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Characterising Bicyclist Posture in Various Bicycle Types for Safety Evaluation
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Mihailidis

Abstract The growing use of bicycles and the increasing frequency of accidents underscore the need for an
in-depth investigation into bicyclists’ kinematics and injuries. This study aims to collect and analyse bicyclists’
posture data across three bicycle types to facilitate the positioning of Human Body Model (HBM) for
implementation in crash simulations. Ten male volunteers, with characteristics similar to the 50" percentile male,
were measured while riding in the city, racing, and mountain bikes.

Characteristic angles of the volunteers’ postures were calculated for each bicycle and for pedal angles ranging
from O degrees to 360 degrees, with a 30-degree increment. This approach allowed for the examination of posture
variations throughout the pedaling cycle and across different bicycle types. The findings indicate that, apart from
the characteristic angles of the lower extremities, the pelvis and spine were most influenced through the pedaling
for each bike. Notably, the differences in characteristic angles across the three bikes were greater in the pelvis,
spine region, and upper extremities compared to those occurring in the lower extremities.

The posture information obtained from this study can guide the future positioning of HBMs, thereby
enhancing the accuracy of crash simulations.
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I. INTRODUCTION

Data from the European Road Safety Observatory for 2021-2022 indicate that cyclists are the sole road user
group where fatalities have not declined since 2010. In 2019, more than 2,000 road deaths among cyclists in
Europe were reported by police, with the proportion of serious injuries in crashes involving cyclists rising from 7%
in 2010 to 9% in 2019 [1]. Therefore, further exploration of bicyclists’ safety is highly important.

Investigating bicyclists’ kinematics and injuries involves analysing experimental field data, as referenced in [2-
3], or conducting crash simulations, as discussed below. In crash simulation, the bicyclists are often represented
using human multibody models, crash test dummy models, or finite element human body models (FE-HBMs).
These simulations enable exploration of various parameters influential to the injury risk. For instance, some
studies examine the effects of collision speed on the cyclists’ kinematics and resulting injuries [4-7], while others
investigate the influence of collision angle [4-8]. Additionally, numerous publications undertake the examination
of various vehicle parameters, including vehicle type [5-7][9-11], vehicle speed [3][7-10], and vehicle mass [3].
Similarly, attention is paid to various factors related to bicycles, such as bicycle type [12], bicycle speed [3][7],
bicycle mass [3], rider’s protection [3][4], rider’s posture [9], and pedals’ position [4][10]. Moreover, multiple
comparative analyses of cyclists’ kinematics and injury patterns with varying attributes, such as size and sex [9-
11]{13], or comparisons between cyclists using different two-wheelers [9][11-12], and even contrasts between
cyclists’” and pedestrians’ kinematics and injury patterns [5-6][10], are frequently conducted across various
studies. However, none of these studies reports sufficient data to define bicyclist posture, relying instead on a
presumed posture that may not accurately reflect real-world conditions.

While existing research has explored various aspects of bicyclist safety, there remains a notable gap in
understanding bicyclist posture, its variability, and the implications for bicyclist safety. Therefore, the objective
of this study is to provide input on bicyclist posture at different pedal angles and across three different bicycle
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types for safety evaluation. As first step, this study focuses on the subpopulation representing the average male
anthropometry (50" percentile male). This information can later be utilised to position HBMs and conduct crash
simulations, which will provide valuable insights to inform the development of more effective safety measures
and interventions, thereby advancing the current understanding of bicyclist safety.

Il. METHODS

The posture data were collected through volunteer experiments and recorded using a photogrammetric
method. A detailed description of the utilised methods is provided below in six subsections. The subsections
include the experimental data collection, the identification of measurements per pedal angle, the consideration
of marker dimensions and skinfold thicknesses, and the calculation of joint positions, characteristic angles, and
average postures.

Experimental Data Collection

Ten participants were enrolled in the study. They were selected based on height and weight criteria, consistent
with the average male specifications outlined in [14]. The target values for height and weight were set at 175 cm
and 77 kg, respectively. The participants’ body dimensions, ranging from 171 cm to 179 cm in height and 71 kg to
80 kg in weight, were measured using a stadiometer with 1 mm accuracy and an electronic scale with a precision
of 0.01 kg. None of the participants reported any pre-measurement issues related to spinal column or balance.
All participants had previous experience of bikes. Ethical approval for the study was obtained from the Research
Ethics and Deontology Committee of Aristotle University of Thessaloniki, under protocol number 255513/2023.
All participants provided informed consent prior to participation.

Each participant was measured while riding three distinct types of bicycle, each with varying distances between
the handlebar, saddle, and pedals. This approach aimed to incorporate different bike geometries that were
assumed to prompt different bicyclist postures. The selected bicycle types included city, racing, and mountain
bikes, as depicted in Fig. 1. It was assumed that studying these three types would be beneficial for gaining insight
into different postures adopted by a broad spectrum of bicyclists. The appropriate saddle height is relative to the
bicyclist’s seated height, so the saddle height of each bicycle was readjusted for each participant through a bike
fitting process. The participant placed his heel on the pedal while riding the bike, then pedaled backward until
reaching the lowest pedal position. If the knee was fully extended in this position, the saddle height was
considered correct. Due to this readjustment, the saddle-to-handlebar, and the saddle-to-pedals distances varied
for each subject, forming different geometric triangles between the handlebar, saddle, and pedals points.

The saddle point was considered at the saddle base (SAb), the handlebar at the medial point between the right
and left handlebar ends (HB), and the pedals at the midpoint of pedals rotation axis (PEc), as depicted in Figure
Al of the Appendix. For the city bike, the handlebar-to-pedals distance equals 814mm, while the saddle-to-
handlebar and saddle-to-pedals distances range from 535mm to 542mm and from 535mm to 614mm,
respectively. For the racing bike, the handlebar-to-pedals distance amounts 829mm, with the saddle-to-
handlebar ranging from 740mm to 757mm, and the saddle-to-pedals ranging from 573mm to 648mm. For the
mountain bike, the handlebar-to-pedals distance equals 731mm, while the saddle-to-handlebar and saddle-to-
pedals range from 605mm to 612mm and from 492mm to 548mm, respectively. The geometric triangles formed
between the handlebar, saddle, and pedals points for the different participants and each bike can be seen in
Figure A2 of the Appendix.

Fig. 1. Measuring process of a volunteer riding the city (left), racing (middle), and mountain (right) bike.
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The measurement procedure was performed at the Biomechanics Laboratory at the School of Physical
Education and Sport Science of Aristotle University of Thessaloniki. Two experienced operators were involved in
the measurement procedure to ensure the accuracy of data collection. The measuring system used was the
Qualisys Track Manager (version 2023.1), which included 8 Miqus M3 cameras with a sampling frequency of 300
Hz and a resolution of 1824x1080 pixels. This system enabled the calculation of the centre location of reflective
markers. Following the photogrammetric measurements, skinfold thickness was measured at each marker
location using a caliper with a precision of 1 mm. The skinfold measurements were conducted while the
participant was still seated on the city bicycle.

For the photogrammetric measurements, 52 spherical reflective markers were placed on the skin over the
anatomical landmarks identified through palpation by one of the two operators. These anatomical landmarks
were selected based on the recommendations of the International Society of Biomechanics (ISB) [15-16] and were
considered characteristic points of the human body, used to document the human posture. It is important to note
that while the selection was guided by ISB recommendations, the exact anatomical points used were not identical
to those specified by the ISB, due to the small distance between some landmarks making marker recognition by
the system difficult. Seven markers were positioned on the volunteer’s head, 14 on the arms, four on the
scapulae, two on the clavicles, four on the hips, 14 on the legs, and seven on the spine. An illustration of a subject
with markers placed on his skin is presented in Fig. A3 of the Appendix, while Table Al of the Appendix contains a
description of the exact location of each marker. Additionally, 12 spherical markers were placed on each bike to
gather data on the bicycle’s geometry and 3D position, including two markers on the axis of each wheel, three on
the handlebars, two on the pedals, two on the pedal’s rotation axis, and one on the saddle. The locations of these
markers are depicted in Fig. A4 of the Appendix.

The measuring procedure included the following sequential steps. Initially, markers were attached to the three
bicycles. These remained in place throughout the measurement session, for all participant measurements, to
ensure consistency across participants. This approach guaranteed that the exact same bike points were measured
for all participants, despite any adjustments of the bike, particularly the saddle height, resulting from the bike
fitting process. Subsequently, the wheels of the first bicycle were securely arranged in a bike trainer equipment
to maintain stability. Using the bike trainer, a medium bike resistance level (3rd out of 7) was set for all
participants and all bikes. Then, markers were placed on the volunteer’s anatomical landmarks, and the bicycle’s
saddle height was modified according to the volunteer’s seated height. Once preparations were complete, the
volunteer rode the bike and, in case they had slipped off the anatomical landmarks position due to skin
movement, the markers were reapplied. The participant started biking for an initial period of 10 seconds, before
a 20-second video capturing the participant’s biking motion was recorded. After the captured video, the
participant stopped biking. This approach ensured that the recorded data corresponded to typical riding postures,
excluding initial acceleration or braking phases. The duration of the video was crucial for capturing multiple pedal
strokes completed by the participant, enabling the extraction of posture information at various pedal angles.
Participants were instructed to maintain a low biking speed, look straight ahead, and keep their hands placed on
the handlebar with fingers on the brakes. After completing the biking session, the participant dismounted the
bike without removing his markers. The current bicycle was removed from the bike trainer, and the next one was
arranged to repeat the measuring process.

Data Selection Methodology

To ensure the accurate determination of bicyclist posture, a thorough approach was employed. The 20-second
video was divided into individual frames, allowing for precise analysis. For each participant and analysed pedal
angle, the most precise video frame was consistently identified. The analysed pedal angles ranged from 0° to
360°, in 30° increments. Specifically, the pedal angle of 0° was defined where the right pedal reached its highest
position while the left pedal was at its lowest position. Similarly, the 90° pedal angle was determined by the right
pedal being at its most forward position and the left pedal at its most backward position.

Data from each participant on each bicycle were analysed individually. To check the reliability of the data,
successive markers were connected to form segment lengths. It was assumed that these segment lengths should
remain constant throughout the biking movement, with only minor variations occurring due to skin movement
during cycling. A total of 65 segment lengths were defined, including 24 on the upper extremities, 14 on the lower
extremities, and 27 on the head and pelvis. For each video frame, the 65 segment lengths were calculated, and
the mean value for each segment was determined. The frames were then grouped based on their corresponding
pedal angle. Subsequently, the frames corresponding to each analysed pedal angle were compared against the
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mean segment lengths. For each pedal angle, the frame with the minimum overall square difference between its
calculated segment lengths and the mean segment lengths was the one used to derive the posture of the current
participant. Thus, for each analysed pedal angle, one frame per participant was used.

A separate methodology was applied to check the reliability of the data for the spine region due to its unique
characteristics. In this region, markers were placed on the skin on top of the spinous processes of the C7, T4, T7,
T10, T12, L3, and L5 vertebrae. However, as spinal column changes curvature during cycling, it would be
inaccurate to assume constant segment lengths between vertebrae. Thus, to ensure at least the correct order of
the spine markers along the vertical direction, markers were verified to be arranged in a sequential manner where
the Z-value decreased from C7 to L5 vertebrae.

Projecting the Markers’ Measurements to the Bony Structure

The Qualisys software provides data about the centre location of the spherical reflective markers, rather than
participants’ bone structure, which is preferred when positioning HBMs. To obtain measurements representative
of the participants’ bones, two series of modifications were conducted. First, the measured data were adjusted
to represent the participants’ skin by subtracting the dimensions of the markers (the sum of marker radius and
base height). Subsequently, a second modification was performed on the newly calculated skin data to represent
the underlying bone structures. This was achieved by subtracting the skinfold thickness measured at each
anatomical landmark of the volunteers.

For joints such as the elbow, wrist, knee, and ankle, characterised by two markers positioned on their lateral
and medial sides, it was assumed that the participant’s skin and bones align linearly with the markers’ centre
location. Therefore, both the markers’ dimensions and skinfold thickness were subtracted in alignment with the
assumed rotation axis. In scapula and shoulder region, where three markers were situated, a plane was formed
between them. For the two markers placed on the scapula’s spine and scapula’s inferior angle, it was assumed
that the participant’s skin and bones were perpendicular to the formed plane at the corresponding marker’s
position. For the third marker placed on the shoulder, the corresponding participant’s skin and bone points were
assumed to be located along the vertical axis. For the trochanter, pelvis and clavicle, participant’s skin and bones
were considered along specific axes. The frontal axis was assumed for the trochanter, while the sagittal axis was
used for the pelvis and clavicle. In the spine region, data were modified only based on the markers’ dimensions,
as skinfold thickness measurements on top of the spinous processes were unavailable. A spline was fitted to
connect the locations of the spine markers, with the participant’s skin points assumed to be perpendicular to this
curve at the corresponding marker’s position.

Joints Calculation

An estimation of the human body joints was conducted. For the elbow, wrist, knee, and ankle joints, the joint
centres were estimated as the average point between their corresponding lateral and medial markers, as outlined
in [17-18]. Regarding the shoulder joint, following the methodology described in [17], the centre was estimated
according to [19], where it was assumed to be translated from the shoulder marker in negative vertical direction
by a value equal to 17% of the shoulder-to-shoulder distance. The calculation of the hip joint centre followed the
approach outlined by [20], also described in [17]. Utilising the trochanter markers, the joint centre was estimated
to be translated medially in the trochanter-to-trochanter direction by a value equal to 25% of the trochanter-to-
trochanter distance.

Characteristic Angles Calculation

By utilising predefined joint centres and additional anatomical landmarks across various body regions, such as the
head, spine, pelvis, hands, and feet, the posture of each bicyclist riding the three bicycles can be visually depicted
through a kinematic linkage model, similar to those utilized for occupants [21], for power two and three-wheeler
riders [17], for electric scooters [22], and for e-scoters [18]. Figure 2 illustrates a volunteer riding the city bike at
a pedal angle of 0°. This visualisation involves a total of 36 interconnected points forming sequential body
segments. Each lower extremity is represented by four points, corresponding to the hip (Hi), knee (Kn), ankle (An)
joints, and toe (To). Similarly, four points on each upper extremity represent the shoulder (Sh), elbow (El), wrist
(Wr) joints, and fingers (Fi). Additionally, five points were positioned on the head, with four of them establishing
the Frankfort plane, denoting the upper margin of the opening of external auditory canals (Tr) and the lower
margin of the orbits (Ob), and one was positioned on the occipital bone (O). Two points are defined on each
scapula (SS, SI) and four additional points on the pelvis represent the PSIS and ASIS points. Finally, seven more
points are identified on the spine, depicting the spinous processes of C7, T4, T7, T10, T12, L3, and L5 vertebrae.
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Fig. 2. Kinematic linkage model of a participant riding the city bicycle at a pedal angle of 0°. Participant’s joint centres
and anatomical points are shown on spine, pelvis, and right upper and lower extremities. The corresponding points exist
on the left upper and lower extremities.

