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Abstract: Background/Objectives: The aim of this study was to evaluate changes in trunk height
and variations in spino-pelvic parameters during trunk self-elongation. Two populations were
studied: non-athletes and gymnasts, who differ in their engagement with core-strengthening exercises.
Methods: EOS biplanar radiographs were taken on 14 non-athletes and 24 gymnasts in both neutral
and trunk self-elongation positions. Three-dimensional reconstructions of the pelvis and spine
were used to calculate effective trunk height, thoracic and lumbar contributions, and spino-pelvic
parameters. Results: Trunk self-elongation resulted in a significant increase in trunk height for both
groups (7 mm on average, range: —1 to 14 mm), accompanied by a reduction in thoracic kyphosis
for all participants (—10° for non-athletes and —17° for gymnasts, on average) and a reduction
in lumbar lordosis in most participants (—5° for non-athletes and —7° for gymnasts, on average).
However, some individuals in both groups exhibited an increase in lumbar lordosis, which reduced
the contribution of the lumbar region to overall trunk height. Conclusions: Trunk self-elongation
instruction effectively increases trunk height, but additional instructions, such as pelvic retroversion,
may enhance its effectiveness.

Keywords: rehabilitation; core strengthening; thoracic kyphosis; lumbar lordosis; gymnastics

1. Introduction

Active axial extension of the spine, also referred to as trunk self-correction or trunk
self-elongation, is a common exercise used in prevention, rehabilitation, physiotherapy,
and core training for athletes across various disciplines. Its primary aim is to activate the
trunk’s postural muscles, resulting in a reduction in spinal curvatures—namely lumbar
lordosis, thoracic kyphosis, and cervical lordosis—which leads to an increase in effective
trunk height during the exercise. Regular practice of this exercise is believed to strengthen
the postural muscles of the trunk, potentially playing a protective role for the spine. In
rehabilitation, this exercise is applied in specific pathological conditions, such as improving
postural control in adolescents with idiopathic scoliosis [1-3], in patients with multiple
sclerosis [4], or in reducing forward trunk flexion in Parkinson disease [5]. It is also widely
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recommended by coaches in sport training, particularly in gymnastics, Pilates, and yoga
(as in the Tadasana posture) to enhance activation of the deep trunk muscles.

To guide the patient or athlete in performing this exercise, the most commonly used
instruction is “Straighten your back” [4,6-8], although other cues like "Stand up straight” or
“Push the skull toward the sky” may also be used. The goals of axial spine extension differ
between the general population and the athletic population, as do its effects on the spine.
For the former, the objective is often to correct postural disorders (particularly excessive
thoracic kyphosis resulting from prolonged sitting habits), while for athletes, the aim is to
enhance performance and prevent injuries.

Spino-pelvic balance relies on the harmonious distribution of spinal curves and pelvic
parameters, which are unique to each individual [9,10]. This balance is influenced by
morphological factors, such as pelvic incidence, and static factors, such as sacral slope [11].
Various methods have been used to study the effect of active trunk axial extension on
spino-pelvic balance, including raster stereography (i.e., Moiré’s technique) [6,12], Saun-
ders inclinometer [7,8], surface topography and biplanar radiographs [1], optoelectronic
systems [13,14], and photogrammetry images [15]. However, measuring axial extension in
terms of trunk height variation remains challenging due to difficulties in quantifying this
change using external markers or the body’s external shape. Therefore, 3D reconstructions
of bones from medical images, such as the EOS® stereoradiographic system [16], could
provide valuable insights. This system captures simultaneous frontal and lateral radio-
graphic images of subjects in a standing posture with low-dose X-ray exposure, enabling
3D reconstruction of the pelvis and the spine [17-21], which are widely used in clinical
practice. This technology offers a potential method for assessing trunk height changes and
their distribution between the lumbar and thoracic regions during trunk axial extension.
Moreover, unlike measurement on sagittal radiographs, this technique enables access to 3D
space, eliminating projection errors in the quantification of parameters.

The accuracy of measurements from EOS images ranges from 3° to 6° for kyphosis
and lordosis calculations and from 1° to 3° for pelvic balance parameters [19,21]. This
system and its associated 3D reconstruction methods can confidently evaluate the effect of
trunk self-elongation instruction on spine height (lumbar spine height, thoracic height, and
total trunk height) and spino-pelvic parameters (lumbar lordosis, thoracic kyphosis, sacral
slope, and pelvic tilt).

