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Back pain is a prevalent issue among athletes, particularly in sports
that demand high levels of flexibility, strength, and precise body con-
trol [1, 2]. Rhythmic gymnastics, characterized by complex movements,
high flexibility demands, and extended training hours, places significant
strain on the musculoskeletal system, especially the spine [3, 4]. Athletes
in this discipline often experience persistent low back pain, which can
hinder performance, reduce training efficiency, and, if untreated, lead to
long-term musculoskeletal disorders [3, 5]. Given the demanding nature
of the sport, it is crucial to understand the underlying causes of back
pain in rhythmic gymnasts and explore effective treatments to manage
and prevent its recurrence [6]. The etiology of back pain in rhythmic gym-
nastics is multifactorial. Repetitive movements, such as hyperextension
of the spine, twisting, and high-impact landings, combined with a lack
of sufficient muscle strength and stability in the core and lower back,
contribute to the development of pain [7]. Additionally, prolonged pe-
riods of training without adequate recovery, poor posture, and muscle
imbalances can exacerbate the strain on the spine, leading to both acute
and chronic pain [8, 9].

Postural treatment has gained attention as an effective intervention
to address and prevent back pain in athletes, including rhythmic gym-
nasts [3]. These treatments focus on correcting alignment, improving
posture, and enhancing spinal mobility and flexibility [10]. Postural ther-
apies, such as the Méziéres method and Isostretching techniques, aim
to restore optimal body alignment by addressing muscular imbalances
and improving the function of the core and spinal muscles [11-13]. By
focusing on the relationship between posture and pain, these treatments
seek to not only alleviate existing pain but also prevent future injury
by promoting balanced movement patterns and reducing strain on the
spine [14]. The importance of postural treatment in this population can-
not be overstated. Correcting postural abnormalities and strengthening
the supporting muscles of the spine can significantly reduce the risk of
developing low back pain [15].

Furthermore, by integrating such treatments into regular training reg-
imens, rhythmic gymnasts can enhance their performance while main-
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taining spinal health. As the sport continues to
evolve, the incorporation of postural therapy into
injury prevention programs for rhythmic gymnasts
offers a promising approach to safeguarding the
long-term well-being of athletes in this high-de-
mand discipline [3]. The aim of this study is to
evaluate the sagittal standing posture changes
in rhythmic gymnasts with low back pain through
the Spinal Mouse® digital instrument [16]. Specifi-
cally, the study aims to compare the impact of two
different postural interventions — the Mézieres
method and Isostretching techniques — on im-
proving spinal alignment, reducing pain intensity,
and enhancing functional mobility in elite rhyth-
mic gymnasts.

Methods. Design and sample. A randomized
controlled trial was carried out to assess the ef-
fectiveness of two distinct postural treatments
for elite rhythmic gymnasts experiencing low
back pain, with a 12-week follow-up period and
evaluations conducted at the start as well as at
2 and 4 weeks. A minimum of 20 elite gymnasts
with low back pain were recruited for this trial.
All participants were informed about the study
and were free to withdraw at any time if they
wished. Athletes provided written informed con-
sent to ensure the protection of their rights. The
intervention was conducted at the training camp.
The trial was pre-registered on ClinicalTrials.
gov under ID NCT05149703 and received ethics
committee approval of the Catholic University of
Murcia San Antonio UCAM with ID CE102105, in
compliance with the latest revision of the Declara-
tion of Helsinki. A statistician not involved in the
study randomized the participants by generating
a numbered list using a computer program, ensur-
ing equal allocation frequency. The team trainer
distributed the allocation sequence to all partic-
ipants in sealed envelopes, which were opened
immediately after completing the baseline assess-
ments. To be eligible for this trial, participants had
to be elite athletes diagnosed with persistent low
back pain, aged 15 to 30 years, training at least
7 h, three times per week, with a pain intensity of
3 to 8 points on the Numeric Rating Scale (NRS),
and be members of a national competitive rhyth-
mic gymnastics team. Exclusion criteria included
chronic diseases, acute musculoskeletal injuries,
fractures, spondylolysis, and spondylolisthesis.

