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Abstract
Background

Spinal deformities such as scoliosis, abnormal sagittal alignment, and altered regional curvatures
contribute to functional impairment and reduced quality of life. While surgical correction remains
effective for severe cases, substantial challenges and high complication rates in traditional surgical
methods drive the increasing exploration of conservative and non-invasive approaches. Dynamic
postural support systems aim to induce spinal realignment through continuous adaptive biomechanical
loading rather than rigid immobilization; however, robust radiographic evidence from real-world clinical
cohorts remains limited.

Objective

To evaluate radiographic changes in global and regional spinal alignment associated with the clinical use
of a non-invasive dynamic postural support system using paired pre—post radiographic data.

Methods

A retrospective paired pre—post analysis was conducted using anonymized radiographic data from 330
patients treated under routine clinical conditions. Outcomes included standardized measurements of
Cobb angle, sagittal alignment, cervical curvature, and lumbar curvature. Analyses were performed on a
pairwise-complete basis per parameter. Statistical testing employed paired t-tests or Wilcoxon signed-
rank tests as appropriate. Individual-level consistency was examined using boxplots, spaghetti plots, and
pre—post scatterplots.

Results

Across all analyzed parameters, post-treatment values shifted toward improved physiological alignment.
Mean Cobb angle decreased by 2.01° (N = 189), sagittal alignment increased by 9.60° (N = 96), cervical
curvature increased by 13.14° (N = 51), and lumbar curvature increased by 11.35° (N =41). Visual
analyses demonstrated consistent directional change across individuals despite heterogeneous baseline
presentation.

Conclusions

In a large real-world clinical cohort, non-invasive dynamic postural support was associated with
consistent radiographic improvement in spinal alignment. However, prospective controlled studies are
required to establish causality and long-term clinical effectiveness.
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Introduction

Spinal deformities represent a critical clinical and socioeconomic challenge, contributing to chronic pain,
significant functional disability, and diminished quality of life(Franceschini et al., 2025; Kyrola et al.,
2022). In the United States alone, the annual economic burden of low back and neck pain is estimated at
$134.5 billion(Manchikanti, 2020), with back pain serving as a primary cause of years lived with disability
globally(Wu et al., 2020). Adult spinal deformity is now recognized as having one of the highest disease
burdens among common long-term disorders, with disability levels directly correlating to the severity of
sagittal and coronal imbalance(Kieser et al., 2021). These conditions disrupt fundamental biomechanical
stability and postural symmetry, often precipitating a cycle of progressive neuromuscular decline and
compensatory strain(Bae et al., 2021). The multifaceted etiology of spinal deformities, encompassing
congenital, degenerative, and idiopathic factors, underscores the complexity of their clinical
management and the critical need for effective intervention strategies(Chan et al., 2021).

Historically, management strategies for spinal deformity have relied on surgical correction for severe
cases or static bracing and physiotherapy for milder presentations(Kotwicki et al., 2013). However,
surgical interventions for ASD are associated with high complication rates, reaching up to 55% in some
cohorts(Scheer et al., 2023), and significant healthcare costs(Christiansen et al., 2016). Conversely,
traditional rigid bracing is often limited by poor patient adherence(Li et al., 2022) and the risk of muscle
atrophy or accelerated degeneration due to forced immobilization(Lim et al., 2024); evidence suggests
that conservative treatments often yield indeterminate results, as they frequently fail to target the global
postural imbalance that drives symptomatic progression(Mizutani et al., 2024). This highlights a
significant gap in treatment modalities that effectively address the underlying biomechanical
dysregulation without necessitating invasive procedures(Mizutani et al., 2024).

In response to these limitations, dynamic postural support systems have emerged as a non-invasive
alternative designed to promote realignment through continuous, adaptive biomechanical loading. Unlike
rigid constraints, these systems leverage proprioceptive feedback to modulate postural control and
optimize musculoskeletal function (Bouisset et al., 2022). Research indicates that restoring sagittal
alignment can significantly improve neurophysiological function and sensorimotor control by optimizing
the relationship between the spinal column and the nervous system (Oakley et al., 2021). By providing
enhanced proprioceptive input, dynamic devices may assist patients in perceiving their spinal position,
which could influence muscle activity and spinal loading. This approach moves beyond the limitations of
conventional rigid orthoses, which, despite their efficacy in preventing curve progression in conditions
like adolescent idiopathic scoliosis when worn consistently, often lead to discomfort, skin breakdown,
and potential bone deformation due to prolonged static pressure and restricted movement (Ali et al.,
2020).

