Dataset Description
The dataset is a collection of data undertaken by the members of BIO-Birth-2 project, funded by the Thrive Research Centre. This dataset contains participant demographics (n=15) with joint kinematics collected from a markerless motion capture system (pelvis, hip, torso) and marker-based motion capture system (pelvis, hip, torso, Lower Thoracic [LT]: Upper Lumbar [UL], UL : Lower Lumbar [LL], LL: Pelvis) during 7 different upright birthing positions (Standing upright, leaning forward with support on palms [palms], leaning forward with support on elbows [Elbows, extended knees], leaning forward with support on elbows with knees bent [Elbows, knees bent], deep squat [squat], Hands and knees [All-4s], and sitting on a birthing ball [B-Ball]).
BIO-Birth-I STUDY
Background
Childbirth is a critical event in a woman's life, and the World Health Organization (WHO) encourages the adoption of upright positions during labour due to their association with favourable childbirth outcomes. However, in both developed and developing countries, recumbent or semi-recumbent positions are often preferred during delivery, primarily influenced by medical protocols and the limited scientific evidence available on the biomechanical properties of the pelvis, lower limbs and spine, in different birthing positions. Current imaging techniques, such as pelvimetry or magnetic resonance imaging (MRI), have their limitations. Traditional pelvimetry methods involve radiation (x-rays) or lack complete non-invasiveness, while MRI is restricted in capturing positions representative of actual birthing postures due to technical constraints. This knowledge gap has hindered a comprehensive understanding of the impact of birthing positions on the birthing process.
Studies have highlighted the benefits of upright, natural birthing positions, including squatting and all-4s in reducing maternal and newborn morbidity and mortality associated with obstructed labour. These positions promote mobility and alleviate the birthing process's obstructions, with squatting showing increased pelvic dimensions compared to recumbent postures. However, the limited accuracy of medical imaging techniques required to detect subtle changes in pelvic alignment restricts the ability to fully investigate these biomechanical effects. Additionally, concerns about invasiveness and the limitation of supine or unnatural positions during imaging contribute to the scarcity of such studies involving pregnant subjects. Moreover, the use of retroreflective markers, which have been employed in some studies, poses challenges in clinical environments during actual childbirth. These markers require the attachment of markers on specific body landmarks, which can disrupt the natural birthing process and impede medical care. Against these backdrops, the aim of this study was twofold. Firstly, it sought to comprehensively assess the mechanics of the main upright birthing positions, to enhance our understanding of their impact on lumbar-pelvic and lower limb kinematics during childbirth. Secondly, the study aimed to evaluate the validity and reliability of a markerless motion capture method in analysing the effects of these birthing positions on body positions and posture. By addressing these objectives, this research provides valuable insights into the biomechanics of weightbearing birthing positions and evaluates the markerless motion capture method as a potential tool for future work. 
Methodology 
Study Design
A within-subjects, repeated measures design was used to analyse changes in postural kinematic parameters in seven upright birthing positions. The research was developed in collaboration with the public and stakeholders, ensuring it was conducted 'with' and 'by' them rather than merely 'to,' 'about,' or 'for' them. The stakeholders and the Patient and Public Involvement and Engagement (PPIE) group influenced the development of the study's methodological approach and the choice of birthing positions to evaluate, focusing on those most widely used worldwide and the practicality of gathering data in a timely manner. By adopting this cooperative strategy, the study was made relevant and reflective of the needs and viewpoints of the intended audience. 
Participants
Healthy non-pregnant females (biological sex) of reproductive age ≥18 - ≤49 years old, who were free from any injury, pain, illness, or medical condition that would limit their ability to perform the specific positions were recruited through campus-based advertisements and social media posts. In accordance with previously published rules of thumb for pilot studies, a sample size of n=15 participants was determined for this exploratory study. 