Given the lack of validated data regarding effective change in trunk height during
trunk self-elongation, this study aims to measure the effect of this exercise on spine cur-
vatures and trunk height using EOS biplanar radiographs. It is hypothesized that active
axial extension results in a measurable increase in the trunk height enabled by a change in
spino-pelvic balance. Additionally, since the changes are expected to result from muscle
contractions, it is hypothesized that they will be more pronounced in athletes, such as
gymnasts, who regularly practice spine straightening in a performance objective.

2. Materials and Methods
2.1. Participants

After obtaining ethical approval for this study (ID RCP: 2018-A01926-49), 14 healthy in-
dividuals from the general population (6 males and 8 females; mean age: 32.1 £ 13.8 years
old) and 24 gymnasts (9 males and 15 females; mean age: 14.5 £ 2.4 years old) volun-
teered to take part in this study. The gymnasts trained for more than fifteen hours per
week and competed at least at the national level in artistic or thythmic gymnastics. Group
characteristics are reported in Table 1.

Inclusion criteria for the general population group (referred to as the non-athlete
group) were being over 18 years of age and reporting no more than moderate activity
soliciting the trunk muscles. For gymnasts, inclusion criteria were being over 12 years of
age and having no history of spine or pelvis surgery. Pregnancy was an exclusion criterion
for both groups.
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To avoid learning bias, instructions were provided to participants a few days before
the acquisition session. They were required to familiarize themselves with the instructions
under the supervision of a sport instructor, but no specific guidance was given regarding
how to achieve and maintain the trunk self-elongation posture.

Table 1. Participants characteristics for non-athlete and gymnast groups (mean =+ SD).

Characteristics Non-Athlete Gymnast
Age (years) 321+£13.8 145+ 24
Weight (kg) 67.0 £16.1 48.6 £12.3
Height (m) 1.65 +0.08 1.55 £ 0.09

2.2. Procedures

Each subject underwent a low-dose biplanar radiograph (face and lateral views) using
the EOS system (EOS imaging, Paris, France) [16] in both a standardized neutral standing
position (N) and during trunk self-elongation (S). The instructions given to participants
were “Take your usual standing position looking forward” for the neutral position and
“Straighten your back and try to push the top of your skull towards the sky” for the trunk
self-elongation condition to maximize spinal straightening. The EOS acquisition lasted
approximately 20 s, during which the participants were instructed to remain as still as
possible. The biplanar radiographs enabled 3D reconstructions of the pelvic bones and
vertebrae [17-21], which were performed by one operator and subsequently verified by a
second operator, both trained and certified for this process. To calculate pelvic and spinal
parameters, a regionalization of each bone of interest (T1, T4, T9, T12, L1, and L5 vertebrae
and pelvis) was carried out based on these 3D reconstructions. Static and morphological
parameters of the pelvis and spine were then calculated (see Table 2 for definitions).

Table 2. Pelvic and spinal parameters’ definitions. Ltor, Hror, HrHor, and Hyuymp are spinal
morphological parameters; TK, TK4-12, and LL are spinal balance parameters, and PI, SS, and PT are
pelvic parameters.

Parameters (Unit)

Abbreviation Definition

Length of the thoracolumbar spine (mm) Ltor

Length of the broken line crossing each center of vertebral
endplates from the cranial endplate of the first thoracic
vertebra (T1) to the caudal endplate of the fifth lumbar

vertebra (L5).

Distance between the centers of the cranial endplate of

Thoracolumbar spine height (mm) Hror first thoracic vertebra (T1) and the caudal endplate of fifth

lumbar vertebra (L5).

Distance between the centers of the cranial endplate of the

Thoracic spine height (mm) Hrhor first thoracic vertebra (T1) and the caudal endplate of the

twelfth thoracic vertebra (T12).

Distance between the centers of the caudal endplate of

Lumbar spine height (mm) Hyums twelfth thoracic vertebra (T12) and the caudal endplate of

the fifth lumbar vertebra (L5).

Thoracic kyphosis (°)

Angle between the cranial endplate of the first thoracic
TK vertebra (T1) and the caudal endplate of the twelfth
thoracic vertebra (T12).

Angle between the cranial endplate of fourth thoracic

T4-T12 thoracic kyphosis (°) TK4-12 vertebra (T4) and the caudal endplate of the twelfth

thoracic vertebra (T12).
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Table 2. Cont.

Parameters (Unit) Abbreviation Definition
Angle between the cranial endplate of the first lumbar
Lumbear lordosis (°) LL vertebra (L1) and the caudal endplate of fifth lumbar
vertebra (L5).
Angle between the line connecting the sacral endplate
Pelvic incidence (°) PI midpoint to the hip axis and the perpendicular axis to the
sacral plate crossing this point.
Sacral slope (°) ss Angle between the horizontal axis and the superior
P endplate of first sacral vertebra (S1), in the sagittal plane.
Pelvic tilt (°) PT Angle between the vertical and the axis crossing the sacral

endplate midpoint to the hip axis, in the sagittal plane.