Using the segments formed between the joint centres and anatomical landmarks, various characteristic angles of
the bicyclist’s posture were computed individually for each volunteer riding each bicycle across all analysed pedal
angles. These characteristic angles were defined between adjacent segments, and between segments and
anatomical planes, similar to those described in [17-18] [21-22]. The equations utilized to calculate the magnitude
of each characteristic angle can be found in Table Bl of the Appendix. Figures 3—7 present these characteristic

angles along with their polarity.

Fig. 3. Characteristic angles formed Fig. 4. Characteristic angles of upper Fig. 5. Characteristic angles of spine
between segments. and lower extremities and pelvis, segments and vertebrae, formed in
formed in the sagittal plane. the sagittal plane.
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Fig. 6. Characteristic angles of upper and lower Fig. 7. Characteristic angles of spine segments and
extremities and pelvis, formed in the frontal plane. vertebrae, formed in the frontal plane.

Average Posture Calculation

Utilising the length of the segments formed between the joint centres and anatomical landmarks, as well as the
characteristic angles derived from all participants, the average bicyclist posture for each bicycle and pedal angle
could be identified. This process involved calculating the mean and standard deviation of the segment lengths,
and the mean and standard deviation of the characteristic angles across all participants for each bike and pedal
angle. Subsequently, linkage models similar to those of the participants, representing the calculated average
postures, could be created using the mean segment length and mean characteristic angles.

lll. RESULTS

Participants’ Anatomical Dimensions

A calculation of the mean value and deviation in participants’ height and weight is conducted. The participants’
mean height is calculated as 176.4 cm with a deviation of 3.2 cm, while the participants’ mean weight is calculated
as 75.4 kg with a deviation of 3.7 kg.

Participants’ Biking Speed

The mean value and standard deviation of participants’ biking speed for each bicycle type were calculated. The
biking speeds were 115.9 + 38.9 deg/sec for the city bike, 157.3 £ 66.6 deg/sec for the racing bike, and 136.9 +
56.9 deg/sec for the mountain bike. Detailed information regarding each participant’s biking speed on each
bicycle can be found in Table Cl of the Appendix.

Participants’ Average Posture

Figure 8 illustrates kinematic linkage models generated to represent the average bicyclist posture for each bicycle
at a pedal angle of 0°, providing insights into the posture variation among the three bikes. To facilitate
comparison, the three linkage models are aligned at the midpoint of the pedals’ rotation axis, specifically at the
middle of the left and right ‘PEc’ points, as shown in Fig. A4 of the Appendix. Noticeable differences are observed
in the pelvis and upper body of the average posture among the three bikes. The racing bicycle induces a more
forward-leaning posture, characterised by a greater flexion in both the lumbar and thoracic spine. Specifically,
these angles measure 10°t7° (lumbar angle) and 33°£3° (thoracic angle) in the city bike, 27°+9° and 54°+4° in the
mountain bike, and 44°+5° and 73°+3° in the racing bike, respectively. Additionally, a larger pelvis tilt angle is
observed in the sagittal plane for the racing bike compared to the city and mountain bikes. Furthermore, the
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racing bicycle results in a posture with elbows closer to the torso. Conversely to the upper body, the lower body
of the participants exhibits similar characteristics across the three bicycle types. The most notable deviation is
observed in the left knee segment angle, ranging from 135°+7° in the city bicycle to 123°+7° in the mountain bike.
Further details regarding the mean characteristic angles and the mean segment lengths for the three different
bicycle types for each pedal angle are provided in Tables DI to DXV of the Appendix.

Fig. 8. Kinematic linkage models created from the mean characteristic angles and mean segment lengths of participants
riding the city (blue), racing (red), and mountain (green) bikes at pedal angle of 0°.

In Fig. 9, the average bicyclist postures for the city bicycle are depicted for pedal angles ranging from 0° to 180°
with 30° increments. Similar to Fig. 8, the linkage models are aligned at the midpoint of the pedals’ rotation axis.
For clarity, only the posture of the right leg is presented in the sagittal plane. The upper extremities exhibit
relatively constant positions through the pedaling in both the frontal and sagittal planes. Minor deviations are
observed in the spine’s characteristic angles in the sagittal plane, while in the frontal plane the mean lumbar and
mean thoracic angles deviate up to 4° and 6° respectively, for pedal angles from 0° to 180°. As anticipated, larger
deviations are observed in the lower extremities, where the hip sagittal, knee segment, and ankle segment angles
increase throughout the pedaling. Moreover, the right hip angle in the frontal plane decreases, leading to
adduction of the right knee as the corresponding leg moves from its upper to its lower position. Conversely, the
left leg exhibits the opposite effect, resulting in abduction of the left knee. Similar figures for the racing and the
mountain bike can be found in Figures D1-D2 in the Appendix.

Figures 10 to 12 illustrate how the mean characteristic angles, along with their standard deviations, change
during pedaling for the three bicycle types. In the figures, the mean characteristic angle is represented by ‘x’,
while the obtained angles of each participant are depicted as ‘o’. The X-axis shows the current pedal angle, while
the Y-axis represents the characteristic angle. In Fig. 10, the calculated mean characteristic angles with their
standard deviations for the right hip joint in the frontal plane, the right knee segment, and the right ankle segment
angles are depicted. All angles exhibit similar cycling behaviours for the three bikes through the pedaling, likely
due to the consistent motion of the lower extremities. The mean hip joint angle decreases from 0° to 180°,
indicating the adduction of the right knee, as previously observed in Fig. 8, while its subsequent increase from
180° to 360° signifies the subsequent abduction of the knee. The standard deviation remains consistent across
the three bikes through the pedaling, displaying a decreasing trend until 180° followed by an increasing trend
until 360°. The mean knee segment angle exhibits an increasing trend, revealing the extension of the right knee
up to the 180° pedal angle, followed by a decreasing trend indicating its flexion. The mean ankle segment angle
remains almost constant until 90°, when the foot moves from its upper to the most frontal position, followed by
an increasing trend as it descents to its lower position. Finally, while returning to its upper position, the angle
shows a decreasing trend. In both the knee segment and ankle segment angles, all bikes exhibit similar standard
deviation of the mean angles.
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Fig. 9. Kinematic linkage models created from the mean characteristic angles and mean segment lengths of participants
riding the city bike at pedal angles from 0° to 180°, with 30° increments.

Fig. 10. Mean right hip angle in frontal plane (upper left), mean right knee segment angle (upper right), mean right ankle
segment angle (lower), for city, racing, and mountain bikes at each pedal angle.

In Fig. 11, the mean characteristic angles along with their standard deviations for the right shoulder in the
frontal and sagittal planes, and the right elbow and right wrist segment angles are depicted for each bike. All
mean characteristic angles along with their standard deviations, remain almost constant throughout pedaling for
each bike. However, noticeable differences in the mean angles across the bikes are observed. The mean
characteristic angles of the shoulder, in both frontal and sagittal planes, and of the elbow, exhibit great
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differences for the racing bike compared to the city and mountain bikes, indicating a more flexed elbow position
closer to the torso. The wrist segment angle shows the greatest deviation between bikes, with the racing bike
differing more due to its different handlebar geometry, leading to an altered handlebar grip.

Fig. 11. Mean right shoulder angle in frontal plane (upper left) right shoulder angle in sagittal plane (upper right), mean
right elbow segment angle (lower left), mean right wrist segment angle (lower right), for city, racing, and mountain bikes
at each pedal angle.

Figure 12 illustrates the movement of the pelvis and the thoracic and lumbar spine in the frontal plane. Similar
to Figure 10, the mean characteristic angles demonstrate a consistent cycling pattern across all three bikes.
However, notable differences are observed between the movement of the pelvis and the spine. While both the
lumbar and thoracic spine regions lean towards the right when the right pedal is at its upper position (pedal angle
of 0°), almost aligning with the Z-axis when the legs are parallel to the horizontal plane at 90° and 270° pedal
angles, and lean left when the left leg moves upwards, the pelvis exhibits movement in the opposite direction. It
leans to the left at 0°, rotates to the right until reaching 180°, and then rotates to the left again. Moreover, the
thoracic segment’s lean is notably larger than that of the pelvis and lumbar spine for all three bikes. The racing
bicycle shows the largest deviations in mean characteristic angles through the pedaling, with values equal to 6°
for the pelvis, 5° for the lumbar spine, and 16° for the thoracic segment. The standard deviations of the mean
lumbar and pelvis angles exhibit similar values across the three bikes, while a greater standard deviation of the
mean thoracic angle is observed for the racing bike, indicating a wider range of right and left lean among
participants. Further figures illustrating the deviation of mean characteristic angles at each pedal angle are
provided in Figures D3 to D11 in the Appendix.

To facilitate the comparison of characteristic angles demonstrating cycling patterns through pedaling among
the three bikes, particularly for the spine and pelvis frontal plane angles, as well as lower extremities segment,
frontal plane, and sagittal plane angles, sine waves were fitted to the calculated mean values. Their coefficients
can be found in Table DXVI of the Appendix.
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Fig. 12. Mean thoracic (upper left), lumbar (upper right), pelvis (lower) angle in frontal plane for city, racing, and
mountain bikes at each pedal angle.

IV. DISCUSSION

Overall, the study collected and analysed the postures of 10 male volunteers (50" percentile) through
photogrammetric measurements of 52 anatomical landmarks while riding three different types of bike: city,
racing, and mountain. The average bicyclist posture was determined through the calculation of participants’
characteristic angles, for each bike and for pedal angles ranging from 0° to 360°, with 30° increments, allowing
the examination of posture variations throughout the pedaling and across different bicycle types.

The pedal angle during a bicycle crash is crucial for determining bicyclist’s injuries and impact kinematics.
Research indicates that the pedal’s position significantly affects injury outcomes. For instance, [4] shows that in
bicycle-vehicle collisions, higher brain strain values occur when the impacted leg is in its most forward position,
while higher neck ligament tension is observed with the impacted leg in its upper position. Additionally, [10]
indicates that pedal angle influences the head impact angle and primary impact location, altering the loading of
the impacted leg. Therefore, this study calculated the average bicyclist posture for various pedal angles to enable
the examination of how pedal angle variations may impact bicyclist kinematics and injuries in several crash
scenarios.

The results of the study showed that the mean height calculated across participants exhibited a deviation of
1.4 cm from the corresponding value of the average male specified in [14], representing a deviation of 0.8%.
Similarly, the mean weight exhibited a 2% deviation compared to the average value in [14]. However, greater
emphasis was placed on height criteria during participant selection, due to its presumed greater importance in
accurately positioning HBMs. A larger deviation in height may complicate the precise alignment of the HBM to fit
the bicycle’s saddle while ensuring its ability to reach both the pedals and handlebar simultaneously.

The study’s findings revealed variability in average biking speeds, particularly notable for the racing bike. While
participants were instructed to maintain a slow biking speed, no specific speed was prescribed. This lack of
standardization in biking speed may have contributed to the observed deviations in posture among participants.
Itis important to acknowledge that participants’ biking speed can influence their obtained postures. For instance,
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higher biking speed may lead to increased torso movement compared to slower speeds. Future research should
explore how different biking speeds affect posture, and thereby safety considerations.

Analysis of the mean characteristic angles revealed notable differences in torso movements within the frontal
plane, particularly in spine and pelvis motions, exhibiting opposing left- and right-leaning directions throughout
pedaling. Specifically, findings suggested a decreasing motion in the frontal plane from the lower thoracic (T12)
to the lower lumbar (L5) vertebra for all bikes, as depicted in Fig. D6 of the Appendix. This follows a coherent line
of reasoning, as the lean appears to decrease when getting lower in the spine before the opposite pelvis
movement occurs. Moreover, the results suggested the nearly constant lower extremities position in the frontal
plane and its significant variation in the sagittal plane, where hip, knee, and ankle flexion and extension were
distinctly visible throughout the pedaling cycle. Results indicated that no significant spine flexion or extension, or
pelvis tilt modification, occurred during biking. Moreover, mean characteristic angles of the upper extremities
remained relatively stable throughout the pedaling motion, with no apparent abduction, adduction, flexion, or
extension.

Regarding the differences in mean characteristic angles between the bikes, greater deviations were noted in
the upper body than in the lower body. This can be attributed to the greater variation in the saddle-to-handlebar
geometry (SAb-to-HBb) compared to the saddle-to-pedal geometry (SAb-to-PEc) between the bikes. The slight
deviation of lower extremities angles between the bikes may also be influenced by the bike fitting process, which
restricts their reachable angle values. In this context, the spine and pelvis exhibited the most variability between
the city and racing bikes. Specifically, the deviation in the mean characteristic angles in the sagittal plane between
city and racing bikes, averaged 30° for the pelvis, 35° for the lumbar spine, and 39° for the thoracic spine during
the pedal cycle.

Results suggested that the most notable differences in mean characteristic angles of upper extremities were
observed in the wrist joint. These differences averaged 31° for the segment angle, 116° in the frontal plane angle,
and 31° in the sagittal plane angle, considering both left and right sides across all pedal angles. The variations
arise from the distinct handlebar shapes of the three bike types. The mountain bike features a nearly straight
handlebar, lacking significant bending between its left and right sides. The city bike features a handlebar with a
triangular shape, resulting in a distinctive grip. The racing bicycle’s handlebar is shaped like a rotated ‘U’, allowing
for various grips. However, when braking in racing bike, as instructed for volunteers, the rider’s palms must face
each other, unlike the other two bikes where the palms align in the same direction. As a result, the distinct
handlebar designs necessitated different wrist angles between the bikes.

As discussed, differences in the mean characteristic angles of lower extremities across the bikes are
comparatively smaller. However, the standard deviations observed for each bike likely arise from variations in
feet placement on the pedals, as volunteers obtained their preferred feet position.

In general, the average bicyclist posture calculated for the racing bike appears the most distinct compared to
the other two bikes. This can be attributed to its lower vertical saddle-to-handlebar distance, which on average
for all participants is about 84% lower than that of the city bike and 72% lower than that of the mountain bike,
alongside its unique handlebar geometry. These factors significantly influence the rider’s posture, promoting a
more aerodynamic position characterised by a higher pelvis tilt angle, increased flexion in the thoracic and lumbar
spine, and a closer positioning of the upper extremities to the torso.

While this study provides valuable insights into the average bicyclist’s posture, it is subjected to several
limitations. First, the small sample size of 10 participants restricts the generalisability of the results, underscoring
the necessity for larger testing groups to improve result reliability. Additionally, while the three analysed bikes
(city, racing, mountain) were selected for their distinct saddle-handlebar-pedal distances, they only provide
insights into the posture obtained for these specific bikes. To obtain more generalised results representative of
the entire bicyclist population, further examination of bicyclist posture across a broader range of bicycle types is
necessary.