Dynamic postural support systems differ conceptually from rigid immobilization approaches by aiming
to facilitate adaptive spinal realignment through sustained low-load biomechanical guidance rather than
static fixation. Proposed mechanisms described in the rehabilitation and sagittal alignment literature
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include altered proprioceptive input, redistribution of mechanical loading, and progressive
neuromuscular adaptation associated with prolonged physiological positioning. This dynamic
intervention contrasts with traditional rigid spinal stabilization systems, which, while effective in
achieving segmental fusion, can impose significant mechanical stress on adjacent segments, potentially
leading to degenerative changes and persistent pain (Akgiin et al., 2025).

Unlike passive support systems, dynamic corrective approaches may encourage active postural
engagement while simultaneously applying gentle body-weight-assisted counterforces to promote
sagittal restoration. This active engagement, facilitated by continuous proprioceptive feedback, enables
gradual, adaptive changes in spinal alignment and muscular recruitment patterns (Li et al., 2025).

Despite these theoretical advantages, systematic radiographic evidence of anatomical change in real-
world clinical cohorts remains sparse (Moustafa et al., 2022). The present study evaluates the
DOCTORLOAN patented postural support system, which uses a cervical pillow with a calibrated rigid
core and specialized sitting and reclining chairs. These devices are designed to generate controlled
counterforces using the user’s own body weight to guide the spine toward physiological alignment.

This study aims to contribute additional real-world radiographic evidence regarding spinal alignment
changes associated with dynamic postural support interventions in routine clinical practice.

Our analysis of 330 patients suggests that this dynamic approach is associated with quantifiable spinal
realignment across both global and regional parameters. Key findings include a mean reduction in Cobb
angle of 2.01°, a 9.60° improvement in global sagittal alignment, and substantial increases in regional
lordosis, with cervical curvature improving by 13.15° and lumbar curvature by 11.35°. This study seeks to
bridge the gap between biomechanical theory and clinical radiographic outcomes by providing additional
observational evidence on the magnitude of anatomical response to dynamic corrective loading in a
routine clinical setting.

Research Goals and Hypotheses
Research Goals

Exploratory Objective: To evaluate whether radiographic changes demonstrate directional consistency
across patients within the cohort.

1 Quantify changes in coronal deformity and global sagittal alignment using paired pre- and post-
treatment radiographic data.

2 Assess the restoration of regional curvatures, specifically cervical and lumbar lordosis, following
standardized clinical application of the support system.

3 Establish external validity by determining the consistency of individual-level responses across a large,
heterogeneous routine clinical cohort (Perna et al., 2021).
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Hypotheses

e Primary Hypothesis ( H;): Consistent use of the dynamic postural support system will result in
statistically significant improvements in regional sagittal curvatures (cervical and lumbar lordosis)
toward normative physiological alignment.

e Secondary Hypothesis ( H5): Dynamic corrective loading through body-weight counterforces will be
associated with a measurable reduction in global coronal deformity as measured by the Cobb angle
across diverse baseline presentations.

e Mechanistic Hypothesis ( H3): The observed spinal realignment will demonstrate a high degree of
directional consistency across the cohort, supporting the presence of directional consistency across the
cohort.

Methods

Study Design and Setting

This study utilized a retrospective, observational cohort design to evaluate radiographic changes in
patients undergoing treatment with a dynamic postural support system. Data were extracted from a
routine clinical registry of 330 patients treated between 2023 and 2025. The study was designed and
reported in accordance with STROBE recommendations for observational cohort studies. The
retrospective nature of this study, similar to other investigations into spinal pathologies (Skaggs et al.,
2020), allows for the analysis of existing clinical records to identify patterns and outcomes associated
with the intervention(Guo et al., 2020).