2.3. Data Processing and Analyses

Variations in thoracolumbar spine height (AHtor), thoracic spine height (AHTHOR),

and lumbar spine height (AHymp)

between the two acquisitions were computed in mil-

limeters (mm) from the 3D reconstructions. To avoid the bias due to the participant height

in AHrtor, AHtHoR, and AHpywms,

their respective ratios (Rtor, Rraor, Rrums, in %)

relative to the length of the thoracolumbar spine (Ltor) were also calculated (Figure 1).
Additionally, changes in the following parameters during the trunk self-elongation posture

were analyzed: variations in sacral s

lope (ASS), pelvic tilt (APT), thoracic kyphosis (ATK),

T4T12 kyphosis (ATK4-12), and lumbar lordosis (ALL), all expressed in degrees. As pelvic
incidence (PI) and thoracolumbar spine (LtoT) are morphological parameters and therefore
are not supposed to change between the two postures, they were calculated based on the

neutral acquisition (N).

Figure 1. (A—C) Illustrations on a latera
(Ltot), the height of the thoracolumbar
the height of the lumbar spine (Hyymp)-

1 EOS radiograph of the length of the thoracolumbar spine
spine (Htot), the height of the thoracic spine (Htpgogr), and
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2.4. Statistical Analyses

Spino-pelvic parameters in neutral (N) and trunk self-extension conditions (S) were
compared using a Wilcoxon signed rank exact test for paired data within each group.
Statistical tests were performed using R software (version 4.3.3) with a significance level of
5%, and p-values are reported.

2.5. Use of Generative Al Tools

In preparing this article, the authors used DeepL (https://www.deepl.com) and
ChatGPT (https:/ /chatgpt.com/) for final proofreading prior to submission. These tools
were used with instructions to identify and correct grammatical and spelling errors in
English, as well as to occasionally refine sentence structure for clarity. All suggested
changes were thoroughly reviewed and, when necessary, adjusted to preserve the original
meaning. As such, the generative Al tools did not contribute to the scientific content of
this article.

3. Results

Spino-pelvic parameters in both the neutral and trunk self-elongation positions for
the two groups are presented in Table 3. Comparison between the two positions revealed
significant changes in thoracic parameters for both groups, with an increase in Htpyor
and a decrease in thoracic kyphosis (TK and TK4-12). Lumbar lordosis also significantly
decreased in both groups, though this reduction was less pronounced in non-athletes
compared to gymnasts, leading to a significant difference in Hyypmp only for gymnasts.
Regarding the pelvic parameters, significant differences between the two positions were
observed only in gymnasts, with a decrease in SS and an increase in PT. Lastly, total trunk
height (Htor) increased significantly between the two positions for both groups.

Table 3. The spino-pelvic parameters in both neutral (N) and trunk self-elongation (S) positions.
The p-value for every comparison is reported for both non-athlete and gymnast groups. Significant
differences are highlighted using bold font.

Parameters (Unit) Non-Athletes Gymnasts
N S p N S p
Ltor (mm) 458 + 20 - - 403 £+ 33 - -
Hror (Mmm) 432 £ 16 439 £ 19 <0.001 384 £+ 32 390 £+ 34 <0.001
Hrpor (mm) 264 + 13 270 + 13 <0.001 236 + 19 241 + 20 <0.001
Hyump (mm) 194 +9 195 +9 0.06 168 + 17 171 + 18 <0.001
TK (°) 41 £11 31+11 <0.001 33+£10 16 £ 15 <0.001
TK4-12 (°) 38+t9 30£9 0.001 33£9 20£13 <0.001
LL (°) —-33+13 —28+14 0.04 —-32+10 —25+13 <0.001
PI(°) 57 £11 - - 52 +11 - -
SS (°) —42 £ 10 —42+9 0.9 —43+9 -39+9 0.02
PT (°) 15+£6 15+5 0.95 9+3 11+£5 0.3

Specifically, the trunk self-elongation instruction led to an average increase in Hrot of
7.6 £ 3.6 mm (range: 1.9 to 13.4 mm) for non-athletes; and of 7.1 & 3.7 mm (range: —0.5 to
13.7 mm) in gymnasts. Overall, all participants showed an increased in Hyot, except for
two female gymnasts whose Hyot decreased slightly (range: —0.5 and —0.3 mm), which
remains within the margin of measurement accuracy.

