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Abstract

Introduction: Chest binding is widely used for gender affirmation, yet its acute biomechanical
impacts remain unclear.

Objective: This study aims to investigate the immediate effects of a commercial chest binder on
respiratory mechanics and cervicothoracic kinematics.

Methodology: Thirty-two healthy females completed a randomized crossover study comparing
a control condition (no bra) to a chest binder. Outcome measures included pulmonary function
(spirometry), regional chest expansion, thoracic kyphosis, and cervical range of motion
(CROM).

Results: Chest binding significantly reduced FEV1 (p < 0.001) and the FEV1/FVC ratio (p =
0.038). Chest expansion was severely restricted at the middle (-3.87 cm, p < 0.001) and lower
lobes (-2.35 cm, p < 0.001). Additionally, the anterior compression significantly increased tho-
racic kyphosis from 34.52 degrees to 36.54 degrees (p = 0.032), which subsequently reduced
CROM across all six anatomical planes (all p < 0.05).

Conclusion: The acute application of a chest binder significantly limits regional chest wall ex-
cursion and dynamic pulmonary function. Concurrently, it induces a hyper-kyphotic posture
that restricts cervical mobility, highlighting the need for safe binding guidelines and targeted
postural rehabilitation.

Keywords
Chest binding; pulmonary function; chest expansion; cervical kinematics; thoracic kyphosis.
Resumen

Introduccién: El vendaje toracico (chest binding) se utiliza ampliamente para la afirmacién de
género; sin embargo, sus impactos biomecanicos agudos alin no estan del todo claros.
Objetivo: Este estudio tiene como objetivo investigar los efectos inmediatos de un vendaje to-
racico comercial sobre la mecanica respiratoria y la cinematica cervicotoracica.

Metodologia: Treinta y dos mujeres sanas completaron un ensayo cruzado aleatorizado en el
que se compard una condicidon de control (sin sostén) con el uso de un vendaje toracico. Las
medidas de resultado incluyeron la funcién pulmonar (espirometria), la expansion toracica re-
gional, la cifosis toracica y el rango de movimiento cervical (CROM, por sus siglas en inglés).
Resultados: El vendaje toracico redujo significativamente el FEV1 (p < 0,001) y el cociente
FEV1/FVC (p = 0,038). La expansion toracica se vio severamente restringida a nivel de los 16-
bulos medios (-3,87 cm, p < 0,001) e inferiores (-2,35 cm, p < 0,001). Ademas, la compresion
anterior aument6é de manera significativa la cifosis toracica, pasando de 34,52 grados a 36,54
grados (p = 0,032), lo que consecuentemente redujo el CROM en los seis planos anatdmicos
(todos los p < 0,05).

Conclusion: La aplicacién aguda de un vendaje toracico limita de manera significativa la excur-
sidn regional de la pared toracica y la funcién pulmonar dinamica. De forma concurrente, in-
duce una postura hipercifdtica que restringe la movilidad cervical, lo que subraya la necesidad
de establecer directrices para un vendaje seguro, asi como programas de rehabilitacién postu-
ral dirigida.

Palabras clave
|
Vendaje toracico; funcidon pulmonar; expansion toracica; cinematica cervical; cifosis toracica.
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Introduction
___________________________________________________________________________________________________________________________|
Chest binding is a widely utilized practice among transgender, nonbinary, and gender diverse popula-
tions, particularly those assigned female at birth, to flatten the anterior chest wall and align their physi-
cal appearance with their gender identity (Julian etal.,, 2021; Peters et al., 2024). Historically, individuals
employed restrictive materials such as elastic bandages or rigid garments, which frequently resulted in
dermatological irritation and severe pectoral muscle inflammation (Institute of Medicine Committee on
Lesbian etal., 2011). In recent years, commercial chest binders constructed from low elasticity synthetic
fabrics have become the standard method for chest compression. While these garments provide subs-
tantial psychological benefits by alleviating gender dysphoria, the application of external circumferen-
tial pressure imposes significant physiological and biomechanical constraints on the human body
(Cumming et al., 2016; Peters et al., 2024). Epidemiological surveys have documented a high prevalence
of physical discomforts and musculoskeletal symptoms associated with routine binding, including acute
shortness of breath, chronic chest pain, lower back pain, and noticeable postural deviations (Julian et
al,, 2021; Peitzmeier et al.,, 2017).