Moreover, the bike fitting process was conducted based on general guidelines rather than a specific method
tailored to each individual bike type. A more appropriate method, ideal for the measured bike type, may lead to
the selection of a different bike saddle height, and thereby to different obtained postures.

In addition, the study focused only on understanding the posture of the 50" percentile male, resulting in
participant selection aimed at minimising variation in height and weight. While this approach reduces sample
variability, it limits the generalisability of the findings to the broader bicyclist population. Further research
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involving participants with diverse characteristics, including individuals of different genders, ages, heights,
weights, and ethnic backgrounds, is necessary to comprehensively understand bicyclist posture across various
demographic groups.

Although radiographic images were not used due to ethical concerns, photogrammetric techniques were
adopted. However, this method introduces uncertainties. Landmark identification through palpation may lead to
errors, and movement between the skin and bones can cause marker displacement. Additional processing of data
was necessary to represent the bony structure accurately, involving subtracting marker dimensions and skinfold
thickness. To minimise errors, consistent palpation and marker repositioning were performed by experienced
operators.

Another limitation of the study is the lack of calculation of vertebral joint centres due to the absence of an
established methodology for estimating vertebral centres. As a result, while most joint centres were represented
through their estimated points, the vertebral spinous processes were utilised for the spine region, and the
characteristic angles of the spine were calculated based on them.

The identified average bicyclist postures are crucial for positioning HBMs and enabling their application in
crash simulations, thereby providing valuable insights into bicyclists’ injuries and factors influencing accidents,
potentially leading to the identification of strategic measures aimed at mitigating such incidents. Previous studies
often positioned bicyclists in simulations based on a posture that simply fits the bike rather than using
experimental data. By utilising the calculated mean segment lengths and the mean characteristic angles across
participants for each pedal angle and bike, the average posture can be produced and implemented in HBMs for
running crash simulations. The crash simulation results can be used to optimise bicyclist safety equipment, such
as helmets and protective scarves [4][13], and to redesign vehicle attributes, as well as enhance cycling
infrastructure and urban planning.

V. CONCLUSION

In this study, postures’ definition was derived from 3D photogrammetric measurements of anatomical
landmarks on 10 participants while riding three types of bicycle: city, racing, and mountain. The post-processing
of the measurements enabled the determination of the average bicyclist posture of the 50" percentile male for
each bike type. The bicyclist posture was determined for multiple bike pedal angles, ranging from 0° to 360°, with
30° increments. The posture analysis revealed that the segment characteristic angles of the lower extremities
were the most influenced by pedaling for all bikes. Upper extremities exhibited almost constant characteristic
angles, while leaning of the pelvis and spine was observed in the characteristic angles of the frontal plane.
Additionally, the study highlighted that the differences between bikes are more significant in the pelvis, spine
region, and upper extremities.

The identified bicyclist postures can be applied to the Human Body Models to conduct crash simulations and
to provide information on bicyclists” kinematics and injuries during crash. These investigations can be used to
enhance the bicyclists’ safety systems and improve the urban infrastructure.
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VIIl. APPENDIX

A. Experimental Data Collection

Fig. Al. City bicycle showing the saddle’s base point (SAb), the handlebar’s middle point (HB), and the pedals’ rotation
axis point (PEc).

Fig. A2. Geometric triangles of the city (left), racing (middle), and mountain (right) bikes, formed for each participant
between the saddle’s base point (SAb), the handlebar’s middle point (HB), and the pedals’ rotation axis point (PEc).

Fig. A3. Participant with reflective markers placed on his anatomical landmarks. Front view (left), side view (middle), and
back view (right).
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TABLE Al

REFLECTIVE MARKERS' DESCRIPTION

Body
Segment

Head

Arms

Clavicle Scapula

Pelvis

Legs

Spine

Name Number

Ob
Tr
Occ

= N NN

Gh

N

Le

Rs
Us
Fi

N N NN NN NN

Fi5
SS 2

S| 2

CLv 2

ASIS
PSIS

T10
T12
L3

_|
o
P R R R R P R NN NNNNDNNN

L5

Location

left & right side
left & right side
left & right side

central
left & right side

left & right side
left & right side
left & right side
left & right side
left & right side
left & right side

left & right side

left & right side

left & right side

left & right side
left & right side
left & right side
left & right side
left & right side
left & right side
left & right side
left & right side
left & right side
central
central
central
central
central
central

central

Description

Inferior margin of the orbit
Tragus
Articular process behind the ear
Occiput

Most dorsal point on the acromioclavicular joint, shared with the
scapula

Most caudal point on lateral epicondyle
Most caudal point on medial epicondyle
Most caudal-lateral point on the radial styloid
Most caudal-medial point on the ulnar styloid
Head of the 2nd metacarpal

Head of the 5th metacarpal
Spine of scapula

Inferior angle of scapula

External extremity of clavicle

Anterior superior iliac spine
Posterior superior iliac spine
Trochanter
The most lateral point on the border of the femoral condyle
The most medial point on the border of the medial femoral condyle
Tip of the lateral malleolus
Tip of the medial malleolus
Head of the 1st metatarsal
Most rear point of calcaneus
Spinous process of the seventh cervical vertebra
Spinous process of the fourth thoracic vertebra
Spinous process of the seventh thoracic vertebra
Spinous process of the tenth thoracic vertebra
Spinous process of the twelfth thoracic vertebra
Spinous process of the third lumber vertebra

Spinous process of the fifth lumber vertebra
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Fig. A4. City bicycle equipped with the reflective markers. Markers are placed on the left and right side of forward (WF)
and backward wheels (WB), on the left and right side of pedals’ rotation axis (PEc), on the left and right pedals (PE), on
saddle’s base (SAb), on handlebar’s base (HBb), and on the left and right handlebar’s ends (HB).
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B. Characteristic Angles Calculation
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TABLE BI

EQUATIONS TO CALCULATE CHARACTERISTIC ANGLES" MAGNITUDE

Segment

to
Segment

Frontal Plane

Sagittal Plane

Angle

Elbow
Wrist
Knee
Ankle
Shoulder
Elbow
Wrist
Hip
Knee
Ankle
T4
T7
T10
T12
L3
L5
Cervical
Thoracic
Lumbar
Pelvis
Shoulder
Elbow
Wrist
Hip
Knee
Ankle
T4
T7
T10
T12
L3
L5
Cervical
Thoracic
Lumbar
Pelvis

Segment 1

Sh-El
EI-Wr
Hi-Kn
Kn-An
Sh-El
ElI-Wr
Wr-Fi
Hi-Kn
Kn-An
An-To
T4-C7
T7-T4
T10-T7
T12-10
L3-T12
L5-L3
C7-0
T12-C7
L5-T12
PSISI-PSISr
Sh-El
EI-Wr
Wr-Fi
Hi-Kn
Kn-An
An-To
T4-C7
T7-T4
T10-T7
T12-10
L3-T12
L5-L3
C7-0
T12-C7
L5-T12
PSISI-ASISI

Segment 2 Equation

El-

Wr

Wr-Fi

Kn
An

-An

-To

cos Y ((ShEL-ELwr) /(||ShEL||  ||ELWr]|))
cos Y((ELWr - Wr Fi) /(|[ELwr|| = |[wr F]|))
cos ((HiKn-Kn An) /(||[HuKn|| » ||Kn An||))
cos Y ((KnAn- AnTo) /(||Kn An|| * |[An To||))
tan™" ((Ely — Shy)/(El, — Sh,))
tan~H((Wry — EL)/(Wr, — EL))
tan™((Fiy, — W)/ (Fi, — Wr,))
tan~*((Kn, — Hi,)/(Kn, — Hi,))
tan™' ((Any — Kn)/(An, — Kn,))
tan™!((Toy — An,)/(To, — An))
tan™' ((C7 — T4,)/(C7, — T4,))
tan™' (T4, — T7,)/(T4, = T7,))
tan~1((T7, — T10,)/(T7, — T107,))
tan~*((T10, — T12,)/(T10, — T12,))
tan~((T12, — L3,)/(T12, — L3,))
tan™ (L3, — L5,)/ (L3, — L5,))
tan™"((0x = €7,)/(0; = €7.))
tan~((C7, — T12,)/(C7, — T12,))
tan~1((T12, — L5,)/(T12, — L5,))
tan~1((PSISr, — PSISl,)/(PSIST, — PSISL,))
tan~*((El, — Sh,)/(EL, — Shy))
tan~*((Wr, — Elz)/(WTy - Ely))
tan~*((Fi, — Wr,)/(Fi, — Wry,))
tan~*((Kn, — Hi,)/(Kn, — Hi,))
tan~((4n, — Kn,)/(An, — Kn,))
tan~((To, — An,)/(To, — An,))
tan~1((C7, — T4,)/(C7, —T4,))
tan~((T4, — T7,)/(T4, - T7,))
tan~*((T7, — T10,)/(T7, — T101,))
tan~((T10, — T12,)/(T10, — T12,))
tan~*((T12, — L3,)/(T12, — L3,))
tan~*((L3, — L5,)/(L3, — L5,))
tan~*((0, — €7,)/(0, — C7,))
tan~*((C7, — T12,)/(C7, — T12,))
tan"*((T12, — L5,)/(T12, — L5,))
tan~*((ASISL, — PSISL,)/(ASISL, — PSISL,,))
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C. Participants' biking speed for City, Racing, and Mountain Bikes

TABLE Cl

IRCOBI conference 2024

PARTICIPANTS BIKING SPEED FOR CITY, RACING, AND MOUNTAIN BIKES IN DEGREES PER SECOND [DEG/SEC]

Participant 1
Participant 2
Participant 3
Participant 4
Participant 5
Participant 6
Participant 7
Participant 8
Participant 9
Participant 10
Mean

SD

City
97.2
120.1
122.1
76.1
162.1
169.2
138.9
143.2
54.6
75.8
115.9
38.9

Racing
157.3
247.1
95.0
110.6
218.7
239.5
177.4
181.7
73.1
72.7
157.3
66.6

Mountain
128.4
229.8
118.4

75.5
201.0
146.9
167.1
170.3

61.6

70.3
136.9

56.9

869



IRCOBI conference 2024

IRC-24-116

ts’ Average Posture

icipan

D. Part

COTFVEVT SOT*¥6'vPT E0TFVVPT €E0T+SVPT TOT+EVYT L'6FVEVT

9SFST- TLFVO VI9FTT-

€6EF6'LC- 0BEF0'SC- 99€FSVC-

99+%C¢T- €9Fv1T- 09F%6'1T-

TOEFTTC L'EEFV' ST 8 EEF QLT

S6+8CcrT 96FV vl L6FCCVT 96FV VT L6FV VT 00T +9CrT

L'ST6T-

SSF6'T-

SSFYT-

9G¥6T-

EVEFT6C- L'9E+6'8C- 0'BE+9'8C- 0'BE+6'LT-

SSFQI-

€SF¥6'T-

V'8EFE'8C- T6EFI'6C-

LOT+LTYT 80T+ C'TVT LOT+6'0VT 90T +6'0VT O0T+8OVT OTT+TTVT CTIT+FCCVT TTIT+LCVT T'IT+O0'EVT €ETTF CEVT T'TT F T'EVT 80T # VeVl

L'SF9E  9GFLE G9FLE

TLCF9CS- 6LCF0CS OLLFVCS
CSFOPYT €SF6'EVT V'S F6'EVT
€8F9vE

¢8FTveE 08F0PE

Vv 8¢ 8V FVE 8S¥C'E

TSFVEVT 8V FLEVT LV FLEVT

9GF¥0€EE LSFEEE 9GFGEE
8V +8'S 9+ €9 87 ¥9'9
SSFTS9 TSFLPV9 €S9F9V9
CO9FETC S9FTTC L9FL0C
8LF¥999 TLFGS9 TLFL99
L9FTTC VI9+9TC 99+LT¢C
(01333 00¢ 0L¢

Ve+LE- SSFSE LSFEE

SYCFEVS L'€ECF8ES TECFT VS
8SFEEVT 8SFEEVT SV + VT
6'LFTVE

0'8+8¢€E 6'L+8CE

TLFTE VLF0E 09FCYV

OV FSEVT OSFLEVT VSFIEVT

9GFI9EE 9SFH6EE 6SF6EE
0r+09 8EFT9 SEFLS
TS*LV9 VSFLVI 99+979
L9F6'0C L9F6'0C 8S+80¢C
T'L¥6'S9 GLF099 8LF€99
€9%T¢C Pv9¥0¢CC S9+GTC
ove 0T¢ 081

8SF¥0¢E-

8SF¥0¢E-

89¥0¢E-

6S¥0¢-

V'eCF+SES OCC+L VS 9CC+9OVS- SVC+6'CS

EVFLOYT SYFLOYT LVFOVVT v Tovvl

0'8FLVE

L'SFTS

T'8%0'S€

9'5+9°S

T'8F C'S€

T'S+9'S

08 ¥0'S€E

CSFCS

TS+8wT CS+e€wl TS+FECWT T'S+F9CWT

6'SFEEE

L'EF8Y

9'S¥9Y9

09 F€'TC

8'L¥599

99F0°TC

0ST

6'S¥LCE

EVF+EY

7'SF819

09F8'T¢

8'LF¥ V99

9'9F%/£°0¢C

0ozt

8'SFVCE

IV+TV

€9FT'99

T9%T'¢CC

L'LFT99

L9F€0¢C

06

8'SFECE

CSFVY

€9F¥ 99

09FT'¢Ce

L'LF¥6°S9

8'9F€0¢

09

6SFTE

8SFve

0'9C+8'1S- 6'9C¢+6'TS-

LYFEWT T'SFEWT

T'8F T'GE

L'YF0S

€8F6'VE

6EFEY

0'S+8CWT 6V +TEVL

9'S¥CCE

9S¥8Y

V’'SF¥FTS9

C9F¥TCC

9°'L¥9°99

8'9FT10¢

(013

S'SF¥9CeE

'S+ €S

S'S¥C99

09%9'T¢C

S'L¥9°99

8'9F9°0¢C

Front. Sag. Front. Sag. Segm. Front. Sag. Segm. Front. Sag. Segm. Front. Sag. Segm.

Sag.

Front.