Equipment
Data were collected synchronously using two motion capture systems; a 9-Oqus-camera marker-based motion capture system (Qualisys Medical AB, Sweden) and an 8-Micus-camera markerless motion capture system (Qualisys, AB, Sweden). Data from both systems were collected simultaneously in Qualisys Track Manager v2021.2 (Qualisys, AB, Sweden), ensuring the systems were synchronised and calibrated in space and time by applying the same wand calibration. Footage from the markerless system was recorded at 50Hz and data from the marker-based system was recorded at 100Hz, as per previous comparative studies. Sampling frequencies vary due to the different capabilities of the two systems. Markerless systems typically use lower sampling frequencies due to the constraints of the frame rate of the RGB video cameras within the system. Reducing the sampling frequency of the marker based system to match the markerless system may affect the precision and accuracy of the marker-based data. A higher frame rate in the markerless system would increase the computational load during data processing, impacting real-time application.
Data Collection
Participants attended a 45-minute data collection session in the University’s Motion Analysis Laboratory. Following participant consent, age, height, and weight were recorded. To maximise the quality of the data, all participants wore athletic style shorts and an adapted t-shirt which afforded access to the spine. 
Data collection using the marker-based system requires the placement of passive retro-reflective markers using the calibrated anatomical system technique to afford tracking of segmental kinematics in 6 degrees of freedom. Markers were attached using dermatological friendly double-sided adhesive tape, and were applied to the acromions, sternal notch, 7th cervical vertebra (C7), anterior superior iliac spines (ASIS), posterior superior iliac spines (PSIS), greater trochanters, and the medial and lateral epicondyles. Clusters of four non-collinear markers were attached to the thighs and spinal clusters were applied level with the 7th thoracic vertebra, 3rd and 5th Lumbar vertebra. Using this configuration of markers, the study effectively delineated anatomical segments including the Lower Thoracic (LT), Upper Lumbar (UL) and Lower Lumbar (LL) spinal segments, a thorax (defined using the anatomical locations of the acromions, sternal notch, 7th cervical vertebra and ASIS), a pelvis (defined using the anatomical locations of the ASIS and the PSIS), and hips (Fig 1). 
The seven upright birthing positions investigated were:
1. Standing upright [Upright] (Fig 2A): Participants were instructed to stand up straight with feet shoulder-width apart. They were asked to keep their palms facing their legs and look straight ahead at a specific point indicated to them, maintaining a natural and relaxed posture without stiffening their shoulders or arms. 
2. Leaning forward - support on the palms [Palms] (Fig 2B): Participants were instructed to stand beside the bed and lean forward, placing their palms on the bed at a width that felt comfortable to them, with their elbows extended. They were asked to keep their knees straight and their feet at a width that was comfortable for them.
3. Leaning forward - support on elbows [Elbows, extended knees] (Fig 2C): As above, participants were instructed to stand beside the bed and lean forward, supporting their weight on their elbows and forearms, which were placed on the bed. They were asked to cross their palms, forming a triangle. The feet were positioned as described previously, with the knees kept straight. 
4. Leaning forward - support on elbows - knees bent [Elbows, bent knees] (Fig 2D): Participants were instructed to stand beside the bed and lean forward, supporting their weight on their elbows and forearms, which were placed on the bed. They were asked to cross their palms, forming a triangle. Their feet were placed at a width that was comfortable for them, and they were to bend their knees to an angle of 90-120 degrees, according to their own comfort and preference.
5. Deep squat [Squat] (Fig 2E): Participants were instructed to stand to the side of the bed. With their palms placed on the bed for support, but not holding onto the bed, participants were asked to perform a deep squat within a comfortable range. 
6. Hands and knees [All-4s] (Fig 2F): Participants were instructed to climb onto the bed and assume an all-fours position, with the spine in a neutral alignment and their palms placed directly under their shoulders, ensuring proper support and balance. Additionally, they were asked to look at a specific point to keep their neck straight, ensuring that the C7 marker and the sternal notch marker were not obscured. This alignment was crucial for accurate data collection and to maintain the integrity of the marker placements.
7. Sitting on a birthing ball [B-Ball] (Fig 2G): Participants were instructed to sit on a birthing ball with their legs spread wide to ensure balance and comfort. They were asked to place their hands on their thighs in a position that did not obstruct any markers. Additionally, they were directed to focus their gaze on a specific point that was indicated to them. The size of the ball was chosen according to the participant's height. To maintain stability, participants ensured there feet were fully planted on the floor. 