From a rigorous respiratory biomechanics perspective, the application of external compressive forces
to the thorax is hypothesized to directly restrict the normal kinematics of the chest wall. The external
compression is hypothesized to reduce overall chest wall compliance, which may impede the physiolo-
gical expansion of the pulmonary system during the inspiratory phase (Marini & Gattinoni, 2021). This
mechanical restriction potentially alters the optimal length-tension relationships of the primary respi-
ratory muscles, which could consequently diminish respiratory efficiency. Previous clinical investiga-
tions suggest that prolonged chest binding is associated with reductions in key pulmonary function pa-
rameters, most notably the forced vital capacity (FVC) and the forced expiratory volume in one second
(FEV1) (Akgiil et al.,, 2025; Sintara, 2017).

Beyond the immediate alterations in respiratory mechanics, chest binding introduces substantial bio-
mechanical perturbations to the musculoskeletal system through the kinetic chain principle. The conti-
nuous anterior compressive force alters the center of mass of the upper trunk, inducing a series of com-
pensatory postural adaptations (Attali et al,, 2019). To mitigate anterior soft tissue tension and alleviate
localized discomfort, individuals frequently adopt a flexed spinal posture, leading to a clinically obser-
vable increase in the thoracic kyphosis angle (Peitzmeier et al., 2017). Biomechanically, an exaggerated
thoracic curve shifts the load distribution across the intervertebral discs and triggers a cascade of com-
pensatory kinematic adjustments upward along the cervical spine, frequently resulting in a forward
head posture. This structural malalignment alters the resting length of the cervical musculature, increa-
ses posterior fascial tension, and modifies the normal gliding mechanics of the cervical facet joints. Con-
sequently, the altered cervical arthrokinematics restrict the active cervical range of motion across mul-
tiple anatomical planes, leading to joint stiffness and potential neuromuscular pain (Audette et al,
2010).

Despite the growing recognition of the adverse effects associated with prolonged chest binding, the cu-
rrent literature is predominantly limited to retrospective survey based studies and long term physiolo-
gical assessments. There remains a critical lack of empirical, quantitative data regarding the immediate
biomechanical and physiological responses following the acute application of a chest binder. Previous
studies have primarily relied on the subjective reporting of clinical symptoms, such as perceived
dyspnea and feelings of restricted chest expansion (Peitzmeier et al.,, 2017). This leaves a substantial
knowledge gap concerning the acute, measurable alterations in multi segmental biomechanics. Specifi-
cally, the immediate impact of modern chest binders on the regional excursion of the chest wall at spe-
cific anatomical levels (upper, middle, and lower lobes), coupled with the acute kinematic adaptations
of the cervical spine and the thoracic posture, remains unexplored. Understanding these acute physio-
logical and biomechanical deviations is essential for elucidating the underlying pathomechanical me-
chanisms of binder related injuries.

Therefore, the primary objective of this pilot study was to investigate the immediate effects of wearing
a commercial chest binder on pulmonary function, regional chest expansion, cervical range of motion,
and thoracic kyphosis in healthy female participants. Based on the principles of respiratory and struc-
tural biomechanics, it was hypothesized that the acute application of a chest binder would significantly
reSuce dynamic pulmonary function parameters, specifically FEV1 and FVC, while maintaining a normal
S, :
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FEV1 to FVC ratio above the standard clinical threshold (Moore, 2012). Furthermore, it was hypothesi-
zed that chest expansion would be significantly restricted, particularly at the middle and lower anato-
mical lobes where the magnitude of diaphragmatic excursion is most prominent (Marini & Gattinoni,
2021). Additionally, the restrictive intervention was expected to induce an immediate postural devia-
tion characterized by an increased thoracic kyphosis angle and a concurrent reduction in the active cer-
vical range of motion across all primary movement directions. The empirical findings derived from this
study aim to provide robust biomechanical evidence to inform clinical screening protocols, guide tar-
geted physical therapy interventions, and promote safe binding practices for individuals utilizing chest
compression garments.

Method
|

Study Design and Ethical Approval

A randomized, controlled, crossover study was conducted to investigate the immediate effects of wea-
ring a chest binder on pulmonary function, chest expansion, cervical kinematics, and thoracic spinal
posture in healthy females. The experimental protocol was reviewed and approved by the Human Re-
search Ethics Committee of Mae Fah Luang University (Certificate of Approval No: 229/2024; Project
Code: EC 24138-25). The study was conducted in strict accordance with the Declaration of Helsinki, and
written informed consent was obtained from all participants prior to data collection.