Assessments. Spinal curvatures, mobility, and
functionality were measured using the Spinal
Mouse® which offers a non-invasive, radiation-free,
and highly adaptable method for assessing spinal
posture and mobility in both static and dynamic
conditions, making it an ideal tool for this popu-
lation. Unlike static imaging, the Spinal Mouse®
enables the evaluation of spinal curvatures during
functional tasks, such as forward flexion or ex-

tension, which mimic the dynamic movements
performed by gymnasts [17, 18]. This capability is
essential for identifying subtle, sport-specific pat-
terns of spinal loading and dysfunction that may
be missed in traditional assessments.

The Spinal Mouse® has demonstrated high reli-
ability and validity in measuring spinal curvature,
with studies indicating strong correlations with
radiographic findings [17, 18]. It can assess spinal
alignment in both standing and sitting positions,
providing dynamic data during functional tasks
such as forward flexion or extension, which are
crucial for understanding the biomechanical be-
havior of the spine [17]. Additionally, its non-inva-
sive nature and real-time data acquisition allow
for an efficient and patient-friendly approach to
posture evaluation without the limitations posed
by traditional imaging modalities.

The Spinal Mouse® is manually guided along
the spine to assess its curvatures and mobility.
The specialized software displays the measure-
ments on-screen in real time. The collected data
is displayed on-screen, allowing for comparison
with standard values and enabling an in-depth
analysis that highlights areas of hypo- and hyper-
mobility. In this trial, the Spinal Mouse® was used
to measure the sagittal standing upright, sagittal
standing flexion, and sagittal standing extension.
Supplementary Material 1 provides a detailed, il-
lustrated protocol for measuring the spinal verte-
brae in sagittal standing postures.

Intervention. Two postural treatments were
implemented in this trial, based on the group
randomization. The experimental group received
the Méziéres treatment, while the active compar-
ator group underwent six Isostretching postures,
both guided by the same therapist with 10 years
of experience in postural treatment. The basis
for this comparison lies in their shared theoret-
ical foundation in global postural reeducation
and their emphasis on muscular elongation and
postural correction [3, 19]. However, while both
approaches aim to enhance flexibility, alignment,
and neuromuscular control, they differ in their ex-
ecution and biomechanical principles. Isostretch-
ing incorporates dynamic breathing patterns and
integrates core activation throughout movement
sequences, whereas the Mezieres method focuses
on prolonged static postures to release compen-
satory tensions [20-23].

The Méziéres treatment involves postural main-
tenance for approximately 30-60 min, while the
Isostretching postures require a total of 90 s for
active positioning. In this study, the most similar
positions were selected for both treatments. The
experimental group maintained the Méziéres pos-
tures twice a week for 12 consecutive weeks, with
each session lasting 30 min. No more than one
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posture was applied in a single session. In total,
three postures were implemented. Specifically, the
three postures implemented were: a) the gymnast
in a supine position, b) the gymnast in a supine
position with upper extremities abducted to 120°,
and ¢) the gymnast in a sitting/supine position
with hips flexed at 90°.

The active comparator group received six Isost-
retching postures, each individually maintained
during 30-minute sessions twice a week, totaling
24 sessions over 12 weeks. It was not necessary
to follow the same postural order, but it was es-
sential to perform all the postures with a duration
of 90 s each (30 s for 3 repetitions). If possible, the
same posture could be held consecutively for 90 s,
depending on the elite level of the athletes, their
facility, and the elasticity of the gymnasts.

Méziéres method and Isostretching are similar
and different treatments at the same time. While
Mezieres is an assisted active treatment, Isost-
retching is a fully active treatment. Specifically, in
the Méziéres method of the experimental group,
the therapist taught and corrected the position-
ing and the patient accompanied the technique
with deep breathing, isometric contraction, and
proprioception. The same therapist guided the
baseline and observed the Isostretching postures,
in the comparator group, while the athletes tried
to self-correct and autonomously followed the
protocol of these positions with an adequate
breathing and without the assistance or help of
the therapist. Specifically, the guide was carried
out as a group, so all gymnasts had the same in-
formation at the same time. Details and directions
on how to proceed with each pose were given to
each participant in the Isostretching group. The

Table I. Anthropometric characteristics of elite athletes

postural treatment illustration was outlined in
Supplementary Material 2.