Elbow Left Wrist Right Wrist Left

Elbow Right

Shoulder
Left

Shoulder Right

['3ep]

9|3uy |epad

S33453Q N| I1ONY 1VA3d HOVI 1Y ddig ALID HO4 SIILINWIYLXT HIddN 40 NOILVIAIQ AYVANVLS ANV SITONY JILSIHILOVEVHD NVIIN

1d379vl

870



IRCOBI conference 2024

IRC-24-116

8'Cc+sqeoT

S'S¥80¢

TV ¥8V6

LI9F9ET

67 ¥9°L8

0LFTCTT

09F9¥8

99FTqT

SCT+LTT- L'6T+€'9T- 9€EC+E'6T- 88T +E9T-

'S +5/8

VSFvov

v ¥6'9-

'8 +8'8¢ET

Vv ¥8'18

9'C¥T0

€V +L69

SYT¥0'Tv

8E€EF0T-

vvFLLS

€EFLS

6'C¥9'8C

0S¥T8T

(0133

S'8FL'E6

S LF8YS

OV *6'S-

V'L+06CT

8'EFETS

9'CF¥00-

V¥ L9L

L'Y7F06€E

SEFTO-

CrFE8y

SEFEOT

OE+L'LE

TEeEFLTT

oog

L'9FS'C0T

€9FL8S

Tv+1G

V'9F0°€TT

VEFEI

9°CF¥90-

L'V ¥968

Cr¥6'EYr

9C+90

OV FT°LE

CYFSEL

9C+ LSV

TC*86

0L¢

8'S+0°L0T

CSFEYS

LY FTS

7’'S¥096

EFEBI

CEF6T-

T'S+9'S0T

Cr¥6'CS

€CF60

TrvFTLL

S'9%¥C0¢C

9'C¥8'CS

6'C+9'8

or¢

09 FV'€E8

8'SF0OEC

LITFCIT-

7’S+00TT

T9F €9

TS¥L'S

6V + V18

S'EF¥FCT09

TYFCE

8'3+6°0CT

Cr¥6'€9

8'T+80

CrF9T1C

S'8%9'9¢

L'CTFELS

SC+€8

0T¢

8'S ¥ 'S8

09F¢€'S¢E

T'8F L8

L'S+00TT

'8F9'S€E

89 F9'G

EVFITL

9EF¥6'6h

6EFT V-

8'L+8€EET

0SF9VWL

9T+TT

oOvFT'CC

¢'L¥89¢C

7’'€EFS6S

€CFLL

08T

’9+9'88

09F¢€9Y

99F¢'8-

'S+ SV0T

0LFCYC

V'6¥L9-

EVY¥90L

CEFOCY

TvF LV

V'L ¥S9€ET

¢S¥S08

STF+ET

07 ¥6'8C

L'9F0'TC

CEFE9S

TCF¥C8

0ST

7'9¥8'16

8'S¥0CS

9SFCL

0S¥096

CLF6'ST

6'ST+6'9-

EVF8LL

TE€EF96¢E

SV FOov-

9'9+0'8¢CT

S ¥C08

8T+9T1

€EFS8E

7SFOVI

7EFO8Y

SCTF¥T6

oct

9¥896

09 F8'¢CS

6'S¥¥9-

L'VF9L8

€LFSTT

V'ECLFE9-

0'S¥906

VEFOEY

Tv¥9C

VLFLETT

9V ¥6'SL

6T+V'T

CEF69Y

Vv FQTT

T7¥08¢€

SEFETI

06

9'8 #6007

98F QLY

S'9%¥89-

C9F6'C8

SL¥8ET

T'ST+0'8-

9'S +890T

LEFTES

CEFTT-

S9FEL6

9V FT1°69

0CFCO0-

8EFT VS

Ov+¢€6

L'EF €8T

€SFVLT

09

6'G+.90T

T9FL'TY

89FT1'8-

(AT 4]

9'S¥9°CC

Ve¥EL

09+%Cell

9°€EFT'99

ceEFVO-

Cr¥918

7' ¥8°6S

0EFET-

S'EFL'8S

6'€E¥S'8

L'c+0'¢e

L'LFSVC

o€

Cr+9°L0T

V’'SFECE

6'L¥C0T-

9V FOV8

CSFSYE

9S¥EL

T'L+0°G¢ET

Tv¥esL

8CFT0

vvFLTL

v ¥ a6

OV FET-

6'€¥ 709

VEFTS8

8CFCTC

T'8F0t¢

€
oo
()]
) &
. g
& o
n =
c
- <
o
o
—
(N
£
oo
() +—
(%] =
2o
wa.o o
()]
2 =
. [=
8
o <
(o]
—
L
€
o
()]
wn e
. ()]
o) )
© (]
wv (]
C
. 4
o
c
(o]
—
L
£
&
%2 <
. .20
W% o
(]
2 O
. e
) ~
c
o
S
(N
Qb
© fr s
n @
]
£ 2
S T
—
(N
%) -
© =
) .20
. o
8
2 2
o T
L
['8ap]
9|3uy |epad

$33453Q N| 319NV 1VA3d HOVI 1Y ¥dig ALID HO4 SIILIWIYLXT HIMOT 40 NOILVIAIQ A4VANVLS ANY STTONY DILSIHILIVEVHD NVIIN

1a3ngvi

871



IRCOBI conference 2024

IRC-24-116

9LFVE

8CTFV0-

TET+V'6

T'L¥CE

SEFPEE

TEFTT

7’'9F8CT

Tv+vT

99FT'T¢

97 *80

T'SF9¢C

CEFTE

87 ¥0'8¢

9'SFTC

vy +8vy

Cr+8T

(0133

9LFLC

L'CFV0-

CETFL0T

L'LFO0Y-

EEFSEE

09FLCT

TEF¥F¥o-

TL+L7C

oOv*¢CT-

LY+

SCFET

9FT8¢E

8¥7+90

99 ¥ £'SP

CrFL0

00¢

9LFTTC

L'CFV0-

TET+66

SLF¥OY-

TeEF¥gqee

€TFOT-

6GFTET

CTF9T-

8'5¥6°0¢C

9'€*¥8C

SvFvve

V¥ C0-

7'9F T8¢

Crv¥0T-

€9F 'Sy

¥ C0-

0L¢

8LF91

L'CFTCO

9'€ET ¥ €01

TLFEYV

SeErgee

7eF0OC-

89FC0T

6TFCT-

8'SFGET

0CFve

SFE0C

CeEFIE

T'S¥0'S¢

8TFVT-

6vVFCLE

6EFTC

79+ TSP

S7¥60-

ov¢

6LFTT

LTFT0-

CET+C6

9S¥6'¢E-

SEFSEE

SCFLC

CCFS0

6GFTET

0CFLC

L'SFTOC

CEFEY

6+ Ve

8CF¥6'T-

S'9F¥0'8¢€

TYFTE

€9F 9y

AR

0T¢

08+0T

9C+10

O€ET+L6

€9F eV

8eEFTEE

TT¥9C

T¢Fv0

09*%81CT

6TFFV

9'S¥L'61

TE¥6'E

€9+ 9VC

SCTF¥9T-

8V ¥8LE

geEFrCe

9V ¥ 8V

L'EFIT-

081

T8FLT

L'C+€0

CET+L'6

T9F eV

9'€EFCee

veFeT-

7'LF00T

TZ¥¥0-

S6+T9

TC¥60

09F0€T

9CFVI-

S'SFT0¢C

0€EF9C

9'S¥8'€EC

L'TFV0-

0'S+6'8¢

0S¥0¢

L'V + 81

veExFvo-

0ST

L'LF9T

6'CFV0

TET+96

C9F¥9E

7'EFGEE

SC+90

0°LFCOT

09%G'€ET

9C*FC0

8'S¥0TC

€EFLO-

SF6Pe

SCFST

67F¥0LE

T'S¥C0

L'9F8'SP

VvFST

0t

SLF6'C

TEFVO0

CET+96

C9FTE

7'EFGEE

9C+6'T

0LFCOT

09FVET

OEFVT

6'SFCTC

V'E+80

8V Fvve

9CT+8'C

8'SF9'8¢

7S¥91

IV F LYY

0r+0¢

06

SLFEE

VEFTO

CET+96

L'9F8C

€EF6EE

9CTF6'C

CLFTOT

¢9F€geET

(0 2 4

9'9F8'TC

9t+6'T

67 F9VC

SCF6'E

S'S¥9'8¢

9SF6'C

T'v¥9'SY

0V +6'C

09

SLFVE

7eEF00-

CETFE6

L'9F6'C

eEF9EE

OeExLE

TL+T0T

VEFLT

T9F¢€€T

EVF6TC

09+ 1¥'T¢

oOv¥LC

67 ¥ 8¢

8CFLY

0'S¥C'8¢

8'SF6'E

€V ¥ 8y

OV Ve

(013

CLFVE

TEFVO-

0€ET+06

69FT€-

rex¥cee

CEFIT

TO9O+TET

V¥ LT

9'SF¥¥'0¢

lAZR A4

CSFSVC

oExvy

0'S¥8'LE

9'SF¥9°€

v ¥ Sy

Tr+8C

T10 T12 L3 L5 Lumbar Thoracic Cervical Pelvis

T7

<t
-

Front. Sag. Front. Sag. Front. Sag. Front. Sag. Front. Sag. Front. Sag. Front. Sag. Front. Sag. Front. Sag. Front. Sag.

['3ep]
9|3uy |epad

$33453Q N| I1ONY 1VA3d HOVI 1V ¥dIg ALID 404 SIATId ANV 3INIAS 40 NOILVIAIQ A4VANVLS ANV STITIONY JILSIHILOVHVHD NV3IA

Naianavi

872



IRCOBI conference 2024

IRC-24-116

€9+TCIT

ESFLTC

L'TT+8'SY

6'S+0TTT

6'S ¥8'S¢C-

S'L¥ 601

6’8+ C'LET

CEFLEY

T's¥T¢

T'L+TVET

9'CF¥80F

T'S+L€E

L'S¥8'C8

TLF9€ET

Cr¥6'C8

TSF8ET

(0133

C9FVClT

VS¥LTC

6'CT+9'SY

T9+T1ITT

09 ¥8'S¢-

VLFTTY

T'6+€LET

ceErvey

0S¥qE

CLFYEET

9'CF¥80r

T's¥ege

6'S¥9'C8

89%6CT

YV FTE8

TSFvvl

00¢

T9F9CIT

V'S¥9'T¢C

0'€ET*9'9Y

€9+ CTIT

09+ /'S¢

SLFETY

6’8+ €LET

TeExFTEY

LY ¥6'E

TLFLEET

SCF60V

€SF¥6'C

09F9¢C8

CLFETCT

EVFPES

SY+0ST

0L¢

09%S¢CIT T9*SCIT

VS¥LTC €STFLTC

OCET+€Sy OCT+CSPY

S9%60TT €9+%90TT

09+%89¢- L'S¥6'SC

VLFETY CTLFETY

L'8FELET L'BFILET

€ET0EY CTEFTEY

r+0v- 8VFOv-

TLF9€CET TLFLECT

vex0ly SCFCIV

VSFTE  VS+TE

6'STVI8 6SFCC8

CLFTCT TLFOC

EVFVES CVFVES

SY*V'ST Pv+99T

or¢ 0T¢

09+ ¥'C1T

ESFLTC

O €T F¥ 'SP

79+ L0TT

8'G ¥8'S¢-

T'L¥ 60V

8'8+8'LET

CeEFEEY

9V FEE-

V'L+SEET

SCFT'1V

A A

8'S¥C'¢C8

ViFvaa

SYFPveEg

9V FT'ST

08T

T9+TCIT

€S+8TC

O €T *¥ 'SP

7’9+ 8011

8'G ¥8'S¢-

VLF 60V

L'8FLLET

CEFIEY

vv¥TE-

V'LFCTEET

9CF0TY

€SF0P

9'S¥9'¢C8

€LFSTU

7'V F9°€8

LY +8VT

0ST

C9FTCIT

€9F81¢C

8CI*V'Sy

€9+6°0TT

8'G¥6'SC

CLFLOV

L'8FGLET

VEFLEY

vv¥ec

V'L+CTEET

9CTFL OV

CSEFVY-

9'5¥9'¢8

CLFVET

S7¥S'ES

SV Fvvl

0t

C9FTCIT ¢9+07IT

€9F8TC- €9F6'T¢C

8CT*+V'Sy 6CT+V'av

C9FTTIT 09+CTITIT

L'S¥8SC- 6'SF6'9C

€LFSO0V €LFSOV

88FVLET 88FCLET

VeEFLEY TCTEFLEY

vv¥8¢ SYFLC

CLFCEET TLFEEET

versor ecFror

€9F9V- €S9F8V-

9'G+87C8 9'9+8C8

0LF9CT CTLFTVT

VvFv'eE8 SvFTES

6v+CPT O0S+YET

06 09

C9+0¢IT

V'S¥6'T¢C

8'CT+9'SY

6'S+VITT

8'S ¥ /'S¢

S'LFLOY

88+ €'LET

eEFgey

SY¥9¢

CL+QEET

(A A1)

7'S+ 91

9'S¥L'C8

TLFTVT

S7¥8'C8

T9F9¢€T

(013

T9+0¢IT

CSFLTC

ST +8'Sy

8G+CITT

8'S ¥ /.S

9°LFLOV

88+ G°LET

CEFBEY

LY F8C

T'L+6°€EET

€CF 90T

A A A

9'S¥/.'C8

TLFLET

Vv ¥6C8

CSF8ET

0

Wrist Left

Elbow Left Wrist Right

Elbow Right

Front. Sag. Front. Sag. Segm. Front. Sag. Segm. Front. Sag. Segm. Front. Sag. Segm.
Shoulder
Left

Sag.
Shoulder
Right

Front.

