on muscular
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tolerance®>%¢. Previous studies have suggested that low muscle tolerance of the extensor and stabilizing muscles
of the trunk is related to poorer postural hygiene in standing®>%. This could be because, as these muscles
fatigue, the latency of muscle activation increases, and fewer bundles of muscle fibers are activated®®®’. This
leads to less muscular opposition to the effect of gravity, resulting in misalignments from the sagittal spine
disposition®®. Muscle tolerance can be modified with training®>®%. More specifically, previous studies have found
that resistance training with machines, by generating an activation of the stabilizing muscles of the trunk as
synergists maintained over time, increases the muscular tolerance of these muscles®. This could lead to greater
tolerance of these muscles in their tonic function of maintaining adequate postural hygiene when standing,
improving the sagittal spine disposition in this position®.

On the contrary, the sitting position usually depends directly on postural hygiene and more specifically the
pelvis disposition’®”!. Previous studies have suggested that the pelvis tilt is the main factor determining factor
for the sagittal spine disposition in a sitting position’%”%. This could lead to the tolerance of the extensor muscles
of the trunk having less influence on the sagittal spine disposition in this position’2. Therefore, programms that
only work on muscle strengthening, as is the case with the present intervention, could have little effect on the
sagittal spine disposition when sitting. And the fact is that, unlike other studies, the focus of this intervention
was not the direct work on postural hygiene but the strengthening of the musculature.

Because of all of the above, the improvement of the sagittal spine disposition in sitting position could depend
on the ergonomics and postural hygiene of the person rather than on other intrinsic aspects such as muscle
tolerance’?. On the other hand, the changes could depend more on muscle tolerance in standing®>°. This could
explain why changes shown in the present research are reflected to a greater extent in the relaxed standing
position. However, in the absence of previous studies that analyzed the effects of strength training on the sagittal
spine disposition in both standing and sitting positions in older people, further studies on this topic are needed.

Regarding the clinical relevance of the changes found in the current study, previous studies showed that an
improvement of 2.8° in the thoracic curvature angulation was relevant from a clinical point of view*¢. Therefore,
since the changes produced by the training were greater than 2.8° of angulation, OFE are deemed as an effective
means to achieve an alignment of the sagittal spine disposition. In addition, given that the angle of kyphosis
thoracic can increase by 2.6° in three years, 3.9° in four years, and 7° in fifteen years in elders’%; a reduction
close to 5°, as was found in the present investigation, could be considered not only a method of restraining
the effects of the passage of time, but also an improvement with respect to the change due to ageing. These
improvements could bring benefits such as improved balance, a reduced risk of falling, an improved respiratory
capacity, increased mobility, reduced back pain, and reduced pain in the entire back!*-125758_ On the other
hand, an intervention of longer duration with OFE could obtain better results, so it would be important to
analyze this in future studies.

In summary, it can be observed that OFE can provide a sufficient stimulus to improve spinal curvatures in the
standing position, but with a lesser effect in the sitting position after an 8-week intervention. On the other hand,
these machines demonstrated their ease-of-use with the elderly population, achieving a high adherence by the
participants. In addition, the availability of OFE facilities in multiple parks makes it possible for older people to
train on their own, following the training schedule pattern used in the present research, which could improve the
sagittal spine disposition in this population in light of the results of the present research. Nevertheless, there are
also some barriers, such as the possible poor condition of public OFE due to banditry, as well as the dependence
on the weather for their use. In addition, the lack of knowledge on the proper way to train with this type of
machine can lead to their inadequate or inefficient use®*.

Regarding the effect size, this study obtained an eta squared of 0.432 in the variable thoracic curvature in
relaxed standing position after the intervention performed using OFE. It was found that interventions which
consisted of a program of strength, mobility and postural training exercises specifically designed to treat
hyperkyphosis in older adults with a similar distribution of training, with two weekly sessions of one hour for
3 months, showed similar value (effect size: 0.419) in the kyphosis variable in standing?. Another study focused
on the training of people over 65 performed for 6 months two types of training, one aimed at the extensor
muscles of the back and another group that performed an exercise program for the whole body, both using
their own body weight and increasing the load with elastic bands or light weights, performing at least a seminal
session of between 20 and 30 min’°. The results contrasted with those presented in this article, since even though
the effect size on thoracic kyphosis was greater in the group that did back extensor strengthening protocol with
respect to the OFEs (0.62 VS 0.432), in lumbar curvature and pelvic tilt the OFEs obtained a greater or similar
effect respectively ES (0.19 Vs 0.205 and 0.06 Vs 0.434, respectively) with an intervention of only 8 weeks.

Despite the novelty of the present research, it is not without limitations. The first limitation of the present
study was the sample size, although it was larger than that found in similar studies'*?’. In addition, although
participation was not limited, a greater number of female volunteers was present, while the male sample was
relatively small. Therefore, it was not possible to analyze differences in the effects of resistance training as a
function of sex. Therefore, the present results should be extrapolated with caution and may not be extrapolated
to populations other than the one presented in this study. In this line, future studies are needed to analyze
whether the effect of OFE training on sagittal spine disposition in elders could be influenced by gender. On
the other hand, at the time of blinding, due to the design of the study, it could not be applied to the researchers
who conducted the training sessions. Another limitation was that the OFE does not allow the external load to
be regulated, as they are mostly machines that work with the user’s own body weight. Therefore, the evolution
of training could not be based on an increase in load, which could be a future line of research. On the other
hand, in the current study, the control group maintained their usual lifestyle, and they did not carry out any
systematic training. Therefore, there was no traditional machine training group. As a consequence, the design
of the present investigation did not analyze whether the effects of OFE training on sagittal spine disposition
and pelvic tilt may differ from those achieved with conventional resistance training with gym equipment. This
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precluded determining the strength of the effects of OFE with respect to other machines, but even so, their effect
was tested in comparison with the usual life of the control population. This is an important line for future studies.

Based on these limitations and according to the findings of the present study, a recommendation is given
to analyze and compare different population groups with special emphasis on differentiation, taking into
account the age and the gender of the subjects. It will also be important to perform both standing and seated
measurements and to include a comparative analysis. In addition, the use of OFE in interventions where it is
combined with other types of exercises, such as stretching or other exercises aimed at improving balance, could
enrich our knowledge on OFE. And having a training group with traditional machines in order to compare the
strength of the OFE effect could provide more information. Another type of intervention proposed for future
research is one in which the load on the OFE can be regulated in order for this factor to be taken into account.
Finally, for these interventions, their long-term effects must also be assessed.

Conclusions

After 8 weeks, at a rate of two sessions per week of circuit resistance training with OFE, a better alignment of the
thoracic and lumbar spine and pelvic tilt in the standing position was found in middle-aged and older adults.
The lumbar curvature in the sitting position was also found to be improved after the training program. These
results suggest that programmed training using OFE can be a useful tool for the improvement of the health of
older adults, specifically their spine, with only two weekly sessions of circuit resistance training.

The findings of this study highlight the potential for OFE to serve as an accessible and effective tool for
improving spinal spine disposition and pelvic tilt among older adults and to reduce age-related spinal
misalignments. Communities and policymakers can use these insights to promote health by integrating OFE
into public parks and recreational areas, creating safe and well-maintained spaces for older populations to
engage in resistance training. Additionally, offering training sessions or reading materials on how to use OFE
effectively may address barriers such as a lack of knowledge and ensure proper ergonomic postures.
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