Statistical analysis. An a priori sample size cal-
culation for each of the two groups was performed
using G*Power 3.1.9.2 and the following parame-
ters: ANOVA repeated measures within-between
interaction as the statistical test, an effect size of
0.5 (medium), an alpha of 5%, and 75% power. It
was estimated that 8 participants were required
in each group. The baseline data analyses were
performed using SPSS 25.0 for Windows (SPSS
Inc, Chicago, IL). Mean and standard deviation
were used to describe continuous and categori-
cal variables, respectively. Data were assessed for
normality and homogeneity of variance. Between
group differences for baseline characteristics were
explored using an independent sample Student’s
t-test. The two-way ANOVA was performed with
the GraphPad Prism program (version 8; Graph-
Pad Software Inc). A correlation coefficient (ICC;
two way random) and respective 95% confidence
interval were used. Post hoc comparisons (Bon-
ferroni) were performed when a significant main
effect was found for time. A significant level was
set at p < 0.05.

Results. A total of 17 elite gymnasts experienc-
ing low back pain took part in the trial, with 8 ath-
letes assigned to the Méziéres group. The anthro-
pometric data for both study groups are presented
in Table I. No statistically significant differences
were observed between the participants in terms
of age, body mass index (BMI), or training hours
per day and week (p > 0.05).

Descriptive data. Table Il presents the descrip-
tive data for regional vertebral grades across
the three postures, as assessed using the Spinal

Groups N Tot N Mean Std. t P-value
deviation

Méziéres days per week 8 4.38 0.518 0.273 0.788

Isostretching 9 4.44 0.527

Total 17 4.41 0.507

Méziéres BMI 8 18.5488 2.21609 -1.328 0.204

Isostretching 9 17.1500 2.12561

Total 17 17.8082 2.21937

Méziéres Treatment  Individual 4 8 0.50 0.535 -0.215 0.832

Isostretching type Groups 5 9 0.44 0.527

Total 17 0.47 0.514

Mézieres hours per day 8 11.13 14.740 -1.614 0.127

Isostretching 9 3.22 0.441

Total 17 6.94 10.568

Mézieres Age 15.25 4.803 -1.591 0.132

Isostretching 9 12.67 0.866

Total 17 13.88 3.498
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Table Il. Sagittal standing postures representing regional vertebral characteristics

Descriptives vertebral Groups N Mean SD Between- Between groups one

postures Component way ANOVA
Variance F Sig.