['3ep]
9|3uy |epad

$33453Q N| I1ONY 1vA3d HOVI 1V ¥dig ONIDVY 4O SIILINIYLXT ¥3ddN 40 NOILVIAIQ A4VANVLS ANY STTONY DILSIHILIVEVHD NV3IIA

AlId 319vL

873



IRCOBI conference 2024

IRC-24-116

0LF¥STOT €LFTS6 LLF€68

6'LFT1'S8

66F6'VC VOT+88T POTFTLT 80TF6'61

€EET+9CT- 9°ST+€BT- €LT+C0C €STF+VET-

T9FC68 C¢6+1'S6 00T +ETOT L9+ CP0T

vViFeEer T8F€LS ¥8FESQS

T9%¥TS O0S*¥TS 6VF9°G

EET+BVET T'IT+¥'GCT 88+ COTT

LVYF6'SL 9SF99L O0SFveL

0C¢+CT VeFeT 6'C¥80

9SF¥E0L O0SFT8L TS+0T6

6vV¥86E LVFO0B8E GSVFOEY

Sv+€c¢ 8v¥ddc- SEFCT-

C9F¥T8S 9S¥687 SVF6E'LE

SCFV9 TeExEL 6'EFV6

6CF¥90c €EFvor VvEFCOY

€9%¢C¢ST O0S*¥8TT 6€¥86

(0133 oog 0L¢

0SFCCS

0SFL°S

7'LF8'€E6

EvF¥99

€EFCO-

9+ 080T

8 F0'¢CS

6CF¥T0-

€V F39'8C

0SFCET

0°€EFC9S

TEFES

or¢

9°LFTESY

COTF¥'LC

9TT+C'8

€LF9°L0T

CSF LYY

CSFTL

99FC6L

Tv¥6'SS

9€E¥0C

6'L+6'CCT

7’'SFT'E9

7'¢+S0

Cr¥eee

C9F¥ V8T

9°€EFT09

CCF8L

0T¢

0°'L¥€98

L'6FTCTY

T'8¥89-

7’8+ C°90T

L9F9CE

VLFT6-

9+9°69

EVvFT Sy

EvF¥LE

COT+O0SET 6'TT+#8'GET €6+€'SCT 6L+60TT

L9F8EL

6T+8T

OV FLYC

€L¥661

9V FETY

9T*¥9

08T

€L.¥668

98FLV6 VOT+ETOTTOT+6VOT T'8+€°L0T

96+¥0€S TOT*¥06S vOT+S09 66+F8SS

9LFOL

T'L+0°T0T

99F%TCC

6CT+CCT- T6T+EVI- VIEFLTT-

09F¢€69

VAR N VWAS

T9¥0t-

97 ¥0'8L

8T+0C

ov¥9Ce

€9+%04T

T9F L 99

6T¥0L

0ST

9°LF¥99-

L'9F6'€E6

CLF6'ST

€E9FVLL

SV ¥8'S¢E

9SF Y

L'SFTUBL

STF+6T

OV F6'TY

Tv*TCl

LYFTLY

0Cc+LL

oct

CLFLO

€LF/98

8'8F0€T

S'L¥V06

TS*¥0Tv

VAR W

0SF8EL

TCF¥0¢C

€V F L6V

CEFLO6

OV FT°LE

6'C+98

06

8'LF¥99-

8'G¥8'€8

€8F091T

9'€E F 8-

16 #8101

8'SFvev

6€EF¥0T-

6F 1796

¢9%6'L9

€C+L0

9V F LSS

9'€+8L

7 ¥9°8¢C

L'EFO6'CT

09

96 F LI

78¥9°L-

€9F¥ V8

VLFEVT

SYL+SV-

86 +F6°0CT

L'SFOT9

6CF¥0-

99 ¥8°08

9'SF¥T1'8S

7EFVO-

LY F€09

T'E+69

7'EFBTCC

T'8+T'8T

o€

T'L+€S0T

86 FSPE

80T ¥8'6-

T'S+.L18

89F0°LE

0'8¥0°G-

€T FLeeET

69FCTL

TCF€0

09FV'TL

T'SF+LLy

¥ L0

L'SF8T9

S°CF¥99

CEFLET

8'8FELT

0

€
oo
()]
) &
. g
& o
n =
c
- <
c
o
—
(N
£
oo
() +—
(%] =
2o
wa.o o
()]
2 =
. [=
8
o <
(o]
—
L
€
o
()]
wn e
. ()]
o) )
© (]
wv (]
C
. 4
o
c
(o]
—
L
£
&
%2 <
. .20
W% o
(]
2 O
. e
) ~
c
o
S
(N
Qb
© fr s
n @
]
2 2
S T
—
(N
ab =
© =
) .20
. o
8
2 2
o T
L
['8ap]
9|3uy |epad

S$33453Q N| I1ONY 1vA3d HOVI 1Y ¥dig ONIDVY HO- SIILINIYLXT HIMOT 40 NOILVIAIQ AYVANVLS ANY STTONY DILSIHILIVHVHD NVIIN

AQ I1avL

874



IRCOBI conference 2024

IRC-24-116

T'S¥9'€EE

8EFET-

68T +V'EE LBT+6'CE OLT+VEE 6BT+SVE 68T FEPVE TO6T+BEE TO6TFLEE TO6T+9CEE 06T +VEE O06TF+O0VE 06T +8EE 68T +9°€EE

99*¥T0

SEFSTU

VLFTL

CSFSYY

SEF60

L'SFELE

CEF60

L'SFC0S

CSF0T

VLFT09

68+6'T

T°'L¥999

€6F€EL

8’7 ¥8'69

OTT+€L

EVFTES

T°'0€E ¥+ 98T

(0133

S'S¥6'CE

vZF €0

9°€*¥8T-

9°€¥9UL

9V FG'¢C

V'SFOVY

T E¥F¥o-

SSFVLE

0€EFS0

8'S¥¥09

8V +TT-

CLFV09

08F9T-

0°LF899

VLF0'E

09F€TL

¢CoT+¢CY

SV +9€E8

V'EEFETT

00¢

6'S¥CCE

TC+S1

EEFSC

v FTEL

6S¥8T-

VSF LYY

TEFVT-

L'STSLE

V'eE+FTO

8'S¥ 909

SY¥8C

CLFS09

V8F VY-

0°LF0°L9

CLFLO-

T9+Vv1L

€TTF00-

9V FTC8

€9C+€0-

0L¢

C9F9TE

V'ZF9¢

0OSFTV

SEF6TCL

€9F eV

CSF LYY

TeEFET

S9F9LE

SEFEOD

L'S¥S09

v+ Y-

0°LF909

€8F99-

0LFT°L9

LLFTE

C9F9TL

€T *8C

EVFLES

9'9¢+T¢C

or¢

€9%80¢

VZFTE

VSFEY-

SEF¥F8U

TSET9-

T'S¥ ey

oexoe

9SFTLE

V’EF90-

9'S¥T0S

EV+T'GS

0°LF¥€09

CLF6L

69%0°/L9

8'8F 8-

T9+91L

80T +/L'¢-

€V ¥9€8

§'9C+S9

0T¢

T'9+6°0¢€

CCF9E

€9F VY-

9€EF¥ 9L

T'S*+v'S-

ESFEVY

€ceEFTE

8'SFTLE

S'E¥ 80

L’SF00S

SY+0G-

69FT09

L'9FSL-

6'9F699

veFT V-

CIOFVIL

SOT¥9C

€V F9€8

€9C+ LS

08T

S'S¥0Ce

7'Z¥9¢C

€9¥8¢-

9€EFSU

9V F0C

AR D 4%

8E€EF6T-

6'SFVLE

8'€EFC0-

L'SFCT0S

LY+ €€

0°LF¥T09

8LF6P

69 ¥899

7’8 ¥8°0-

€9FETL

TIT+S0

77 F9°€8

9'LeFLC

0ST

L'SF¥6'CE

9CFVT

v ¥8¢C

9°€¥9UL

CSFST

S F8VY

9°€E¥60-

6'SFLLE

L'EFTO

8'S¥¥09

9V ¥8'T-

CLFY09

V8FETC

69 ¥899

9'8F9'C

C9FCTL

6TT+TV

77 F9°€E8

'8¢+ 00T

0t

CSFGEE

9C+T0

EV+6'T-

SEFSU

V'S¥6’E

SS¥6ty

8EFTO

8GF/LLE

L'EFI0

8'S¥ .09

67 ¥ €0

€LF909

8'8FC0-

6’9899

€8F8Y¥

09FCTL

CIT+6'S

€V FaEs

7'0EF0'€ET

06

T'S¥L'€E

TEFOT-

67 ¥ 90

€eEF8U

VLF0'8

€SF¥ ety

6EFCT

8'9F¥8LE

9°¢+0T

9°'S¥9°0S

TS+S1T

CLFS09

C6+LC

6'9% 699

S6FC8

6SFVTL

0'€ET+6'6

v ¥SES

8'8C ¥ L'8T

09

T'S¥VEe

SEFST-

TS¥€0-

€CeEFLTU

0'8+86

T'S*¥9vy

vv¥6T

L'SFELE

8EFV'T

9'S ¥ €08

L'S+VC

€LF V09

S6FEV

6'9+F 699

S6FL6

6SFVIL

TV 91T

Cr¥SEs

L[CFSTC 86CFT0C

(013

6V FV'EE

SEFTT

SS¥00

rexoeL

V'8%C6

[T A 47

Cr+8T

6'SF¥FCLE

8E+CT

9'S¥C0S

SGFETC

€LFT09

86F0¥

0°L¥L199

66F17'6

67 ¥00L

STT+9'8

CrFees

0

T10 T12 L3 L5 Lumbar Thoracic Cervical Pelvis

T7

<t
-

Front. Sag. Front. Sag. Front. Sag. Front. Sag. Front. Sag. Front. Sag. Front. Sag. Front. Sag. Front. Sag. Front. Sag.

['3ep]
9|3uy |epad

$33453Q N| I1ONY 1vA3d HOVI 1V ¥ig ONIDVY H04 SIN13d ANV INIAS 40 NOILVIAIQ AYVANVLS ANV SITONY JILSIHILOVIVHD NVIA

IAQ 379VL

875



IRCOBI conference 2024

IRC-24-116

T6+86CT €6F00€T €6FC0ET S6F+90ET €6+80ET T6+6'0ET 68FCOET 68FTO0ET 68F6'6CT 68+86¢T 68F86¢T 68+F86CT

0'IT+0'S

T6+¥'SL

TIT+6V

0'6+€SL

CIT+6V

C6FCSL

TIT+6V

C6FCSL

60T+6V

6'8F 1'SL-

80T+T'S

T'8FT'GL-

60T+T'S

T'8FT'SL-

01T +C'S

¢8FT'SL

6'0T+C'S

T8+ T'GL-

OTIT+T1'S

6'L+0'SL-

60T+T'S

6'LF0'SL-

60T+T'S

¢8FCSL

COT+09€ET €0T+8'SET €E0T+LSET EOT+SSET V'OT +7'SET €OT ¥ ¥'SET €0T ¥ 8'SET COT #6'SET T'OT # C'9ET O°0T # 9'9€T T°0T + 9°9€T O°0T + S'9€T

8'0T+6'6

OTT¥6°0L-

9’9+ 8871

6vFCEY

L'EF6T

SLFEVSrT

8'€EFE6E

L'EF80-

L9%0°L9

€9F8T¢C

69FC'L9

L'EFETC

(0133

8'0T+6'6

60TF¥0'TL-

L9+ 881

0SFTEY

L'EFOT

SLFEVSrT

L'EFV6E

L'€E+S0-

8'9%0°/L9

S9F9TC

69FC'L9

L'EFSTC

00¢

LOT+66

8'0T ¥6°0L-

S9F88IT

T'S¥6'ty

L'EFET

SLFESYT

L'EFV6E

6'€EF¥C0-

6'9%/L99

99FE'TC

69FC'/L9

9EF6'CL

0L¢

80T +8'6

L'0T +80L-

7’9% 6871

TS¥LTy

6EFTT

SLFVSrT

8'€F9'6E

oOv+00

8'9%999

S9FTTIC

69FCL9

SEFTCEC

or¢

60T+66 60T+TOT 90T+COT LOT+TOT 90T+TOT 90T+00T ¥OT*66 VOIL+00T

TTIT+80L

7'9% 6871

T'S¥qty

TV+0T

S'L¥SSPT

8'€EFL6E

Or+€0

8'9%999

€9%80¢

69FC'/L9

9EFEET

0T¢

6'0T F9°0.L-

7’9+ 8871

T'S¥F9Cy

8'€EF6°0

SLF99VT

6'€FL'6E

6'€E+10

L9F V99

79F¥0°TC

69FC'L9

9EFTEC

08T

CITFL0L-

€9+061T

0s¥oer

9EFET

S'L¥SSPT

8'€FL'6E

9'€+00

S'9% 999

Vo9F¥IL

69F1¥'L9

9'€¥8'CC

0ST

0'TT ¥ 9°0L-

7’9+ 0611

0SFTEeY

9€FSqT

LLF¥9SVT

6'€F¥9'6¢E

L'EFTO0-

9'9%9'99

79F9°TC

6'9F€/L9

9°€F¥ ST

0t

8'0T ¥ 8'0L-

S9F06vT

T'S¥Cey

L'EFLT

9'LF9SVT

8'EFC6E

L'EFS0-

9'9F999

S9¥0CC

6'9F0°/L9

9EF T

06

6'0T ¥ 8'0L-

7’9+ 8811

0S¥l

8'EFQT

ViFvavl

6'€ ¥8'8¢€

SE€EFLO-

9'9F999

79F T

6'9F 699

8'€F0CC

09

OTT¥6°0L-

S9+6'8VT

6VFCEY

6€EF0C

V'L FSSYT

6'€FL'8E

VE+L0-

£L9F999

79F €T

0°L¥699

6'€EF8TC

(013

TTITFO0TL.

9'9F 6871

6vFCEY

6'€E+0C

VLxvarl

6'€F¥0'6¢E

9°€¥6°0-

L9FL99

€9FTTC

69F0°/9

6'€¥0CC

0

Segm

frmd

X 7]

R

3 o
—

= =

c

o

—

[N

€

&

n b=
.20

o1 [

© =

%) 7]
=

o

5 =

o)

S

(N

€

&

(%) &
7]

D.D )

b 2

(% o)
2

- w

c

o)

—

[N

€

oo

()] +~

n <
20

¥ 3

@ 5]

. o

o =

c w

o

—

(N

g —

& 9]
2

. 3 o

4+ o -

o <

@] (V)

—

[N

Sag.
Shoulder
Right

Front.