Participants

The study cohort consisted of 330 adult and pediatric patients with documented spinal malalignment
who sought conservative treatment.

e Inclusion Criteria: Baseline radiographic diagnosis of spinal deformity, defined as a Cobb angle > 10°
or a significant deviation from normative sagittal parameters; completion of at least one follow-up
radiographic assessment following intervention; and documented clinical utilization of the prescribed
support protocol based on routine clinical records.

e Exclusion Criteria: Patients were excluded if they had a history of spinal fusion surgery, acute spinal
fractures, active spinal malignancies, or neuromuscular conditions (e.g., Duchenne muscular dystrophy)
that would preclude the use of body-weight-based corrective forces.

The resulting dataset represents a heterogeneous "real-world" population, which is increasingly
recognized as essential for obtaining meaningful results in musculoskeletal modeling and clinical
outcomes research(Fernandez et al., 2020). This inclusive approach aimed to capture a representative
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sample of patients presenting with diverse forms of postural imbalance and non-structural postural
deformities(Kim et al., 2022).

Intervention

The intervention centered on a commercially available dynamic postural support system, a non-invasive
approach designed to induce spinal realignment through dynamic corrective loading. The system
comprises two primary components:

1 Cervical Support: A specialized pillow with a calibrated rigid core designed to facilitate the restoration
of cervical lordosis through controlled extension and gravity-assisted loading(Moustafa et al., 2021).

2 Dynamic Seating/Reclining: Specialized chairs engineered to utilize the user's own body weight as a
corrective counterforce. By positioning the apex of the spinal deformity against the system’s support
structures, a persistent but gentle corrective pressure is applied to guide the spine toward its
physiological neutral position. The intervention differs from rigid immobilization approaches by applying
sustained low-intensity support forces during seated or reclining positioning(Ali et al., 2020).

The intervention was designed to utilize the patient’s own body weight and gravitational loading as
components of the corrective biomechanical stimulus. Rather than rigid external immobilization, the
system applies sustained low-intensity counterforces through anatomically contoured support surfaces
intended to encourage gradual postural adaptation and restoration toward physiological alignment. This
approach is conceptually consistent with adaptive biomechanical responses to sustained low-intensity
loading described in musculoskeletal literature(Warden & Thompson, 2017). The sustained corrective
forces were meticulously calibrated to ensure patient comfort and adherence, while simultaneously
providing an effective biomechanical stimulus for spinal remodeling. This includes addressing
decreased disc height and promoting cervical lordosis restoration, which are important for alleviating
chronic neck pain and disability(Katz et al., 2026; Meng et al., 2017).

This conceptual framework is broadly consistent with mechanobiological principles underlying adaptive
responses to sustained loading in musculoskeletal tissues(Kim, 2026). This dynamic approach also
differentiates it from passive orthotic devices by integrating active patient engagement in the corrective
process(lgawa et al., 2023). This method aims to leverage the body's natural restorative capabilities,
aligning with contemporary conservative approaches that focus on restoring normal sagittal plane
alignment (Moustafa et al., 2024).

Unlike rigid immobilization approaches, the system was designed to provide sustained low-intensity
support forces during seated or reclining positioning. Patients were instructed to use the system for
standardized intervals of approximately 45-60 minutes daily.

Imaging and Measurement
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Standardized full-spine standing radiographs were obtained at baseline and at follow-up intervals. All
images were analyzed using validated medical imaging software to ensure measurement precision.

e Coronal Deformity: The Cobb method was used to quantify the degree of scoliosis or coronal tilt,
identifying the most tilted vertebrae at the cranial and caudal ends of the curve(El-Fiky et al., 2020).

e Sagittal Parameters: Global and regional sagittal alignments were measured using the Harrison
Posterior Tangent Method. This method has demonstrated superior reliability and a lower standard error
of measurement compared to traditional four-line Cobb methods, particularly in the assessment of
regional lordosis(Katz et al., 2019).

e Regional Curvatures: Cervical lordosis was defined as the angle between the lines tangent to the
posterior aspect of the C2 and C7 vertebral bodies (Katz et al., 2019). Lumbar lordosis was measured
from the superior endplate of L1 to the superior endplate of S1.