Sacrum-hip PRE sagittal Méziéres 8 22.38 4.719 -3.779 0.409 0.531

stand upright lsostret 9 24.67 9.069

Thoracic spine — TH12 Mézieres 8 30.00 21.474 6.108 1.163 0.297

PRE-sagittal stand upright | i ot 9 20.67 13.829

Lumbar spine — TH12 PRE  Méziéres 8 -31.75 9.896 -14.496 0.011 0.915

sagittal stand upright lsostret 9 -32.33 12.135

Inclination PRE sagittal Mézieres 8 6.25 2.964 0.247 1.178 0.294

stand upright lsostret 9 444 3.779

Length PRE sagittal stand Méziéres 8 471.50 44.833 298.638 2.869 0.110

upright lsostret 9 44122 27.896

Sacrum-Hip PRE sagittal Mézieres 8 90.25 24.493 89.094 2.772 0.116

stand flexion lsostret 9 73.56 16.531

Thoracic spine —Th12 PRE  Méziéres 8 14.38 24.065 11.706 1.300 0.272

sagittal stand flexion Isostret 9 24 44 10.608

Lumbar spine — Th12 PRE Mézieres 8 29.00 10.797 68.809 5.827 0.029

sagittal stand flexion lsostret 9 41.89 11.152

Inclination PRE sagittal Mézieres 8 118.25 21.632 -23.358 0.455 0.510

stand flexion lsostret 9 112.00 16.485

Length PRE sagittal stand Méziéres 8 467.13 56.304 687.795 2.325 0.148

flexion lsostret 9 418.00 73.936

Sacrum- Hip PRE sagittal Mézieres 8 46.63 63.202 45.089 1.197 0.291

stand extension lsostret 9 23.22 11.745

Thoracic Spine-Th12 PRE Mézieres 8 25.75 23.076 -2.171 0.949 0.345

sagittal stand extension Isostret 9 16.67 14.958

Lumbar spine -Th12 PRE Mézieres 8 -36.88 70.082 -151.524 0.447 0.513

sagittal stand extension Isostret 9 5256 7.844

Inclination PRE sagittal Mézieres 8 -27.63 17.639 37.898 2.540 0.131

stand extension lsostret 9 -16.44 10.887

Length PRE sagittal stand Méziéres 8 419.75 70.619 -250.514 0.355 0.559

extension lsostret 9 403.11 42.587

Mouse® instrument. No significant differences
were found between the groups for the three an-
alyzed postures, except for the L3-L4 and lower
spine Th12 length, where a difference was ob-
served with p < 0.05.

Sagittal standing upright posture. The analy-
sis of the sagittal standing upright posture using
two-way ANOVA revealed significant differences
between groups, over time, and in combination
(Figure 1 A). Significant group differences were
observed across thoracic (Th3-Th4, Th6-Th7) and
lumbar (L3-L4, L5-5S1) regions, as well as in region-
al parameters like length and sacrum-hip vertebra
(p < 0.05 in all variables). Longitudinal changes
were most prominent at Th1-Th2 for the time-re-
lated changes analysis. Th7-Th8 vertebra, region-

al inclination, and regional thoracal spine fixed
at Th12 showed significant differences between
groups and over time with p < 0.05, suggesting
dynamic variations in posture.

Sagittal standing flexion posture. Figure 1 B
presents a detailed graphical analysis of the sag-
ittal standing flexion posture where prominent
differences were found in thoracic (Th7-Ths,
Th12-L1) and lumbar regions (L1-L2, L2-L3), as
well as in regional parameters like inclination and
sacral-hip vertebra. As per time-related changes,
longitudinal differences (p < 0.05) were noted at
Th2-Th3 and Th5-Th6 vertebra.

Referring to the combined effects, Th8-Th9 [F (4,
60) = 3.619, p = 0.010] and Th9-Th10 [F (4, 60) =
2.537, p = 0.049], as well as regional length [F (4,
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Figure 1. A—Graphical demon-
stration of sagittal standing
upright posture
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Figure 1. Cont. A — Graphi-
cal demonstration of sagittal
standing upright posture
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Figure 1. C— Graphical demon-
stration of sagittal standing
extension posture
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Figure 1. Cont. C — Graphi-
cal demonstration of sagittal
standing extension posture
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60) = 3.044, p = 0.023] and regional thoracal spine
(fixed at Th12) [F (4, 60) = 6.900, p < 0.001] showed
significant differences between groups and over
time, indicating a dynamic postural adaptation.

Sagittal standing extension posture. Figure 1 C
shows the sagittal standing extension posture.
Most significant differences with p < 0.05 were
seen in thoracic and lumbar levels, with partic-
ularly strong effects at Th12-L1 and regional pa-
rameters (inclination, lumbar spine, sacral-hip
vertebra).

Referring to time-related changes, time effects
were observed at Th6-Th7 [F (4, 60) = 2.572, p
= 0.047]; Th7-Th8 [F (4, 60) = 3.323, p = 0.015];
Th10-Th11 [F (4, 60) = 3.432, p = 0.014] and L4-L5
[F (4, 60) = 2.964, p = 0.027] indicating longitudi-
nal changes in posture.

Discussion. This study sought to evaluate
and compare the effectiveness of Isostretching
postures and the Mézieres method in improv-
ing sagittal plane posture, particularly in upright
standing, flexion, and extension movements. The
findings demonstrated that both interventions ex-
hibited equivalent efficacy across the three evalu-
ated trunk movements, offering valuable insights
into the mechanisms and practical applications of
these approaches in posture correction and mus-
culoskeletal rehabilitation.