['3ep]
9|3uy |epad

$33453Q N| I1ONY 1vA3d HOVI 1V ¥ig NIVINNOIA 4O SIILINIYLIXT ¥3ddN 40 NOILVIAIQ A4VANVLS ANY STITONY JILSIHILIVEVHD NV3IA

[ING 319VL

876



IRCOBI conference 2024

IRC-24-116

TV +¥'86

T'9%6°0¢C

9V FV'E6

LI9F LY

'S¥T88

v9FCCl

9'S¥8V8

79F9VI

09F7C€8

C9FETC

S'SF Y8

€9FLCE

L0T+6'8T- €ST+L°LC- 96T +8CE- SET+¥'9¢- OTT+99T- L9FG9'TT-

7’9 ¥8'S8

69F St

TS¥¢gL

C8FELLIT

oOv¥9LL

L'C+T0

Tv¥€e9

L'EF VOV

SEFO0E-

€9F €09

EVFL6

TEF6'CC

LY F¥°0C

(0133

9L ¥9°68

69F9CS

9V FC L

'8+ 8611

8E€EFLBL

9CFT0-

0% ¥869

T ¥89¢

Tv¥6C

9S¥ 9TV

0SFQ'TT

TeEFTEE

8€FTST

oog

0'8F0°S6

€9F VS

SvFT L

6'9 ¥9'90T

9°€EF¥6'SL

0E+CT-

TvFLC8

EVF L0V

CEFET-

TSFETE

S9¥T191

ceEFT Y

8CFVTI

0L¢

6'L+¥966 6LF8C0T €L+tE0T

9 ¥ 861

VSFECL

9F806

9°€E¥ 669

VEFET

0LFOCY

T9%6'L-

V'SFVIL

LEFVIY

oOv+L.L€

€LFICE

08FL6-

8 ¥099

6'€¥ 609

Cv¥0S

LY+086 9SFTEIT S9+6°ClT

EVF L6V

TF¥90-

0SFV'TC

T'v¥609

9T+00

(AN

Tv+0T1L

A A0

0S¥G9'ST

7'S¥9'98

LY F0'SY

9V ¥86-

€LFT'86

€8F0TC

6'LF9°68

€9%0¢S

EV¥6'8-

V'LF6°C6

8'8F VIl

SLF¥VC6

09 F8'TS

IV FT8-

L'LFTLS

76 F9TT

9F €86

7’'SF9°8Y

T'S¥98

€LFLEY

78FEVT

T9*¥'10T

S'S¥80v

T9%6%6

€LFVC8

7’'8FGS'TC

CTIT¥6'GT- 6'9C*8¢C- TVEFTVT- SOV +C'ST- 09T + €°8-

v ¥FTEe9

6€EF0TY

8V ¥8'G-

7’7 ¥969

TvF0LE

67 FES

LLF9LCT LLF80CT

SvY+vLL

ETFTT

8V F¥ee

S7¥88L

LTFVT

0'SF¥8'CE

CTT+SVC V9T +€EVE VST+0SE CTT1I+9G9C 08+FVLT

CEFSBY

CTFL6

or¢

VEFVCS

L'T¥9'8

0T¢

L'EFTCES

L'TFT8

08T

v F¥0S

L'TF¥0'8

0ST

EVFTCY

SC¥S'8

oct

LY +T1C8

8 EFE0oY

L'V F8¢E

89+ /0T

TVv+LSL

LT+90

SY¥Cy

LI9FTEL

OV F9TE

EEFOCT

06

€S9FLL6

L'EFI6Y

ov+ve

8'S¥L06

6'€E ¥ 769

9T¥0T-

TvFL8Y

8'GF0TT

8'EFGTL

T'S¥6'61

09

09+%9¢CTT

L'€F¥G09

VeE+0'T-

CS¥FT9L

6'¢c ¥ 809

SEFLC

Tv¥LCS

0S¥9'6

L'€EFLST

€'8F €6¢C

o€

0S¥ €'T0T

€9¥60¢€

SLFTET-

€L%8C8

08FLCE

78¥0°L-

LI9FVECT

L'EFSOL

6CFT0-

LY F099

6'€F¥T0S

LEF6C

Vv ¥G'ES

vv¥06

SEF09T

9L ¥ €'8C

0

£
[oTs]
()]
n &
. g
& o
n =
o
o <
C
(o]
S
[N
£
g
) =
o0
m% o
()]
o =~
. C
e <
o
—
[N
£
oo
()]
n &
. ()]
o) |
© (O]
wv (]
C
o pv4
C
(o]
—
L
S
g
n =
. o0
m% o
(]
2 Q
. C
) 4
C
o
S
(N
o)
© et
(%] [ 7]
]
£ 2
) u
—
(N
[ -
© Ny
n o0
. o
oS
2 2
o T
L
['8ap]
9|3uy |epad

$334953Q N| I1ONY 1vA3d HOVI 1Y ¥dig NIVINNOIA HO4 SIILINIYLXT HIMOT 40 NOILVIAIQ AYVANVLS ANY STTONY DILSIHILIOVHVHD NV3IN

IIAQ 318VL

877



IRCOBI conference 2024

IRC-24-116

S'8FSLT

9EFCT-

€9T+99C C9T*V9¢C CI9T+¥'9¢ C9T+¢€9¢

LYFVT-

CrFves

LYFET

9°8FT°LC

TEFEO

T6FSTC

8CF¥¥0

S'8F9T¢E

OV +€0

9'8F¥T'0Y

TS¥¥0-

T'8F9tY

9V FGSC

CrFves

L0T+8'1

T'S¥FS¥9

S9+LT

(0133

S8FTLI

8'€EFq0-

9V FET-

EVFVES

9V +T0

S8FT°LC

V¥ S0

06F9'TC

SC¥00

S8F9TE

T'E¥80-

9'8F¥ 10V

9V ¥8T-

08F LV

EVFTT

Y FV6S

90T+€0

TS¥FSP9

0L+0T

00¢

L'8F 991

LYF+T0

9V *9T-

v FG9ES

SVFVI-

7'8FT°LC

VCFET-

6'8F9°TC

SC¥ €0

78F LTE

TEFTC

8'8F¥ C0OY

v FCE-

8F 6

Sv¥€0-

EVF¥6es

80T *V'T-

TS¥F9P9

S'L¥C0-

0L¢C

9'8 ¥ G'ST

0v+60

CYFVI-

v FLES

TS¥ET

V'8 F €°LC

TCZ*8T-

T6F07CC

€C+S0-

€8FLTE

9°C*¥8C

6'8 ¥ €01

SYFCy-

T'8F T'SY

LYFET-

€V F9'69

SOT*SC

0SFLPY9

T8F0°T-

074

98 ¥ 8V1

TV+v1

€9T+¢C9¢C TIT+€9C CO9T+C9C TOT+T9C 6ST+T9C 8ST+T'9C 8STFE9C 6'STFE9C

CV¥6'T-

vy FLES

CSF+SE

V'8FC'LC

STFTC

6'8F8'TC

AN

€8FLTE

9C+9'¢-

8'8F oY

CYFCS

08FT'SP

0S¥ve

EVFL6S

80T +8'¢-

TSFL V9

8LFCC

0T¢

L'BF6VI

Or+€T

SY*T¢C

v ¥9°€S

0s¥Ce

V'8F LT

6TFSC

06 F8'TC

6T+0T-

V8FLTE

8CFLE

8'8F 0V

6'€EF+ES

T'8F 6tV

0S*TC

7'y ¥9'6S

90T ¥+ 9'¢-

TS¥F919

€L¥8T-

08T

9'8FL'ST

SY+90

LYFTC

v Fves

IV FLT-

9'8F C'LC

TCFLT-

€6F8TC

€C¥90

€8FLTIE

8CF¥9C

8'8F¥0°0F

vv¥Loe

V'8F WY

€V ¥ 90

SY¥96S

70T *8'T-

T'SF¥v9

6'9%90-

0ST

€8F V¥ 9T

oOv¥00-

8V *8'T-

Vv FEES

SYF€0-

7'8FT°LC

VZFOT-

6'8FS'TC

V'eFEvo-

€8F9TE

TEFVT-

8'8F¥0°0F

LYFTC

S8F VY

0Ov*60

9V ¥ 969

7oT*T1T0-

CSFVY9

89F 10

0t

8%691

6'€¥80-

8V FET-

SY¥QES

IV+TT

9'8FT°LC

9CF¥CO0-

S6FLTC

SC¥00-

€8F9TE

V'EF VO

06FC0OV

S'SFVv0-

S8F VY

TVFET

9V FL'6S

€0T+8'T

CSFI9PV9

L9FST

06

08FTLT

SEFVT-

87 ¥80-

v FLES

LY+VC

S'8F6°9¢

T'EFCO0

T6FETC

9'C¥00-

7’'8FQTE

0Ov+90

T'6F €0V

09+%720

€8F LYY

VvFve

S7¥6'6S

SO0T+¢C¢€

T'S¥819

7'9+9¢

09

T'8FCLT

8ET6T-

6'7¥90-

EVFLES

6VFTE

S'8F 6'9¢

SEFLO

06 FETC

6C¥C0

S8F¥9T¢E

VAN

6’8 F €0V

C9+S1

€8F 6ty

6VFCY

7'y ¥8'6S

OTT*TV

TSFL V9

8'GFEE

(013

C8F LY

9EF6T-

0S¥.0-

v ¥9°€S

SF6C

S'8F 6'9¢

SEF60

T6FETC

0€¥90

S8F¥9T¢E

VAN

L'8F OV

6SFCT

€BF LYY

CSFOY

9V FL'6S

L'0T+9°€

CSFLY9

69F0°€

0

T10 T12 L3 L5 Lumbar Thoracic Cervical Pelvis

T7

<t
-

Front. Sag. Front. Sag. Front. Sag. Front. Sag. Front. Sag. Front. Sag. Front. Sag. Front. Sag. Front. Sag. Front. Sag.

['3ep]
9|3uy |epad

$33453(Q N| I1ONY 1vA3d HOVI 1V ¥dig NIVINNOIA 404 SIAT13d ANV 3INIAS 40 NOILVIAIQ AY4VANVLS ANY SITIONY JILSIHILOVIVHD NVIA

X1a319vl

878



IRCOBI conference 2024

IRC-24-116

L'STFSTOC 09+Fv'¢0C C9FT'E0C C9FL'€0C C9F0V0C 09+%L€0C L'S*¥0€0C V'S+¢CC0C ¥'S+6'T0C V'S+T'TOC €S9+F900C S'S+L00¢C

T8T+9'8ST T'8T #8'8ST 6°LT +0°6ST €8T+ ¥'6ST €8T +/L°6ST 08T +£°65T LLT+5°6ST 8LT +T1'69T 8'LT+6'8ST 0'8T ¥+ £'8ST 0'8T ¥ 9'8ST T'8T + £'89T

€ELFLV8 TLFTS8 TLFTS8 CL*CS8 CL*¥CS8 €LF6V8 E€LFSP8 E€LFEVE €LFEVE E€LFVV8 €LFEV8 €LFVV8

COT+SV9C ¥'OT ¥ S'V9C COT + ¥'¥9C €0T + S'¥9C COT + S'V9C T'0T +S'¥V9C 00T + ¥'#9¢ T'OT + ¥'#9¢ T'OT + ¥'¥9¢ C'OT * ¥'¥9¢ ¢'OT * ¥'¥9¢ C'OT + ¥'¥9¢

6'CCF+T'8IC 6CC+6'L9C6CC+LLI9C6CC+S/LI9COECF+FI/LICICCFELICSCCFVLOCICCFLLOCBTCCFT'BIC 0'ECFEBIC 6CC+1V'8IC 6¢C +E89C

6 EEFBVIC O CEFCSTCEECEFLSTICOCEFOSTCVVEFV'STC O EEF L'STC L'EEFLVIC L EEFEVIC B ECFSVIC V'EEF V' ETC TPEF 9PIC OVE +0°STC

9TT+FT'SOCV'TITF0'SOC V' TITFCVOCO6'TT+LEOC ECT+9E0CICT+9E0C LCTF6'E0COETFEVOC T ET+6V0C O°ET +€'S0C L'CT¥S°S0C 6'TT +9°90¢

SLTFT6ST ¢8T ¥ 65T €8T #8'8ST v'8T +9°8ST L' 8T+ ¥'8ST ¥'8T + ¥'85T S'8T + ¥'8ST L'8T + ¥'8ST 8'8T + 9'8ST L'8T ¥ 8'8ST ¥#'8T ¥ 0°6ST 6'LT ¥ 651

OV+TS8 SVYFEPV8 SVF8VY8 vVFLVYE EVFLVYE vVF8V8 EVFTS8 PVv+SS8 PVvFLS8 PVYFLS8 9VFESE SV FSG8

08FV¥'€9C 6'LF€E9C 6LFV'EIC 08FV'E9C 08FS€E9C T'8FSEIC T'8F9E9C 08+9€9C 08FFSE9C 6'LFG5€E9C 08FSEC 08F1'€E9C

S'0C+¥0'89C L'OC+L'L9C ¥V'OC+0'89COTC+6L9C60C+FEBICTTCHFEBIC CTCFV'8ICTTCFTB8ICO'TC+1'89¢ 6'0C ¥0'89¢ L'0C +8'L9¢C L'OC+6'L9C

VIEFQSTC COEFEITC80EF6'STCO0EFSSTCECEFVVICVCEFESTC R CEFV'STCICEFSSICLCEF O STCV'TIEFESTC 6'TEF89TC C'TE ¥9°9T¢

oee oog 0L¢ ove 0T¢ 08T 0sT oct 06 09 o€ 0

EL-WR  WR-FI  SH-SS  SH-SI

SH-EL

EL-WR  WR-FI  SH-SS  SH-SI  SH-C7

SH-EL

SH-C7

Left Side

Right Side

['3ap]

aj8uy |epad

WIN N 31ONY 1VA3d HOV3 1V G ALID 404 S3ILINTELXT 43ddN 40 NOILVIAIQ AdVANVLS ANY SHLON3T LNJNDIS NVIA
Xa3iavi

879



IRCOBI conference 2024

IRC-24-116

V9F06ET L9FO0SET LSFCCET BSF80ET 09F90€T LO9FLTET OL*6CET TL+8EET 89+FGSET S8FLULET CTLFOOVT T9+CTVT

6TTF6'EIVOTTFECETY T'TT+ V60V 80T+ T°SOV T'TT+ €TOV L'TT +1°66€ 8 TT + L'66€ V'IT+ C'TOV T'TT + EvOV O'TT ¥ ¥'807 O'TT # 8'TTY O'TT + S'ETY

09T+ €LYV TOTF V' OVV ' ST+ S EVP 8 VT ¥ 6'8EY SVT F 9 VeV SPT +0'CEY E€'STF T'SEV 09T + S'8EV 6'ST + S'¢vy 9'ST + €'LvV 8'ST ¥ L'6VV T'9T * €6V

CYT+8BYT VYT F CTST 8 ET+ECST €ET+90ST 6°CT+6'8YT O'ET+L8YT T'ET+0'0ST €T +6'TST L'€ET +8'TST 8'ET ¥ €'0ST L'ET ¥ T'8VT 8'ET + €'LVT

8'8FOTET 86FTEET S6F89ET 68FLBET V8FETIVT €LF9CWT LO*80VT 9L+8SET 6LF8TET 6'LF00ET 08FE6LT €8F86CT

6'CT¥V'00V 6CT+6'T0V 8CT+L'S0V LCT+8607 8CT+OCTV CYTIF6ETV TOTFL VIV O ETF v VIV OCT F S TIV 8 CT ¥0°L0V T'ET * LCOV T°ET + ¥°00¢

ETCHFVEEY SCCFTIEY €'ECFO6'6EY 8 CCFO VWY V'ECTF CLYY L'ECF V' OVY S ECFT'SYY S ECF O EVY ' CCF V'IVY O'CC* 9'LEVY V' OCF T'EEY V' OC + L'TEY

ETF0BYT 6 VT ¥6'6VT O'ST+6'6VT 6' VT +8LYT €ST+6'SVT S'STFO'SYT ¥'STFOOVT T'ST+88YT L VT + L'6VT L'ET ¥8'LYT L'CT ¥8'SPT 8CT #0°9V1