Regarding the respective contributions of the lumbar and thoracic regions to axial
spine extension, both the lumbar and thoracic spine heights increased, albeit to different
extents. In non-athletes, AHTpoR increased by 5.8 £ 2.8 mm (range: 1.8 to 9.3 mm), and
AHpymp increased by 0.9 & 1.8 mm (range: —2.0 to 5.4 mm), resulting in spine straightening
ratios of 1.3 £ 0.6% for Rryor (range: 0.4 to 2.1%), 0.2 = 0.4% for Ryymp (range: —0.5
to 1.2%), and 1.7 & 0.8% for Ryor (range: 0.5 to 3.0%) (Table 4). In gymnasts, AHtHOR
increased by 4.7 & 2.6 mm (range: 0.1 to 9.2 cm) and AHy yyp increased by 2.5 & 2.4 mm
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(range: —2.2 to 6.9 mm), resulting in spine straightening ratios of 1.2 £ 0.7% for Ryyor
(range: 0.0 to 2.4%), 0.7 £ 0.6% for Ry ymp (range: —0.6 to 1.7%), and 1.8 & 1.0% for Ryor
(range: —0.1% to 3.4%) (Table 4). None of the participants in either group showed a
decrease in thoracic spine height, while four gymnasts (three men and one woman) and five
non-athletes (three men and two women) showed a decrease in the lumbar spine height
ratio. Figure 2 presents a visual representation of the main results of this study.

Table 4. Ratio of increase in height for total, thoracic, and lumbar heights with respect to the
thoracolumbar length from the neutral (N) to trunk self-elongation (S) positions.

Ratio Non-Athlete Gymnast

Ratio of thoracolumbar spine

length variation (%) Le=x07 1.7+£0.8

Ratio of tho.ragc spine length 19406 10y
variation (%)

Ratio of lumbar spine length 02403 062 0.6

variation (%)

ARTHOR

+1.2% 1 +1.1%
ATK

-10°/ -17°

ARyor

+1.6% / +1.7%
ARLUMB

+0.2% / +0.6%

| &

ALL
+5° [ +7°

ASS
) e T

A B C

Figure 2. (A) Example of a 3D reconstruction of the thoracolumbar spine and pelvis in the neutral
position; (B,C) 3D reconstruction of the spine and pelvis during the trunk self-elongation position,
with average changes in the (B) ratio of thoracolumbar spine height (ARtoT), thoracic spine height
(ARTHOR), and lumbar spine height (ARyypmp); and (C) sacral slope (ASS), lumbar lordosis (ALL), and
thoracic kyphosis (ATK). Font color: red for non-athletes; green for gymnasts.

4. Discussion

Trunk self-elongation is an exercise believed to strengthen core muscles, which would
kinematically lead to an increase in trunk height during execution. This increase would
be enabled by a reduction in spinal curvatures, specifically decreases in both lumbar
lordosis and thoracic kyphosis. A reduction in lumbar lordosis is also expected to be
associated with a decrease in sacral slope accompanied by an increase in pelvic tilt [22].
Two populations were studied, and it was hypothesized that gymnasts, who undergo
intensive core strength training and frequently perform exercises that reinforce their back
muscles, would exhibit more pronounced changes in spino-pelvic parameters and trunk
height compared to non-athletes.

The novelty and methodological strength of this study lie in the use of radiographic
imaging combined with 3D reconstruction methods to assess spino-pelvic parameters and
trunk height. Unlike studies that rely on external measuring devices prone to soft tissue
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artifacts and palpation errors [23], such as inclinometers [8,24] or optoelectronic motion
capture systems paired or not paired with computational models [14,25], the use of the
EQS system provides reliable direct 3D measurements. Furthermore, in this study, spine
height was not based on projection onto the vertical axis but was calculated as the actual
distance between the relevant vertebrae in the 3D space. This methodological approach
allows for accurate quantification of spinal height gains even in cases of spinal balance
disturbances (e.g., scoliosis). Additionally, the measurements enabled an assessment of the
relative contributions of the lumbar and thoracic spine to overall straightening.

Apart from the age and anthropometric differences between the two groups, there
were also baseline differences in spino-pelvic parameters. In particular, pelvic tilt, pelvic
incidence, and thoracic kyphosis were lower in gymnasts compared to non-athletes, likely
due to postural training in gymnastics and the regular use of thoracolumbar straightening
exercises. Previous literature has reported changes in spinal curvatures among athletes
engaged in various sports: inline hockey, freestyle wrestling, and cycling tend to increase
thoracic kyphosis, while handball tends to decrease lumbar lordosis [26-29]. However,
comparisons of spino-pelvic parameters between the groups were not the objective of this
study, so no statistical analysis was performed for this purpose.