During protocol development, and in combination with PPIE consultation, a formula was developed to set the height of the bed according to each participant’s height. This provided a practical solution, enabling standardisation relative to each participant’s stature, whilst also ensuring comfort and consistency during data collection. Maintaining a consistent reference point relative to body height is crucial for obtaining reliable kinematic data. The following formula was used:
(Participant's height in inches) + 1 = height of physio bed in cm
Participants maintained each of the seven birthing positions for six seconds and assumed each position three times. If each position is considered as a static hold exercise, participants were required to remain motionless, counteracting the effects of gravity throughout the duration of the task. Taking into account the characteristics of participants who were ‘healthy’ but not necessarily athletically trained, and the number of required repetitions per task, six seconds was considered a suitable amount of time to ensure good data was collected without causing potential muscle fatigue amongst participants. To reduce bias and control for the potential influence of confounding factors, such as the effects of any extraneous variables that might affect the results on the outcome measures being studied, the order of the positions was randomised using the online Research Randomizer Tool (http://www.randomization.com). There was a minimum of 30 second intervals between positions, with more offered if participants requested. Once participants had completed all seven birthing positions three times, the data collection session was complete.
Data Processing and Analysis
The time domain of the measurements for both systems were time normalised to 101 data points. As the marker-based system is considered the reference standard, the most stable two seconds of data was used for each trial, which was determined using manual event determination. Events for the markerless data were then synchronised with the events from the marker-based data. 
Marker-Based Data
Anatomical frames were defined by landmarks positioned at the medial and lateral borders of the joint, from these right-handed segment co-ordinate systems were defined. The kinematics were calculated based on the Cardan sequence of XYZ equivalent to the joint coordinate system. Raw kinematic data were exported from Qualisys Track Manager v2021.2 (Qualisys, AB, Sweden) to Visual3D (C-Motion Inc, USA) and filtered using a 6Hz Low Pass filter. Intersegmental spinal position (LT segment relative to UL segment, UL segment relative to LL segment and LL segment relative to the pelvis), trunk (trunk segment relative to the pelvis), pelvis (pelvis segment relative to the lab) and hip (thigh segment relative to the pelvis) angles were exported into Microsoft Excel, and the mean position for each trial were found. 
Markerless Data 
Theia3D (Theia Markerless Inc., Kingston, ON, Canada) is a deep learning algorithm-based approach to markerless motion capture that uses synchronised video data to perform 3D human pose estimation. The raw video footage from 8 video cameras was processed using Theia3D (v2023.1.0.3161), from which 4x4 pose matrices of each body segment were exported for analysis into Visual3D (C-Motion Inc, USA). Theia3D embeds a multibody kinematic model consisting of two separate kinematic chains: one for the lower extremity and one for the upper extremity, and a separate head segment (https://www.theiamarkerless.ca/ docs/model.html). For this study, from the upper extremity chain, the torso (trunk) segment was used, and from the lower extremity chain, the pelvis and hip joints were used. Trunk, pelvis and hip angles were exported from Visual3D (C-Motion Inc, USA) into Microsoft Office Excel 365 (Microsoft Corp, USA), and the mean position for each trial were found.	
Statistical Analysis
All statistical analyses were performed using SPSS v28 (IBM Corp., NY, USA). Descriptive statistics were used to describe the characteristics of participants.
To investigate the differences between birthing positions, one-way Repeated Measures Analysis of Variance (ANOVA) tests were performed for each motion capture system separately. This was also undertaken to determine the sensitivity of the markerless system i.e. whether statistically significant differences between birthing positions were the same. Mean joint angles (°), standard deviations (SD), main effects and effect sizes (partial eta squared, ηp2) were reported. Where a main effect was seen Least Significant Difference post-hoc pairwise comparisons were performed. Pairwise comparisons, mean differences (MD), and 95% confidence intervals of the mean differences (CI) were reported.
As a further step, to examine the sensitivity of the markerless system, and determine the extent to which data from the markerless motion capture systems matched that from the marker-based system, linear regression models were used for each outcome measurement. Due to be it being considered the reference standard, variables from the marker based system were selected as dependent variables and those from the markerless system the independent/ predictor variables. The R square (R²) was reported as a goodness-of-fit measure (0.0 – 1.0); greater R² values represent smaller differences between the two systems. Significance values (p value) were also presented for each linear regression model. Statistical significance was set at the p<0.05 level throughout.
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