Participants

Thirty-two healthy female participants were recruited for this study. The sample size was determined a
priori based on a pilot study using an established sample size calculation framework for crossover de-
signs (Viechtbauer et al.,, 2015), ensuring 80% statistical power and an alpha level of 0.05.

The inclusion criteria were: (1) biological females aged between 18 and 25 years; (2) chest circumfe-
rence between 32 and 36 inches; (3) normal body mass index (BMI) ranging from 18.5 to 24.9 kg/m?;
and (4) no prior experience wearing chest binders. Participants were excluded if they presented with
musculoskeletal injuries affecting the respiratory muscles (diaphragm, intercostals, abdominals, or pec-
torals) lasting more than three weeks, or if they reported a Visual Analog Scale (VAS) pain score greater
than 3 during maximum inhalation and exhalation. Further exclusion criteria included cervical pain li-
miting the full range of motion, severe spinal pathologies (e.g., cervical spondylosis, herniated discs),
cardiovascular diseases (e.g., uncontrolled hypertension, recent myocardial infarction), respiratory con-
ditions (e.g., asthma, chronic obstructive pulmonary disease), or contraindications for spirometry tes-
ting (e.g., recent eye or thoracic surgery, aneurysms, active respiratory infections). The baseline demo-
graphic and anthropometric characteristics of the participants are summarized in Table 1.

Table 1. General characteristics of the participants (N = 32)

Characteristics Mean * SD

Age (years) 20.5+0.94
Height (cm) 161.03 +1.78
Weight (kg) 54.81 + 4.81

Body Mass Index (kg/m?) 2112 £ 1.78
Chest circumference (cm) 32.78+£1.11

Experimental Protocol and Randomization

Following screening and enrollment, participants were randomly allocated into one of two testing se-
quences. To prevent selection bias, the randomization sequence was generated by an independent re-
search assistant who was not involved in the clinical assessments. Allocation concealment was maintai-
ned using sequentially numbered, opaque, sealed envelopes. Participants randomly drew an envelope
to determine their initial testing sequence. Sequence 1 began with the control condition followed by the
chest binding condition, whereas Sequence 2 performed the conditions in the reverse order.

For the control condition, participants were instructed to wear no bra (utilizing silicone nipple covers)
underneath a loose-fitting outer shirt. For the intervention condition, participants wore a half-body
Mg, |
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chest binder constructed from breathable, low-elasticity Tero fabric featuring side-adjustable hooks to
compress and flatten the breast tissue. A minimum washout period of 24 hours was strictly implemen-
ted between the two testing sessions to eliminate any potential neuromuscular or physiological carryo-
ver effects (Talwar et al., 2024). Prior to testing, resting blood pressure and heart rate were monitored
to ensure participant safety.

Data Collection and Outcome Measures

To ensure high inter-rater reliability, all clinical assessments were conducted by a single trained female
assessor (Intraclass Correlation Coefficient, ICC = 0.94). Four primary biomechanical and physiological
assessments were performed in a standardized sequence. For the chest binding condition, measure-
ments were taken immediately after the binder was applied.

Chest Expansion

Chest wall excursion was measured using a standard anthropometric measuring tape (Padkao & Boonla,
2020; Reddy et al.,, 2019). Measurements were performed with participants in a seated position with
hips and knees at 90 degrees. Data were collected at three distinct anatomical levels: the upper lobe
(mid-axillary line at the sternal angle/T4-T5 intervertebral disc), the middle lobe (level of the xiphoid
process/7th rib), and the lower lobe (level of the 10th rib). The raw data consisted of the chest circum-
ference recorded at the peak of a maximal inhalation and the end of a maximal forced exhalation. The
analytical variable (chest expansion) was mathematically extracted by calculating the absolute diffe-
rence (in cm) between these two raw values. Three repetitions were performed with a 1-minute rest
interval between each, and the average difference was used for statistical analysis.