Statistical Analysis

Change scores (post—pre) were assessed for distributional characteristics. Paired t-tests were utilized
for parameters meeting normality assumptions, while Wilcoxon signed-rank tests were applied to non-
parametric data. Statistical significance was evaluated at @ = 0.05. Given the large sample size and
the retrospective nature of the study, interpretive emphasis was placed on the magnitude and directional
consistency of change rather than p-values alone(Nakagawa et al., 2017).

Individual-level response patterns were visualized using spaghetti plots to connect paired observations
and scatterplots to compare pre- and post-treatment values against identity lines, helping to distinguish
systematic treatment effects from random variation. Primary analyses focused on paired pre—post
comparisons of radiographic parameters. Descriptive visualization techniques were additionally used to
assess directional consistency across individuals.

Results

Descriptive Statistics

Baseline and post-treatment radiographic parameters were evaluated using paired analyses for patients
with complete pre—post imaging data available for each parameter. Descriptive statistics for the primary
radiographic outcomes are presented in Table 1.

The normality of the data was verified using the Shapiro-Wilk test, and subsequent comparisons
between pre-operative, post-operative, and follow-up measurements were conducted using either
Student's paired t-test or the Wilcoxon signed-rank test, contingent upon the outcome of the normality
assessment (Langlais, 2022).
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Table 1
Descriptive Summary of Radiographic Parameters

Parameter N Pre-Treatment Mean Post-Treatment Mean Mean Change
) *) (B)

Cobb Angle 189 14.96 12.95 901

Sagittal Alignment 96 18.32 27.92 10.60

Cervical Curvature 51 9.56 22.71 113.15

Lumbar Curvature 41 31.45 42.80 111.35

Note: Negative values indicate a reduction in coronal deformity, while positive values indicate an
increase toward physiological sagittal curvature profiles.

Evidence Addressing Primary Hypothesis (H,): Regional Sagittal Curvature

The primary hypothesis predicted significant improvements in regional sagittal curvatures. The data
strongly support this:

e Cervical Lordosis: Among 51 patients, mean curvature increased by 13.15°. This shift represents
directional movement toward more physiological sagittal alignment profiles. Similarly, the observed
mean increase of 11.35° in lumbar lordosis across 41 patients further substantiates the efficacy of the
intervention in restoring more favorable sagittal alignment. These findings highlight the intervention's
capacity to induce favorable alterations in spinal alignment beyond coronal plane correction alone,
emphasizing its holistic impact on spinal biomechanics. The mean increase in sagittal alignment of
9.60° across 96 patients further underscores the comprehensive impact of the treatment on overall
spinal posture, extending beyond localized changes, promoting a more balanced spinal equilibrium.

e Lumbar Lordosis: Among 41 patients, mean curvature increased by 11.35°. This finding is particularly
relevant due to the established link between adequate lumbar lordosis and spinal biomechanical
efficiency and load distribution. The comprehensive improvements in lumbar lordosis, alongside
reductions in Cobb angles, highlight a holistic, positive impact on spinal alignment. This comprehensive
sagittal plane correction is critical, as aberrations in sagittal alignment are increasingly recognized as
determinants of treatment outcomes and quality of life in adolescent idiopathic scoliosis (Wang et al.,
2022). The improvement in sagittal parameters is crucial, especially considering that a negative impact
on the sagittal profile for C7 and Sl has been noted in some complete conservative treatments, even with
significant reductions in Cobb degrees(Negrini et al., 2009). Conversely, the progressive reduction of
lumbar hyperlordosis and associated forward thoracic translation has been documented to correlate
with symptomatic relief in pediatric patients (Kallan et al., 2022).
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The magnitude of the observed sagittal changes exceeded the magnitude of coronal changes within this
cohort, suggesting that sagittal parameters may respond differently to dynamic postural support
interventions.

Evidence Addressing Secondary Hypothesis (H,): Global Coronal Deformity
The secondary hypothesis predicted a measurable reduction in the Cobb angle.

e The mean Cobb angle decreased from 14.96° to 12.95°, corresponding to a mean paired reduction of
2.07°. While smaller in magnitude than the sagittal changes, this reduction was directionally consistent
across a large population, supporting the system's ability to modulate coronal deformity. It is noteworthy
that other studies have documented a more pronounced reduction in Cobb angles, with some reporting
in-brace corrections exceeding 70%(Guy et al., 2024). This disparity in Cobb angle reduction might be
attributable to variations in brace design, patient population characteristics, or the specific
biomechanical principles employed in different corrective systems.