Regarding the effect of trunk self-elongation compared to the neutral position, this
study demonstrated that both populations were able to increase their trunk height, with
gymnasts showing a slightly greater increase than non-athletes (Table 4). However, the
contribution of the thoracic region was slightly lower in gymnasts than in non-athletes,
likely due to the lower thoracic kyphosis in gymnasts, which limits further straightening
potential. In the lumbar region, the greater reduction in lumbar lordosis in gymnasts,
driven by significant changes in pelvic positional parameters (i.e., decreased sacral slope
and increased pelvic tilt), contributed to a greater increase in trunk height (through an
increase in Ry ymp). The changes observed in non-athletes support the potential benefit
of this exercise in rehabilitation, as strengthening the thoracic muscles could help correct
the excessive thoracic kyphosis commonly seen in sedentary individuals with prolonged
sitting habits [30]. Findings from D’Amico et al. also align with these results, showing
a significant decrease in thoracic kyphosis in men, without notable changes in lumbar
lordosis [13].

For the lumbar region, this study highlights the value of trunk self-elongation, which,
through voluntary actions, reduces lumbar lordosis in most participants, both non-athletes
and gymnasts, potentially preventing hyper-lordosis-related pathologies. However, it
is important to note that for some participants (five non-athletes and four gymnasts;
representing 36% of non-athletes and 16% of gymnasts), Ry ymp decreased during the trunk
self-elongation exercise, which could increase the stress on the posterior vertebral arch of
the lumbar spine, contrary to the intended outcome. Since both non-athlete and gymnast
participants exhibited this behavior, the strength deficit of lumbar core muscles may not
be the only factor, and additional instructions could be helpful. Specifically, it could be
hypothesized that adding an instruction of pelvic retroversion (reducing sacral slope) along
with the “straightening” instruction may help decrease lumbar lordosis and address this
trend in all subjects. However, this requires further evaluation.

Limitation

Although this study allowed for the evaluation of the impact of active axial spine
extension on trunk height and spino-pelvic balance with improved reliability compared to
previous methods, it is not free of limitations. First, while instructions were sent to partici-
pants prior to the data acquisition session so they could practice the posture, there may still
be bias due to participants’ interpretation of the instructions. As a result, the findings may
partly reflect the participants’ understanding of the instructions rather than their full ability
to elongate their trunk, though this was true for both populations. Additionally, although
both non-athletes and gymnasts were studied, comparing these two groups should be
carried out with caution, as they differed in more than just physical activity; age, height,



J. Funct. Morphol. Kinesiol. 2024, 9, 253 8 0of 10

and weight were also variables. The authors emphasize that the primary objective of this
study was not to compare these two populations, but rather to compare two postures (with
vs. without trunk self-elongation instruction) and to highlight the different strategies each
group adopted in achieving trunk elongation. Finally, although a larger cohort could have
strengthened the statistical analysis, the current sample size is sufficient to address this
study’s hypothesis. Hence, significantly increasing the sample size might raise ethical
concerns.

5. Conclusions

This study hypothesized that trunk self-elongation would lead to an effective increase
in trunk height, achieved through changes in spino-pelvic balance. This hypothesis was
tested in two populations with differing levels of physical activity. Overall, the instruction
effectively resulted in an increase in trunk height, primarily through the correcting of tho-
racic kyphosis and a reduction in lumbar lordosis in both groups, though the contribution
of the lumbar region varied between participants from the two populations.

Given that the observed changes were likely due to muscle contractions, it was further
hypothesized that a more pronounced effect would be seen in gymnasts, who regularly
practice spine-strengthening exercises as part of their training. The results showed that the
increase in total trunk height for non-athletes was primarily due to an increase in thoracic
height, while in gymnasts, the straightening effect was more evenly distributed between
the thoracic and lumbar spine. Therefore, it would be interesting to evaluate whether
regular training with such exercises could enhance the contribution of the lumbar spine
in non-athletes. However, in some individuals, from both non-athletes and gymnasts, the
trunk self-elongation instruction unexpectedly led to an increase in lumbar lordosis.

Finally, this study confirms the expected effects of this exercise, which is widely used
in both clinical practice and sports training, for activating and strengthening deep trunk
muscles, making it valuable for the prevention and treatment of back pain [31]. However,
additional instruction on pelvic retroversion, for instance, may be beneficial for some
subjects to ensure lumbar contribution without being detrimental for other subjects. The
effectiveness of such additional instruction, however, remains to be evaluated.