Cervical Range of Motion (CROM)

Cervical kinematics were assessed using a standardized Cervical Range of Motion (CROM) device
(Audette et al.,, 2010). Participants were seated with their backs supported. Active range of motion was
recorded in six anatomical directions: flexion, extension, right lateral flexion, left lateral flexion, right
rotation, and left rotation. Compensatory movements, such as trunk rotation or shoulder elevation, were
strictly monitored and prevented. Three valid trials were recorded for each direction, separated by a 1-
minute rest period, and the mean values (in degrees) were extracted for analysis.

Thoracic Kyphosis

The postural alignment of the thoracic spine was evaluated using a flexible ruler, a valid and reliable
non-invasive tool for measuring spinal curvature (Seidi et al., 2009). While the participant stood in a
relaxed posture, the spinous processes of C7 and T12 were palpated and marked. The flexible ruler was
molded to the exact contour of the thoracic spine between these two anatomical landmarks. The molded
ruler was then carefully transferred to a flat sheet of paper to trace the raw spinal curve. From this raw
geometric tracing, a straight vertical line connecting the C7 and T12 marks was drawn to represent the
length (L). A second perpendicular line was drawn from L to the deepest point (apex) of the curve to
determine the height (H). The final variable, the thoracic kyphosis angle (6), was calculated using the
following mathematical equation:

2H
6 = 4 arctan (T)

This procedure was repeated three times with a 1-minute rest interval, and the calculated angles were
averaged.

Pulmonary Function Test

Following a 15-minute rest period, pulmonary function was evaluated using a digital spirometer
(Fernandez-Villar et al., 2018). Participants were seated, fitted with a nose clip, and instructed to seal
their lips tightly around the mouthpiece. The testing protocol required participants to inhale maximally
and subsequently perform a forced, maximal exhalation lasting at least 6 seconds. Raw spirometric flow-
volume curves were generated during each maneuver. To prevent performance bias, visual feedback
from the computer monitor was concealed from the participants. A minimum of three acceptable and
reproducible curves were required, with a maximum limit of eight attempts permitted to ensure safety.
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The final physiological variables extracted from the optimal flow-volume curve included the Forced Vi-
tal Capacity (FVC, %), Forced Expiratory Volume in 1 second (FEV1, %), and the FEV1/FVC ratio (%).

Statistical Analysis

All statistical analyses were performed using IBM SPSS version 21 Statistics software (SPSS Inc., Chicago,
IL, USA). Descriptive statistics were utilized to summarize the demographic and anthropometric data.
The Shapiro-Wilk test was applied to assess the normality of data distribution for all calculated varia-
bles. For continuous variables demonstrating a normal distribution (chest expansion at the middle and
lower lobes; CROM extension, right rotation, and bilateral lateral flexions; thoracic kyphosis; and FVC),
Paired-samples t-tests were employed to analyze the mean differences between the pre-binding (con-
trol) and post-binding conditions. For variables violating the assumption of normality (FEV1/FVC, FEV1,
CROM flexion, and left rotation), the non-parametric Wilcoxon signed-rank test was utilized. The level
of statistical significance was set a priori at p < 0.05.

Results
|

Demographic characteristics of the participants

Thirty-two healthy female participants successfully completed the crossover study. The participant re-
cruitment, screening, and testing sequence are illustrated in Figure 1. The baseline demographic and
anthropometric characteristics, including age, height, weight, body mass index (BMI), and chest circum-
ference, are summarized in Table 1. All participants were within a normal BMI range.

Figure 1. Flow diagram of the randomized controlled crossover study.

Enrolled
participants
(N=32)

Randomization

Allocated to Sequence 1 (n = 16) Allocated to Sequence 2 (n = 16)
First condition: Control (No bra) First condition: Chest binder

\/

[ Washout period (= 24 hours) ]

/\.

Cross-over Cross-over
Second condition: Chest binder Second condition: Control (No bra)

T~

[ Included in final analysis ]

(N=32)

Note: thirty-two healthy female participants were enrolled and randomly assigned to one of two testing sequences (n = 16 per sequence).
Sequence 1 began with the control condition (no bra) followed by the chest binding condition, whereas Sequence 2 began with the chest binding
condition followed by the control condition. A minimum washout period of 24 hours was implemented between the two testing sessions to
eliminate potential carryover effects. All participants successfully completed both testing phases and were included in the final analysis.