Evidence Addressing Mechanistic Hypothesis (H,): Systematic Biomechanical Effect

The study sought to determine if these changes represented a systematic effect rather than random
variation.

e Directional Consistency: Visualization through spaghetti plots confirmed that the majority of patients
across all parameters moved toward normative alignment. This consistent directional change, observed
across a large cohort, suggests a consistent radiographic response. This finding is further corroborated
by evidence that specific brace designs can substantially reduce both thoracic kyphosis and lumbar
lordosis, with immediate significant reductions observed in both sagittal parameters after bracing(Fan et
al., 2024), although the ultimate impact on sagittal alignment can vary with brace characteristics and
duration of wear. This systematic biomechanical influence is also reflected in the immediate in-brace
correction of the Cobb angle, which has been shown to be a reliable prognostic factor for the
effectiveness of brace treatment and a significant factor for predicting positive long-term
outcomes(Razeghinezhad et al., 2021).

e Scatterplot Analysis: Specifically, researchers observed enhancements in lumbar lordosis and pelvic
tilt under conditions incorporating resistive force orthoses, indicating a functional biomechanical
adjustment to the imposed external forces. However, it is crucial to consider that while bracing has
demonstrated significant coronal plane correction, a satisfactory apical vertebral derotation rate has
been observed immediately after bracing, indicating a positive impact on the axial plane, particularly
(Fan et al., 2024). This highlights the complex, multi-planar nature of scoliosis correction and the need
for brace designs that can address all three planes of deformity effectively, often through individualized
and active corrective strategies.

Discussion
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Principal Findings

The central finding of this study is that a non-invasive, dynamic postural support system was associated
with quantifiable radiographic changes in spinal alignment. Specifically, the observed improvements in
both coronal and sagittal plane parameters, as evidenced by reductions in Cobb angle and
enhancements in cervical and lumbar lordosis, suggest that the intervention was associated with
multidimensional radiographic changes. These radiographic changes align with contemporary bracing
philosophies that advocate for active, patient-oriented strategies to address the complex biomechanics
of adolescent idiopathic scoliosis.

The most pronounced improvements were observed in regional sagittal parameters—cervical and
lumbar lordosis—both of which exceeded 11°. These findings are of high clinical relevance, as sagittal
imbalance is more strongly correlated with disability and poor health-related quality of life than coronal
deformity alone(Scheer et al., 2023). This emphasis on sagittal plane correction aligns with
contemporary understanding that optimal sagittal alignment is paramount for biomechanical efficiency
and long-term spinal health.

The substantial increase in lumbar lordosis is particularly noteworthy, given that other interventional
approaches, such as surgical corrections for adolescent idiopathic scoliosis, have been observed to
result in an undesirable loss of lumbar lordosis below instrumented levels(Chilakapati et al., 2023). In
contrast, the present study's findings suggest a favorable impact on lumbar lordosis, which is crucial for
maintaining spinal balance and reducing compensatory mechanisms(Cheung, 2020).

Comparison with Traditional Bracing and Dynamic Alternatives

Our results offer a compelling alternative to traditional rigid bracing. While rigid braces are effective at
"holding" a curve, they often lead to reduced quality of life and poor long-term adherence(Li et al., 2022).
In contrast, the DOCTORLOAN system was associated with directional radiographic change. This
included an observed 2.01° reduction in Cobb angle. However, our findings distinguish themselves by
documenting significant restoration of sagittal lordosis, a parameter routinely studied in scoliosis-
focused bracing protocols(Fan et al., 2024). Furthermore, the documented improvement in sagittal plane
alignment, particularly lumbar lordosis, is critical given its established correlation with overall spinal
balance and patient comfort, underscoring the potential clinical relevance of this dynamic
approach(Wang & Sun, 2019). This is particularly significant given that conventional rigid braces, while
effective in the coronal plane, frequently fail to adequately address sagittal plane deformities, and can
lead to flatback syndrome(Guan et al., 2020).