Referring to the sagittal upright posture, both
Isostretching and the Méziéres method demon-
strated significant improvements in the partici-
pants’ ability to maintain proper alignment in that
position. This result aligns with previous studies
that emphasize the role of these methods in en-
hancing postural control through active elonga-
tion and muscle engagement (3, 10, 11, 19, 20].
The Mézieres method emphasizes restoring global
muscle balance by addressing compensatory pat-
terns that disrupt alignment [10, 11]. Similarly,
Isostretching focuses on isometric contractions
combined with controlled breathing to enhance
proprioception and stability [19-23].

One possible explanation for their equivalence
lies in the shared emphasis on elongation and
controlled breathing. The Méziéres method em-
ploys a holistic approach, aiming to reduce tension
in overly contracted muscle chains, while Isost-
retching enhances awareness and control through
targeted muscle activation [20, 21, 23]. Both
methods prioritize improving proprioceptive feed-
back mechanisms, which are crucial for maintain-
ing static upright posture. These shared principles
likely contribute to their comparable outcomes.

Isostretching is considered novel due to its
unique integration of postural reeducation, con-
trolled breathing, and core activation within a dy-
namic stretching framework. Unlike traditional
flexibility training methods commonly used in
gymnastics, which often emphasize passive or

ballistic stretching [24], isostretching promotes
active elongation of muscle chains while main-
taining spinal alignment and neuromuscular en-
gagement [25].

For gymnasts, this method offers distinct ad-
vantages, including improved postural control
[26], enhanced flexibility without excessive joint
laxity, and better proprioceptive awareness all of
which are crucial for optimizing performance and
reducing injury risk. By reinforcing global muscular
coordination and core stability, isostretching may
provide a more functional approach to flexibility
training that aligns with the biomechanical de-
mands of gymnastics [27].

In sagittal stand upright flexion, both methods
demonstrated significant improvements in partic-
ipants’ ability to achieve controlled and pain-free
forward bending. This is particularly noteworthy
given the mechanical and neuromuscular chal-
lenges associated with flexion, such as lumbar
strain and hamstring tightness.

The Méziéres method’s focus on restoring flex-
ibility in the posterior chain may account for its
success in flexion movements [28, 29]. By target-
ing hypertonic muscles such as the hamstrings,
paraspinal muscles, and calves, this method
reduces excessive tension, enabling smoother
movement into flexion [30]. Similarly, Isostretch-
ing’s use of progressive isometric holds and rhyth-
mic breathing helps lengthen the posterior chain
muscles while promoting relaxation [22].

Although the mechanisms differ slightly, the
shared focus on elongation and postural aware-
ness explains why both methods yield comparable
improvements in flexion posture. This finding is
consistent with prior research that highlights the
role of muscle chain balance and active engage-
ment in improving range of motion and reducing
discomfort during flexion movements [31].

The sagittal upright extension posture, char-
acterized by backward bending, presents unique
challenges due to the inherent stiffness or hyper-
mobility of the thoracic and lumbar spine. Both
interventions demonstrated equivalent efficacy in
improving participants’ ability to achieve and sus-
tain a controlled extension posture.

The Méziéres method’s emphasis on global
muscle chain adjustments is particularly beneficial
for the extension postures [29, 32]. By reducing
compensatory patterns in the anterior chain, this
approach enhances spinal mobility and promotes
balanced activation of the extensor muscles [33].
Similarly, Isostretching engages the deeper spinal
stabilizers, such as the multifidus and erector spi-
nae, through isometric contractions and precise
alignment techniques, thereby supporting exten-
sion movements [22].

Both methods also incorporate diaphragmatic
breathing, which plays a critical role in regulating
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intra-abdominal pressure and stabilizing the lum-
bar spine during extension. This shared focus on
stabilizing core musculature likely accounts for the
observed equivalence in effectiveness for exten-
sion postures.

When comparing our findings to those of Gros-
dent et al., who investigated the effects of static
postural training and proprioceptive exercises in
gymnasts, both studies reported improved pos-
tural control. However, unlike the static approach
used in their study, isostretching provided addi-
tional benefits in terms of dynamic stability, likely
due to its integration of controlled breathing and
core engagement during movement. This sug-
gests that isostretching may be a more functional
approach for athletes requiring both postural en-
durance and movement efficiency [26].