Immediate effects of chest binding on pulmonary function

The pulmonary function parameters assessed via spirometry before and immediately after wearing the
chest binder are presented in Table 2. The analysis revealed a statistically significant reduction in both
the FEV1/FVC ratio (p = 0.038) and the FEV1 parameter (p < 0.001) following the application of the
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chest binder. However, there was no significant difference observed in the FVC parameter between the
two conditions (p = 0.052).

Table 2. Pulmonary function parameters before and after wearing the chest binder

Variables Pre-binding (N = 32) Post-binding (N = 32) 95% CI p-value
FEV1/FVC (%) 93.43 (90.18, 95.96)t 93.11 (85.87,95.30)t - 0.038*

FEV1 (%) 97.63 +2.16 91.88 +2.37 3.43,8.07 < 0.001%**

FVC (%) 94.75 +12.58 92.03 £13.11 -0.02,5.46 0.052

Note: Data are presented as Mean + SD or tMedian (Q1, Q3) due to non-normal distribution (Wilcoxon signed-rank test); 95% Cls of the mean
difference are not applicable for non-parametric variables. * p < 0.05, *** p < 0.001.

Immediate effects of chest binding on chest expansion

Table 3 displays the changes in chest expansion measured at three anatomical levels. While chest ex-
pansion at the upper lobe showed no significant alteration (p = 0.781), a substantial and statistically
significant restriction was observed at both the middle lobe (mean difference = 3.87 cm; p < 0.001) and
the lower lobe (mean difference = 2.35 cm; p < 0.001) immediately after wearing the chest binder.

Table 3. Chest expansion (cm) before and after wearing the chest binder

Anatomical Level Pre-binding Post-binding Mean Difference 95% CI p-value
Upper lobe 6.18 £ 1.24 6.12 £ 1.64 0.05 -0.36,0.47 0.781
Middle lobe 6.08 +1.26 2.20 £ 0.65 3.87 3.47,4.26 < 0.001***
Lower lobe 6.05 + 1.27 3.71+1.38 2.35 1.73,2.96 < 0.0071***

Note: Data are presented as Mean + SD. *** p < 0.001.

Immediate effects of chest binding on cervical range of motion

The immediate impact of chest binding on cervical kinematics is detailed in Table 4. Participants exhi-
bited a statistically significant decrease in the cervical range of motion across all six anatomical direc-
tions (flexion, extension, right/left rotation, and right/left lateral flexion) while wearing the chest binder
compared to the baseline condition (all p < 0.05).

Table 4. Cervical range of motion (degrees) before and after wearing the chest binder

Movement Direction Pre-binding Post-binding Mean Difference 95% CI p-value
Flexion 67.67 (58.58,70.67)t 62.34 (56.42, 67.92)t - - < 0.001***

Extension 56.59 +9.19 54.00 +9.40 2.59 0.72, 4.46 0.008**
Right rotation 46.46 + 11.15 41.25+10.13 5.21 3.20,7.23 < 0.001***
Left rotation 50.84 (35.67, 56.25) 1 41.67 (35.83,50.00)t - - < 0.001***
Right lateral flexion 39.55 +5.85 37.70 £ 5.41 1.84 0.90, 2.78 < 0.001***

Left lateral flexion 41.58 + 6.98 39.88 + 6.56 1.70 0.59, 2.82 0.004**

Note: Data are presented as Mean * SD or tMedian (Q1, Q3) due to non-normal distribution (Wilcoxon signed-rank test); Mean difference and
95% Cls are not applicable for non-parametric variables. p < 0.01, *** p < 0.001.

Immediate effects of chest binding on thoracic kyphosis

As shown in Table 5, the application of the chest binder induced an immediate postural alteration in the
thoracic spine. The thoracic kyphosis angle significantly increased from a baseline mean of 34.52 de-
grees to 36.54 degrees while wearing the chest binder (p = 0.032).