(0139 00¢ 0L¢ ove 0T¢ 081 0sT 0t 06 09 (013 0

AN-KN  AN-TO HI-PSIS  KN-HI  AN-KN  AN-TO
Right Side Left Side

KN-HI

HI-PSIS

[3ep]
3|3uy |epad

WA N| 319NV 1VA3d HOVI 1Y g ALID HO- S3IILINITYLXT HIMOT 40 NOILVIAIQ AYVANVLS ANY SHLONIT LNINDIS NV3IN
IXa31avl

880



IRCOBI conference 2024

IRC-24-116

00EFELITS6CFBLITS6CFI99TT 6'0EF+9OTT C'BCF+TBITTCEFCLITETEFLLTIT60EFVLIT 80EF0LIT 96C+C6IT S0EF0°LTT COEF+0'LTT

L'ST*T66 V/L1¥896 VST +186 9ST+6/6 CVTI+996 TST+T'66

0ST*066 CSTF/L'L6 €9TF066 TO9T+9/6 L'ST+E66 C'ST+C66

CIT+TV8 €CT+8S98 0CT+098 90T+v¥'88 STI+C98 60T+LV¥8 STI+TV8 VvIT+V'/L8 E€ETTI+0V8 CTIT+6'¢8 TTIT+8€8 9TT+0V8

LFEV VLFSV8 VLFEVE 88FCI8

9°LFTV8

L'LF¥6'ES

VL¥F8Y8 6'LFV8 TLFVP8 O9LFTCV8 O9LFOPV8 SLFTV8

6TT+CC9 CTT+6'T9 CTT+8T9 COT+LC9 90T+€C9 90T+9¢9 TOT+C€9 90T+9T9 LOT+ST9 CIT+LT9 STI*T¢9 €TT+CC9

SOTFV'EOT 9T ¥ V'vOT SOT + EVOT v’ LT +T°€0T 99T +9°€0T L'9T +¥'€0T 08T +9°¢0T 99T * T'VOT 99T * T'¥OT ¥'9T ¥ T'¥OT 9°9T ¥ L'€0T L'9T + €°€0T

TETFT6L 6CT+L6L OET+L6L 6CT+L6L BCTFL6L CTETF6'8L 9CT+68L 6CT+E6L 6CT+V6L OCET+L6L OCET+S6L TET+L8L

0°¢C+1'00T 0°CC+S'00T 0°CC+9°00T ¢'¢C+L°00T €CC+9°00T €CC+S00T T°CC+S00T0CC+9°00T 0°CC+L00T 6 TC+900T 6'TC+S°00T T'¢C+S°00T

€9FLT6 vSFI9T6 GSSF9T6 V'SF916

PO9OF¥09rT 99+99PT S9+8SPT 99+8'SYl

60T +8O9LT TOT+T'LLT L'6F0°LLT L6F¥69LT

VS¥FP96 S99FE€E9% 99FEI 9S9FV96

85+06vT 6'S+C6VT T9F06VT T9F06VT

OCT+*T9S 0CT+6'SS TCT+L'SS €CT+L'SS

7’'S¥9'T6

9'9%8'Sv1

86+ L9.LT

L'STLI6

T9+061T

CITF€S9S

7’'S¥9°T6

99 ¥ 8'9v1

96+ V9.1

S'S¥F V96

09+ 16Vl

CITFT'SS

7S*¥9T6 99+/.T6 99+8T6 G9+6'T6 S9+8T6 LSF6'T6

99%8SvT 99+8SPT S9F6'IVT ¥9+COYT 09F09VT S9+FTIPT

86+F09.T COT+COULT60T+ECOUTTTITFEOTOTTF LT 60T FE9.LT

9SFV9 PvSFV96 GS9F99% v'SF¥99 CTSF¥99 V'SFPO6

6'sSTE6YT 09FC6vT 8SF+T6vT 8S+06PT 09+88YT 8S+T6VI

CCLFV'SS O0CT+99S OCT+T9S TCI+€95 OCT++¥99 OCT+€99

TCTFTOUTOCTFOVLT CCTF VLI VETF OV VLT CETFLVLT CETFB VLTI CETFTGLTI6CTFV'SLTOCT FVSLT CCT FV'SLT TCT # €'SLT TCT #¥°QLT

(0133 00¢ 0L¢ ove

0T¢

08T

0sT 0t 06 09 (013 0

T7-T4 T4-C7 C7-O

- T12- T10-
T10 T7
Torso

L3
T12

PSIS-
O-TR TR-OB PSIS L5-L3
Left Side

PSIS-
O-TR TR-OB ASIS

L5
Right Side

PSIS-

PSIS-ASIS

[8ap]
3|3uy |epad

WA N| 319NV 1VA3d HOVI 1Y g ALID HO4 OSHOL ANV INIAS 40 NOILVIAIQ AHVANVLS ANY SHLONIT ININSIS NVIA

[1Xa 319Vl

881



IRCOBI conference 2024

IRC-24-116

LBTFICWC 68T+ LCVC BT+ CEVC LT+ EVC L'BTFTVWC BT +6'EVC €BT F CEVC €8T +8¢YC S'8T + S'¢vC 9'8T ¥ ¢'C¢ S'8T  €°¢CC 98T *+ ¥'ev¢

V'CCF6'E6T LCCFBEOT LTCF6'E6T LCCFHFTVOT O'ECH+EVOT T'CC+FEVOT €ECFTVOT CECF6'C6T O'ECF6'E6T 8CC+L'E6T V'CC+8'E6T €CCF+6'€E6T

89%¢0L 89Fv0L 89Fv0L L9F%S0L 89%¥0L 89F%V0L 89F€0L L9FVO0L [LO9+EOL 69%CE0L 69F€0L 89+C0L

¢'8+099¢ €8%099C €8%099C T'8+¥C99C T'8F¥C99C T'8FC99C T8+C99C 08+C99C ¢'8+099¢ T'8+T199¢ 0'8FT199¢ 0'8+F099¢

T'TC+9CSC80C+TCSCO0C+6'TSCTOC+ITSCTOCF+FSTSCTOCHLTSC COCFBTSC SOCFECTCSOCF+FV'CSCOTCF9CSCTTC+9¢SCTTC+¢ECSC

08T +9'6€C S 8T ¥0'6€C L'6T ¥6'LEC T BT +8'BEC T'8T +C'6EC 98T +6'8EC BT +¥'8EC 68T +6'LEC L'BT +0'BEC C'BT ¥6'LEC 6'LT ¥ L'BEC 0'8T + ¥7'6€C

YT+ T'TSCO'ST+C0SC C'ST+6'6VC S'ST+S'6VC v'ST+L'6VC €ST+86FC ST+ C0SC ¥'ST+S°05¢ €'ST+8'05¢ ¥'ST #9'1S¢C ¥'ST # 8'1S¢C ¥'ST #8'1S¢

EQT+8 /BT VST +SLBT VST+S /BT T'ST+CLB8T T'ST+S /8T CST+S/L8T C'ST+S'LB8T C'ST+S°L8T € 9T+ L /8T ¥'ST+L/L8T ¥'ST+8'L8T S'ST+6'L8T

E€EFTC¢L [LeFTCL LEeEFTCU QE+TCU 8EFCU LEF6TL 8EFO6TL BECFTCUUL 8E€E+FCTUL 8EFCUL 8EFTUUL 6C€+TCU

¢8FV'99¢ T'8+%999C T'8F%¥'99C T'8F¥€99C T'8FP99C ¢8FC99C T8+C99C T8+€99C T'8+S999¢C T'8+599¢ 0'8F599¢ T1'8+F599¢

S6T+TCSC 86T F+9CSC6'6T+8CSC66T+0ESCO0CFITESCTOCFTESCTOCFTESCOOCFTESC 86T +6CSCLO6TFV'CSCI6TFTCSCL'6TFCCSC

68T ¥ V'OVC C6T ¥86EC S6TF+FEBECOB6T+FEGECHEBTF6'6ECO6TFO0VCT6T+90VC C6T+L0VC S6T+60VC €'6TF80VC 68T+ T'TVC 0°6T ¥6°07C

(0133 00¢ 0L¢ ove 0T¢ 08T 0sT 0t 06 09 (013 0

EL-WR WR-FI  SH-SS  SH-SI

SH-SI SH-C7  SH-EL

SH-SS

EL-WR  WR-FI

SH-EL

SH-C7

Left Side

Right Side

['3ap]

9|3uy |epad

WA N| 319NV 1VA3d HOVI 1Y lig ONIDVY 404 SIILINTILXT 43ddN 40 NOILVIAIQ AYVANVLS ANY SHLONIT LNJNDIS NV3IIA
[11IXd 379vl

882



IRCOBI conference 2024

IRC-24-116

S'OCF+FECEVT 80C+9'0OVT L'OCF+9LET ETC+BSET OTC+ C'SET 80CF+FBSET 6'0CFO6LET TTCFCOET ETCF VeI T'TC+9'vvT T'TC+ C'9VT €0C+ T'SPT

STTFVEIY STTF0CTY T'TT #0°80F 0T + 6'€0 9°0T + 9°00% 8'0T + £'86€ 60T + 9'86€ 8'0T + ¢'00¥ ¢'TT + £L¢OV C'TT ¥+ 9'50¥ 8'TT * ¥'60¥ 80T + 0°ETy

T8TFC LV 6 LTFVTVY ELTFTVEY €9T + L'SCY V'OT + C0CY SOT +L'6TV O'LT + v'PCV 69T + L'TEV 9°9T ¥ 8'8EY €'9T ¥ ¥'ShY 6°9T ¥ 6'6VY C'LT + S'0SY

SULTFLCSTTLTF8ESTOOTF6'TST T'ST+OBPT S YT +E'SPT 60T + L'SYT ST+ 8'6YT S 9T ¥+ 0°€ST 9°9T + 8'€ST #'9T + 8°¢ST S'9T ¥ 0°¢ST O°'LT ¥ 9'TST

08+8TET PO6+EPET 96+F69€ET 88FO08ET 08FTOVT 8LF96ET 9LFSLET VLFEVET 69FCTET 0LF66¢CT SLFC6CT LLFTOET

ECCFT UV OECHFOBLY T'ECHFO69EV T'ECHF T VWY L'ECF LYY 9ECF S LV 8CCF SEVV O'ECF T'8EY C'VC + L'0EY S'ECF 6'€ECY C'CC+ L' LTV TCC+ 69TV

ECCFT U OECHFOBY T'ECHFO9EV T'ECF T VWY L'ECF B LYY O ECF Q' LYV 8TCCF S EVV O'ECF T'BEY C'VC + L'0EY S'ECF6'€ECY TCC* L'LTY TCC+ 691V

LSTFLOYT 6'STFTOST8ITFTIST CLTI+66VT OLT+FOBYT T'LT+FV8YT OLTF6'6VT VLT +L0ST 69T+ 88YT C'STFLYWT O VI ¥V C¢VT T'ST+ CEVT

(01333 00¢ 0L¢ ove 0T¢ 081 0sT 0ot 06 09 (013 0

AN-KN  AN-TO HI-PSIS KN-HI  AN-KN  AN-TO
Right Side Left Side

KN-HI

HI-PSIS

['3op]
aj8uy |epad

WA N| 31ONY 1VA3d HOVI 1V 3G ONIDVY HO4 SIILINIYLXT 4IMOT 40 NOILVIAIQ AYVANVLS ANY SHLON3T LNIWODIS NVIN
AIXd 319vL

883



IRCOBI conference 2024

IRC-24-116

6'vE ¥ T'00T S'SEF6'00T ¥'9€ ¥ ¥'T0T C°9€ ¥ 9'T0T 0'9€ + €'TOT 0'9€ ¥+ 8'00T £'SE +9°00T S'SE + ¥'00T ¥'SE + ¥'00T ¢'SE + S'00T 0°SE ¥+ C'00T 0°SE ¥ C°00T

0OST+C'€6 O0ST+T'€6 8VI+€€6 T'ST+0€6 T'ST+0€6 OST+T€6 T'ST+T'E6 OST+TE6 OST+T'E6 TST+CE6 TST+C€E6 T'ST+T'€E6

9'0T+C98 80T+9G8 80T+9'98 60T+S598 80T+998 LO0T+9'S8 LOT+998 LOT+9'98 80T+998 80T+/L'S8 60T+/S8 SOT+¢€98

69FC98 69F6V8 69F6V8 T/LF¥6V8 O0LFTG98 89F%T98 89%098 89+%0S98 69+F6V8 69+F1'98 O0LFCS8 0LFTS8

€8FCE9 €8FTE9 €8FTE9 €EBFEE9 VB8FVEI VB8FVEY PVB8FEEQ PV8FCE9 €8F0E€9 ¢8FCE9 TUBFEE9 UBFEE9

€8T #8'80T €8T +8'80T €8T +880T ¢'8T +8'80T €8T +6'80T ¢'8T +8'80T ¢'8T ¥ £'80T ¢'8T ¥ £L'80T T'8T ¥ 9'80T ¢'8T ¥ 8'80T €8T + 6'80T €'8T + 8'80T

8ET+/L'98 BET+6'98 9ET+098 9ET+098 SETF6'S8 SETFL'98 SETF9'G8 SETF+/.'G8 6C€T+/.'98 OVI+6'98 OVI+098 6°CET +8'S8

€CCFBO0T €ECCHFTTOT CCCHTTOTOCCFTTOT T'CC+800T ¢'¢C+ /00T €CC+T'T0T €¢Cc+ 10T €¢C+T'TOT ¢°CC+800T ¢°CC+9°00T €¢C+900T

09+8T6 6S9+6'T6 6S+8T6 89*+8T6 8GF¥8T6 6SF+LT6 6S*+.T6 6S+/.T6 6G5+8T6 695+6'T6 09F6'T6 09+6°T6

6'STFI96VT 6'SFL6VT 6'SFL6VT 09+L6VT 6SG+86VT 65+86VT 8S+/L6VT 8S+96VT 8S+L6VT 8S+L6VT 6S9F96VT 6'S+L6VT

OTT+TBLITTITFECLLT LOTFCTOUTOOT+FV VLT V'OT +8°€ELT 96FCPLT 06F6'SLT 86+99/LT COT+SLLT COT+9LLTTTITFT'8LT OTT +'8LT

L'SF¥996 ['SFS9 9SFVO6 99F€9% L'9F¥996 L'GF¥99 [L'SF¥FP96 LGF¥G96 99FG96 S9FVI96 99FG96 99FV96

CSFTTIST €9+07TST €S*+FTIST v'S*+FTIST €S+TTST €S+TTST ¢CS+O0TST ¢S+OTST €S+0TST v'S+TTIST v'S+FTIST v'S+FTIST

CCT+89S TCT+8S9S €CT+969S vIT+99S VIT+€SS VIT+V'SS VECT+9G9S v T +89S CCT+09S CCT+6'SS CCT+L'SS TCT+L°SS

BTITFQELITETFTSLTI S ETF VLTI OVIF S QLT CVIFSUT SVIFCSUT VETFESUTTETFOVLIOCTFOVLTI OTTF9CLT OTT#TCUT CTT+#6'CUT

(0133 00¢ 0L¢C 074 0T¢ 08T 0ST 0t 06 09 (013 0

T7-T4 T4-C7 C7-O

T10-
T7

T12-
T10
Torso

PSIS- L3-
O-TR TR-OB PSIS L5-L3 12
Left Side

PSIS-
O-TR TR-OB ASIS

L5
Right Side

PSIS-

PSIS-ASIS

[8ap]
9|3uy |epad

N NI JTONY Tvd3d HOVT LV Pl DNIDVY 404 OSHO1 ANV INIAS 40 NOILVIAIQ A4VANVLS ANV SHLON3T LNINDIS NV3IIA
AXA 319vL

884



IRCOBI conference 2024

IRC-24-116

86F0VCC 00T+ PCC V' OT+¥9'vCC E0T ¥8VCC S'OT ¥0'SCC SOT*+#8VCC E0T+EVCC 66+0VCC 86+9€CECC 86FVECC 96FSECC S6+FLECC

99T +8TLT LOTFTCUTOOTFTUT VIT+TCUTOOT+0CLT 99T +F6'TLT 89T +FOTLT 99T +9' TLT LOT+9'TLT 89T F9'TLT 99T ¥ 8'TLT L'9T +6'TLT