Author Contributions: Conceptualization, C.S., PT. and P.B.; methodology, C.S., PT. and P.B.; formal
analysis, G.P.,, C.E.,, P.B,, PT. and C.S;; investigation, G.P., C.E., P.B. and C.S,; resources, P.R.; data
curation, G.P,, C.E. and P.B.; writing—original draft preparation, G.P.; writing—review and editing,
CE., CS.,MB, PT, PB. and PR; supervision, P.T., PR., M.B. and C.S.; project administration, C.S.;
funding acquisition, C.S., P.B. and P.T. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the French ministry of sports through grant 19r33 and by the
French gymnastics federation.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Comité de Protection des Personnes Sud Mediterranée V (protocol
code: 2018-A01926-49; date of approval: 15 February 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this
study. Written informed consent has been obtained from the participants to publish this paper.

Data Availability Statement: Data are available upon request and with a justification of the research
objective from the corresponding author.

Acknowledgments: In preparing this article, the authors used DeepL (https:/ /www.deepl.com) and
ChatGPT (https:/ /chatgpt.com/) for final proofreading prior to submission. These tools were used
with instructions to identify and correct grammatical and spelling errors in English, as well as to
occasionally refine sentence structure for clarity. All suggested changes were thoroughly reviewed
and, when necessary, adjusted to preserve the original meaning. As such, the generative Al tools did
not contribute to the scientific content of this article.


https://www.deepl.com
https://chatgpt.com/

J. Funct. Morphol. Kinesiol. 2024, 9, 253 9 0f 10

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design
of the study, in the collection, analyses, or interpretation of data, in the writing of the manuscript, or
in the decision to publish the results.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Dupuis, S.; Fortin, C.; Caouette, C.; Leclair, I.; Aubin, C.-E. Global postural re-education in pediatric idiopathic scoliosis: A
biomechanical modeling and analysis of curve reduction during active and assisted self-correction. BMC Musculoskelet. Disord.
2018, 19, 200. [CrossRef] [PubMed]

Piatek, E.; Kuczynski, M.; Ostrowska, B. Postural control in girls with adolescent idiopathic scoliosis while wearing a Chéneau
brace or performing active self-correction: A pilot study. Peer] 2019, 7, €7513. [CrossRef] [PubMed]

Piatek, E.; Kuczyniski, M.; Ostrowska, B. The Effects of Active Self-correction on Postural Control in Girls with Adolescent
Idiopathic Scoliosis: The Role of an Additional Mental Task. Int. ]. Environ. Res. Public Health 2020, 17, 1640. [CrossRef] [PubMed]
Paolucci, T.; Bernetti, A.; Sbardella, S.; La Russa, C.; Murgia, M.; Salome, A.; Villani, C.; Altieri, M.; Santilli, V.; Paoloni, M.; et al.
Straighten your back! Self-correction posture and postural balance in «non rehabilitative instructed» multiple sclerosis patients.
NeuroRehabilitation 2020, 46, 333-341. [CrossRef]

Gandolfi, M.; Tinazzi, M.; Magrinelli, F; Busselli, G.; Dimitrova, E.; Polo, N.; Manganotti, P.; Fasano, A.; Smania, N.; Geroin, C.
Four-week trunk-specific exercise program decreases forward trunk flexion in Parkinson’s disease: A single-blinded, randomized
controlled trial. Park. Relat. Disord. 2019, 64, 268-274. [CrossRef]

Barczyk-Pawelec, K.; Sipko, T. Active self-correction of spinal posture in pain-free women in response to the command “straighten
your back”. Women Health 2017, 57, 1098-1114. [CrossRef]

Czaprowski, D.; Pawtowska, P.; Stolifiski, L.; Kotwicki, T. Active self-correction of back posture in children instructed with
‘straighten your back” command. Man. Ther. 2014, 19, 392-398. [CrossRef]

Czaprowski, D.; Pawlowska, P.; Kolwicz-Gariko, A.; Sitarski, D.; Kedra, A. The Influence of the “Straighten Your Back” Command
on the Sagittal Spinal Curvatures in Children with Generalized Joint Hypermobility. BioMed Res. Int. 2017, 2017, 9724021.
[CrossRef]

Le Huec, J.C.; Thompson, W.; Mohsinaly, Y.; Barrey, C.; Faundez, A. Sagittal balance of the spine. Eur. Spine J. 2019, 28, 1889-1905.
[CrossRef]

Roussouly, P; Gollogly, S.; Berthonnaud, E.; Dimnet, J. Classification of the Normal Variation in the Sagittal Alignment of the
Human Lumbar Spine and Pelvis in the Standing Position. Spine 2005, 30, 346-353. [CrossRef]