Table 5. Thoracic kyphosis angle (degrees) before and after wearing the chest binder
Variable Pre-binding Post-binding 95% CI p-value
Thoracic kyphosis 34.52+591 36.54 +7.28 -3.87,-0.18 0.032*
Note: Data are presented as Mean * SD. * p < 0.05.
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Discussion
___________________________________________________________________________________________________________________________|
The primary objective of this randomized crossover pilot study was to investigate the immediate bio-
mechanical and physiological effects of commercial chest binding on pulmonary function, regional chest
expansion, cervical kinematics, and thoracic posture in healthy females. While chest binding is a crucial
practice for affirming gender identity, epidemiological data consistently report adverse physical sym-
ptoms, including dyspnea and musculoskeletal pain (Julian et al., 2021). The findings of the current
study provide empirical evidence supporting these reports, demonstrating that the acute application of
a chest binder significantly restricts chest wall expansion at the middle and lower lobes, impairs dyna-
mic pulmonary function (FEV1 and FEV1/FVC), alters structural posture by increasing thoracic kypho-
sis, and consequently restricts the cervical range of motion across all anatomical planes.

From a respiratory biomechanics perspective, the significant reduction in chest expansion observed at
the middle (mean difference = 3.87 cm) and lower lobes (mean difference = 2.35 cm) reflects a direct
mechanical constraint imposed by the circumferential pressure of the binder. External compression ap-
plied to the thoracic wall substantially decreases total chest wall compliance (Marini & Gattinoni, 2021).
The middle and lower thoracic regions are highly dynamic, relying on the "pump-handle” and "bucket-
handle" kinematic movements of the ribs, synchronized with the descent of the diaphragm, to facilitate
lung inflation (Wilson, 2016; Zhao et al., 2022). The binder's low-elasticity fabric effectively acts as a
restrictive exoskeleton, impeding these physiological excursions (Illi et al.,, 2012). Interestingly, chest
expansion at the upper lobe remained unaffected. This lack of significant change can be explained ana-
tomically. The upper thoracic region is situated above the primary horizontal force vector of the binder,
allowing the accessory muscles of respiration (such as the sternocleidomastoid and scalenes) to main-
tain apical lung expansion without direct mechanical obstruction.

Furthermore, the baseline chest expansion values recorded in this cohort were generally higher than
standard reference values previously reported for the general Thai population (Songsorn et al., 2014).
This elevated baseline is attributable to the participants' age demographic (18 to 25 years), a period
characterized by peak elasticity of the costovertebral joints and maximal diaphragmatic strength
(Sharma & Goodwin, 2006). The restriction in chest wall kinematics directly translates to the observed
impairments in pulmonary function. The statistical analysis revealed a significant acute decline in FEV1
(Forced Expiratory Volume in 1 second) and the FEV1/FVC ratio, although the ratio remained above the
clinical threshold of 70% indicating normalcy (Moore, 2012). The reduction in FEV1 can be elucidated
through the neuromuscular length-tension relationship. The inability to fully expand the thorax pre-
vents the inspiratory and expiratory muscles from reaching their optimal functional length. This mecha-
nical limitation causes an excessive overlap of actin and myosin filaments within the sarcomeres, redu-
cing the number of available cross-bridges and subsequently diminishing the maximal contractile force
the muscles can generate during a forced exhalation (Sherwood, 2015). These acute physiological alte-
rations are consistent with recent literature highlighting decreased FEV1 and FVC in transgender youth
utilizing chest binders (Akgiil et al., 2025) , as well as in adolescent populations subjected to rigid spinal
orthoses (Yurt et al,, 2021). Although the statistical analysis revealed significant acute declines in FEV1
and the FEV1/FVC ratio, these parameters remained within normal clinical thresholds. From a clinical
perspective, this indicates that the acute restriction is physiologically compensated at rest. However,
this diminished functional respiratory reserve suggests that during physical exertion or increased ven-
tilatory demand, the mechanical constraint could significantly increase the work of breathing, thereby
explaining the exertional dyspnea frequently reported by users. If such mechanical restrictions are sus-
tained, they may predispose individuals to long-term respiratory function impairment (Perossi et al.,
2025).