69+98L O0LFL8L O0L*88L O0LF06L TLF¥C6L TL¥C6L TL*88L TL+[.8L 0L+98L O0L+98L O0LF98L O0LF98L

6'8+0°€9C 6'8+0€9C 68FT€9C 88F0EIC 68FTEIC 68FTEIC 68F0€C9C 68FF0€E9C 88+F6'C9C 68+F0°€9C 88F0€9C 6'8F0°€9C

CECFTI909C 6CCF+C09CBCCF+009CBCC+LO6SC6CCHFB6SCYCCFFROSCO6CCFCTO9CTECTFSO09C T'EC+S09C CECFL09C ¢ECFL09C T°EC+S09¢

6'8CFECB8TCO6CFCBICBBCF+FCBIC LBC+EGICO6CF+FSBICTOCFIBICVOCTFLLICTOCFILICTOC+SLTICT6CFSLTCIB8CF6'LTC S'8C+V'8TC

99T ¥6'9CC69TFTOCCTLTIFOSILCLIFESUCTLIFVSCCTLTIFSSCCTLTIFRSGCCTLTIFTOCCOLTIFSOCCTLTIFTLLC 69T F9°LLC L'IT+9°LTL

9STF+OTLT 8STF+90LT 8STF+FEOLT ST+O0LT 8STFTOLT L'STFEOLT L'STFVOLT L'STFSOLTOSTFBOLT L'STFTTLY L'STFETLTOST+ETLT

€9FTER €9F0€8 €9F¥6C8 €G%¥6C8 (CS+/LC8 ¢€9F6'C8 (CS+6'C8 €S+T'E€8 VvVSFCEY VvVSFVEY VGF¥9EQ VGFCE8

98FV'E9C 98FV'ESIC 98FGEIC LBFEEIC LBFECEIC 98FVEIC 98FPVEIC 98FPVEIC LB8FEEI 98FVEOC 98FVESC 98F1'€E9C

T'0C*+T09C ¢°0C+€09C ¥'0C+9°09C 'OC+809C S'0C+6°09C L'0C+909C 90C+909¢C S'OC+1'09C ¢’OC+T'09¢ T'0C+865¢ T'0C+9'65C 0°0C F£'65¢

SOEF8BICV'OEF9'BTCSO0EFEBIC LOEFBLICBOEF6LTCYO0EFOBICI0EFLBTICSOEFLBIC C'0E+68TC €0 FE6TC COEFL6TC ¥OEFC6TC

(0139 00¢ 0L¢ ove 0T¢ 081 0sT 0t 06 09 (013 0

SH-SI

SH-SS

EL-WR  WR-FI
Left Side

SH-SI  SH-C7  SH-EL

SH-SS

EL-WR  WR-FI
Right Side

SH-EL

SH-C7

[8ap]
3[3uy |epad

WA N| 319NV 1VA3d HOVI 1Y g NIVINNO|A 404 SIILINTYLXT 43ddN 40 NOILVIAIQ AYVANVLS ANY SHLONIT LNJNDIS NVIA
1IXd 319vl

885



IRCOBI conference 2024

IRC-24-116

89FG9ET CLFLPET 8SFT'CET 09FL0€T TOFTOET SO9FPOET TO*FPIET €L+SCET SLFVEET 9LFCIET VLF8LET L LFV'8ET

9TT*+6'TTV 9°CT ¥+ 9'CTY 90T + €'£0¥ C°OT +9°€OV T°'0T + ¥'00¥ 9'0T + ¥'86€ €'0OT + ¢’'86E 6'6 F+ C'O0F S'OT ¥ 0'vO¥ S'OT ¥ 0'90¥ C°0T + 9°'80v 80T + ¥'I1v

TYT+S0SV S ET+6'SYY V'ETFL6EV 6'CT +SCEY LCT +LOCY V'ET+S'SCV O PT ¥ 6'8CVY 9 ST ¥ 6'VEY EST +v'¢hy L' VT + C6VP 8'VT * T'ESY L'PT ¥ 9°ESY

SETFLBYT SETFTOSTVCT+TOVT V' TT+9SPT 60T+ VT T'TT+6'TVT T'CT+L VYT 6'ET +S'8YT 8 €T+ L'6VT €T F9'8VT V'ET F V'LVT L'ET + €LVT

8'LFE0ET TO6FO0CET V6F+6'EET L6FSSET €6FTLET V6F+T'8ET 88F6'GET €BFCEET 6LFVO0ET SLFT6CT €LF98CT 6LFV'6CT

OET+T'86E 8CT+6'66E CCTFO0COV 8ETFT'LOV SCT+9'60V 8CT+CCIV 9 ETF6'CTV 8 ET+9CTIVY O'VT +9'80V 9'ET ¥ v'vOV 9°ET ¥ ¥'00V €°CT ¥ £'86€

CTICF LSV OTCHFETEY ETCFTBEY O TCFESPY OCC+ S BV 8 TC+E6VY L'TCFE LYY O CCF O TV v CC+ T'SEY V' TIC+ ¥'8¢h T'OC* V'ECY €0CF0'CLy

OCETFEPT OET+*QLYT CETFLOVI 8 ETFVLVT CYTF6'SYT SVIFCSPTIOPIF TLVT 09T+ 8YT 6°ST+ v LVT TYT +8'EVT €CT+O'TYT 8CT + €' TVT

(0133 00¢ 0L¢ ove 0T¢ 08T 0sT 0t 06 09 (013 0

AN-KN  AN-TO HI-PSIS  KN-HI  AN-KN  AN-TO
Right Side Left Side

KN-HI

HI-PSIS

[‘3ap]
3|3uy |epad

WIN N| 31ONY 1vA3d HOVI 1V 3G NIVINNOIA 404 SILINTYLXT 4IMOT 40 NOILVIAIQ AYVANVLS ANY SHLONIT LINJNOIS NVIA
AIXd 31avlL

886



IRCOBI conference 2024

IRC-24-116

6TEFSTIITBTEFECTIITOTEFSTITVIEF CTTIT CTEFLOTT 6'0€E+L0TT €0€EF9°0TT T'OE+ ¥'OTT C'OE*+ ¥'OTT 0'0E ¥ T'OTT 6'6C ¥ C'OTT L'6C + COTT

Cvi+0/L6 TVYI+CL6 CVI*TL6 CTVPIF¥696 E€EVI+T/L6 E€EVI+CL6 TVI*TL6 OPIFCL6 OVI+TL6 8ET+TL6 OVI+0L6 TYI+TL6

STT+9€8 OTI+9€8 OTT+VE8 LTI+€EB 9TTI+¢€EB STITFEES VIT+9€8 STITFL€8 STIF+L€8 9TT+9€8 STI+9€8 STI+S9E8

L9FV'S8 L9F€S8 L9FCS8 L9FCS8

L'9F S8

L'9F €S8

8'9F €S8

89F¢€S8 89FCS8 [L9F€98 L9FP¥S8 99+F9'G8

8'0T+9€9 60T+S€9 LOT+GE9 60T+9€9 CTIT+.L€9 60T+9€9 VOT+EEQ COT+€EE9 COT+€€E9 SOT+9€9 80T+9€9 90T +S9°€E9

99T ¥ 8'v0T S'9T ¥ 6'v0T ¥'9T ¥+ 0'SOT ¥'9T + T'SOT ¥'9T + T'S0T 99T + 0°'S0T 99T ¥+ 0°'SOT 99T ¥ 0°'SOT £'9T ¥ 0°'SOT 9'9T ¥ T'S0T 9'9T ¥ 0'S0T L'9T *+ 6’01

EETFO0V8 CET+PV8 CETF+9P8 GCT+998 6CT+€S98 OET+/LV8 8CT+9V8 CETFCP8 BCT+9P8 €ET+EV8 SET+Vv8 VETF V8

LTCFOTOT9¢CC+T'TOT 0°'¢CZ+T°00T 9°¢C+8°00T 9°¢C+S°00T 9°¢C+S00T ¢'CC+¢€00T S¢CC+O0'TOT S°¢C+6°00T ¥'¢c+ 00T ¢'¢C+L°00T "¢+ 00T

6SFV'T6 09+S9T6 89*ST6 09+%S716

€E9F8LYT C€9FLLYT €9F8LVT TI9+F6LPT

60T +€LLT SOT*+6'9LT L6FC9LT 98FT'SLT

S9FV96 vSFV96 G9FVO96 €9F¥E96

6'STL6VT 6'9F86VT 89F6'6VT L'SF86VT

VT ¥6'SS €CT+6'SS TCT+6'VS P'CT+9°'9S

09F€T6

€9+8LYT

T8+ VvLT

V'S¥1'96

85+ 6611

€CTFL°SS

09F€T6

€9+8LYT

08+SVLT

V'S¥1'96

L'SF86VT

€T FL'SS

6'SFTV'T6

€9+ LLVT

'8+ 8VLT

S'S¥FV96

8'G¥6'61T

CITF€'SS

8G+S9T6 6G+ST6 09+ST6 09+ST6 6S+S'16

COFLULYT €9FLLVT €9FLUVT €9FLLVT vVI9+9LVT

L6FL°SLT €0T+T9LT L'OT + 94T 8'0T + £L'94T 80T +6'9LT

9GF¥P96 [LSFS96 9GF996 GSFFS96 99F¥996

8'G+¥86vT L'S+00ST 8S+00ST 8S+00ST 8S+00ST

VCT¥09S VCT+T9S €CT+099 CCI+099 CTCI+8SS

VCTFOVLTOETFEVLTI ST FTSLTI S ETF8ELTIBETFLELT LETFLETSETFCVLT LETFLELT CETFSELTI S AT FVELTOCTFVELT TCT F L'ELT

(01333 00¢ 0L¢ ove

0T¢

081

0ST

0ot 06 09 (013 0

T7-T4 T4-C7 C7-0

- T12- T10-
T10 T7
Torso

L3
T12

PSIS-
O-TR TR-OB PSIS L5-L3
Left Side

PSIS-
O-TR TR-OB ASIS

L5
Right Side

PSIS-

PSIS-ASIS

['8op]
aj8uy |epad

IA N| 319NV 1VA3d HOVI 1Y Pl NIVINNO|A 404 OSHOL ANY INIAS 40 NOILVIAIQ A4VANVLS ANY SHLONIT LNINDO3IS NVIIA

AXa 31avl

887



IRC-24-116 IRCOBI conference 2024

Fig. D1. Kinematic linkage models created from the mean characteristic angles and mean segment lengths of
participants riding the racing bike at pedal angles from 0° to 180°, with 30° increments.

Fig. D2. Kinematic linkage models created from the mean characteristic angles and mean segment lengths of
participants riding the mountain bike at pedal angles from 0° to 180°, with 30° increments.
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Fig. D3. Mean left and right elbow, wrist, knee, and ankle segment angles for city, racing, and mountain bikes at each
pedal angle.
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Fig. D4. Mean left and right shoulder, elbow, and wrist angles in frontal plane for city, racing, and mountain bikes at
each pedal angle.
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Fig. D5. Mean left and right hip, knee, and ankle angles in frontal plane for city, racing, and mountain bikes at each pedal
angle.
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Fig. D6. Mean T4, T7, T10, T12, L3, and L5 vertebrae angles in frontal plane for city, racing, and mountain bikes at each
pedal angle.
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Fig. D7. Mean cervical, thoracic, lumbar, and pelvis angles in frontal plane for city, racing, and mountain bikes at each
pedal angle.
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Fig. D8. Mean left and right shoulder, elbow, and wrist angles in sagittal plane for city, racing, and mountain bikes at
each pedal angle.
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Fig. D9. Mean left and right hip, knee, and ankle angles in sagittal plane for city, racing, and mountain bikes at each
pedal angle.
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Fig. D10. Mean T4, T7, T10, T12, L3, and L5 vertebrae angles in sagittal plane for city, racing, and mountain bikes at each
pedal angle.
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Fig. D11. Mean cervical, thoracic, lumbar, and pelvis angles in sagittal plane for city, racing, and mountain bikes at each
pedal angle.
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COEFFICIENTS OF THE SINE WAVE FITTED TO MEAN CHARACTERISTIC ANGLES FOR EACH BIKE.
SINE WAVE FORMULA: ASIN(BX+C)+D

TABLE DXVI

IRCOBI conference 2024

Right Side

Left Side

Torso

City
A B C
Front. 19.90 0.01 3.17
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(]
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Segm. 14.34 0.02 -2.19
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g Sag. 21.02 0.02 -0.10
Segm. 12.47 0.02 1.64
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= Front. 353 002 114
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5
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2

L

®
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c

|_

g
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8

2
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a.

D
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Racing
B C
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3.76

3.15

3.30

241

0.68

1.56

3.17

0.69

1.59

Mountain
B C
0.01 3.28
0.02 -1.62
0.02 -1.05
0.02 -0.51
0.02 -1.17
0.02 -0.61
0.02 0.00
0.02 -2.11
0.02 -2.46
0.02 1.12
0.02 -1.11
0.02 -0.53
0.02 2.01
0.02 -0.03
0.02 -0.09
0.02 1.55
0.02 1.21
0.02 1.19
0.02 1.17
0.02 1.18
0.02 1.28
0.01 2.13
0.02 1.37
0.02 1.19
0.01 1.84
0.02 -1.85

34.70
34.54
-0.93
59.32
95.06
-10.81
32.62
92.39
19.82
34.82
-2.63
59.45
94.84
-15.78
32.14
92.55

0.68

0.22

1.03

-1.85

-1.14

-0.03

-0.70

-0.05

-1.32

-0.33
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