Legaye, ].; Duval-Beaupere, G.; Marty, C.; Hecquet, J. Pelvic incidence: A fundamental pelvic parameter for three-dimensional
regulation of spinal sagittal curves. Eur. Spine J. 1998, 7, 99-103. [CrossRef]

ZmySlna, A.; Kiebzak, W.; Zurawski, A.; Pogorzelska, ].; Kotela, I.; Kowalski, T.; Sliwiniski, Z.; Sliwinski, G. Effect of physiotherapy
on spinal alignment in children with postural defects. Int. . Occup. Med. Environ. Health 2019, 32, 25-32. [CrossRef]

D’Amico, M.; Kinel, E.; D’Amico, G.; Roncoletta, P. A 3D Spine and Full Skeleton Model for Opto-Electronic Stereo-
Photogrammetric Multi-Sensor Biomechanical Analysis in Posture and Gait. In Innovations in Spinal Deformities and Postural
Disorders; Bettany-Saltikov, J., Schreiber, S., Eds.; InTechOpen: London, UK, 2017; Chapter 2. [CrossRef]

Kinel, E.; D’Amico, M.; Roncoletta, P. 3D Quantitative Evaluation of Posture and Spine Proprioceptive Perception Through
Instinctive Self-Correction Maneuver in Adolescent Idiopathic Scoliosis. Front. Bioeng. Biotechnol. 2021, 9, 663394. [CrossRef]
Senthil, P.; Sudhakar, S.; Radhakrishnan, R.; Jeyakumar, S. Efficacy of corrective exercise strategy in subjects with hyperkyphosis.
J. Back Musculoskelet. Rehabil. 2017, 30, 1285-1289. [CrossRef]

Dubousset, J.; Charpak, G.; Dorion, I; Skalli, W.; Lavaste, F.; Deguise, ].; Kalifa, G.; Ferey, S. A new 2D and 3D imaging approach
to musculoskeletal physiology and pathology with low-dose radiation and the standing position: The EOS system. Bull. L'acad.
Natl. Med. 2005, 189, 287-297.

Mitton, D.; Deschénes, S.; Laporte, S.; Godbout, B.; Bertrand, S.; de Guise, J.A.; Skalli, W. 3D reconstruction of the pelvis from
bi-planar radiography. Comput. Methods Biomech. Biomed. Eng. 2006, 9, 1-5. [CrossRef]

Humbert, L.; Carlioz, H.; Baudoin, A.; Skalli, W.; Mitton, D. 3D Evaluation of the acetabular coverage assessed by biplanar X-rays
or single anteroposterior X-ray compared with CT-scan. Comput. Methods Biomech. Biomed. Eng. 2008, 11, 257-262. [CrossRef]
Humbert, L.; De Guise, ]J.A.; Aubert, B.; Godbout, B.; Skalli, W. 3D reconstruction of the spine from biplanar X-rays using
parametric models based on transversal and longitudinal inferences. Med. Eng. Phys. 2009, 31, 681-687. [CrossRef]

Bittersohl, B.; Freitas, J.; Zaps, D.; Schmitz, M.R.; Bomar, ].D.; Muhamad, A.R.; Hosalkar, H.S. EOS imaging of the human pelvis:
Reliability, validity, and controlled comparison with radiography. J. Bone Jt. Surg. 2013, 95, e58. [CrossRef]

Ghostine, B.; Sauret, C.; Assi, A.; Bakouny, Z.; Khalil, N.; Skalli, W.; Ghanem, I. Influence of patient axial malpositioning on the
trueness and precision of pelvic parameters obtained from 3D reconstructions based on biplanar radiographs. Eur. Radiol. 2017,
27,1295-1302. [CrossRef]

Vialle, R.; Levassor, N.; Rillardon, L.; Templier, A.; Skalli, W.; Guigui, P. Radiographic Analysis of the Sagittal Alignment and
Balance of the Spine in Asymptomatic Subjects. J. Bone Jt. Surg. Am. 2005, 87, 260-267. [CrossRef] [PubMed]