Beyond the respiratory system, the acute application of the chest binder induced immediate structural
deviations in the spinal column. The current study observed a significant increase in the thoracic kypho-
sis angle (p = 0.032). Biomechanically, the continuous anterior compressive force generated by the bin-
der alters the center of mass of the upper trunk. To alleviate the concentrated tension on the anterior
soft tissues and chest wall, the neuromuscular system initiates a compensatory postural adaptation, na-
turally shifting the thoracic spine into a hyper-kyphotic position (Briggs et al., 2007). This finding pro-
vides quantitative validation for prior survey-based research where individuals reported subjective
postural changes and upper back discomfort associated with binding practices (Peitzmeier et al., 2017).
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This primary deviation in the thoracic spine triggers a secondary biomechanical cascade affecting the
cervical region, governed by the kinetic chain principle. An increased thoracic kyphosis inevitably alters
the foundational alignment of the cervical spine. To maintain a horizontal visual gaze, the cervical spine
must adopt a compensatory forward head posture, which involves lower cervical flexion and upper cer-
vical extension. This structural alteration in the thoracic spine concurrently occurs with a secondary
biomechanical cascade affecting the cervical region. An increased thoracic kyphosis alters the founda-
tional alignment of the cervical spine, which is a possible biomechanical mechanism contributing to the
observed reductions in the active Cervical Range of Motion (CROM) across all six directions (flexion,
extension, bilateral rotation, and bilateral lateral flexion) (Audette et al., 2010). While an acute increase
of approximately 2 degrees in thoracic kyphosis and minor reductions in cervical mobility may appear
clinically negligible in the short term, their biomechanical implications are significant under chronic
conditions. Prolonged maintenance of this altered posture exposes the posterior spinal ligaments and
musculature to continuous tensile stress, leading to viscoelastic creep. Over time, this constant mecha-
nical strain can result in muscular fatigue and the development of myofascial pain, providing a patho-
mechanical rationale for the chronic back and neck discomfort reported by regular binder users. To
counteract these postural adaptations, future clinical management should consider incorporating fun-
ctional exercise interventions. Recent evidence demonstrates that functional training programs signifi-
cantly reduce thoracic kyphosis and improve postural alignment in young adults (Bogdani et al., 2026).
Implementing such targeted core and multi-planar strengthening protocols could serve as a vital con-
servative strategy to mitigate the spinal biomechanical side effects induced by chronic chest binding.

Given the acute mechanical restriction and potential for muscular fatigue observed in this study, future
clinical guidelines for habitual chest binder users should integrate targeted respiratory rehabilitation.
Previous research has demonstrated that respiratory rehabilitation programs, particularly when com-
bined with adjunctive therapies such as non-invasive neuromodulation, significantly enhance pulmo-
nary function parameters, including FEV1 and FV(, in populations with compromised ventilatory mus-
cle performance (Fergany et al., 2026). Adapting similar respiratory strengthening protocols could be a
viable non-invasive strategy to mitigate the restrictive pulmonary effects and exertional dyspnea asso-
ciated with chronic chest binding.

While this pilot study provides critical quantitative insights, certain limitations must be acknowledged.
First, the sample was restricted to healthy biological females without prior binding experience. The phy-
siological and biomechanical responses inhabitual chest binder users, transgender individuals, or those
undergoing testosterone therapy may differ significantly due to chronic tissue remodeling, altered chest
wall compliance, and changes in muscle mass. Second, the exact mechanical interface pressure (in
mmHg) exerted by the chest binder was not instrumentally quantified using pressure sensors. This li-
mits the reproducibility of the specific compressive force and prevents the establishment of a dose-res-
ponse relationship between the magnitude of external compression and the degre e of biomechanical or
respiratory restriction. Future longitudinal investigations with larger, diverse cohorts are warranted to
evaluate the cumulative long-term effects of chest binding. Incorporating wearable pressure sensors
and dynamic electromyography (EMG) would provide a deeper understanding of the neuromuscular
control strategies and muscular fatigue associated with this practice.

Conclusions
___________________________________________________________________________________________________________________________|
This study provides biomechanical evidence suggesting that the acute application of a commercial chest
binder is associated with immediate alterations across multiple physiological systems. The external
compressive force restricts regional chest expansion at the middle and lower lobes, which appears to
alter neuromuscular length-tension dynamics and moderately reduce dynamic pulmonary perfor-
mance, particularly FEV1. Concurrently, the anterior mechanical load triggers a kinematic chain reac-
tion, characterized by an immediate increase in the thoracic kyphosis angle that subsequently restricts
the cervical range of motion in all planes. These findings elucidate the underlying pathomechanical me-
chanisms responsible for the respiratory and musculoskeletal symptoms frequently reported by indivi-
duals who bind their chests. This evidence highlights the necessity for developing safe clinical guideli-
nes, targeted respiratory muscle training, and postural rehabilitation protocols to minimize injury risk
and support the physical well-being of individuals utilizing chest compression garments.
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