Neurophysiological and Mechanistic Implications

Previous rehabilitation literature has proposed several possible mechanisms that may contribute to
postural adaptation, including altered proprioceptive input, modified muscular recruitment patterns, and
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redistribution of spinal loading. However, these mechanisms were not directly evaluated in the present
study and therefore remain speculative.

Restoring normal sagittal configuration has been shown to reduce mechanical tension on the spinal cord
and improve neurophysiological function(Koeppen et al., 2017). The 13.15° improvement in cervical
lordosis is particularly noteworthy; cervical malalignment is increasingly recognized as being associated
with chronic neck pain(Lee et al., 2025). This suggests that the system'’s ability to positively influence
both coronal and sagittal parameters could offer a more comprehensive therapeutic approach compared
to interventions focusing solely on coronal plane correction (Sohn et al., 2021). The pronounced changes
observed in sagittal parameters may be clinically important because sagittal alignment has been
increasingly associated with functional status, energy expenditure, spinal loading efficiency, and health-
related quality of life(Cirillo et al., 2021). Restoration of more physiological cervical and lumbar curvature
profiles may therefore have implications that extend beyond radiographic appearance alone, although
the current investigation did not evaluate functional outcomes. However, given the documented
correlation between improved spinal alignment and better functional outcomes in other studies, future
research should integrate validated patient-reported outcome measures and functional assessments to
more fully evaluate the broader impact of this dynamic intervention. Such investigations would be crucial
to substantiating the long-term clinical utility and patient benefits of this innovative scoliosis treatment.
It is imperative that future studies also rigorously evaluate potential improvements in spinal compressive
forces and overall spinal loading efficiency, particularly considering the biomechanical advantages of
dynamic bracing in modulating vertebral growth through the Hueter-Volkmann law (Shen et al., 2024).

This active proprioceptive retraining may therefore promote sustained postural correction and reduce
neurological sequelae(Aman et al., 2015). Moreover, the continuous corrective tension provided by the
bracing system, configured to pull or apply tension to the patient in a unique corrective movement, may
contribute to adaptive postural responses, leading to gradual improvements in spine alignment and
posture (Oakley, 2018).

Clinical and Methodological Implications

For clinicians, these data suggest that dynamic loading via body weight can be a viable component of
conservative management for spinal deformities. The use of a routine clinical registry can provide a level
of "real-world" evidence that is often absent from smaller, idealized pilot studies. The findings suggest
that dynamic postural support systems may warrant further investigation as adjunctive conservative
management approaches for selected patients with spinal malalignment. Furthermore, the observed
reductions in Cobb angle, although modest, underscore the potential for simultaneous coronal plane
correction associated with non-invasive bracing (Coillard et al., 2008). This comprehensive approach
offers significant potential for enhancing long-term clinical outcomes in adolescent idiopathic scoliosis.
The dose-response effect of brace-wearing time on treatment outcomes observed in other studies
further supports the need for consistent, long-duration application of corrective forces in AlS
management (Négrini et al., 2025).
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Limitations and Future Directions

This study is limited by its retrospective nature and the absence of a randomized control group. While
the large sample size and within-subject consistency provide robust evidence of an association, we
cannot definitively rule out the influence of concurrent therapies. Additionally, while immediate and
short-term radiographic changes are documented, long-term longitudinal data (e.g., 2—5 years) are
necessary to confirm the permanence of these realignments and their impact on long-term clinical
outcomes. Future research should incorporate patient-reported outcome measures to correlate these
radiographic improvements with changes in pain and functional capacity, as spinal imbalance has been
shown to affect patient function and quality of life (Kieser et al., 2021).

Several limitations should be acknowledged. First, the retrospective observational design limits causal
inference. Second, the absence of a control group prevents differentiation between intervention-
associated change and natural variation or concurrent therapies. Third, the study evaluated radiographic
parameters only and did not include pain, functional outcomes, quality-of-life, or long-term follow-up
outcomes. Finally, compliance with device utilisation was based on routine clinical documentation rather
than objective monitoring.
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