Leardini, A.; Chiari, L.; Della Croce, U.; Cappozzo, A. Human movement analysis using stereophotogrammetry. Part 3. Soft
tissue artifact assessment and compensation. Gait Posture 2005, 21, 212-225. [CrossRef] [PubMed]


https://doi.org/10.1186/s12891-018-2112-9
https://www.ncbi.nlm.nih.gov/pubmed/30037348
https://doi.org/10.7717/peerj.7513
https://www.ncbi.nlm.nih.gov/pubmed/31528504
https://doi.org/10.3390/ijerph17051640
https://www.ncbi.nlm.nih.gov/pubmed/32138359
https://doi.org/10.3233/NRE-192987
https://doi.org/10.1016/j.parkreldis.2019.05.006
https://doi.org/10.1080/03630242.2016.1243605
https://doi.org/10.1016/j.math.2013.10.005
https://doi.org/10.1155/2017/9724021
https://doi.org/10.1007/s00586-019-06083-1
https://doi.org/10.1097/01.brs.0000152379.54463.65
https://doi.org/10.1007/s005860050038
https://doi.org/10.13075/ijomeh.1896.01314
https://doi.org/10.5772/intechopen.68633
https://doi.org/10.3389/fbioe.2021.663394
https://doi.org/10.3233/BMR-169668
https://doi.org/10.1080/10255840500521786
https://doi.org/10.1080/10255840701760423
https://doi.org/10.1016/j.medengphy.2009.01.003
https://doi.org/10.2106/JBJS.K.01591
https://doi.org/10.1007/s00330-016-4452-x
https://doi.org/10.2106/JBJS.D.02043
https://www.ncbi.nlm.nih.gov/pubmed/15687145
https://doi.org/10.1016/j.gaitpost.2004.05.002
https://www.ncbi.nlm.nih.gov/pubmed/15639400

J. Funct. Morphol. Kinesiol. 2024, 9, 253 10 of 10

24.

25.

26.

27.

28.

29.

30.

31.

Czaprowski, D.; Pawlowska, P.; Gebicka, A.; Sitarski, D.; Kotwicki, T. Intra- and interobserver repeatability of the assessment
of anteroposterior curvatures of the spine using Saunders digital inclinometer. Ortop. Traumatol. Rehabil. 2012, 14, 145-153.
[CrossRef] [PubMed]

D’Amico, M.; Kinel, E.; Roncoletta, P. 3D quantitative evaluation of spine proprioceptive perception/motor control through
instinctive self-correction maneuver in healthy young subjects’ posture: An observational study. Eur. ]. Phys. Rehabil. Med. 2018,
54,428-439. [CrossRef] [PubMed]

Rajabi, R.; Doherty, P.; Goodarzi, M.; Hemayattalab, R. Comparison of thoracic kyphosis in two groups of elite Greco-Roman and
freestyle wrestlers and a group of non-athletic participants. Br. |. Sports Med. 2008, 42, 229-232. [CrossRef]

Grabara, M. A comparison of the posture between young female handball players and non-training peers. J. Back Musculoskelet.
Rehabil. 2014, 27, 85-92. [CrossRef]

Sainz de Baranda, P.; Cejudo, A.; Moreno-Alcaraz, V.]J.; Martinez-Romero, M.T.; Aparicio-Sarmiento, A.; Santonja-Medina, F.
Sagittal spinal morphotype assessment in 8 to 15 years old Inline Hockey players. Peer] 2020, 8, €8229. [CrossRef]
Antequera-Vique, ].A.; Oliva-Lozano, ].M.; Muyor, ].M. Effects of cycling on the morphology and spinal posture in professional
and recreational cyclists: A systematic review. Sports Biomech. 2022, 22, 567-596. [CrossRef]

In, T.; Jung, J.; Jung, K.; Cho, H. Spinal and Pelvic Alignment of Sitting Posture Associated with Smartphone Use in Adolescents
with Low Back Pain. Int. J. Environ. Res. Public Health 2021, 18, 8369. [CrossRef]

Owen, PJ.; Miller, C.T.; Mundell, N.L.; Verswijveren, S.J.].M.; Tagliaferri, S.D.; Brisby, H.; Bowe, S.J.; Belavy, D.L. Which specific
modes of exercise training are most effective for treating low back pain? Network meta-analysis. Br. J. Sports Med. 2020, 54,
1279-1287. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.5604/15093492.992283
https://www.ncbi.nlm.nih.gov/pubmed/22619099
https://doi.org/10.23736/S1973-9087.17.04738-4
https://www.ncbi.nlm.nih.gov/pubmed/28718273
https://doi.org/10.1136/bjsm.2006.033639
https://doi.org/10.3233/BMR-130423
https://doi.org/10.7717/peerj.8229
https://doi.org/10.1080/14763141.2022.2058990
https://doi.org/10.3390/ijerph18168369
https://doi.org/10.1136/bjsports-2019-100886

	Introduction 
	Materials and Methods 
	Participants 
	Procedures 
	Data Processing and Analyses 
	Statistical Analyses 
	Use of Generative AI Tools 

	Results 
	Discussion 
	Conclusions 
	References