Similarly, Lopez-Minarro and Alacid explored the
impact of hamstring stretching and core stabiliza-
tion on young athletes with spinal misalignment,
finding significant gains in flexibility but limited
changes in overall posture. In contrast, our study
demonstrated broader postural benefits, reinforc-
ing the idea that whole-body stretching methods
such as isostretching and the Méziéres method
may be more effective in addressing postural devi-
ations related to low back pain (LBP) [27].

Lino et al. examined the effects of postural
re-education through global postural stretching
and reported decreased spinal misalignment and
improved flexibility. While their findings are con-
sistent with our results, our study extends this
knowledge by demonstrating that isostretching,
as a more dynamic form of global postural train-
ing, can further enhance core stability and move-
ment efficiency — two critical factors for athletic
performance [25].

Our results also show similarities with Franca
et al, who found that Pilates-based postural ex-
ercises improved core stability and reduced pain
in athletes with LBP. However, Pilates exercises
tend to focus more on strengthening and stabi-
lizing deep core muscles rather than the full-body
elongation emphasized in isostretching and the
Méziéres method. This suggests that isostretch-
ing may be more beneficial for athletes requiring
both postural realignment and functional flexibil-
ity [34].

Lastly, traditional physiotherapy approaches, as
studied by Sadler et al., provided significant pain
relief but had limited impact on postural alignment.
This contrasts with our findings, where isostretch-
ing and the Méziéres method not only reduced pain
but also improved postural control and flexibility.
This suggests that postural re-education methods
may offer a more comprehensive long-term solu-
tion for athletes dealing with LBP compared to con-
ventional physiotherapy alone [35].

Although this study provides robust evidence
for the equivalence of Isostretching and the
Méziéres method, several limitations warrant
consideration. The study’s sample size may limit
the generalizability of the findings to broader pop-
ulations as per elite athletes. Future studies with
larger and more diverse cohorts are necessary to
validate these results.

The study focused exclusively on sagittal plane
postures. While these movements are crucial for
functional alignment, future research should ex-
plore the impact of these interventions on other
planes of movement, such as lateral flexion and
rotation, to provide a more comprehensive under-
standing of their efficacy.

In conclusion, the present study highlights
the comparable efficacy of Isostretching and the
Mézieres method in improving sagittal plane po-
sition, including upright standing, flexion, and ex-
tension. By emphasizing elongation, muscle chain
balance, and mindful movement, both methods
are equally effective and offer practical solutions
for addressing postural dysfunctions. These find-
ings underscore the importance of personalized,
evidence-based approaches in musculoskeletal
rehabilitation and posture correction, paving the
way for further exploration of their applications in
diverse populations and clinical settings.
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Supplementary Material 1. Comprehensive illustrated protocol for measuring sagittal standing postures using the
Spinal Mouse®

Participant 1 Upper body unclothed
preparation 2 Shoes taken off
3 Marking working selection 7+
4 Scan start at C7 body vertebra
5 Scan end at S3 sacral vertebra
S3;i~\'
Recording 1 Align colored mark on hardware with C7
procedure 2 Guide along the spinal column slow speed
3 Stopping over S3

Sagittal 1 Feet hipbone-width apart, parallel
standing
upright

Distribution bodyweight evenly

Knees straight

Habitual posture adaptation

Harms relaxed and hanging down

Look straight ahead

N v bW N

Spinal Mouse® position at C7

Ny AW N

Frontal Feet hipbone-width apart, parallel
standlr.lg Knees straight
extension

Cross the arms over the chest

Look straight ahead

Bend upper body maximal backward

No compensation movement of hips

N oW

Spinal Mouse® position at C7

Sagittal 1 Feet hipbone-width apart, parallel
stan.dlng Knees straight
flexion
Roll upper body down maximally
Head and arms relaxed
Re palpate C7
Spinal Mouse® position at C7
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Supplementary Material 2. lllustrative intervention protocol
Mézieres postures guided by the physiotherapist
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